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Abstract. Thermal barrier coatings (TBC’s) protect superalloy components from excessively high 

temperatures in gas turbines. TBC’s comprise of a ceramic top coat, a metallic bond coat and a 

thermally grown oxide (TGO). The creep behaviour of the MCrAlY bond coat, which is sensitive to 

the composition and the method of deposition, has a significant effect on the life of the TBC. High 

velocity oxy-fuel (HVOF) thermal spraying is a popular deposition method for MCrAlY bond coats 

however the creep properties of HVOF MCrAlY coatings are not well documented. The creep 

behaviour of a HVOF thermally sprayed CoNiCrAlY coating has been determined by small punch 

creep (SPC) testing. Tests were conducted between an equivalent uniaxial stress range of  

37-80 MPa at 750 °C on two different SPC rigs and between 30-49 MPa at 850 °C on a single SPC 

rig. The measured steady-state creep deformation rates at 750 °C were consistent across the two 

rigs. A comparison with previous work demonstrated that the creep behaviour of HVOF 

CoNiCrAlY coatings is not sensitive to the manufacturing variability associated with HVOF 

thermal spraying. The CoNiCrAlY coating exhibited typical SPC deformation at 750 °C. At 850 °C 

the CoNiCrAlY coating showed significantly different creep behaviour which could be attributed to 

the onset of superplasticity. 

1. Introduction 

Thermal barrier coating (TBC’s) systems are widely used in gas turbines to protect turbine blades 

from oxidation and high temperature corrosion. The need to continuously increase the turbine inlet 

temperature in order to improve efficiency requires the continuous development of such coating 

systems. TBC’s typically consist of a Y2O3 stabilised ZrO2 ceramic top coat, an MCrAlY bond coat, 

where M = Ni, Co or NiCo and a thermally grown oxide (TGO). The MCrAlY bond coat provides 

oxidation and corrosion resistance through the TGO which is typically an alumina scale [1-4]. 

Maintaining the integrity of the bond coat is crucial to ensuring the TBC operates reliably. Of 

particular importance is the creep performance of the MCrAlY bond coat [2] and it has been shown 

that creep resistant bond coats improve TBC thermal cycle life [5]. MCrAlY bond coats typically 

consist of fcc Ni(Co)-γ-phase, bcc B2 NiAl-β-phase, ordered Ni3(Al,Ti) γ’ phase and CrCo σ phase 

[3,6-12].  The microstructure of MCrAlY bond coats can be controlled through careful selection of 

the alloy composition which allows, in theory, careful control of the mechanical properties, 

however the mechanical properties of MCrAlY bond coats are also affected by the method of 

deposition [13]. The creep behaviour of MCrAlY coatings is also dependent upon the composition 

[14] and the volume fractions of oxide dispersions [15] which means there is little consistent data 

for any single MCrAlY alloy. Therefore, in order to develop a more comprehensive understanding 

of the mechanical properties of MCrAlY coatings, in particular the creep performance of MCrAlY 

coatings, it is necessary to obtain consistent data for MCrAlY coatings manufactured by a single 

deposition method. High velocity oxy-fuel thermal spraying (HVOF) is a low cost and a widely 

used deposition method for MCrAlY coatings [13,16-17]. Recently, small punch creep (SPC) 
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testing has been validated as an effective method for determining the creep properties of HVOF 

MCrAlY coatings at 750 °C by Chen et al. [6]. The current work aims to develop the work done by 

Chen et al. by investigating the creep properties of a HVOF CoNiCrAlY coating at 750 and 850 °C. 

A custom built rig was designed for SPC testing at 850 °C and is compared to the rig used by Chen 

et al. [6], which has been shown to provide consistent creep data for HVOF CoNiCrAlY alloys at 

750 °C. A comparison is drawn between the current work and Chen et al. to determine whether the 

variability associated with HVOF thermal spraying has a significant effect on the creep 

performance of HVOF CoNiCrAlY coatings. 

