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Abstract  

In this study magnesium based composite AX41 reinforced with short Al2O3 fibers were investigated. In-situ 

neutron diffraction has been applied to study deformation mechanisms under compressive deformation. 

Specimens had two different fiber orientations: parallel and perpendicular to the applied load. Lattice strain 

evolution in the matrix was evaluated and discussed in detail. Concurrently, the acoustic emission response 

of the samples was also recorded. Significant dependence of the matrix deformation on the fiber arrangement 

was found.  
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1. INTRODUCTION  

Magnesium alloys are in the focus of researchers and industry interest for many years. The new stricter 

environmental requirements make magnesium alloys very attractive for various industrial applications 

particularly in automotive one. The high specific strength, good damping capacity, castability and machinability 

belong to the main advantages of magnesium alloys. On the other hand there are several disadvantages, as 

weak creep resistance or reduction of mechanical properties at higher temperatures (>200 °C), which 

significantly reduce their application potential [1]. When magnesium-based metal matrix composites (MMC) 

are used, the above mentioned limitations can be reduced or eliminated [2]. Ceramic particles or short fibers 

are commonly used as reinforcements. Improved E-modulus, strength [3] and enhanced fatigue properties [4] 

are reported for this class of materials.  

The short-fiber reinforced composites have highly anisotropic properties owing to the usually used preferential 

fiber arrangement. Deformation mechanisms are also more complex than in alloys. The work hardening can 

be influenced by enhanced dislocation density caused by geometrical and thermal mismatch between matrix 

and fibers. During the fabrication of MMC, textured microstructure can form which has an impact on the 

deformation twinning. The load transfer to fibers and consequently the stress state in the matrix is a function 

of the fiber arrangement with respect to the loading direction [2].  

The acoustic emission (AE) and neutron diffraction (ND) methods were recently successfully applied for in-situ 

testing of magnesium alloys and composites [4, 5] AE is defined as a transient elastic wave, arising from 

sudden energy release due to local dynamic changes in the structure of material caused by internal or external 

forces. Thus detection of the acoustic signals originated in collective motion, annihilation or dislocation 

multiplication, twinning nucleation and crack propagation is possible. Other advantage of AE beside the 

excellent time resolution is that we get information about microscopic processes from entire volume of 

specimen. In the particular case of the straining of magnesium alloys it should be noted that unlike of twin 

nucleation, the twin growth cannot be detected by AE. Therefore auxiliary methods, as e.g. ND, are necessary 

for complete characterization of this mechanism. The ND takes advantage from the large penetration depth of 

the thermal neutrons into a material. This technique is sensitive to the changes of the lattice parameter. Hence, 

the lattice strains and the residual stress distribution can be evaluated from the experimental data. Following 

intensity changes of particular reflections, the volume fraction of twinned grains can be evaluated.  
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The goal of the present work is investigation of micromechanisms of plastic deformation during compression 

tests of an AX41 magnesium alloy reinforced with short Saffil® fibers. Concurrent in-situ AE and ND 

measurements were performed during the compressive deformation.         

2. EXPERIMENTAL 

AX41 magnesium alloy with a nominal composition of Mg + 4 wt. % Al + 1 wt. % Ca reinforced with short 

Saffil® fibers "-Al2O3 with volume fraction 13 % was investigated. Material was prepared by squeeze casting 

technique. The fibers have a 120 �m mean length and diameter between 3 and 5 �m. Specimens with two 

fiber arrangement, parallel and perpendicular to the loading direction and having dimension 20x10x10 mm3

were fabricated from ingots. The compression tests took place at room temperature with an initial strain rate 

of 10-3 s-1. Unreinforced AX41 magnesium alloy was also examined for comparison purposes. 

Acoustic emission response of material was detected by computer-controlled PCI-2 system manufactured by 

Physical Acoustic Corporation (PAC). The facility incorporated a Micro2006 transducer (fabricated by DAKEL-

ZD Rpety) with a flat response between 50 and 650 kHz and a PAC 2/4/6 preamplifier giving a gain of 40 dB. 

The threshold level was set at 26 dB, directly above the peak values of the background noise. The in-situ 

neutron diffraction tests were performed at the SALSA instrument in the Institute Laue-Langevin (ILL) in 

Grenoble. During the testing of composites the loading was stopped for 3 minutes after each 0.5 % of 

deformation in order to record the diffraction pattern. In the case of the unreinforced alloy a 1 % step was 

applied up to 5 % of strain and a 5 % step above this value. The radiated gauge volume was roughly 10x10x10 

mm3. Due to the relatively large gauge volume the surface effects can be neglected.  The lattice strain of the 

magnesium matrix from the diffraction peak {10.1} was evaluated as a function of the strain levels. Lattice 

strains were measured in axial detector arrangement, i.e. parallel with the applied load. 

3. RESULTS AND DISCUSSION  

The light micrographs in Fig. 1 represent the initial state of AX41 composite with two different fiber orientations. 

