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Abstract. Residual strain profiles were measured by neutron diffraction in alumina-aluminum 
titanate ceramic composites sintered at two different temperatures, namely 1450 and 1550ºC. 
The results show that irrespective of the direction and the sintering temperature, the obtained 
profiles are almost flat, with very similar results for both temperatures. In addition, the results 
demonstrate that the alumina is in compression whereas the aluminium titanate is subjected to 
tensile residual stresses. 

1.  Introduction 
Ceramic composites have been investigated during decades to obtain improved mechanical 
performance. Some ceramic composites (Alumina Al2O3 - aluminium titanate Al2TiO5 composites) 
offer improved flaw tolerance and toughness [1-4], which is thought to be due to thermally-induced 
residual stresses. The average crystallographic thermal expansion of aluminium titanate is slightly 
higher than that of alumina (αA25-1000ºC = 8.7·10-6 ºC-1, αAT25-1000ºC = 9.7·10-6 ºC-1) and it is highly 
anisotropic. As a consequence, in an alumina-aluminium titanate composite, high tensile and/or 
compressive residual stresses are expected to develop among grains, depending on the particular 
relative orientations. These stresses might lead to a wide variety of possible toughening mechanisms: 
crack deflection, crack branching, crack bridging and microcracking. Therefore, the characteristics of 
the toughness curve and, as a consequence, the flaw tolerance of alumina-aluminium titanate 
composites may be strongly modified by appropriately altering the microstructure: grain size and 
aluminium titanate content. 

Residual stresses have been measured by neutron diffraction in several ceramic systems [5-7]. 
However, residual stress profiles are seldom reported  [7]. 

In this work, residual strain profiles were measured by neutron diffraction in 60 vol.% Al2O3+40 
vol.% Al2TiO5 ceramic composites (from now on A-AT40) prepared by slip casting and sintered at 
two different temperatures, namely 1450 ºC and 1550 ºC. 

6th Meeting of the Spanish Neutron Scattering Association (SETN2012) IOP Publishing
Journal of Physics: Conference Series 549 (2014) 012027 doi:10.1088/1742-6596/549/1/012027

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



6th Meeting of the Spanish Neutron Scattering Association (SETN2012) IOP Publishing
Journal of Physics: Conference Series 549 (2014) 012027 doi:10.1088/1742-6596/549/1/012027

2



 
 
 
 
 
 

and aluminium titanate powders employed to fabricate the samples and the results are reported in 
Table 1. 

 
Table 1. Unstressed lattice spacing values of the hkl reflections employed 

 Al2O3(116) Al2TiO5(062) Al2TiO5(153) 

0,hkld (Å) 1.60365±0.00014 1.4959±0.0006 1.4840±0.0003 

3.  Results and discussion 
The residual strain profiles along the sample thickness are depicted in Fig. 2, for the two sintering 

temperatures, namely 1450ºC (Fig. 2a) and 1550ºC (Fig. 2b). The strain results for both sintering 
temperatures are very similar. This suggests that an increase of sintering temperature from 1450ºC to 
1550ºC has no clear effect on residual strains for alumina-aluminium titanate monolithic composites.  

Linear elasticity was employed to calculate residual stresses from residual strains [10]. The 
diffraction elastic constants of the alumina phase were calculated by a Kröner average for the (116) 
reflection (EA,116 = 407 GPa, νA,116 = 0.21), from the single crystal data published in the literature [11]. 
Since there are no reliable plane-specific diffraction elastic constants available for Al2TiO5, bulk 
elastic constants (EAT = 155 GPa, νAT = 0.33), were used in the present work [12]. For the residual 
stress calculation, the (153) reflection of Al2TiO5 was chosen, because it was more intense and 
narrower than the (062) reflection.  

Residual stresses profiles for the sample sintered at 1450ºC are shown in Fig. 3. Stresses are not 
reported for the sample sintered at 1550ºC because there are not enough measurements in the parallel 
direction. It can be seen that the stress profiles are almost flat, with tensile residual stresses in Al2TiO5 
particles (average around 500 MPa) and compressive ones in the Al2O3 matrix (average around -160 
MPa). The differences between normal and parallel stresses lie within experimental error in all cases. 
This suggests a hydrostatic residual stress state in both phases, which is consistent with the fabrication 
process. 

Consequently, the calculated phase stresses should verify the equilibrium condition, i.e. negligible 
macro residual stresses [10]: 
 0σ σ σ= + =M A A AT ATf f  (2) 

 
where σM is the macro residual stress, fA and fT are the volume fractions of Al2O3 and Al2TiO5, 
respectively, and σA and σAT are the corresponding phase stresses. From Fig. 3 it can be concluded that 
the calculated residual stresses approximately verify the equilibrium condition (Eq. 2). 

 

 (a) (b) 
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Figure 2. Residual strain (parallel and normal directions), (a) 1450 ºC and (b) 1550 ºC. 

 

Figure 3. Residual stresses in parallel and normal directions for composites sintered at 1450 ºC. 

4.  Conclusions 
Residual strain scanning using neutron diffraction was used to calculate the residual stress profile in 
the alumina and aluminium titanate phases of Al2O3+40 vol. % Al2TiO5 ceramic composites. The 
results show that alumina is under compression (around -160 MPa) and aluminum titanate is under 
tension (around 500 MPa). The residual stress state is hydrostatic in both phases. A change in the 
sintering temperature from 1450ºC to 1550ºC does not have a remarkable influence on residual strains. 
The calculated macro residual stresses are negligible for the sample sintered at 1450ºC.  
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