2. Experimental Methods 

2.1. Materials, HVOF Thermal Spraying and Heat Treatment. Free standing coatings were 

manufactured by high-velocity oxy-fuel (HVOF) thermal spraying using a commercially available 

powder known as Praxair CO-210-24 with the following nominal composition: Co-31.7Ni-20.8Cr-

8.1Al-0.5Y (wt.%). The powder had a size range of -45+20 µm with a chemically analysed oxygen 

content of 0.037 wt.% O. The powders were sprayed onto mild steel substrates of dimension 60 × 

24 × 1.8 mm using a Met Jet III thermal spray gun to a thickness of approximately 600 µm. The 

spraying parameters are detailed elsewhere [3]. The coatings were then detached from the substrates 

by bending around a mandrel. The mild steel substrates were not grit blasted to aid debonding post 

spraying. Vacuum heat treatment was carried out on free-standing coatings at 1100 °C for two 

hours in an Elite Thermal Systems TVH12 vacuum tube furnace held at approximately 10
-9

 bar 

followed by furnace cooling over a period of 6 hours. This heat treatment was carried out in order to 

approximately replicate the initial heat treatment given to bond coats during the manufacture of 

thermal barrier coatings. This type of heat treatment has been shown to reduce the porosity within 

samples and allow the precipitation of secondary phases [3,6]. Discs of 8 mm diameter were cut 

from heat treated coatings via electric discharge machining and ground to a thickness of 0.4 mm on 

1200 grade silicon carbide paper. The final thickness was controlled to within ± 5 µm as measured 

by digital micrometer and both surfaces had the same finely ground surface finish. 

 

2.2 Microstructural Characterisation. Cross sections of the coating following heat treatment and 

small punch creep (SPC) testing were mounted, ground and polished to a 1 µm finish. Scanning 

electron microscopy was carried out using a FEI XL30 scanning electron microscope (SEM) 

equipped with an Oxford Instrument Link ISIS-3000 energy dispersive X-ray analysis (EDX) 

detector. Back-scattered electrons (BSE) were used to form images of the coating microstructure in 

order to measure the volume fraction of the different phases within each coating. EDX was utilised 

to aid phase identification through chemical microanalysis. Image analysis was carried out using the 

ImageJ and Gimp 2.0 software packages. The volume fractions stated are the average of the four 

measurements. Electron back-scatter diffraction (EBSD) was carried out on a Zeiss 1530 VP field 

emission gun scanning electron microscope (Carl Zeiss, Inc., Maple Grove, MN) with an EDAX 

Pegasus combined electron backscatter diffraction system (EDAX, Mahwah, NJ, USA). Grain 

orientation maps and phase maps were recorded at a specimen tilt angle of 70 ° with an accelerating 

voltage of 20 kV and a beam current of 26 nA over an area of 50 µm × 50 µm at a step size of  

0.1 µm. Samples for EBSD required a further stage of chemical/mechanical polishing using 

colloidal silica to achieve a surface finish of 0.02 µm with minimal surface deformation. 

 

2.3 Small Punch Tensile Testing. Constant load small punch creep (SPC) tests were carried out 

across two separate SPC rigs, referred to as rig 1 and rig 2. Rig 1 is a custom built dead-load system 

which has been used previously for SPC testing of the current material and is detailed elsewhere 

[6]. 

Rig 2 is a new custom built SPC rig installed on a Tinius Olsen H5KS single column materials 

testing machine. A schematic of the rig is shown in Fig.1 The load is applied via a 2.5 kN load cell 

and transmitted to the sample through a hemispherical punch head a) of 1 mm radius (Rs = 1 mm). 

The punch head is aligned through an alignment bush which is removed after alignment is 
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complete. The sample is clamped by screwing the top nut b) onto the lower die c), which presses a 

clamping disc d) onto the sample e). Two pins prevent the clamping disc from rotating and causing 

sliding on the surface of the sample. The displacement was measured by two LDVT’s which 

measure the displacement of the punch head. The samples were heated to temperature prior to the 

application of a constant load and held at this temperature for the duration of the test. The 

temperature was monitored by a thermocouple located at f). 

3. Calculation of Stress, Strain and Mechanical Properties 

3.1 Stress. The load was converted to equivalent uniaxial stress (σ) using Eq. 1 [18]: 

 
�
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�
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(1) 

where ap is 2 mm, Rs is 1 mm, t is the specimen thickness (0.4 ± 0.005 mm). P is the load in N and 

KSP is a non-dimensional correction factor used to correlate SPC work with traditional uniaxial 

testing. KSP is typically between 1.2~1.3 but where uniaxial test data do not exist, as is the case for 

free standing MCrAlY coatings, it is taken as 1. 

