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Introduction

The increasing demand of higher thrust-to-weight ratio requires an increase in service temperatures for high performance aero-engines. Therefore, the development of new materials able to increase the performances of engines and propulsion systems (increased efficiency, reduced pollutant emissions…) is required. Compared with metallic parts currently in use, Ceramic Matrix Composites (CMC) would allow the operating temperatures to be increased, while reducing the weight.

C and SiC fibre-reinforced ceramics offer the highest specific strength at temperature above 900 °C but also have a poor oxidation resistance at intermediate temperatures [START_REF] Robinson | SiC Recession Caused by SiO 2 Scale Volatility under Combustion Conditions: I, Experimental Results and Empirical Model[END_REF]- [START_REF] Schmidt | Advanced ceramic matrix composite materials for current and future technology applications[END_REF]. Then, for applications between 700 °C and 1000 °C in oxidising environment, oxide/oxide CMCs are investigated. Those composites, reinforced by oxide fibre fabrics, combine the fracture energy of CMCs with an inherent oxidation resistance [START_REF] Zok | Developments in Oxide Fiber Composites[END_REF]. Unlike C/C or SiC/SiC composites, a protection of the fibres against oxidizing environment is not necessary. It is therefore possible to consider composites based on the weak porous matrix principle rather than the weak interphase one [START_REF] Zok | Developments in Oxide Fiber Composites[END_REF]- [START_REF] Keller | Oxide-Oxide composites[END_REF]. That is the reason why a nanoporous matrix is considered. The porosity promotes crack deflection at the fibre/matrix interface. Oxide CMCs are also considered as lower cost materials compared to other CMCs because oxide fibers and processing without interphase are less expensive.

The mechanical behaviour of this kind of material was extensively studied at room temperature [START_REF] Lange | Processing of damage-tolerant, oxidation-resistant ceramic matrix composites by a precursor infiltration and pyrolysis method[END_REF]- [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF]. Most of the papers deal with N610 and N720 fabrics (3M Nextel) with pure alumina or aluminosilicate matrix. It was established that the mechanical behaviour is controlled by the behaviour of the fibres. The use of different kind of oxide fibres or fabrics and different processes inducing a large range of fibre volume fraction makes the comparison of the materials difficult. In particular a wide range of Young's moduli and tensile strengths (125 to 366 MPa) can be observed. Moreover, it can be noted that the strength [START_REF] Wilson | High performance oxide fibers for metal and ceramic composites[END_REF] and the creep rate of the commercial fibres [START_REF] Wilson | High performance oxide fibers for metal and ceramic composites[END_REF]- [START_REF] Hackemann | Creep investigations of alumina-based all-oxide ceramic matrix composites[END_REF] have been improved over the years and this is difficult to take into account.

The high temperature mechanical behaviour of oxide CMCs has mainly been studied on composites with N720-based fibres under various conditions of stress, temperature and environment (water vapour) [START_REF] Ruggleswrenn | Creep behavior in interlaminar shear of Nextel TM 720/alumina ceramic composite at elevated temperature in air and in steam☆[END_REF]- [START_REF] Buchanan | Off-axis creep behavior of oxide/oxide NextelTM720/AS-0[END_REF]. Concerning N610-based fibres composites, less studies have been conducted [START_REF] Zawada | Characterization and High-Temperature Mechanical Behavior of an Oxide/Oxide Composite[END_REF]- [START_REF] Wen | Monotonic tension behavior of 2D woven oxide/oxide ceramic matrix composites at ultra-high temperature[END_REF]. However, the authors mainly focused on temperatures beyond 1000 °C but did not consider the lower temperature range in which these materials are expected to operate. Only one study concerning a Nextel TM 610/SiO2 composite presented some mechanical tests carried out up to 1000 °C and showed a reduction in strength of around 7% [START_REF] Jiang | High-temperature mechanical properties of Nextel TM 610 fiber reinforced silica matrix composites[END_REF].

