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 This PhD thesis is dealing with mechanical properties and and plastic deformation of Mg-

based composites having different microstructures. As nowadays there is a high demand for the 

high-strength, but lightweight constructions in the industry, the studies of both composite 

materials and Mg-based alloys are in the front of materials science.  

Accordingly, the topic of the PhD work is actual, good choice, which is a combination of 

significant industrial challenge and motivated basic research. Modern and novel investigation 

methods (neutron diffraction and acoustic emission) were applied in this work. 

 In the Chapter 1, the Candidate reviewed the theoretical background, highlighting the role 

of different dislocation slip systems and deformation twinning in hcp metals, as well as the main 

strengthening mechanisms of metal-matrix composites having fiber reinforcements. This is a 

well-thought-out part, fitting to the objectives of the thesis. Concerning the strengthening effect 

of the fibers I would have a question about the load transfer, σLT given by Eq.(1.1): in the present 

case, where the average length and diameter of the fibers are 87 µm and 3 µm, respectively, the 

fiber aspect ratio is about 27, leading to a value of σLT of about 7-8 times of σm according to Eq. 

(1.1). Is it realistic? 

 The experimental methods are delineated in Chapter 2. 

 The motivation and the objectives of the research work are described in the Chapter 3. In 

my opinion, while the motivation of the thesis (to better understand the deformation processes 



taking place in AX41 magnesium composite with ceramic Saffil fiber reinforcement) is well 

stated, the goals are not so defined, given in many (10) points, which would be rather the sub-

points of 3-4 general main points saying, for example, “Investigation of the deformation 

mechanisms at different temperatures”, or “Study of the lattice strain in the matrix and in 

fibers”…etc. 

 The experimental results are reported in Chapter 4, extending in the second half of the 

thesis. 

 The initial microstructures of the investigated metal-matrix composites (MMCs) can be 

seen clearly by using scanning electron microscopy (SEM). What is the scale of BSE maps 

shown in Figs 4.1.5 and 4.1.7? This information is needed to know the size of fibers and of 

different precipitates. 

 Results of acoustic emission (AE) and ex-situ neutron diffraction investigation described 

in Chapter 4.2 and 4.3, respectively, showing clearly the effect of the reinforcing fibers in 

different fiber plan (parallel, PaO or perpendicular, PeO to the loading axis) orientations. The 

correlation of the stress-strain deformation (as well as the work hardening rate vs. strain) curves 

and the corresponding AE signals (count rate) reveal unambiguously the main mechanisms of 

deformation in different MMC samples. The orientation of the fiber plan can influence both the 

twinning and dislocation activities, leading to higher strength with lower ductility in PaO 

samples and opposite tendencies in PeO specimens. These are important and new scientific 

results, which would have also application significance in the automobile and/or building 

industries.  

 Here I note that the strain used in Figs. 4.2.1, 4.2.2, 4.3.3, 54.5.3, given in % is 

engineering strain, not true strain. 

 Concerning the twin nucleation, it is interesting to see that the twinning is active at the 

early stage of compression process. How is it possible that the twinning can begin before 

reaching the macroscopic yield point (under the yielding stress)? What is the yield stress of the 

samples shown in Fig. 4.2.1? Is there any (literary) transmission electron microscopy (TEM) 

investigation showing the twinning process at early deformation?  

 The lattice strain evolution resulting the strengthening effect of fibers in the composite 

system is predicted by finite element method (FEM), presented in Chapter 4.4. Although the 

simulation by FEM is limited only to elastic region below the macroscopic yield stress, the 



obtained results are significant in the interpretation of the anisotropic mechanical properties of 

the investigated MMCs. It is important to know, for instance, that the anisotropy of lattice strain 

around fiber edges increases in the direction of applied load, leading to fiber cracking. 

 The effect of testing temperature was studied by making in-situ neutron diffraction (in 

Chapter 4.5) and scanning electron microscopy (SEM) (in Chapter 4.6) measurements on MMC 

samples deformed in the range of 20-200 oC. The stress-strain relationships, the lattice strains 

and the evolution of microstructures were investigated. As it can be seen in Fig. 4.5.3, during the 

ND data collection together with the stress-decrease (like stress relaxation) increasing strain can 

be observed. It is not clear for me that how the sample was kept during collection of ND data? 

Another question of mine is concerned to time period of the whole measurement taken at 200 oC. 

Did it take 10-12 hours? 

 What is the unit µε used for describing lattice strain in several figures from 4.5.5 to 4.5.9? 

 Several important results were obtained on the influence of testing temperature. Smaller 

lattice strains in the matrix and larger lattice strain in the reinforcement phase were observed in 

PaO, indicating more effective load transfer from matrix to fibers in PaO sample relatively to 

that in PeO one. Furthermore, the load transfer mechanism is more temperature sensitive in PaO 

than in PeO sample, and the frequency of fiber cracking during plastic deformation increases 

with increasing temperature. The thesis has also shown that the twin nucleation is more frequent , 

while the twin growth is rather suppressed at lower testing temperature. At the same time, the 

volume of twins increases with increasing testing temperature. 

 The format and the structure of the thesis is logic, followable. Only minor misspellings 

and mistakes can be found, for example: 

 -Page 18: …fabrication method where (not were) the matrix… 

 -Page 25: …In the case of U and W (not in the case is U and W)… 

 -Page 26:…incident beam is decreasing (not incident beam is decreases).. 

 -Page 32: …dynamically loaded for both tension and compression (both is needed)… 

 -Page 34:…since neutron don’t carry (not carries) 

 -Page 35: Eq. (4.3) should say as: n + 3He → p + 3H + 0.77MeV 

 -Page 51, 52: Fig. 4.4.2 (in the text) should be Fig. 4.1.3, then Fig. 4.1.3. should shifted  

to Fig. 4.1.4., etc… 



 -Page 62: Fig. 4.2.3 on the schematic of FEM process is very confused, should be 

explained in more details. 

 -Pages 67-70: Figs 4.1.9. and 4.1.10. should be 4.3.4. and 4.3.5. in correct order. 

 -Page 73: Fig. 4.5.1 (in the text) should say as Fig. 4.4.1. 

 Page 88-89: Fig. 4.5.8 was twice. 

 -Page: 89: At 200 oC the tensile LS (Figure 4.5.9), not Figure 4.5.8. 

 

 The experimental results based on the particular methods are summarized in 14 points 

described in Chapter 5. I would like to ask the Candidate to put these results briefly into 4-6 

thesis statements showing the properties and/or the deformation mechanisms of the investigated 

materials. 

 Overall, the Thesis is thoroughgoing and watchful, meeting the standard requirements 

imposed on the PhD works in the field. It contains numerous new scientific results, which 

certainly contribute to the better knowledge of the strengthening processes in metal-matrix 

composites. The results reported in the Thesis could promote not only the evolution of 

fundamental, but also of the applied researches, proving the author’s ability for creative scientific 

work. It should be emphasized that most of these results were published in Materials Science 

and Engineering A, which is a commonly known and highly ranked scientific journal of 

materials science. 

 This PhD thesis is suited for defending presentation and I fully recommend its acceptance. 

 


