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Effect of Environment on 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.

Effect of Environment 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.

on several white irons and a steel were subjected to
two different abrasives of the same hardness- chert
and silica. Though chert and silica both have the
same hardness (Mohrs 7), the chert, which is a
tougher mineral (having higher fracture toughness
value) caused 2-3 times the wear generated by silica.

In addition to the properties of the material, the
environment affects wear. As stated earlier, abrasion
loss rates are not intrinsic to a material.
Environmental factors affect abrasive loss include,
but are not limited to: the type of abrasive and its
characteristics, temperature, speed of contact, unit
load of the abrasive on the material, humidity and
corrosive effects, each of which is discussed below
in this application note.
Abrasive. In the simple model of abrasive wear
previously developed, differences in abrasiveness
have been included in the constant and mostly
ignored. However, changing the abrasive will change
the wear rate. The effect of critical angle, but other
abrasive characteristics will also contribute. Among
these are hardness, toughness, and size of the
abrasive.
The hardness of the abrasive particles is important to
the rate of abrasion of the subject material. As the
hardness of the abrasive exceeds that of the wear
material, abrasive wear typically becomes much
worse. As the abrasive hardness exceeds the
hardness of the material, it is able to penetrate the
surface, and cut/remove material without having its
cutting edges broken or rounded.
The figure shows hardness of typical minerals, and
alloy constituents. According to the above theory,
hematite ore would cut pearlite, but not martensite.
This also explains the enormous advantage of
chromium white irons, which possess a greater
hardness than most common minerals.
The shape of the abrasive is important, because it is
the shape of the groove produced in the material. It
also influences the contact load and its transition
from elastic to plastic contact. Experiments have
confirmed that less wear occurs when materials are
abraded by rounded, rather than sharp particles.
The toughness of the abrasive particles is an
important factor during abrasion. Material loss will
increase when the hardness of the abrasive
increases. In calibrated field trials conducted, wear

Temperature. It is plausible that abrasive wear would
increase as the temperature rises, because the
hardness and yield strength decrease.
Speed of Contact. The rate of abrasive wear has been
found to slightly increase with increasing speed in
the range from 0-2.5 m/s (0-8.2 ft/s). This increase in
wear may be attributable to frictional heating. The
effect is small, because all of the abrasion occurs in a
near-adiabatic process. This should result in nearly
the same peak temperature rise, independent of
speed, for the tiny volume of material where the
asperities are removing the material.

Load. Abrasive wear has shown to be proportional to
load. However, this proportional effect breaks down
when the load is high enough to fracture the abrasive
particles and create new sharp points, wear can
increase. If the abrasive particles are rounded, wear
will decrease.

increased wear rates. Contrarily, another scientist,
Mercer, found a much different result, where with
increasing humidity, abrasive wear decreased for iron
and mild steel, stayed constant for titanium, and
increased for copper. With such contrary results as
these, the effect of humidity is still not clear.

Humidity. The effect of atmospheric humidity on
abrasive wear is far from clear, and contrary results
exists. Effect of humidity on abrasive wear for a
variety of pure metals and steels were studied. When
using SiC abrasive, wear usually increased with
increasing humidity, up to 66% relative humidity. This
increase is attributed to a moisture-assisted fracture
of the SiC abrasive particle, which resulted in fresh
sharp edges to cut into the surface of the material.

Corrosive Effects. Abrasive wear is often enhanced
by corrosion conditions, particularly low pH. A
synergism often occurs between abrasive wear and
corrosion. The abrasion creates fresh surfaces that
rapidly corrode, and the normally protective corrosion
resistant layer is removed by abrasion. In a grinding
study, grinding in acid waste water increased wear
rate by about twice that of grinding in tap water.

An additional cause for increased wear was the
Rehbinder effect (named after scientist who
researched it). The Rehbinder effect is a chemomechanical mechanism in which chemical
impurities, such as ions or atomic hydrogen, modify
the fracture properties of the crack root, leading to
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