Moreover, few papers deal with damage mechanisms in this kind of materials. Damage initiation and propagation was demonstrated using micromechanical tensile tests and acoustic emission in a previous paper [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF] and confirmed by other authors [START_REF] Guel | Data Merging of AE Sensors with Different Frequency Resolution for the Detection and Identification of Damage in Oxide-Based Ceramic Matrix Composites[END_REF]. After the study of the tensile damage carried out by Ben Ramdane [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF], we propose here to identify the damage mechanisms occurring during fourpoint bending tests which are more representative of the mechanical load in operating conditions. Then, the effect of the temperature on the mechanical properties is studied with tensile tests. A particular attention is paid to determine the transition temperature after which creep strain is no more negligible. Thus, a focus on the transition between the elastic and damaging domain and the viscous one is proposed.

The present work aims to understand the mechanical behaviour and the damage mechanisms of an oxide CMC at high temperatures. First, damage mechanisms at room temperature are studied through in-situ micromechanical bending tests in a scanning electron microscope to improve our understanding on the crack initiation and propagation under asymmetric mechanical loadings. Then, tensile and fourpoint bending tests from room temperature to 1300 °C, allowed three temperature domains to be identified.

Materials and experiments 2.1. Processing and control

The material is composed of an 8 harness satin woven fabric (similar in the 0° and 90° directions) of 3M Nextel TM 610 alumina fibres, desized in air at 700 °C and embedded in an alumina matrix. The fabric was infiltrated with a water-based alumina slurry and then dried [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF]. A lay-up process was used to manufacture the plates: twelve layers of dried prepregs were infiltrated with controlled amount of water, piled-up in the same direction in a mould and pressed at 100 °C and low pressure in a vacuum bag. After demoulding, the plates were heat treated at 1200 °C for a few minutes to finally obtain 2.3 mm thick plates. The as-processed material is composed of 50 vol. % of fibres and around 50 vol. % of porous matrix. The total open porosity measured by the Archimedes' method is about 25 vol. % for each plate. The material has a geometrical unit cell of 8 mm x 8 mm corresponding to the weaving of the fabric.

The microstructure of the material was detailed in [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF] and is shortly described here. Scanning Electron Microscopy (SEM) examinations were performed on a polished cross sections impregnated with an epoxy resin (Zeiss Gemini FEG-SEM). At low magnification (Figure 1 (a)), macropores can be observed (mainly located between plies), as well as matrix cracks perpendicular to fabric layers, created by the shrinkage of the matrix. At higher magnification (Figure 1 (b)), a nanoporosity network can be observed within the matrix. The quality of each manufactured plate was verified using Non Destructive Tests (NDT). Delaminations were detected using these techniques, especially at the edges of the plates. Defective areas were eliminated when machining the specimens. It is worth noting that the macropores observed by microscopy were unfortunately too small to be detected by these methods. The shrinkage induced by sintering and the average linear Coefficient of Thermal Expansion (CTE) were determined using a hightemperature dilatometer (SETARAM, SETSYS Evolution). Experiments were conducted in air flow (30 L.min -1 ) with a heating ramp of 5 °C.min -1 .

Mechanical testing

The mechanical behaviour was studied through tensile and four-point bending tests. The experimental procedures are described below and all specimen dimensions are specified in the Table 1.

In plane mechanical properties were studied through uniaxial monotonic and cyclic loadings in the fill direction. Tensile tests were carried out from room temperature to 1300 °C in air using a MTS ceramic test system with cold grips. Straight-sided specimens with a useful length of 110 mm and a widness of 16 mm were used. Depending on the temperature, the measured temperature gradient ranges between 10 to 20 °C along the gauge length of the extensometer (25 mm). After heating the samples at 400 °C.h -1 up to the test temperature and holding them during 1 hour, tests were performed at grip displacement rates of 0.5 mm.min -1 and 5 µm.min -1 .

For cyclic loading tests, specimens were successively loaded up to increasing stresses, with a return to null load between cycles. The stress increment between two successive cycles was 27 MPa, i.e. about 10% of the room temperature strength.

Young's moduli and damage threshold were determined graphically from stress-strain curves. The evolution of the Young's modulus was assessed on the unloading parts of cyclic tests.

Four-point bending tests were conducted from room temperature to 1050 °C in air, using a Zwick Z010 testing machine equipped with a 1 kN force cell and with outer and inner spans of respectively 40 and 20 mm. Straight sided specimen of 50 mm x 9 mm x composite thickness were used. At room temperature, the deflection of the centre of the specimen was measured using a LVDT sensor. At high temperature, the relative displacement of the loading points was monitored using SiC rods acting on a LVDT sensor.

