
Jurnal Tribologi 24 (2020) 1-14 

 

  
 

 

Received 27 September 2019; received in revised form 18 November 2019; accepted 27 December 2019. 

To cite this article: Pauzi et al. (2020). Fretting wear properties of Nimonic 263 at elevated temperatures. Jurnal 

Tribologi 24, pp.1-14. 

 

 

 

Fretting wear properties of Nimonic 263 at elevated temperatures  
 
Ahmad Afiq Pauzi 1*, Mariyam Jameelah Ghazali 2, Wan Fathul Hakim W. Zamri 2 
 
1 Materials Engineering and Testing Group, TNB Research Sdn Bhd, Kawasan Institusi 
Penyelidikan dan Latihan Bangi, 43000 Kajang, Selangor, MALAYSIA. 
2 Centre For Materials Engineering and Smart Manufacturing, Faculty of Engineering and Built 
Environment, National University of Malaysia, UKM, 43650 Bangi, Selangor, MALAYSIA. 
*Corresponding author: afiqpauzi@tnb.com.my 
 

KEYWORDS  ABSTRACT 

Wear 
Fretting 
Nimonic 263 
High temperature 
Oxide layer   

 

The purpose of this work is to investigate the fretting wear 
properties of Nimonic 263 at different operating 
temperatures. Experiments were carried out under 
different operating conditions ranging between 100 °C to 
900 °C with a different frequency of 5 Hz, and a contact 
surface displacement of 5 mm. It was found that signs of 
low friction and wear were dominant at high 
temperatures like 500 °C onwards. This was due to the 
presence of the oxidation layers formed during fretting 
action. On the other hand, higher wear and friction profiles 
were observed at low temperatures; especially at 100 °C 
and 300 °C. The SEM analysis showed the severe surface 
damages in the form of jagged and groove patterns were 
dominant, particularly at low temperatures. It was found 
that the changes in wear rate and friction coefficient at 
high temperatures were due to oxidation layers that 
undergone a continuous fretting action, forming 
protective oxide films, thus decreasing the wear and 
friction rates. The debris analysis indicated that mild-
oxidised metallic roll-like debris was mostly found at low 
temperatures, while oxidised roll-like debris was found at 
high temperatures. It was observed that the fretting 
behaviour existed at low temperatures, while the fretting 
and oxidative behaviour existed at high temperatures. 

 
 
 



Jurnal Tribologi 24 (2020) 1-14 

 

 2 

1.0 INTRODUCTION 
In the power generation industry, gas turbines are used to supply electricity. A power 

generation gas turbine consists of three main sections, namely compressor, combustion and 
turbine (Viswanathan, 2006). The hot gas path components are the most valuable components in 
gas turbines as most of the maintenance cost focuses on the refurbishment of these components 
(Wood, 2004). Among the hot gas path components in gas turbines, combustion liner and 
transition piece are identified as the vital components. These components undergo heavy 
refurbishment process at every inspection interval (Bernstein, 1998). 

Fretting is one of the main wear modes found in the combustion liner and transition piece. 
These two components are in contact with each other when assembled for a long duration 
between 12,000 hours and 24,000 hours of operation (Lakshminarayanan et al., 2011). Fretting 
occurs when the contacting surfaces of these components undergone the process of materials 
removal in relative motion (Lavella and Botto, 2011). The fretting process takes place when the 
contacting surface of the components are subjected to a constant load given by the high contact 
pressure between components. A continuous fretting process between the contacting surfaces 
leads to premature failures and reduce the lifespan of the components (Kumari et al., 2014).  

At elevated temperatures operating condition, the wear phenomena of the fretting mode are 
assisted by the occurrence of oxide layers. The limitation and beneficial aspects of the roles of the 
oxide layers under fretting condition is important to be investigated (Alkelae and Fouvry, 2017). 
Typically, the reaction temperature in the combustion section is 1300 °C and temperature at the 
contacting surface is 900 °C. The formation of the wear debris for fretted contact surfaces depend 
on the effect of the temperatures (Pearson et al., 2013). 

Several studies have been carried out to investigate the effect of fretting wear mode at high 
temperatures. (Rajendran, 2012) found that several vital components in gas turbines are 
subjected to fretting fatigue due to the continuous vibration in the high-temperature combustion 
engine. The worn surfaces were observed on the components which undergo rotating and 
reciprocating motions during the operation. (Pereira et al., 2015) revealed that temperatures 
have a significant role in the effect of the wear damage for several metallic materials like stainless 
steel 304. The wear test results of the study showed the wear reduction of the tested metallic 
materials occurred at 500 °C. Oxide and partially-oxidised wear debris were found under the 
contact surface of the tested samples.  

