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prepared under the guidance of:
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1. Basis for the study

The review was commissioned by the Discipline Council of Materials Engineering at the AGH
University of Krakow in Krakéw.

Legal basis: Article 187 of the Act of 20 July 2018, "Law on Higher Education and
Science" (as amended). Podstawa prawna art. 187 Ustawy z dnia 20 lipca 2018 r. ,Prawo o

szkolnictwie wyzszym i nauce” (z pézn. zm.)

The opinion on the subject of doctoral dissertation contains three elements:



1) An assessment, along with justification, of whether the doctoral dissertation presents the

general theoretical knowledge of the PhD student in the discipline of materials engineering.

2) An assessment, along with a justification, whether the doctoral dissertation demonstrates the
ability to independently conduct scientific work by the PhD student applying for the degree of
doctor.

3) An assessment, along with a justification, whether the doctoral dissertation constitutes an

original solution to a scientific problem.

2. Characteristics and description of the dissertation
This thesis is devoted to the study of the corrosion resistance of coated and uncoated
biodegradable magnesium alloys in Hank’s solution at 37 °C. This study was supported by a
European project (H2020-MSCA-ITN-2017, grant agreement no. 764977 -mCBEEs) and AGH
University of Krakow (grant #16.16.170.654). The subject addressed is of great importance
from a fundamental and applied point of view. Many questions remain open regarding

corrosion mechanisms of coated magnesium alloys.

It can be emphasized that corrosion studies are often complex since they require the
implementation on industrial materials of many techniques (in electrochemistry, physics,
metallurgy and surface analysis ...) at very different scales, ranging from the scale of the
industrial workpiece to the local scale (micro- or nano-scale). This thesis work is part of this
context. It implements many experimental techniques on a complex system (magnesium

alloys covered by coatings and eventually corrosion products).

The manuscript contains 169 pages. It is structured in a classic way: general introduction,
four bibliographic chapters (state of the art), one chapter describing the experimental
conditions and the methodologies adopted, three chapters presenting the experimental
results and then general conclusions. The bibliographic references (265 in total) are listed at

the end of the document. This list reflects a rich and full bibliographic research.

The manuscript is very well written, very well organized and very well presented. The
illustrations are particularly well chosen and of very good quality. They help in understanding
the text, especially in the bibliographic chapters. Ms Iryna Kozina has generally demonstrated
pedagogy and rigor in writing the manuscript. The methodology adopted and the results

obtained are presented clearly.

The literature review is organized into 4 chapters dedicated to:

- properties of magnesium and its alloys (chapter 1)

corrosion of magnesium alloys (chapter 2)
- surface modification techniques applied to magnesium alloys (chapter 3)

- surface modifications of Mg alloys using biopolymer coatings (chapter 4)



These chapters are of excellent quality. They are very well written (in English). They are
enhanced with diagrams, figures and tables that allow to summarize very clearly the results
/ discussions of the bibliography. These chapters constitute a very good summary of the
state of the art in the field of study. The organization of the bibliographic review in 4 small
chapters (chapters 1 to 4) makes reading very pleasant and dynamic. This organization

makes it easy to follow the common thread.

Chapter 5, located at the end of the bibliographic review and before the chapters presenting
the results obtained by Iryna Kozina, allows to define (on the basis of the knowledge of the
literature), the scientific objectives of the thesis work. It is an excellent transition justifying

all the work carried out subsequently.

Chapter 6 concerns experimental aspects. It gives:

-a description of the magnesium alloys and the conditions for the elaboration of coatings. It
is interesting to note that different coatings are investigated, including monolayer coatings
(Ca-P, chitosan_WG, chitosan-TiO2 coatings) and a multilayers coating (Ca-P/chitosan_WG).
-a description of experimental techniques used to characterize magnesium alloys and
coatings: SEM/EDS, XRD, FTIR, XPS, optical profilometry. These techniques were also used
to describe and to quantify degradation induced by corrosion.

-a description of experimental techniques used to perform electrochemical and corrosion
tests: LSV, OCP, chronoamperometry, LPR, EIS and hydrogen evolution test.

-a description of antibacterial tests.

The richness of the methods used must be highlighted. The choice of these methods is
relevant and will allow a full description of the phenomena studied. In addition, the
complexity of the systems studied and the large humber of methods used shows that Ms
Iryna Kozina (and the research team that supervised her) has excellent qualities as an

experimenter.

