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Effects of Material Properties in Abrasive Wear
Introduction
As defined by American Society of Testing Materials
(ASTM), abrasion is due to hard particles or
protuberances that are forced against and move
along a solid surface. Wear is defined as damage to a
solid surface that generally involves progressive loss
of material, and is due to relative motion between
that surface and a containing substance(s).
The cost of abrasion is high and its effects are
evident in industrial areas of agriculture, mineral,
mining, ore-processing, mineral processing, earth
moving, and essentially wherever dirt, rock, and
minerals are handled. Examples include plows, ore
loading/moving buckets, crushers, and dump truck
beds.
When two surfaces contact, wear occurs on both
surfaces. Ironically, individuals and industry at large
apparently focus on the wearing surface that has the
greatest potential for their own economic loss, and
consider the other surface to be abrasive. For
example, an individual walking up the stairs of a
building would be more likely to think that shoes,
rather than the stairs, were experiencing abrasive
wear, whereas, the maintenance staff would have an
opposite opinion. In reality, both are being subjected
to abrasive wear when one applies Newton’s law of
Motion in practice (when applying principles of
Physics).
The rate at which the surfaces abrade depends on the
characteristics of each surface, presence of
abrasives between (for example, presence of dust,
sand, gravel or snow between the shoes and the
stairs!) the first and the second surfaces, the speed of
contact (speed of walking up or down the stairs) and
other environment conditions. Put simply, loss rates
are not inherent to a material. With reference to the
above example, changing the material of either the
shoes or the steps could, and often would, change the
wear on the opposite counter-face or surface. The
addition of an abrasive, such as a layer of sand (as
suggested), on the step would further change the
situation, in that the sand would be second surface

that contacts both the shoes and the steps of the
stairs.
Abrasion is categorized according to types of contact,
as well as contact environment. Types of contact
include two-body and three-body wear. The former
occurs when an abrasive slide along a surface, and
the latter, when an abrasive is caught between one
surface and another. Two-body systems typically
experience from 10 to 1000 times as much loss as
three body systems for a given load and path length
of wear. Contact environments are classified as open
(free) and closed (constrained). In several different
tests is was learnt that for a given load and path
length of wear, the wear rate is about the same for
both open and closed systems. However,
measurements of the loss in closed systems often
appear higher than the loss in open systems. This is
understood to be because most closed systems
experience higher loads.
Abrasion is often categorized as being low stress,
high stress, or gouging. Low-stress abrasion occurs
when the abrasive remains relatively intact, for
example, when sanding wood with a sand paper.
High-stress abrasion exists when abrasive particles
are being crushed, for example, in a ball mill where
both the grinding balls and the ore or the grinding
meal are worn down. In gouging abrasion, a relatively
large abrasive will cut the material that is not fully
work hardened by the process from material of
concern, for example, when rocks are crushed in a
jaw crusher.
Several mechanisms have been proposed to explain
how material is removed from substance during
abrasion. These mechanisms include fracture,
fatigue, and melting.
Owing to the complexity of abrasion, no one
mechanism completely accounts for all the loss.

Effects of Material Properties on Abrasive
Wear
A variety of material characteristics have been
shown to either form a co-relation with abrasive wear
or have some cogent effect on it. These properties
include -hardness, elastic modulus, yield strength,
melting temperature, crystal structure,
microstructure and metallurgical composition.
It has been shown experimentally and theoretically,
that the hardness of a material co-relates with its
abrasion rate. After performing a large amount of
testing, it was found, an inverse relationship between
abrasion rate and annealed hardness for pure
materials existed. Further, various hardness of steels
was tested. The hardness was inversely linearly
related to abrasive wear, except that they had
different slope from that of the pure materials.
It is generally thought that the surface of a material
is work hardened up to a very high level during the
process of abrasion. Hence, work hardening by
plowing during wear on a group of pure metals and
steels were investigated. Upon comparing the
resulting hardness of the surface to surfaces
hardened by shot blasting and trepanning, it was
found that abrasion produced a high hardness that as
nearly the hardness of trepanning. Also, the wear
resistance of the metal was proportional to the
hardness of the worn surface.

