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Abstract 
The wear of ferrous alloys is an important context in mechanical engineering. There are 

moving parts in nearly every mechanical system, and this therefore means that 

components must experience contact. This contact is inevitably accompanied by wear, 

and manifests through the loss of material and changes in geometry. Engineers seek to 

understand the way in which materials wear to extend component lifespans, reduce 

maintenance frequency, and improve user safety. 

The wear of materials is dependent on many factors, and is not an innate property such as 

strength. A particular alloy can exhibit acceptable wear resistance in one context and 

unfavourable resistance in another. Volume losses are instead dependent on the material 

properties, testing variables, and environmental conditions, which together make up the 

tribosystem. Only through investigation of the complete tribosystem can general wear 

predictions and characterisations be made. 

This thesis seeks to improve the state-of-the-art of ferrous tribology, with an aim of 

investigating the potential for life extension of mechanical components, and to push 

the current mechanistic understanding of how ferrous alloys wear. 

The tribological response of various ferrous alloys has been investigated herein 

through pin-on-disc sliding wear tests under various conditions. A number of 

materials are examined, ranging from cast iron to alloy steels to stainless steels. Four 

novel experimental chapters investigate different sets of variables, their subsequent 

effect on the tribosystem, and present the results, discussions, and key conclusions 

of the thesis. Apart from the wide variety of materials tested, other variables 

investigated include the applied load, microstructural condition, and immersion 

media. 

The first experimental chapter compares the sliding wear resistance of seven alloys 

under the same load in the dry regime. The resultant volume losses highlight the 

significance of beneficial oxidative wear in such scenarios, where the alloys steel and 

cast iron outperformed the stainless steels due to the formation of protective oxide 

shields.  

The second experimental chapter centres on tribocorrosion, featuring the sliding wear 

of grey cast iron, AISI 4330 alloy steel, and 15-5PH stainless steel under three 
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applied loads in the dry regime and while submerged in NaCl solution. It was found 

that in the dry regime, the alloy steel outperformed the stainless steel for all three 

loads due to the ease of protective oxide formation, whereas this ranking was inverted 

in the NaCl regime. 

The third experimental chapter focusses on the microstructural evolution and sliding 

wear response of grey cast iron when subjected to spheroidising annealing heat 

treatments. At 6kg applied load, a non-linear transition occurred for the ten-day and 

fifteen-day samples, causing a significant increase in volume losses. This was 

attributed to the destruction of the cast iron surface integrity, causing significant 

deformation and resulting in severe wear. 

The fourth experimental chapter examines grey cast iron in the quenched and 

tempered condition. The harder samples tempered at 400°C experienced higher 

volume losses than those tempered at 500°C due to experiencing brittle fracture, 

whereas the softer samples tempered at 500°C were able to slightly deform and 

therefore avoid these brittle tendencies. 

The key findings of this thesis elucidate the macro and micro damage mechanisms 

of (primarily) ferrous alloys in sliding applications. The conclusions drawn are 

therefore practical, and of value in the engineering industry where refinement and 

optimisation are always sought. 
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Chapter 4 contains a preliminary material selection and testing study, where seven 

materials are tribologically evaluated in dry sliding wear. 

Chapter 5 examines three materials selected from the previous chapter in dry and 

saltwater sliding. 

Chapter 6 examines two of the aforementioned materials in dry sliding wear after 

varying the material microstructures through various degrees of spheroidising heat 

treatment. 

Chapter 7 examines one of the aforementioned materials in dry sliding wear after 

varying the material microstructure through various degrees of quench and temper 

heat treatment. 