 

3.1 Strain. The displacement (δ) was converted to equivalent uniaxial strain (εq) at the punch 

contact boundary using Eq. 2 which was empirically derived from membrane stretching theory by 

Li et al. [19]. The minimum steady state strain rate was calculated using a 1/5th moving average. 

 

�� = 0.20465	� + 0.12026	�
� + 0.00950	�� (2) 

 

3.2 Material Properties. Linear relationships between the equivalent uniaxial stress, the equivalent 

uniaxial minimum steady-state strain rate and the time to failure can be obtained from the following 

three equations. These equations are used to describe the material creep behaviour following SPC 

testing at 750 and 850 °C. 

 

Norton Steady-State Power Law:  

�� !" = #	�
" (3) 

Creep Rupture Power Relationship:  

�$ =	
1

%�&
 

(4) 

Monkman-Grant Relationship:  

�$ =	���� !"
�  (5) 

Where B, n, M, χ, K1 and m are temperature dependent material properties.    
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Figure 1. Schematic of custom built small punch creep rig, referred to as rig 2, where Rs = 1.0 mm, 

ap = 2.00 mm and t = 0.4 mm in accordance with the CEN workshop agreement [18]. Detailed 

description is provided in section 2.3. 

4. Results and Discussion 

4.1 Microstructure of Heat Treated Coatings. Fig. 2a and Fig. 2b are BSE images of the coating 

at high and low magnification following heat treatment at 1100 °C for 2 hours under vacuum. The 

material exhibits a dual phase microstructure consisting of a light contrast phase and a dark contrast 

phase. The light contrast phase is a Ni-based solid solution with a fcc crystal structure normally 

termed γ-phase. The dark contrast phase is an intermetallic phase with an ordered bcc crystal 

structure normally referred to as β-phase. The thin, dark elongated regions are oxide stringers of 

Al2O3. The volume fractions of each phase are measured as 68 vol.% γ-phase and  32 vol.% β-phase 

which agrees with previous characterisation of coatings manufactured from Praxair CO-210-24 

[3,6-9]. Fig. 2c and Fig. 2d show a 50 µm × 50 µm region of the coating imaged by EBSD and 

presented as a grain orientation map and phase map respectively. The grain orientation map selects 

individual grains and colours them based on grain orientation and it is clear from the random 

assortment of colours that there is no preferred grain orientation for either phase. The phase map 

shows the γ-phase as green and the β-phase as red. It is clear that regions of γ-phase can consist of 

multiple grains whereas the β-phase generally precipitates as single grains. Individual grains range 

from approximately 1-5 µm in size. The spherical region consisting of larger grains which can be 

identified in Fig. 2c and Fig. 2d is a powder particle which has, in part, retained the original particle 

microstructure during HVOF thermal spraying. The areas consisting of very small grains are areas 

which fully melted during HVOF thermal spraying and recrystallised upon cooling and heat 

treatment to form a fine grain structure. 

 

4.2 Small Punch Creep Testing at 750 °C.  

 

4.2.1 Evaluation of The New Custom  Built SPC rig. The custom built rig detailed in Fig. 1, 

referred to as rig 2, was manufactured for SPC testing at 850 °C, which is above the maximum 

operating temperature of rig 1 used previously for SPC testing [6]. Before SPC tests were conducted 

at 850 °C on rig 2, a comparison study between rig 2 and rig 1 was carried out at 750 °C.  

The displacement-time curves obtained from SPC tests at 750 °C are shown in Fig. 3a for rig 1 

and Fig. 3b for rig 2. A break has been applied to the x axis in Fig. 3a in order to accommodate the 

extended loading time at 46 MPa. Each curve exhibits a primary region consisting of a large initial 

deformation followed by a reduction in the displacement rate, a secondary steady-state region where 

the displacement rate is approximately constant, and a tertiary region where the displacement rate 
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accelerates leading to failure. The initial displacement following the application of the load, the 

overall displacement at failure and the steady-state displacement rate increase as the load is 

increased. The time to failure decreases as the load is increased. From Fig. 3a and Fig. 3b it can be 

established that the material exhibits typical creep behavior, as expected from SPC tests, at 750 °C 

on both rigs.  