On studying the wear of single crystals, scratching
body-centric cubic (bcc) and face- centered cubic
(fcc) metals with a prepared surface on the (011)
plane, it showed wider scratch width, which implied
higher wear, and long the <100> than the <110>
direction.
Microstructure is also important. Austenite and
bainite of equal hardness are more abrasion resistant
than ferrite, pearlite, or martensite. This is because of
the higher strain-hardening capacity and ductility of
austenite.
Additionally, it has been found that fracture
toughness, KIc, of a material is important in
determining abrasive wear of for ceramics and to a
lesser degree, white cast irons.
Alloying is often used to improve the performance of
a material. These additions can take either interstitial
or substitutional locations. Adding carbon to iron is a
prominent example of an interstitial addition often
used to improve abrasion resistance. Studying the
abrasion resistance of Zr and Ti alloys with small
intersitital additions of N or O, it was learnt that like
carbon in iron, these alloys also show decrease of
wear with small increases in intersitital content. For
substitutional alloy systems, the abrasion of alloys
with complete solid solubility, such as Hf-Zr, Cu-Ni,
and Cr-V, follows a law of mixing, where the abrasion
is proportionate to the amount of each alloy.

Example of three processes of abrasive wear,
observed using a scanning electron microscope
(SEM) shown below: (a) cutting, (b) wedge formation,
(c) plowing.

Abrasion is also found to be somewhat affected by
solidus temperature and hardness. For solid-solution
mixtures, this indicates deviation from a law of mixing
are apparently dependent on strength of bond and
distortion of the crystal lattice.

Abrasive wear has also been found to be dependent
on crystal structure and orientation. Research
reveals, cubic materials wear at about the twice the
rate of hexagonal metals, which was attributed to the
lower work-hardening rate of the hexagonal metals.

A common method to modify the properties of a
material is to produce second phase. Treatments that
cause the formation of precipitates can result in
large increases in hardness and yield stress. On the
basis of the previously developed simple wear model,

one would expect this to lead to large decreases in
abrasive wear. Unfortunately, the small coherent
particles are often sheared during plastic
deformation, and the incoherent particles fail to
block the dislocation are generated. As a result,
precipitation treatments are not generally a useful
way to decrease abrasive wear.

the abrasion resistant material. If abrasive grains are
very small, relative to hard particles, and the gaps
between particles are large, then the grains are able
to undermine the hard particles, allowing them to fall
out or be dislodged by the occasional large abrasive
grain.
The particle characteristics that work best for wear
protection are hard, tough, and blocky. A high
hardness value makes them harder to cut. Toughness
makes them resistance to cracking or breakage.
Blocky particles, versus those that are plate- or rodshaped also reduce crack propagation and breakage.

Large, hard incoherent precipitates or particles such
as carbides can be useful in decreasing abrasive
wear. When the size ratio of the abrasive grains to the
hard particles in the matrix is varied it has prominent
effect. When the incoherent particles are somewhat
larger than the abrasive grains abrading the surface,
they are generally effective in decreasing the total
material wear. Metallurgical microscopic
examinations of worn surfaces show that the
abrasive grains lifted over the carbide grains. As the
softer matrix is cut away and removed, the load is
significantly transferred to the harder particles.

With the advent of new advanced materials, the use
of re-forced composites is becoming popular. These
materials are subjected to abrasive wear in many
applications. Factors that affect the abrasive wear of
these material include the orientation, size, modulus
of elasticity, relative hardness, and brittleness of the
second phase.

Incoherent particle wear occurs by two slower
processes: abrasion of the hard particles and the loss
of hard particles by de-bonding between the matrix
and the particles, because of fatigue. For alloyed
white cast irons research indicates that
approximately 30 volume % carbides provides the
best abrasion resistance.

Note:
Deeper understanding and insights can be gained by
studying works and wear models of Dr Zum Gahr. This
application note does not cover in depth analytical
models of wear and its metallurgy. Only
interpretations are mentioned for brevity without
delving into the various wear mechanics and wear
models used in current research.

ACMECAST modifies white cast irons, and its other
wear resistant alloy metallurgies; intelligently with
additions of Cu, Ni, Mo, V, W, Ti, and Nb/Cb to form
optimal mix of primary, and secondary carbide
complexes in its cast products which offer superior
wear, abrasion, corrosion (erosion) resistance at
sustainable fracture toughness values impeding
cracking or breaking.

It has been found that a reinforcing second phase
lying parallel to the surface is more easily removed
than one that is anchored perpendicular to the
surface. Further, when the size of the second phase is
small relative to the abrasive groove depth, the
second phase has little or no beneficial effect.
Because most reinforcing additions have a high
modulus of elasticity, a matrix with low modulus will
tend to de-bond at the interfaces and lead to pull-out
and result in abrasive loss. In some alloys, such as
white cast iron, if the second phase is harder than the
matrix, then the hard phase will protect the matrix.
Lastly, brittle materials tend to crack and chip to a
larger area than the cross-section of the abrasive
grain damage.

The relationship between particle size and abrasive
grain is important. Larger abrasive grains tend to
create larger wear chips. When incoherent particles
are small, relative to abrasive grains and wear chips,
they can be cut out with the matrix, adding little to
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