Chapter 8 concludes the thesis by providing summarising remarks, key conclusions, 

and recommendations for future work following on from the present study. 
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1.2.  Metallic Materials in Nanoscale Contact 
Metallic surfaces are often treated to a designated level of roughness/smoothness 

[1.14] through machining, polishing, lapping, or grinding. These techniques aim to 

achieve an even surface, free from local protrusions and warped curvatures [1.15] by 

progressively removing material in smaller and smaller stages until the acceptable 

finish and roughness are achieved. In metallography, samples are often ground and 

polished to achieve a mirror finish, and strain-free surface. Despite this level of polish, 

all surfaces are rough at the nanoscale and exhibit peaks and valleys and local areas 

of protrusions, termed asperities [1.16]. These asperities rise upward away from the 

bulk of the metal and are the first point of contact between two surfaces. When such 

bodies gently meet, the true area of contact is significantly smaller than the whole 

surface of the sample due to only the tallest asperities touching [1.17]. Under increased 

applied load, or if any relative movement arises between the surfaces, then these 

asperities may deform and fracture, exposing the next highest range of asperities and 

increasing the true area of contact. In theoretically perfect sliding under theoretically 

perfect conditions, consideration is given to individual asperity contact and 

deformation, with the resultant forces and wear behaviour calculated [1.18].  

As metals exhibit intermediate properties of ductility and brittleness, multiple modes 

of damage often occur on metallic components [1.19]. Many damage mechanisms can 

also occur in both a brittle and ductile fashion [1.20]. The evaluation of wear is 

therefore multifaceted, and requires investigation and evaluation using multiple 

techniques to develop a mechanistic understanding. A distinction can first be made 

between damage that removes material, versus damage that simply deforms material. 

This is usually determined by the exact damage mechanism occurring [1.21], but can 

also be a factor of the material structure. For example, grey cast irons often experience 

material removal due to spallation of the metallic matrix above a graphite flake cavity 

[1.22]. Other alloys with more homogeneous microstructures, such as steels, do not 

have these weak areas and so have greater fracture toughness values than grey cast 

irons [1.23]. Despite this, all metallic materials do experience material removal at 

asperity junctions, and this material removal mechanism can operate through the 

plastic shearing of multiple layers, with an additional fracture behind these layers from 

which they detach from (Figure 1.2) [1.21]. In cases where one of the contact faces is 

ductile enough to deform, instead of fracturing like in the previous example, a 
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rounding of the asperity tips occurs as material is displaced downward longitudinally 

and widened laterally [1.24]. 

 

Figure 1.2 - Schematic of asperity fracture: (a) Asperities from two bodies in contact, (b) Plastic 

deformation of shear layer on bottom body, (c) Shear crack initiates while another layer is plastically 

deformed, (d) Continuation of shear crack at the root while further layers are plastically deformed, (e) 

Plastically deformed zone begins to detach from bottom body along shear crack, (f) Complete particle 

detachment. Adapted from [1.25].  
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direction of sliding continuously. Smearing features in plastically deforming 

materials, where local lateral displacement of material overlaps other areas of the 

surface, often resulting in delamination or spallation. Spallation can be seen in many 

instances, and is where a chunk of material detaches from the surface. This is both an 

end result of other damage mechanisms, or as a mechanism in itself, such as with the 

previously discussed cast irons. In certain conditions, polishing of the worn surfaces 

is also possible where smoothening occurs without significant damage [1.29] (this is 

the opposite of scuffing).  

 

Figure 1.3 - Ductile ploughing (plastic flow) on a bronze sample. 
 

A distinction is made in tribological literature between brittle versus ductile 

tendencies, and is often attributed as a key factor in whether a material is wearing 

rapidly or slowly [1.30]. Depending on the sliding context, either mode can be 

beneficial. A scuffed surface is more likely to occur on a hard, brittle material (see 

Chapter 4), where minor plastic deformation is resisted. Ploughing, on the other hand, 

is more often seen in ductile contexts, especially versus a harder counter body, where 

the material has been deformed easily and ploughed through. However, ploughing can 

also occur in a brittle fashion, where the trough features a multifaceted fracture surface 
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and exposed grains (Figure 1.4) [1.20]. The higher volume loss of brittle ploughing is 

because creation of the trough is actively removing material, whereas in the ductile 

fashion, material may primarily be displaced instead of removed. Spallation is 

primarily a brittle mode, as it involves fracture and crack propagation adjacent to the 

removed chip [1.31]. In unfavourable material pairings, such as when a much harder 

material (such as martensitic steel) is in contact with a much softer material (such as 

FCC bronze), the softer material will wear significantly and display high volume 

losses accompanied by continuous ploughing a ductile fashion (see Chapter 4). For 

this reason, such material combinations are avoided in industrial applications and 

instead substituted with more suitable alloys. On the other hand, when two materials 

of significant hardness are in contact, scuffing is likely to occur. Following this, if the 

tribological conditions are unfavourable, brittle fracture is likely to occur, resulting in 

high volume losses and wear rates.  