Finally, in-situ micromechanical tests were carried out with a DEBEN MICROTEST 2kN stage at room temperature. The micromechanical setup allows tensile, compression and bending tests to be performed. The technique requires the use of specimens that are small when compared to the geometrical unit cell of the composite. Tests were carried out in a SEM (Zeiss Gemini FEG-SEM), in order to observe damage initiation and extension. In order to improve the SEM examinations, the edges of the specimens were mirror polished prior to testing, without resin impregnation. Images were acquired with a maximum imaging time of one hour while the specimens were maintained under constant displacement. The selected imaging conditions were the following: the size of the images was 10000x10000 pixels with a pixel size of 50 nm. This resolution led to the expectation that local displacement and strain fields could be measured. However, the noise-induced displacements in the images were of the same order of magnitude as those induced by the mechanical loading. Then, only damage was observed during tests under the SEM and strain field measurements were performed on the same set-up but using an optical camera. In this case, the natural texture of the material is sufficient to perform the correlation. In particular, the average strain was measured on the external plies. 

Results and discussion

3.1. Room temperature behaviour 3.1.1. Tensile behaviour Representative tensile stress-strain curve recorded at room temperature is presented in Figure 2. The obtained result is in line with what was shown in the previous study [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF]. The mechanical properties were measured on 12 samples issued from 3 different plates. The average tensile stress and strain at failure are 257 ± 13 MPa and 0.26 ± 0.02%. The average Young's modulus measured on the 12 samples is 159 ± 7 GPa. It has to be considered that no softening was observed, the failure occurred at the maximum stress for each tests. After this event, some fibres in the direction of loading remained intact but the material lost most of its mechanical strength. A knee corresponding to a loss of rigidity was systematically noticed around 50 MPa: it was identified as the damage threshold in [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF] and attributed to the multi-craking of the matrix. The average stress and strain at the damage thresholds deduced from the tensile curves are 45 ± 6 MPa and 0.029 ± 0.005% respectively. Moreover, from the cyclic loading tests performed on 4 specimens (Figure 3 (a)) a small residual strain appearing beyond the damage threshold is observed. Small hysteresis loops can also be observed. They are generally attributed to the energy dissipated by friction between fibres and matrix. The low energy dissipation leads to a quasi-linear stress-strain curve at discharge. The stiffnesses measured on the unloading part of the curves decrease rapidly after the damage threshold and tend to 110 GPa just before failure (Figure 3 (b)). This clearly indicates a damage-effect in the matrix that occurred in the second quasi-linear domain of the stress-strain curve. This progressive damage was observed in [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF] using micromechanical tests in a SEM. 

Four-point bending behaviour

The four-point bending behaviour of the material was assessed on 37 samples. Figure 4 illustrates the typical behaviour observed until the first drop in load. The bending behaviour is different from the tensile one. A change in slope was not observed, the behaviour remaining quasi-linear until failure. Solely, a progressive small deviation from linearity appeared beyond 150 MPa. The average stress and strain at failure are respectively 286 ± 52 MPa and 0.26 ± 0.05% and the elasticity modulus is 111 ± 9 GPa. Ben Ramdane et al. [START_REF] Ben Ramdane | Microstructure and mechanical behaviour of a Nextel TM 610/alumina weak matrix composite subjected to tensile and compressive loadings[END_REF] showed that the compression behaviour can be considered as linear elastic until 200 MPa. Then, compared to tensile tests, the smaller part that progressively endures damage explains the more progressive deviation to linearity.

It is commonly accepted that the bending behaviour of SiC/SiC CMCs is dependent on the tensile behaviour because the compressive strength is much higher than the tensile one [START_REF] Gasser | Damage-mechanisms-of-a-woven-SiCSiC-composite-Modelling-and-identificationComposites-Science-and-Technology.pdf[END_REF], [START_REF] Camus | Modelling of the mechanical behavior and damage processes of fibrous ceramic matrix composites: application to a 2-D SiC/SiC[END_REF] which is not the case for these composites. In addition, the low matrix strength makes the material sensitive to in-plane shear generated in four-point bending tests. These weaknesses combined with the presence of randomly distributed defects in the material have led to different fracture surfaces: It was reported that for 65% of the samples the failure occurred in the external plie submitted to the maximum tension. The other failures were linked to a delamination in the centre of the specimen (28%) and buckling of the ply subjected to the maximum compression stress (7%).