(Li and Lu, 2013) have extensively carried out a study on Inconel 600 alloy. Oxidation was 
mainly found under the worn region resulting in high oxygen consideration. This finding was 
supported by the occurrence of micro cracks in the worn region and the fretting mode created a 
progression of plastic deformation under the surface. (Inman et al., 2003) analysed the 
characteristics of Nimonic material at high temperature and friction. The microstructure 
evolution in the oxide layers was investigated after performing the wear test at 750 °C. The results 
indicated that the oxide layer has formed as the protective layer on the worn surface. High 
temperature wear allowed the progression of the oxide layer and enhanced the fracture 
toughness of the worn surfaces.  

(Mascarenhas et al., 2015) have studied the operation characteristics for Nimonic Grade 80A 
at high temperatures. The material has shown excellent mechanical properties at high 
temperatures such as high wear resistance, excellent mechanical strength and fatigue resistance. 
However, the tests that have been carried out under this study was limited to a lower temperature 
than the expected material’s temperature of approximately 900 °C in the combustion engine. 
(Blau, 2010) mentioned that the wear rate of metallic materials like Nickel-based alloys at 
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elevated temperatures can be increased or decreased, depending on the contacting surfaces and 
the characteristics of the oxide layer formation. Particular oxide layers play a very significant role 
in debris formation and the changes of the worn surface morphologies. 

(Karashy et al., 2015) studied the primary role of the oxidised surface formation under the 
fretting condition at several temperatures up to 550 °C for cobalt-base alloys. The fretted sample 
showed the decreased of the wear rate due to the formation of a protective oxide, namely Cr2O3. 
This phase is well-known for its excellent wear characteristics. Furthermore, frictional heat 
increased the contact temperature up to 600 °C during the fretting process. (Zhang et al., 2013) 
characterised Cr-Mo-base steels at 200 °C and 400 °C. Oxidative mild wear and oxidative wear 
were defined based on the wear characteristics of the steels at the mentioned temperatures. 
Tribo-oxides layers were observed on the worn surfaces. Samples at 200 °C presented different 
characteristics than samples at 400 °C. It was concluded that the samples at 200 °C exhibited 
typical oxidative mild wear, while the samples at 400 °C exhibited oxidative wear.  

(Kesavan et al., 2016) conducted a study under the fretting condition to predict the wear of 
exhaust valve material, made from Nimonic 80A. Fretting wear behaviour showed a significant 
effect on the material at the different amplitude of fretting load and cycles. A combination of 
fretting and impact wear has led to several significant failures, such as cracking. Materials loss 
was observed at the early stages of wear progression for low temperatures due to the removal 
process of the surface asperities and continuously smoothing the worn surface. For high 
temperatures, wear was observed at the later stages due to the delamination of the oxide layers.  

(Done et al., 2017) conducted an accelerated fretting wear test on Nimonic 80A versus Nimonic 
80A as the contacting surfaces. The formation of hard metallic oxides was observed under the 
contact zone. Diamond-like wear debris was proof that fretting wear mode has predominantly 
occurred during the wear process. (Jin et al., 2016) investigated the role of surface geometry 
changes and formation of wear debris under high-temperature fretting condition. The original 
shape and geometry of the worn samples changed with the progression of the wear damage and 
accumulation of oxidised wear debris. A significant reduction of up to 25% from the original 
geometry resulted in the high temperature fretting wear test. The formation of wear debris 
increased up to 80% with the increased of the contact temperature.  

Fretting also can be defined as damage that occurs when two contacting parts under vibration. 
A small displacement occurred resulted from a small relative motion, leads to a major crack after 
continuously damaging the surface. This is one of the main surface damages that occur in gas 
turbine components. Many researchers have started to focus on this damage as it can be 
considered as one of the serious problems in gas turbines. The damage has been investigated 
through both physical and laboratory experiments (Yang et al., 2017) 