 

 

Figure 1.4 - Brittle damage on a cast iron sample. 
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A number of factors govern whether a passive film will adhere to a metallic surface, 

such as the continuity of the layer, density of the layer, and the Pilling-Bedworth ratio 

(the ratio of the specific volume of the oxide to the specific volume of the metal 

[1.35]). In corrosive and tribocorrosive contexts, the most desirable is the one that 

provides the greatest protection to the alloy underneath. Stainless steel and aluminium 

both show highly passive films on their external surfaces which prevent them from 

corrosion [1.36]. For stainless steel, these beneficial properties come from their 

alloying content, which often have a minimum of 11 wt% chromium. This significant 

chromium content results in the formation of a chromium oxide layer on the surface, 

instead of iron oxide as with active alloys. This chromia film is beneficial to the alloy 

as it is highly adherent, and more thermodynamically stable, and therefore, prevents 

further corrosion into the bulk structure [1.37].  

In the sliding context, passive films and oxidational properties are a large influence 

on the wear behaviour of metallic materials. This is because the first contact of sliding 

samples is between their respective films instead of metal-to-metal contact as 

previously assumed [1.38]. The stimulation of, destruction of, or re-growth of said 

layer can be influential in whether two materials experience high  or low wear rates 

and thus volume losses. For ferrous alloys such as cast irons and alloy steels, the 

discussion of a new wear mechanism is therefore necessary to accurately conduct 

tribological characterisation. 

1.5.  Oxidative Wear 
When two materials meet in sliding, energy is inputted to the contact area. This energy 

is dissipated through various ways [1.38], such as material removal. However, energy 

is also outputted thermally in the form of heat build-up. Temperature rises have long 

been associated with sliding wear [1.39], and primarily take two forms: the general 

temperature increase of the sample, and flash temperature rises between the contact 

faces [1.40]. Flash temperatures refer to the instantaneous increases over a small time 

window often in the realm of hundreds of degrees Celsius [1.41]. Both of these thermal 

outputs influence the tribological behaviour of the alloys through various ways, the 

most pertinent of which is their effect on passive film growth.  

Temperature is a key influence on the growth rate of passive films [1.42], and the 

thermal output from sliding wear results in a competitive action between removal and 
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thickness and therefore metallic matrix wear also occurs, resulting in high volume 

losses. 

 

Figure 1.5 - Mild oxidative wear on an alloy steel. 
 

This wear of the underlying metal is detrimental to the geometry of the sample and 

also to the counter body, as sliding wear against the metallic matrix results in harsher 

wear mechanisms and rougher surfaces. To simplify and rank types of wear such as 

oxidative and matrix wear, a categorisation of the two general types is often utilised 

[1.49]. Tribological literature often categorises wear into a binary choice of mild or 

severe [1.50]. This allows general conclusions to be drawn based on the volume loss 

and visual appearance of the scar. Mild wear results in heavily oxidised wear scars 

and low volume losses, with oxidative wear being the primary damage mechanism 

occurring [1.51]. Mild wear is easily discerned by visual inspection of the resultant 

worn surfaces through the dark red/brown discolouration from oxidation. In these 

instances, little damage to the metallic matrix has occurred as speed/load were not 

sufficient to break through the oxidative glaze layer and run-in to the bulk substrate. 
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Severe wear is the opposite of this, where mechanical damage has occurred to the 

metallic matrix, and results in high volume losses. These can easily be discerned by 

their bright, reflective appearance due to the multifaceted metallic matrix (Figure 1.6). 

 

Figure 1.6 - Severe metallic wear on a stainless steel. 
 