In chapter 7, the microstructure of the two alloys is investigated using mainly SEM/EDS and
XRD. The a-Mg matrix and an intermetallic phase (Mg15Zn20 and Mg6Zn3Ca2 for MgZn and
MgZnCa alloys, resp.) are identified using SEM/EDS. A third phase is found on MgZnCa alloy
by means of XRD (Mg2Ca). Why this phase was not detected by SEM/EDS ? In a second
part of this chapter, the structure of the different coatings (Ca-P, chitosan_WG,
chitosan/TiO2, Ca-P_Chitosan_WG) is fully described using an impressive range of techniques
(SEM/EDS, GDOES, FTIR and XPS). Observations are also carried out on cross-section
surfaces. The structure, roughness and the presence of micro-cracks are discussed. Why
microcracks are observed in some coatings ? Could you indicate other type of

biopolymer coatings that can be used to protect Mg alloys ?

Chapter 8 is devoted to the corrosion resistance of coated and uncoated Mg20Zn and
Mg19Zn1Ca in Hank’s solution at 37 °C. It must be mentioned that results presented in this

chapter were published in International Journal of Molecular Sciences (two papers). This is



an excellent journal which is well-recognized in the field of chemistry and materials science.
This chapter is very well organized. The first part is dedicated to electrochemical tests (LSV,
chronoamperometry, EIS and hydrogen evolution tests) to get information about reactional
mechanisms (diffusion processes, kinetics of anodic and cathodic reactions...). The second
part of this chapter is dedicated to the analysis of corrosion products which play an important
role in corrosion. How corrosion products affect corrosion mechanisms in those
systems and electrochemical reactions ? It must be underlined that the quality of the
impedance spectra is very high (even in the low frequency range), allowing a fine quantitative
analysis, and a very relevant discussion. This provides crucial information on the corrosion
mechanisms of magnesium alloys with/without coatings. The results obtained from hydrogen
evolution tests are also of remarkable quality. They also give essential information about
corrosion mechanisms. From this exceptional experimental work, a very convincing model
describing corrosion mechanisms of Mg alloys is proposed at the end of the chapter. The role
of TiO2 nanoparticles (which interact with amine groups in the chitosan_TiO2 coating) is an
interesting and innovative result. What other nanoparticles could have a comparable
or even better effect in terms of corrosion resistance of Mg alloys? Also, I would like
to mention that the comparative study of the different coatings is extremely interesting
(beyond the study of Mg alloys) and can interest many researchers in other scientific

disciplines.

Chapter 9 addresses a complementary study to those presented in the previous chapters:
the antibacterial and corrosion resistance properties of Mg alloys coated with a chitosan-
based coating and containing silver or ZnO nanoparticles. Obtained results show that silver
nanoparticles exhibit antibacterial properties against Escherichia coli (E. C.) and
Staphylococcus aureus (S. A.) bacteria. It would have been interesting to compare the results
derived from electrochemical tests with those obtained with TiO2 (previous chapter). Do Ag
nanoparticles give better results (corrosion resistance) than TiO2 ones? Would it

be interesting to introduce a TiO2/Ag mixture into the coating?

It can be emphasized that Ms Iryna Kozina has shown high qualities as an experimenter by
judiciously combining many experimental techniques. The analysis of the experimental
results and the discussion that follows are of high quality. Throughout the reading of this

manuscript, one clearly perceives the guiding line that is followed by Iryna Kozina.

In conclusion, the work of Iryna Kozina is of excellent quality and provides new and useful
elements in understanding the corrosion behavior of coated magnesium in Hank’s solution.
The experimental work and the analysis of the results are conducted rigorously. I therefore
issue a very favorable opinion for the presentation of this thesis with a view to obtaining the

degree of doctor in Materials Engineering from AGH University of Krakow, Poland.

Final conclusion



In conclusion, I conclude that the reviewed dissertation meets the requirements specified in
Article 187 of the Act of 20 July 2018. Law on Higher Education and Science (as amended)
and I request its admission to further stages of the proceedings for the awarding of the

doctoral degree in the field of engineering sciences in the discipline of materials engineering.

Considering the high substantive level, wide range, topicality of the subject matter, pro-
ecological significance, I classify the dissertation as outstandingly good and deserving of
distinction. Thus, I apply for recognition of the doctoral dissertation of Ms. Iryna Kozina as

outstanding.

Vincent VIGNAL...