Another study on the effect of contact temperature was carried out by (Jin et al., 2017). The 
study found that wear initiated at low temperatures by continual oxide-layer formation while the 
wear rate was slightly reduced due to the excessive formation of the oxide-layers as the protective 
layer on the worn surface. Oxidised wear particles were retained under the contact surface and 
developed into the formation of the wear protective layer. The protective debris were found 
dominant at higher temperatures compared to low temperatures. (Yue and Wahab, 2016) carried 
out an investigation on the effect of wear debris on fretting wear. Wear debris acted as the 
protective layer to the contact surface at the beginning of the wear cycles under fretting condition. 
After the period increased up to 18,000 cycles, excessive wear damage was observed considering 
the effect of the wear debris at high cycles of fretting wear.  
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Several studies on fretting wear failures of gas turbine components were carried out. 
(Kargarnejad and Djavanroodi, 2012) have studied a failure occurred on a gas turbine material, 
namely Nimonic 80A. The gas turbine blade experienced excessive wear damage due to severe 
operating conditions at high temperatures. Severe materials loss in the form of delamination and 
cracks were observed at the components interface. Crack initiation and progression were due to 
the mixed fretting and fatigue mechanisms. A study by (Choi and Lee, 2010) concluded that 
excessive fretting wear occurred on the contacting surfaces of blade root and disc. Small 
amplitude of cyclic motion was sufficient to cause micro on both contact surfaces. Furthermore, 
the continuous fretting process initiated fatigue cracking on the worn surfaces. (Lavella et al., 
2013) developed a test rig to investigate wear on flat-on-flat contact surfaces to represent the 
actual contact of gas turbine components. If severe wear occurs on the contact surfaces, a loss of 
materials at interface takes place. The study is important to simulate the actual condition for the 
purpose of wear characterisation.  

As discussed above, oxidised wear debris formed during the fretting wear process at high 
temperatures have a significant role in the wear characteristics. The published works of the 
literature showed the importance to investigate the effect of fretting mode on metallic materials 
under low and high temperatures. Fretting wear tests at six different temperatures, ranging from 
room temperature (RT) to 900 °C were carried out under this study to investigate the effect of the 
operating temperature on fretting wear properties of Nimonic 263 as the main material for 
combustor components in gas turbines. The temperatures were selected in order to represent the 
actual condition in gas turbines which operate at high temperatures and to investigate the damage 
progression at different temperatures.  

 
 

2.0 EXPERIMENTAL PROCEDURE 
The experimental setup for the fretting wear test consists of a pin as the top sample and a 

rectangular bar as the bottom sample. The samples were machined in accordance to ASTM 
standard and cleaned using acetone to remove the contamination. A linear reciprocating motion 
was used to simulate the actual movement of the interfaces of the components in gas turbines. 
High contact load of 100 N and a small stroke length of 5 mm were applied on the contacting 
surfaces. The standard load according to the weight of the actual components in gas turbines is 
used to simulate the contact pressure and high enough to trap the wear particles under the 
fretting region. The test is conducted at 5 Hz frequency to represent the movement of the 
components during vibration in the gas turbine combustion chamber.  

 
Figure 1: Schematic diagram of a linear reciprocating fretting wear test. 
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The laboratory experiment was conducted at 12,500 cycles to simulate the wear cycles 
between components. The test was carried out continuously without any start and stop to obtain 
the optimum relative position of the contacting surfaces in the fretting region. This laboratory 
simulation study aims to obtain the fretting wear properties of Nimonic 263 material at low and 
high temperatures. The basic configuration of the experimental setup is Nimonic 263 as the top 
sample versus Nimonic 263 as the bottom sample, as shown in Figure 1. Nimonic 263 is selected 
as the material for both top (10 mm diameter) and bottom samples (80 mmx20mmx5mm) as it 
represents the actual materials of the combustion liner and transition piece. A flat-end cylindrical 
with a large diameter of 10 mm is used to retain the wear particles at the contact surface. The test 
parameter for the linear reciprocating wear test is described in Table 1.  
 

Table 1: Linear reciprocating wear test for Nimonic 263 vs Nimonic 263 (ASTM G133). 

Description Test parameter 

Test material Nimonic 263 vs Nimonic 263 

Load 100 N 

Number of cycles 12,500 

Stroke length 5 mm 

Frequency 5 Hz 

Temperature RT, 100°C, 300°C, 500°C, 700°C and 900°C 

 
A Vickers hardness test was performed to determine the hardness of the surfaces before and 

after the linear reciprocating wear test. The test was conducted on the Nimonic substrates. The 
hardness test was performed on five different points in the uniform distance along the same line 
of the reciprocating direction. The test was carried out in accordance with ASTM A1038: Standard 
Test Method for Portable Hardness Testing by the Ultrasonic Contact Impendence Method. The 
advantage of using a Vickers hardness test is that the indenter is made of diamond, which has a 
high hardness, and the test can be performed on samples with a thickness of up to 0.1 mm. Next, 
a 1-kg load was exerted at 15-second indentations, with an average of 5 indentations on each 
surface. The hardness test was performed in the same direction of wear motion including on the 
oxide layer formed. An SEM (scanning electron microscope) with a low accelerating voltage of 2 
kV was used for the morphological examination of the fretted surfaces, and the characterisation 
of the shape and the size of the wear particles. A comparison was made at low and high 
temperatures. The surface morphology of the samples was analysed to determine the wear 
mechanism and formation of the oxide layers. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Characterisation of the Starting Materials 