Damage observation

Strain maps were determined on images acquired with an optical camera. Average strain is calculated on a long and thin region (thickness of a ply) close to the surface as highlighted in Figure 5 (a). In tension, a progressive loss of stiffness is observed (Figure 5 (b)), which was attributed to damage and more particularly to matrix multi-cracking. The knee in the strain-stress curve is less pronounced than that observed during tensile tests. This was attributed to a partial transfer of the load to the neighbour, less-stressed ply. The curve recorded on the compressed side is linear, which is consistent with the quasi-linear elastic behaviour observed during compression tests. From in-situ bending tests carried out in a SEM, displacement fields were determined using Digital Image Correlation. Initiations and propagations of cracks were highlighted by the presence of noncorrelated areas in the displacement field as represented in Figure 6 (a). The cracks openings range from 30 to 80 nm. In the part of the sample subjected to tension, cracks nucleation, openings and propagations were observed (Figure 6 (b)). Cracks appeared for stresses close to 150 MPa, which corresponds to the deviation from linearity observed on strain-stress curves. Cracks developed through transverse tows to form a periodic network. This type of multi-cracking is commonly observed on composites during tensile tests. A crack density gradient is also observed in the thickness of the sample: no more cracks being noted after the third ply. Moreover, no crack initiation or propagation was observed in the compressed part of the sample (Figure 7). 

Effect of temperature on the elastic-damageable behaviour

First, the influence of the temperature on the mechanical behaviour was studied. Four specimens machined from the same plate were tested in tension at temperature ranging from 700 °C to 1000 °C and were compared to the reference tested at room temperature. Stress-strain curves are presented on Figure 8 (a). A drop of the rigidity was observed at 700 °C. Then the mechanical behaviour remained unchanged up to 900 °C and a notable viscous behaviour appeared at 1000 °C. In order to separate elastic and viscous strains, tests were performed at a displacement rate 100 times lower (5 µm.min -1 ) on samples issued from the same plate. The two tests results are then compared (Figure 8 (b)). The 700 and 800 °C curves are superimposed so they are not represented. It indicates that there is no viscous behaviour at this temperature. At 900 and 1000 °C, the gap between the two tests increases with the stress, obviously revealing a viscous behaviour. Thus, for test duration longer than one hour, the viscous strain is no longer negligible above 800 °C and then should be taken into account for longterm applications. Then, additional tests were conducted between 700 and 1000 °C to assess the mechanical properties. Table 2 summarises the measured Young's modulus, stress and strain at failure. The Young's modulus and the strength decrease at 700 °C, while the strain at failure remains constant. Ruggles-Wrenn et al. observed the same tendency on a N610/alumina composite processed through filament winding [START_REF] Ruggles-Wrenn | Creep behavior of NextelTM610/Monazite/Alumina composite at elevated temperatures[END_REF]. At 1100 °C, both Young's modulus and strength exhibited a 10% decrease while the failure strain remained approximately constant. The damage threshold, which is not well documented in the literature, was also measured. A small increase of the stress and the strain at the damage threshold is observed, while the temperature increases, especially at 800 °C and above. This phenomenon is not clearly explained but could be due to stresses relaxation within the matrix with the temperature. Also, the slope of the second linear part (𝐸′) tends to decrease with temperature due the reduction of the Young's modulus.