Fig. 4 shows plots of converted equivalent uniaxial minimum steady-state strain rate as a function 

of stress (4a), time to failure as a function of stress (4b) and converted equivalent uniaxial minimum 

steady-state strain rate as a function of time to failure (4c) with all axes plotted on a logarithmic 

scale. The tests carried out on rigs 1 and 2 are plotted as separate data sets. Linear relationships are 

drawn between both data sets on each of the separate plots and it is clear that the HVOF 

CoNiCrAlY coating exhibits consistent creep behaviour across both rigs. From the linear 

relationships plotted, parameters for the Norton steady-state power law, the creep rupture power law 

and the Monkman-Grant relationship can be calculated. For the CoNiCrAlY coating at 750 °C, the 

power law parameters are B = 4 × 10
-20

 and n = 7.66, the creep rupture power law parameters are  

M = 6 × 10
-13

 and χ = 5.93, and the Monkman-Grant relationship parameters are K1 = 0.003 and  

m = 0.908. It is clear that the creep performance of the CoNiCrAlY coating is consistent across rig 1 

and rig 2, therefore the two rigs can be used interchangeably with a reasonable degree of confidence 

at 750 °C and rig 2 is suitable for further testing at 850 °C. 

 

Figure 2. BSE images (top) of the heat treated CoNiCrAlY coating. The light contrast phase is a fcc 

Ni-γ-phase and the dark contrast phase is a bcc NiAl-β-phase. The dark regions are Al2O3 oxides. 

Images (c) and (d) are EBSD scans presented as a grain orientation map and phase map 

respectively. The assortment of colours in (c) shows there is no preferred grain orientation for either 

phase and grains range from approximately 1-5 µm. In the phase map (d) the γ-phase is shown as 

green and the β-phase is shown as red. The γ-phase matrix consists of multiple grains whereas the 

β-phase precipitates are generally single grains. 

 

 

  

 (a) (b)  

 

  

 

 (c) (d)  
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(a) (b) 

Figure 3. Displacement-time curves for SPC tests conducted at 750 °C on (a) rigs 2 and (b) rig 2. 

The x axis is shifted in order to fully display the initial displacement region. The CoNiCrAlY 

coating exhibits typical creep behaviour on both rigs at 750 °C. The steady-state displacement rate 

increases and the time to failure decreases to as the load is increased. 

 

(a) (b) 

 
(c) 

Figure 4. (a) Equivalent uniaxial minimum steady-state strain rate as a function of stress, (b) the 

time to failure as a function of stress and (c) the equivalent uniaxial minimum steady-state strain 

rate as a function of time to failure for SPC tests carried out at 750 ˚C on rigs 1 and 2. The 

CoNiCrAlY coating exhibits consistent creep behaviour across both SPC rigs at 750 ˚C. 

 

4.2.2. Effect of HVOF Variability on the Creep Performance of MCrAlY Coatings. HVOF 

thermally sprayed coatings deposited at different times often show small variations in 

microstructure. This is because the microstructure is sensitive to the spray parameters [16,20] which 
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can fluctuate during spraying. Hence, it is difficult to ensure that HVOF coatings exhibit fully 

consistent microstructures when sprayed at different times. Of particular importance is the volume 

of oxide dispersions, which has a significant effect on the creep properties of MCrAlY coatings 

[15]. In order to establish whether the variability of HVOF thermal spraying has a significant 

impact on the creep performance of CoNiCrAlY coatings, it is necessary to compare similar HVOF 

coatings deposited at different times.  

Fig. 5 shows the SPC data presented in Fig. 4 superimposed with the SPC data from Chen et al. 

[6]. The data from the current study is labelled Jackson et al. and the data from the previous study is 

labelled Chen et al. C1 and C2 were HVOF coatings manufactured from Praxair CO-210-24 

deposited at different times using the same spray parameters detailed in [3]. The data from Chen et 

al. [6] has been recalculated and presented with permission from the authors. Linear relationships 

are drawn on each of the figures and it is clear that the current data is in good agreement with the 

previous results. The material properties calculated for the Norton steady-state power law, the creep 

rupture power law and the Monkman-Grant relationship are presented in Table 1. It is clear that the 

creep behaviour of similar HVOF CoNiCrAlY coatings, deposited at different times, is consistent at 

750 °C.  

The equivalent uni-axial minimum steady-state strain rate as a function of stress (Fig. 5a) is 

typically higher for the Jackson et al. data than for the Chen at al. data. The time to failure is also 

shorter for a given stress for the Jackson et al. data. This is likely due to a variation in thickness of 

the specimens used; Chen et al. specimens were 0.43 mm thick and the specimens used in the 

current work were 0.40 mm thick in order to more accurately represent MCrAlY bond coats used in 

service which are typically around 0.2 mm thick. This assumption can be considered reasonable as 

the two HVOF coatings studied by Chen et al. showed very similar material creep behaviour, 

therefore the difference in the results can be attributed to differences in the studies and not 

differences in the HVOF CoNiCrAlY creep behaviour. 