Table 2 shows the elemental composition of the gas turbine combustion liner and transition 
piece. The materials were checked using a portable XRF test. Both components are made of 
Nimonic 263. 

(Mishra et al., 2019) explained that Nimonic grade 263 is a special-made nickel-based 
superalloy due to its ability to withstand at high temperatures and high strength applications. It 
has several advantages like better machinability, oxidation resistance and excellent surface 
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finish. This superalloy is used in gas turbine combustion section where the temperature and 
pressure are extremely high.  (Mukyinutalapati, 2011) concluded that Nimonic 263 is previously 
introduced for high rupture strength applications. Generally, the combustor components of a gas 
turbine are fabricated out of Nimonic 263 sheet. As the firing temperatures in the gas turbine 
are further increased in the newer models, Nimonic 263 has been recently used for the 
improved rupture strength of the gas turbine components.  

 
Table 2: Elemental composition of gas turbine materials. 

Properties Combustion Liner Transition Piece 

Chromium (Cr) 19.96 19.79 

Nickel (Ni) 51.56 51.70 

Cobalt (Co) 19.59 19.56 

Ferum (Fe) 0.4 0.4 

Molybdenum (Mn) 5.91 5.93 

Titanium (Ti) 2.13 2.19 

Aluminium (Al) 0.39 0.37 
Carbon (C)  0.06 0.06 

  
3.2  Friction Coefficient 

Figure 2 shows the friction coefficient results of the fretting wear tests that were conducted at 
different temperatures. Six different temperatures were used during the tests, which are RT, 
100 °C, 300 °C, 500 °C, 700 °C and 900 °C. The friction coefficient data for each temperature was 
obtained after the test. For RT, 100 °C and 300 °C, the friction coefficient increased with an 
increase in temperature. Moreover, as can be seen in the graph, the friction coefficient increased 
rapidly up to 15% to 20% from RT to 100 °C and 300 °C. The friction coefficient at 300 °C was 
slightly higher than 100 °C at the initial stage of wear, then had a slight decreased at the middle 
stage of wear. The friction coefficient for 500 °C, 700 °C and 900 °C decreased with an increase in 
temperature. 

 

 
Figure 2: Coefficient of friction (COF) against time at different temperatures for Nimonic 263-
Nimonic 263 tribo-pairs. 
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This situation supported by the findings from the previous works of literature. At high 
temperatures, the wear zone is generally covered with oxide-layers. The fretting wear zones 
under small reciprocating motion have a very high pressure given by the contact load. With the 
increase in time, the formation of the oxide-layers has almost fully-covered the fretted regions 
(Rynio et al., 2014). With an increase in temperature, the oxidation process became faster and 
contributed to the formation of the oxide-layers at high temperatures. A decrease of friction 
coefficient that was observed in the study, was supported by the findings from (Rynio et al., 2013) 
The main reason of the reduction in friction coefficient at 500 °C and above was contributed by 
the development of the oxide-tribolayers. These layers consist of a mixture of oxides and the 
removal of the materials, known as wear debris from both contacting surfaces of Nimonic 263. 
 
3.3 Surface Morphologies 

 Table 3 shows the macrograph results of the fretted surface morphology. For tribo-pair 
surfaces at room temperature (RT), the wear on top and bottom samples showed similar groove 
and irregular patterns. This finding proved that the large groove and jagged pattern tended to 
form at room temperature tribo-pair. Without exposure to temperature, the wear pattern had 
shown a significant effect on the wear initiation for the contacting surface of Nimonic 263 material. 
In general, a contact surface that is subjected to reciprocating motion and high load exhibited this 
type of wear pattern (Xin et al., 2016 and Lavella, 2016). 