Transitions between wear regimes are often seen in tribological studies, and involve a 

significant change in wear volume losses, either from mild wear to severe wear, or 

vice versa [1.51]. There are two types of transitions: those that occur during sliding, 

without changing input variables, and those that describe the relationship between 

volume loss and a changing input variable, such as speed or load [1.28]. Transitions 

of the first type are transient in nature and can occur after some time has lapsed. They 

are usually thermal related, in that once sufficient heat has built up, the mechanism of 

wear changes in some way to produce more or less wear. For example, if a particular 

alloy is susceptible to thermal softening, then it may take some time for the frictional 

heat to increase to a suitable temperature where the material is soft enough to 

plastically deform instead of fracturing in a brittle manner, resulting in less wear 

[1.28]. The second type of transition is usually seen plotted on results graphs against 
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Figure 1.7 - Sliding wear test configurations. (a) pin-on-disc (b) block-on-ring (c) pin-on-

reciprocating plate (d) twin disc (e) ring-on-ring [1.19]. 

 

1.7.  Motivation, Aims, and Scope of the Thesis 
Tribologists study material wear to estimate and improve the lifespans of mechanical 

components. In many mechanical engineering contexts, the lifespan of a component 

or tool is determined by volume losses [1.1], and if these can be mitigated or reduced, 

then life extension can provide financial and environmental advantages. Iron is the 

base metal for thousands of engineering alloys due to its abundance, affordability, and 

mechanical properties. Components made of ferrous alloys are therefore the subject 
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laboratory settings (see Chapter 3). Numerous alloys in various conditions are tested 

in this pin-on-disc configuration to generate sliding wear data. This data mostly 

consists of volume losses which are then analysed and associated with the material 

and test conditions. The primary pin-on-disc testing is accompanied by numerous 

other characterisation and analysis methods, such as optical and scanning electron 

microscopy, x-ray diffraction, stylus profilometry, and energy dispersion 

spectroscopy, to provide context, and allow for deeper delving into the meaning and 

significance of the results. 

The four experimental chapters of the thesis are presented separately, and each follow 

a slightly different focus and tribology sub-field. Within each chapter, an introduction 

section first covers the context and introduces the reader to any background topics 

regarding the problem statement. This allows for specificity and distinction between 

each chapter. Next, experimental methods unique to that chapter are introduced, along 

with which materials (and in what conditions) are being studied. The experimental 

results are then presented along with scientific discussion about their relevance and 

significance, before concluding with the key points. The thesis concludes with a 

general conclusions chapter that covers some common findings shared between the 

four chapters and also raises further avenues of study.  

A wide variety of alloys are examined in this thesis, ranging from pearlitic cast irons 

and martensitic alloy steels to precipitation hardened stainless steels and leaded 

bronze. Apart from the chosen materials examined, the principal input variable 

modified between sliding wear tests is the applied load, to simulate three degrees of 

contact pressure between the sliding samples (full details of the experimental 

methodology are given in Chapter 3). The wide scope of the thesis allows for a variety 

of findings to be presented which are applicable in several engineering contexts. 

The novelty of the thesis is derived from the specific contexts studied within each 

experimental chapter. Chapter 4 discusses seven materials, in 11 combinations which 

have not been paired before. In addition to this providing unique sliding wear data for 

future material selection purposes, the chapter also shows examples of pairings not 

typically seen in industry, such as martensitic steels worn against a leaded-tin bronze, 

for scientific novelty. Chapter 5 revolves around the novel environmental sliding 

conditions for the three studied materials, simulating environments observed in marine 
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[2.12] then investigated many transitions through the variation of several experimental 

parameters, such as ambient temperature and sliding speed. Wear rates were found to 

experience a transition from slightly increasing to significantly decreasing at 

approximately 300°C. Similar trends with sudden transitions were also observed for 

sliding speed. The influence of oxide growth rates on the wear rate was discussed, 

with observations on the fact that heat increases, either from frictional input or 

external stimuli, increases the growth rates of such films. At a critical temperature for 

each sliding combination, the re-growth rate of the film exceeded the removal rate, 

reversing the trend and transitioning to a mild wear regime. Lancaster [2.12] also 

found that upon spallation of the adhered oxide-hardened layer, fresh metal was 

exposed which may temporarily have undergone severe wear on this localised scale 

until oxide growth on the exposed area reached a critical rate. 