Cyclic loading tests (Figure 9) revealed a little effect of the matrix damage on the material behaviour beyond the damage threshold up to 900 °C: the mechanical behaviour is mainly controlled by the fibres. Nextel datasheet [START_REF]3M Nextel Ceramic Fibers and Textiles[END_REF] indicates strength retention close to 100% at 900 °C. This is consistent with the small effect of the temperature on the tensile strength of the material. After these observations, some tests were performed at higher temperatures and more particularly at 1200 and 1300 °C. A dramatic change the behaviour of the material (Figure 10) occurs: the strain at failure drastically increased to 13.5 ± 1.0% at 1200 °C and 15.5 0.3% at 1300 °C. The Young's modulus dropped to 78 ± 7 GPa at 1200 °C and 62 ± 1 GPa at 1300 °C. The maximum stress also decreased significantly to 85 ± 3 MPa and 37.1 ± 0.5 MPa respectively. This change was also observed by Ruggles-Wrenn et al. [START_REF] Ruggles-Wrenn | Creep behavior of NextelTM610/Monazite/Alumina composite at elevated temperatures[END_REF]. At 1200 °C they measured a drastic decrease of the Young's modulus (-62%) and a strain at failure multiplied by 4.

This so called "superplastic" behaviour has already been observed on ceramics, especially on polycrystalline alumina. On pure alumina with small grains (0.5 µm), Xue and Chen [START_REF] Xue | Deformation and Grain Growth of Low-Temperature-Sintered High-Purity Alumina[END_REF] observed this behaviour at temperature as low as 1250 °C. At 1300 °C, they measured a compressive strain at failure beyond 60%. Ruano et al. reviewed numerous studies concerning the creep of polycrystalline alumina [START_REF] Ruano | Deformation of fine-grained alumina by grain boundary sliding accommodated by slip[END_REF]. Most of the papers revealed a stress exponent close or equal to 2 associated to grain boundary sliding (GBS) accommodated by dislocation climb. Other studies mentioned stress exponents close to one. So superplastic behaviour of alumina is observed commonly associated with stress exponent lower than 2 [START_REF] Lin | An investigation of grain boundary sliding in superplasticity at high elongations[END_REF]. Despite a stress exponent closer to 3 [START_REF] Hay | Creep mechanisms and microstructure evolution of Nextel TM 610 fiber in air and steam[END_REF], N610 fibre is subjected to superplasticity at high temperature. The mechanisms are however different since Hay et al. showed important grain elongation in air (more than 50% of the total creep strain). The two last test temperatures are at least equal to the processing one so it was expected that the material would not be stable. Figure 12 illustrates the evolution of the thickness when an already sintered sample is subjected to a short term heat treatment in a dilatometer at 1200 °C. Shrinkage is observed at temperatures higher than 1050 °C. It is then clear that the one hour holding step conducted just before the tensile test results in a densification of the matrix and an increase of its cohesion with the fibres. The observation of a sample heat treated for 1h15 at 1300 °C confirmed the assumption of the sintering. The matrix exhibited less pores of bigger size (Figure 13). Finally, these experiments allow us to propose a law to the evolution of the Young's modulus as a function of the temperature (Figure 14). The evolution was fitted by the empirical equation [START_REF] Robinson | SiC Recession Caused by SiO 2 Scale Volatility under Combustion Conditions: I, Experimental Results and Empirical Model[END_REF].

𝐸 = 𝐸 0 1 + exp ( (𝑇 -𝑇 𝑡ℎ ) 𝑎 ) (1) 
The Young's modulus remained nearly constant from room temperature up to 600 °C and exhibited a slow decrease up to 1000 °C. A drastic drop is observed between 1000 °C and 1300 °C which is representative of the experiments. Moreover, the effect of temperature on the bending behaviour was evaluated at 800 °C on 24 specimens. As for the tensile tests, a 10% decrease in both Young's modulus and stress at failure was observed at 800 °C. The results are presented in Table 3. Failure occurred in a similar way to what was observed at room temperature. The external ply subjected to tension broke first for a majority of the samples.

Conclusion

The influence of the temperature on the mechanical behaviour of a N610/Alumina composite was studied through tensile and four-point bending tests, from room temperature up to 1300 °C. Three temperature ranges characterize the mechanical behaviour. Up to about 800 °C the mechanical behaviour is not significantly affected by temperature: only a 10% decrease in Young's modulus and strength is observed. Between 800 °C and 1000 °C a viscous behaviour appeared, revealed by a tensile behaviour depending on the loading speed. From 900 °C, an increase in deformation was noted during slower tests. In this temperature range, the creep of the material must be considered for long-term applications. Above 1200 °C, i.e. the sintering temperature, a drastic decrease in stiffness and strains to failure of several percent were observed. The mechanical behaviour is close to a monolithic ceramic.