For the tribo-pairs at 100 °C and 300 °C, a similar wear pattern with room temperature was 
observed. Larger fretted zones were found at 100 °C with thicker materials adhered at the bottom 
samples. The adhered materials were confirmed as Nimonic 263 through EDX test, with less than 
5 % of oxygen element due to temperature and friction. The fretted surface at 300 °C showed a 
deep groove at several regions. This loss of materials contributed by the more significant 
displacement of materials on the fretted surface, resulting in a larger and wider groove zone. The 
adhered particles were found similar to the finding at 100 °C.  

The findings for high temperatures showed an irregular shape of wear pattern. The findings 
on the macroscopic images confirmed that the existence of the oxide layers formation. The surface 
changes were found extremely low for these high temperatures tested samples, where the 
temperature is above 500 °C. The wear pattern of the fretted zones at 500 °C, 700 °C and 900 °C 
showed different surface morphologies from the usual wear pattern at low temperatures. The 
finding revealed that the oxide layers were visibly produced at these high temperatures tribo-
pairs.  

The oxide layers on the fretted surfaces showed a very different morphology with the existence 
of brownish groove pattern, indicating the oxygen element concentration was dominant for the 
oxidised-fretted surfaces. In agreement with the previous studies by (Hernandez, 2016) and 
(Hager et al., 2010), the findings at these high temperatures are well-defined, and the surface 
morphologies are very similar to the finding on the worn surfaces of Nimonic 80A. The worn scar 
at 700 ˚C and 900 ˚C were found entirely different. A third body layer covered the oxidised 
surfaces at these temperatures. And as a result, the friction coefficient at these temperatures 
decreased and didn’t change with the increase in temperature.   
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Table 2:  Macrograph images of the tribo-pairs at different temperatures. 
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3.4 Hardness Profile 
 The hardness profiles of the six fretted wear samples are shown in Figure 3. It was 
observed that the hardness of fretted samples decreased 10 to 15 % with an increase in 
temperature from RT to 100 °C and 300 °C. For fretted samples at 500 °C, 700 °C and 900 °C, the 
hardness later was observed increased 25 to 40% from the fretted samples at low temperatures. 
The previous works of literature supported the findings of the hardness profile for high-
temperature fretting wear test on nickel-based alloys the oxidised surfaces at these temperatures. 
 

 
Figure 3: Hardness of Nimonic 263 at different temperatures. 
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At low temperatures with the minimum formation of the oxide-layers, the continuous fretting 
process enhanced the progression of plastic deformation under the fretted surfaces. The wear 
resistance was rapidly decreased with an increase in temperature, resulting in the decrease in the 
hardness. Some findings reported that the occurrence of micro-cracks reduces the hardness and 
wear resistance of the fretted surface. Oxide layers have formed a protective layer and increased 
the wear resistance of the fretted surface. The exposure of the fretted surface at high 
temperatures allowed the rapid progression of the oxide layers and enhanced the strength and 
hardness of the fretted surface (Blau, 2010).  

At temperatures 500 ˚C onwards, the movement of the grain boundary became active and 
began to grow with the increase in temperature. At 500 ˚C, 700 ˚C and 900 ˚C, the hardness of the 
materials showed a slow decreased from the initial reading (Li et al., 2017). This situation assisted 
by the formation of oxide layers, thus enhanced fretting wear resistance. It was found that from 
the surface morphology examination, the wear particles consist of the compacted oxide layer 
which surrounding the fretting region, has enhanced the wear resistance of the fretted surfaces. 
 
3.5 Characterisation of Fretted Samples 

The surface morphologies under SEM for fretted surfaces at six different temperatures are 
shown in Figure 4. Two different wear symptoms were detected. The first is the delamination of 
fretted regions, and the second is the groove pattern of the fretted regions. Severe delaminated 
regions were found at RT, 100 ˚C and 300 ˚C. The delamination mainly occurred due to the 
increase in wear and friction. The materials losses were due to the surface asperities and 
continuously delaminating the fretted surface. The finding was in agreement with the findings at 
these low temperatures.  

When the temperature was increased to 500 ˚C, 700 ˚C and 900 ˚C, the groove was found 
dominant instead of the severe delaminated regions at low temperatures. This finding provided 
evidence that the loss of the materials was decreased at these temperatures. It was found that 
with an increase in temperature, the groove pattern became wider. At 900 ˚C, it was seen that a 
third body layer was formed to protect the materials from wear damage. An unprotected region 
was observed at the same image, with evidence of the delaminated surface.  