Lim and Ashby [2.11] investigated wear transitions by analysing numerous wear 

resistance data (Figure 2.3). It was concluded that the load-dependent transition from 

mild to severe was a result of the breakdown of the protective oxide layer (see Section 

2.5), which exposed the underlying metal to damage, creating high volume losses. The 

authors [2.11] also found that the velocity-dependent transition, from severe to mild 

wear, was a result of a transformation to martensite caused by sliding.  
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Figure 2.3 - Typical wear rate transitions from changing applied load in schematic form (top) and 

experimental data (bottom) [2.11]. 
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frequency of dislocations, which piled up around cementite plates. It was also noted 

that the resultant wear was dependant on the nature of the subsurface deformation due 

to strain hardening and dislocation pile up, because this then influenced the 

mechanisms of wear occurring. The fracture properties of the BCC crystal structure 

were also commented on, as this can change depending on many variables such as 

sliding speed or temperature. As sliding speed increased, or as temperature decreased, 

the mode of fracture changed from ductile to brittle, resulting in higher volume losses. 

However, it was also noted [2.15] that temperature increased with sliding speed which 

may counteract the change to brittle fracture modes.  

Moore [2.16] investigated the influence of microstructural constituents on the wear 

resistance of multiple steels in various conditions using abrasive sliding tests. It was 

noted that wear resistance increased with the volume fraction of pearlite. Moore [2.16] 

also noted that the pearlitic areas were particularly wear resistant, but were also 

effective at reinforcing surrounding ferrite grains from deforming significantly. For 

martensitic steels, it was found [2.16] that the wear resistance and hardness were 

linearly related to the square root of the carbon wt%, which was thought to be due to 

increases in carbon content raising the flow stress of the material.  

Mutton and Watson [2.17] studied the wear of two steels and several pure metals in 

sliding/abrasion tests. The two tested steels were used in various microstructural 

conditions, including spheroidite, pearlite, and tempered martensite (Figure 2.5).  



Chapter 2   Review of Select Tribological Literature 

55 
 

 

Figure 2.5 - Tilted view of sliding/abrasive wear scar showing martensitic microstructure on the 

cross-section [2.15]. 

 

Additional commercially pure metals, such as aluminium, copper, nickel, iron, and 

molybdenum, were also tested [2.17]. The results showed that the pure metal hardness 

was linearly related to wear resistance, whereas the steels showed non-linear relations 

between their hardness and wear resistance (Figure 2.6). The authors [2.17] concluded 

that this non-linear relationship between hardness and wear was due to the tendency 

for plastic flow to occur when a harder area wears a softer one. As plasticity is 

determined by microstructural morphology (i.e. cementite lamellae versus spheroidal 

form), the level of plastic flow varies between the conditions and can thus produce 

different wear rates [2.17]. 
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Figure 2.6 - Wear resistance curves highlighting the linear relationship between hardness and wear 

resistance for pure metals (straight line) and the non-linear relationships for steels (curved lines) 

[2.17]. 

 

Xu and Kennon [2.18] investigated the nature of hardness, microstructure, and wear 

resistance by testing numerous steels in various conditions. It was noted that the wear 

resistance measurements progressed linearly with increasing hardness, for materials 

with similar microstructures, and the value of hardness was therefore used to estimate 

the wear volume losses. However, the authors [2.18] noted the morphology of 

cementite (whether it be cementite within pearlite or pro-eutectoid carbide networks) 

gives different wear responses and therefore creates non-linear wear behaviour with 

respect to hardness. Increased toughness was also commented on as a positively 

correlated property with wear resistance, as this reduces the tendency of subsurface 

cracks to propagate into the material and cause chip spallation [2.18]. 