Black dots in Fig. 1a), where the fibers plane is parallel with the loading axis, are the cross section of fibers 

embedded in the magnesium matrix. In the Fig. 1b) the plane with fibers perpendicularly orientated to the load 

axis is visible.  

  
4.  b) 

Fig. 1 Initial state of a) AX41 composite with parallel fiber plane with the load axis b) AX41 composite with 

perpendicular fiber plane to the load axis. In both case the cross-section of the specimens are presented 
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a) 

b)  c) 
Fig. 2 Deformation curves and the AE response for a) AX41 unreinforced alloy b) composite - axial 

orientation c) composite - radial orientation 

The deformation curves and the respective AE response are shown in Fig. 2a)-c). Fig. 2a) represents the 

unreinforced matrix. It is obvious that AE has a peak value at 2% of strain. Two mechanisms: nucleation of 

 twins and the collective dislocation motion, respectively are the main source of the AE signal 

[6].  The reason for the rapid vanishing of the AE for higher strains is twofold: (i) the dislocation origin 

component of AE decreases due to the pile-up of dislocations on new twin boundaries, which act as barriers 

[7] and increasing number of dislocation-type obstacles, respectively. (ii) at higher strains rapid twin growth 
takes place [8], which is undetectable by AE technique. In case of composite (Fig. 2b)-c)) the AE response is 

significantly lower, most probably due to the reduced main free path for dislocation motion caused by enhanced 

dislocation density. AE measurement revealed significant differences between the composites with two 

different fiber orientations. Composite with parallel fiber planes with the loading axis (axial) show similar, but 

not so intensive AE evolution than the alloy. Count rate of signals is stronger at the beginning and after certain 

point disappears. In the case of radial fiber orientation up to 2 % of strain didn’t revealed AE signals, but above 

2 % of true strain shows the same activity, than in previous sample type. The reason of differences could be 

explain by the strong texture of matrix. In specimen with axial fiber orientation the texture of the matrix favors 

extension twinning. This mechanism has a low critical resolved shear stress [8] and it is a 

strong source of AE, thus the peak AE response is observed at low strains and stresses. On contrary, in 

{ }1012 1011

{ }1012 1011
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specimens with radial fiber orientation, the twinning is rather difficult. The dislocation free path is also reduced 

due to the radial orientation of the fibers. Thus at the beginning almost any AE is recorded. At higher strains 

the stress concentration is most probably large enough for causing fiber cracking. The indication for this 
mechanism is the reduced elongation of the “radially oriented” sample (c.f. Fig. 3). Thus the AE activity in this 

case has a fiber fracture origin.  

Fig. 3 Comparison of deformation curves 

Comparing the deformation curves on Fig. 3 one could state that the fiber reinforcement effectively increase 

the mechanical properties of AX41 alloy. Depending of the fibers orientation the yield stress increased four 

respectively six times. The sample with axial fiber plane orientation shows higher modulus, which is in 

agreement with the shear lag model [9]. The higher yield strength of the radial sample is a bit surprising. We 

assume that rather than the load transfer from matrix to the fiber, the dislocations caused hardening play the 

main role in the high stress yielding. Nevertheless, this idea needs further experimental validation. 

Neutron diffraction results are shown in Fig. 4, where lattice strain was calculated from position changes of 

diffraction peak {10.1} by using the Bragg equation [10]. It is obvious that the lattice strain increases with 
increasing applied strain. In the matrix alloy lattice strain is low, which is in agreement with the microstructural 

feature (i.e. absence of non-penetrable - fiber - obstacles) of the specimen.

Fig. 4 Lattice strain evolution with the applied strain determined for {10.1} planes 
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Lattice strain in composites corresponds to the deformation curves (Fig. 3). In case of composite with radial 

fiber orientation lattice strain is higher up to 2 % of macroscopic deformation. That means the matrix is more 

deformed, i.e. the load transfer from the matrix to fibers is less effective. Above 2 % of strain intensive plastic 
deformation of the matrix of the “axial sample” takes place (c.f. Fig.3) strain. The lattice strain evolution 

corresponds to this mechanism.  

CONCLUSION  

The deformation mechanisms of AX41 magnesium alloy and composite with two fiber orientations were 

investigated during compression tests using concurrent neutron diffraction and acoustic emission techniques. 

The main results of the work are the following: 

• Fiber reinforcement has huge impact to the mechanical properties, a significant increment in both yield 

stress and strength was observed.  

• Up to approx. 2 % of applied strain the load transfer from matrix to the fibers plays an important role. 

This mechanism, in agreement with the theoretical calculations, is more effective for axial fiber 

arrangement.  

• The initial texture of the material enhanced the twinning in the “axial sample”. Therefore above 2 % of 
applied strain massive plastic deformation of the matrix takes place. On contrary, in the “radial sample” 

the twinning mechanism is suppressed, therefore significant work hardening is observed. The evolution 

of the lattice strain is in agreement with this assumption 

• The acoustic emission testing support the occurrence of the twinning in “axial samples”. Furthermore 

fiber cracking above ~4 % of strain was revealed.   
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