It was suggested that the tribo-pairs shared the same wear behaviour at low temperature, and 
when the temperature increased, the wear behaviour showed different surface behaviour. The 
wear performance of the fretted surface is mainly focused on the surface layers produced at 500 
˚C and above. Some of the findings on different fretted surface behaviour produced at lower 
temperatures were given for comparison. At high temperature, although the adhesion between 
the oxide layers and Nimonic 263 substrates was formed during the fretting process, however, 
several regions have shown crack initiation at the delaminated region for 100 ˚C and 300 ˚C. 

Through the EDX test, the overall concentrations of the oxygen element were found quite 
uniform throughout the oxide layers. Nickel element was mainly found on the groove layer of the 
fretted surface. The low oxygen concentration of 5-10% was observed at the worn surfaces at 100 
˚C and room temperature. Highly oxide layers with an oxygen concentration of 10 – 30% were 
mainly found at high temperatures as shown in Figure 5. It was suggested that the fretting wear 
mechanism is the dominant wear mode for all fretted samples, however, it can be 
comprehensively defined as the oxidative mild-wear fretted surface for low temperatures, and 
oxidative-wear fretted surface at high temperatures. 
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Figure 4: Morphology examination for fretted samples at (a) RT, (b) 100 ˚C, (c) 300 ˚C, (d) 500 ˚C, 
(e) 700 ˚C and (f) 900 ˚C.  
 

 
Figure 5: Elemental composition of fretted samples. 
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3.6 Wear Debris Analyses 
 Figure 6 shows the images of the wear debris for Nimonic 263 tribo-pairs at six different 

temperatures. The size of the wear debris increased with the increase in temperature up to 300 
˚C. When the temperature was increased up to 500 ˚C and above, the size of the wear debris 
increased and widened. It is clear that due to the substrates contact, fretting wear would result in 
wear at the initial stage of the reciprocating motion and the wear debris was generated in roll-
like shape. This wear process that promoted the transfer and continuous materials loss between 
the substrates has increased the wear particles amount.  

The wear debris produced by Nimonic 263 tribo-pairs at 100 ˚C and 300 ˚C was wider, sharper 
and contained mild-oxidised particles with 5-10% oxygen (O2) element. The flake-like surface 
was found sharper at 300 ̊ C compared to 100 ̊ C. The wear debris produced by Nimonic 263 tribo-
pairs at 500 ˚C, 700 ˚C and 900 ˚C was larger, however it was found in the small amount due to the 
formation of the oxide layer as the protection to the surfaces. The debris was found larger with 
the increase in temperature from 500 ˚C to 900 ˚C and contained oxidised metallic particles at 
these temperatures.  

The qualitative results showed the debris produced is similar to the findings of Nimonic 263. 
The oxygen element concentration was found slightly higher. EDX analysis confirmed that the 
more element of oxygen, the more oxidised the worn surfaces. The materials composition of the 
wear debris showed the main element of Nimonic 263 was found with a large amount of Nickel-
element. The contacting surface layer consists of a mixture of Nimonic 263 and oxidised surface 
with higher oxygen concentration. 
  

 
Figure 6: Morphology examination for fretted samples at (a) RT, (b) 100 ˚C, (c) 300 ˚C, (d) 500 ˚C, 
(e) 700 ˚C and (f) 900 ˚C. 
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4.0 CONCLUSION 
It can be concluded that the main objectives of this paper, which is to characterise the fretting 

wear properties of Nimonic 263 at different temperatures, was achieved. Mild-oxidised fretting 
wear was found dominant at low temperature, while oxidised fretting wear was found dominant 
at 500 ˚C and onwards. The linear reciprocating wear test results confirmed that the friction 
coefficient increased with an increase in temperature from RT to 300 ˚C, while the friction 
coefficient decreased with an increase in temperature from 500 ˚C to 900 ˚C. 

The hardness was found to have decreased down to 10-15% with an increase in temperature 
from RT to 300 ˚C, while the hardness was found to have increased up to 25-40% with an increase 
in temperature. This situation assisted by the formation of oxide layers, thus enhanced the fretting 
wear resistance and maintaining of the high hardness at high temperatures. The fretting process 
between Nimonic 263 substrates at low temperatures produce slight oxide layers up to 5-10%, 
assisted by the heat from friction, while at high temperatures, oxide layers were found dominant 
at the fretted surfaces. The formation of the oxide layers acted as the protective layer to the fretted 
surface. 

It was concluded that, based on the macrograph examination, surface morphology and debris 
analyses, mild-oxidised fretting was observed at low temperatures, while oxidised fretting wear 
was observed at high temperatures. 
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