 

Table 1. Material properties for the HVOF CoNiCrAlY coatings tested at 750 °C on rigs 1 and 2. 

The Chen et al. data for HVOF CoNiCrAlY coatings tested at 750 °C on rig 1 [6] has been 

recalculated with permission from the authors. The material properties calculated at 750 °C are 

consistent for HVOF CoNiCrAlY coatings deposited during different spray runs.  

 Norton power law 

Eq. 3 

Creep rupture relationship 

Eq. 4 

Monkman-Grant relationship 

Eq. 5 

 B n M χ K1 m 

Jackson et al. 

750 ˚C 4 × 10
-20

 7.66 6 × 10
-13

 5.93 0.003 0.908 

Chen et al. 

750 ˚C 6 × 10
-21

 7.94 9 × 10
-14

 6.21 0.0017 0.778 

 

4.3 Small Punch Creep Testing at 850 °C. Small punch creep tests at 850 °C were carried out 

using only rig 2 as 850 °C is above the maximum operating temperature of rig 1. Fig. 6a shows 

representative displacement-time curves obtained for SPC tests at 850 °C. The displacement-time 

curve for one test conducted at 750 °C on rig 1 at 46 MPa is provided as a representative 

displacement-time curve for the material creep behaviour at 750 °C. The steady-state displacement 

rate is lower at 850 °C than at 750 °C, even when the load is higher. The time to failure is also 

significantly higher at 850 °C, the curve obtained at 49 MPa and 850 °C exceeds the time to failure 

of the sample tested at 46 MPa and 750 °C. No time to failure is shown for the 850 °C tests as no 

sample was tested to failure at that temperature. Extrapolating the time to failure data at 750 °C, 

based on the measured minimum steady-strain rates seen at 850 °C, predicted times to failure in 

excess of 1000 hours which was not feasible in the current work. 

 

Key Engineering Materials Vol. 734 43



(a) (b) 

 
(c) 

Figure 5. (a) Equivalent uniaxial minimum steady-state strain rate as a function of stress, (b) the 

time to failure as a function of stress and (c) the equivalent uniaxial minimum steady-state strain 

rate as a function of time to failure for all SPC tests carried out on rigs 1 and 2 at 750 °C as well as 

the SPC data obtained by Chen et al. [6]. The creep behaviour of HVOF CoNiCrAlY coatings 

deposited during different spray runs is reasonably consistent at 750 °C. 

 

Fig. 6b shows the equivalent uniaxial minimum steady-state strain rate as a function of stress for 

all tests carried out at 750 and 850 °C with both axis plotted on a logarithmic scale. A linear 

relationship can be drawn for the 850 °C tests and it is clear that the minimum steady-state strain 

rate increases with the stress, similar to the tests at 750 °C, however the minimum steady-state 

strain rate is clearly lower at 850 °C than at 750 °C. For a material that follows Fick’s law of 

diffusion an increase in temperature should result in an increase in the strain rate however that is not 

the observed relationship. The Norton steady-state power law parameters for the CoNiCrAlY 

coating at 850 °C are B = 7 × 10
-11

 and n = 2.03, compared to B = 4 × 10
-20

 and n = 7.66 at 750 °C 

(see Table 2). Material parameters for the creep rupture relationship and the Monkman-Grant 

relationship are not presented as no time to failure was recorded for SPC tests at 850 °C.  

In order to understand why the equivalent uniaxial minimum steady-state strain rate is lower at 

850 °C compared to 750 °C cross sections of samples tested at each temperature were inspected. 