Suh [2.19] discussed the nature of material removal during sliding wear, and attributed 

the majority of it to the delamination of chips due to dislocation pile-up near the 

surface (Figure 2.7). The author [2.19] raised several issues with the earlier theories 

of wear using only contact mechanics, and in particular criticised the Archard wear 

equation [2.8] due to it ignoring the physical metallurgy of the material, making 

unreasonable assumptions, and not accounting for different sliding conditions. Suh 
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[2.19] instead proposed that material removal predictions should take the 

microstructure of the material into account, namely, through dislocations creating 

voids that eventually fracture and delaminate chips from the matrix. It was also noted 

that these dislocations tended to pile up around hard particles within the metallic 

matrix, causing the particle to eventually either collapse or delaminate from the 

matrix, initiating the crack which leads to chip spallation [2.19]. 

 

Figure 2.7 - Proposed mechanism of chip removal featuring dislocation pile ups near the surface 

eventually forming holes which coalesce into cracks before spallation/delamination [2.19]. 

 

Garbar and Skorinin [2.20] studied the subsurface deformation of low alloy steel after 

sliding in a reciprocating friction rig in the self-mated configuration. The authors 

[2.20] primarily examined dislocation density and distribution, and found that this 

increased significantly near the worn surface, in comparison to the base metal. 

Metallic grains at the surface were elongated and deformed in the direction of sliding 

and the regions between these deformed grains and the undisturbed grains was found 

to be a weak area where crack propagation occurred. Grain orientation and positioning 

were also discussed, and it was found that grain boundaries normal to the sliding 

direction hindered dislocation movement, and that frictional damage initiated along 

such boundaries [2.20]. 

The effects of sliding on subsurface ferrous microstructure were studied by Wang 

[2.21], who conducted wear experiments with two ferrous alloys, 52100 and 1080 
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steel, in various microstructural conditions. It was concluded that such wear produced 

laminated structures of different regional sections, such as a white etching layer on 

the surface, followed by a strain hardened zone with distortion in the direction of 

sliding. Evidence of this strain hardening was seen when plotting micro indentation 

hardness versus depth beneath the surface, and was measured to increase significantly 

just under the surface, at a factor of approximately three. It was also concluded that 

the wear responses of different alloys is dependent on the energy expenditure 

associated with such deformation and/or transformation [2.21].  

Hutchings and Shipway [2.22] reported that the depth of subsurface deformation can 

vary depending on the material and sliding conditions, and that there is often 

competitive action between strain hardening and incidental stress relief annealing 

caused by the high temperatures associated with sliding. The authors [2.22] also 

address the nature of surface layers produced by sliding, and state that these can be 

categorised in two ways. The first is the previously mentioned oxide glaze layer, and 

the second is a layer of heavily refined metallic grains mixed with oxides, resulting 

from being heavily distorted and strained by the sliding process (Figure 2.8) [2.22]. 

Further discussion on the microstructural effects of wear (and the tribological 

influence of microstructure) are discussed in Chapters 6 and 7, where heat treatments 

are utilised to alter the microstructure of the studied materials (Chapter 3). 
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Figure 2.8 - Schematic of subsurface deformation featuring three latitudes. Zone (1) un-deformed 

base material. Zone (2) plastic deformation and grain refinement. Zone (3) mixed metallic/oxide layer 

[2.22]. 

 

2.5.  Oxidative Wear Research 
As previously discussed, one of the primary damage modes of ferrous alloys in sliding 

is oxidative wear. This involves one or both of the sliding surfaces forming a thick 

layer of oxide that shields the underlying metallic substrate from damage [2.23]. 

The significance of oxidative wear has been known for some time, with one of the 

first publications on the subject by Fink [2.24] in 1930. The author [2.24] recognised 

that oxygen in the surrounding atmosphere was essential to produce mild wear on 

railway steel, after experiments in both inert gas and normal atmosphere produced 

varying results. The first analysis of wear debris was conducted by Rosenberg and 

Jordan [2.25], who found that the wear rate in air was 50 times less than that same 

experiment in hydrogen. X-ray diffractometry (XRD) analysis of the particles from 

the hydrogen tests showed only iron, however the particles from the air tests were 

Fe2O3 and Fe3O4. Similar analysis of debris generated from small amplitude 
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Figure 2.9 - Smooth polished area of oxide glaze layer (top) and fractured, damaged area (bottom) 

[2.28]. 