In four-point bending, a quasi-linear macroscopic response of the structure was observed. However, a dissymmetry of behaviour between tension and compression at the local scale was revealed by digital image correlation. A simple linear elastic behaviour was observed in the compression part. This was confirmed by four-point bending tests carried out under SEM, which did not reveal any damage in the compressed part. In contrast, damage was observed in the stretched part. The first cracks appear at a stress three times higher during bending tests which is allowed by load transfer between plies.
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 1 Figure 1 -SEM observation of N610/Alumina composite: matrix cracks induced by shrinkage, macropores (a) and nanoporous network (b).
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 2 Figure 2 -Stress-strain curves in tension at room temperature of N610/alumina composite.
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 3 Figure 3 -Cyclic tensile loading stress-strain curve at room temperature of N610/alumina composite (a) and elastic modulus during unloading versus maximum imposed stress (b).
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 4 Figure 4 -Stress-strain curves in four-point bending at room temperature of N610/alumina composite.

Figure 5 -

 5 Figure 5 -Strain computation during four-point bending test on N610/alumina composite with the micromechanical setup (a) and tensile and compression stress-strain curve extraction (b).
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 6 Figure 6 -SEM in-situ observation with DIC of a matrix crack (a) and crack development in the stretched part of a N610/Alumina composite sample subjected to 4 point bending.

Figure 7 -

 7 Figure 7 -SEM observation of the compressed part of a N610/Alumina composite subjected to four-point bending just before failure.

Figure 8 -

 8 Figure 8 -Effect of temperature (a) and displacement rate (b) on the mechanical behaviour of a N610/Alumina composite.
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 9 Figure 9 -Effect of temperature during cyclic loading tests on a N610/Alumina composite.

Figure 10 -

 10 Figure 10 -Typical stress-strain tensile curve at 1200 and 1300 °C of a N610/alumina compositeA typical fracture surface observed below 1000 °C is illustrated in Figure11. Some fibre extractions and delaminations can be observed. From 1200 °C and more particularly at 1300 °C, the fracture surface becomes planar.
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 11 Figure 11 -Fracture surfaces of a N610/alumina composite after a tensile test below 1000 °C (a), at 1200 °C (b) and at 1300 °C (c).
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 12 Figure 12 -Shrinkage in the thickness of a N610/Alumina composite during a representative treatment of the processing one.
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 13 Figure 13 -Matrix observation of an as-processed (a) and a 1h15 -1300 °C heat-treated N610/alumina composite (b)

Figure 14 -

 14 Figure 14 -Temperature dependence of the Young's modulus of a N610/Alumina composite.

Table 1 -Dimensions of the tested N610/Alumina composite samples.

 1 

		Length (mm)	Width (mm)	Thickness (mm)
	Tensile Tests	200	16	composite thickness
	Four-point bending tests	50	9	composite thickness
	In situ four-point bending tests	40	5	composite thickness

Table 2 -Mechanical properties in tension of a N610/Alumina composite up to 1000 °C.

 2 

		Room Temperature	700 °C	800 °C	900 °C	1000 °C
		(12 samples)	(4 samples)	(4 samples)	(4 samples)	(4 samples)
	Young modulus (GPa)	159 ± 7	139 ± 4	150 ± 4	134 ± 15	132 ± 9
	Strain at the threshold (%)	0.029 ± 0.005	0.030 ± 0.007	0.034 ± 0.003	0.041 ± 0.007	0.045 ± 0.007
	Stress at the threshold (MPa)	45 ± 6	45 ± 11	53 ± 5	54 ± 5	57 ± 7
	𝑬′ (GPa)	95 ± 6	85 ± 2	85 ± 2	82 ± 5	77 ± 7
	Strain at failure (%)	0.26 ± 0.02	0.26 ± 0.03	0.25 ± 0.02	0.25 ± 0.01	0.26 ± 0.02
	Stress at failure (MPa)	257 ± 13	227 ± 10	224 ± 3	227 ± 10	225 ± 8

Table 3 -Four-point bending properties of a N610/Alumina composite at room temperature and 800 °C.

 3