Fig. 7 shows cross sections of samples tested at 750 °C and 850 °C for samples that were both 

stopped prior to failure. Fig. 7a and Fig. 7b show low magnification back-scatter electron (BSE) 

images of the overall specimen deformation at 750 and 850 °C respectively. At 750 °C there exists 

an area of maximum thinning indicated by A, the thickness increases away from A towards the 

centre of the sample and towards the inflection point indicated by B. The thickness of the sample is 

not uniform between points A and B. The dark regions indicate areas where void cavitation and 

oxide formation has taken place, at 750 °C the dark regions do not fully extend from point A to 

point B. This type of sample deformation at 750 °C has been previously reported for SPC testing of 
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this material [6]. The sample deformation at 850 °C is shown in Fig. 7b and is clearly different to 

the deformation seen at 750 °C. There is an area of maximum thinning indicated by A, however the 

thinning is much less significant than at 750 °C and the specimen maintains an approximately 

constant thickness throughout the deformed region. The dark regions indicating void cavitation and 

oxide formation extend further from the centre of the sample up to point B. The concentration of 

voids/oxides indicate the areas of highest creep damage, for a typical SPC sample this occurs on the 

bottom surface of the sample at the point of maximum thinning [21]. This type of damage 

accumulation can be observed for the sample at 750 °C in Fig. 7c. At 850 °C there is also 

significant damage accumulation in the area of maximum thinning as seen in Fig. 7d. The dark 

region indicated by C is a large crack which has developed in the mid-plane of the sample. The 

inflection point indicated by B also shows an area of high damage accumulation, which is not 

observed at 750 °C. It is clear that the damage accumulation and deformation behaviour is 

significantly different at 850 °C compared to 750 °C. A possible explanation for the difference in 

creep behaviour is that the CoNiCrAlY coating has become superplastic at 850 °C, which has been 

shown to affect the creep behaviour of MCrAlY coatings above 850 °C [22]. The effect of 

superplasticity on the creep behaviour of the CoNiCrAlY coating during SPC testing is not fully 

understood at this stage and further work is needed to confirm the findings, however the current 

results show that there is a significant decrease in the observed equivalent uniaxial minimum 

steady-state strain rate between 30-50 MPa at 850 °C and that the overall creep behaviour and 

sample deformation at 850 °C is significantly different than at 750 °C. 

 

(a) (b) 

Figure 6. (a) displacement-time curves for SPC tests carried out on rig 2 at 850 °C. One curve at 

750 °C is given as a reference to to SPC tests at 750 °C. The initial displacement is significantly 

higher at 850 °C compared to 750 °C and the displacement rate is significantly lower. (b) 

Equivalent uniaxial minimum steady-state strain rate as a function of stress for all SPC tests at 750 

and 850 °C. The CoNiCrAlY coating exhibits much lower steady-state strain rates at 850 °C than at 

750 °C and exhibits significantly different material properties. 

 

Table 2. Norton steady-state power law parameters for the HVOF CoNiCrAlY coating at 750 and 

850 °C showing the distinct change in material behaviour. 

 Norton Power law 

 B n 

750 °C 4 × 10
-20

 7.66 

850 °C 7 × 10
-11

 2.03 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 7. BSE electron images of SPC samples tested at 750 °C (left) and 850 °C (right). At 750 °C 

the CoNiCrAlY coating exhibits typical SPC deformation. At 850 °C the coating shows uniform 

thinning throughout the deformed region of the sample and much more damage accumulation at the 

point of inflection (B). The CoNiCrAlY coating clearly exhibits different creep behaviour at 850 °C 

compared to 750 °C. 
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5. Conclusions 

• The heat treated HVOF CoNiCrAlY coating exhibited a dual phase microstructure 

consisting of 68 vol.% fcc γ-phase and 32 vol.% bcc β-phase. The EBSD grain orientation 

map showed that there was no preferred grain orientation and that the grains ranged in size 

from approximately 1-5 µm.  

• Consistent creep performance was observed on rigs 1 and 2 which validated the new custom 

built rig for further SPC testing.  

• The current work was consistent with previous SPC testing of similar coatings [6]. It can be 

established that the variability of HVOF thermal spraying does not significantly affect the 

creep properties of HVOF sprayed CoNiCrAlY coatings.  

• At 850 °C the HVOF CoNiCrAlY coating showed significantly lower creep rates than at 

750 °C. Typical sample deformation was observed for SPC samples at 750 °C. At 850 °C 

the specimen deformation and creep damage accumulation was significantly different and 

had not been previously observed for the CoNiCrAlY coating. It is thought that the change 

in creep behaviour observed at 850 °C can be attributed to the onset of superplasticity, 

which has been shown to affect the creep behaviour of MCrAlY coatings above 850 °C [22]. 

A more detailed investigation is need to further understand the deformation mode and to 

confirm the change in creep behaviour observed at 850 °C. 
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