 

Stott and Jordan [2.30] examined the effect of elevated temperatures on the oxidative 

wear of high-speed steel and high chrome steel. It was found that the wear rate was 

highly correlated to the ambient temperature and applied load. At 550°C and 600°C, 

protective oxidative glaze layers were established which shielded the samples from 

metallic contact. The layers subsequently broke down at higher loads, resulting in 

severe wear. However, at 500°C, severe abrasive wear took place for the high speed 

steel combinations due to the wearing of hard oxide particles. The researchers [2.30] 

found that smaller sliding grooves on the wear scar did allow for loose oxide powder 

penetration into the contact area to facilitate mild oxidative wear. In contrast, the softer 

high chrome steel had larger sliding grooves and thus managed to retain debris in the 

wear scar to promote mild wear.  
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Quinn [2.31] presented the hypothesis that the mild oxidative wear of steels involved 

newly exposed fresh metal oxidising upon contact during the flash temperature hot 

spots between asperities. The author [2.31] noted that two mechanisms of oxide wear 

particle generation exist:  

(1) The oxide layer can instantaneously grow on exposed metallic asperities at a rate 

much faster than the time of contact, which then exists but is relatively unaffected 

until shear removal after several contact cycles, or that: 

(2) The oxide layer instead grows consistently over the course of several contact 

cycles continuously until being shear removed.  

After evaluating the validity of each proposed mechanism, the conclusion drawn 

[2.31] was that the second has a higher likelihood to be seen in most instances, due to 

the dependency of oxide growth on contact time, and thus sliding speed which had 

previously been observed by Archard [2.32]. Quinn [2.31] also commented on the 

likelihood of oxidation to occur during or after contact had occurred, and stated that 

the rate of quenching of the wear scar after contact made it unlikely for oxidation to 

occur after this, meaning most oxidation occurs during contact [2.31]. 

Quinn [2.33] related the oxidational wear rate to the asperity contact radius. It was 

concluded that the wear rate was proportional to the applied load if the resultant oxide 

compound does not change (such as from Fe2O3 to Fe3O4). This was deduced from the 

plots of wear rate versus load which experienced two transitions at 12N and 32N 

where the wear rate decreased and increased respectively. After investigation of the 

resultant oxide products it was found that these wear rate shifts corresponded to 

changes in the type of oxide, from Fe3O4 at 12N to FeO at 32N (Figure 2.10). The 

authors also noted that the wear rate surface and temperature of the worn surfaces are 

related because shifts in wear rate correspond to shifts in temperature.  

Quinn [2.34] managed to qualitatively observe the hot spots generated from sliding 

contact by using a transparent sapphire disc as the counter body. Using photography 

and videography, the hot spots could be observed by photographing the sliding process 

from underneath to see the lower end of the pin (Figure 2.11). The author posited that 

the luminescent hot spots were in actual fact the real area of contact between the 

contact faces, with the number of instantaneous hot spots indicating that the real rea 

of contact was 1000x less than the apparent area of contact. Colour temperature 
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Figure 3.2 - Pin-on-disc testing rig. 

 

Testing followed the procedure of ASTM G99-17: Standard Test Method for Wear 

Testing with a Pin-on-disc Apparatus [3.23]. ASTM G99-17 describes two methods 

of carrying out pin-on-disc tests. Both follow the same procedure, but the first uses 

testing parameters such as loads, speeds, and materials as described in the standard 

(Table 3.8), while the second only follows the procedure but uses different test 

parameters. 

 

Table 3.8 - ASTM G99-17 [3.23] pin-on-disc testing parameters (not employed in this thesis). 

Load 
(N) 

Speed 
(m/s) 

Distance 
(m) 

Pin dia 
(mm) Atmos Temperature 

(°C) 
Humidity 
(%) 

Track dia 
(mm) 

10.0 0.1 1000.0 10.0 Air  23.0 12 - 78 12 - 78 

 




























































































































































































































































































































