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CHAPTER 1

DEVELOPMENT OF BIODEGRADABLE ZINC ALLOYS FOR
BIOMEDICAL APPLICATIONS

Engineered or natural materials that are used to supplement the functions of living tissue
are known as biomaterials and have been used as implant materials for a long time in the field
of medical science [1-4]. [ron-based (Fe), zinc (Zn) and magnesium (Mg)-based materials have
been extensively investigated as potential MB for orthopedic applications [15,22,31,35,37-44].
The microstructure of Zn alloys mainly contains one phase as a matrix (solid solution o-Zn)
and the second phase called the intermetallic phase, which is generally hard and brittle. The
mechanical properties of Zn alloys are significantly influenced by these intermetallic phases
and their fractions of volume, size and distribution in the Zn solid solution matrix; and these
microstructural characteristics depend on the methods of manufacture and processing [35]. Zn
is known as the "calcium" of the 21st century due to its many important biological roles in the
body, including nucleic acid metabolism, stimulation of new bone formation. Fig. 1 shows an



illustration of various in vivo studies using Zn-based materials for potential clinical applications
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Fig.1. Potential biomedical applications of Zn-based materials: (al) discontinuous line made of Zn alloy
[80], (a2) macroscopic appearance of Zn alloy staples [80], (b1) Zn alloy plate and screws and fixed
mandibular bone fractures immediately after surgery [81], (b2) Zn-based fixative plates, porous screws
and scaffolds providing temporary mechanical support for bone tissue regeneration [82], (cl) ilustrare
schematici a implantarii stentului intr-un vas coronarian [83], (c2) selected 2D and 3D micro-CT images
of Zn stents after different implantation time [84], (d1) histological characterization of hard tissue sections
at implant sites for the Zn-SHA composite at weeks 4 and 8, red triangle indicating newly formed bone
[85], (d2) histological observation of different parts of the implant in the bone environment at 6 months
(blue arrows indicate the bones surrounding the implant in the medullary cavity, and white arrows mark
the locally corroded site) [86], (d3) histological images showing the maturation of the newly formed bone
in Zn-MEM compared to the still unmineralized bone matrix of the Col-MEM group [87]

CHAPTER 2

The material, research methodology and experimental program of the
research of this doctoral thesis

2.1 Material and equipment used in the experimental programme

The experimental zinc alloys were developed, cast and prepared for structural
investigations in a classical furnace. The mass production of Zn-based alloys is achieved by
casting, as this provides easy customization of the alloy composition. Alloy machining by
casting involves melting the alloy components, then casting the molten metal into a mold, and
finally solidifying. The melting was carried out inside an induction furnace at a temperature
generally between 450° and 750 °C depending on the composition of the alloy, The molten
metal is cast into a suitable steel or graphite with the desired shape of the ingot for solidification.
On the experimental specimens in the tuned state, homogenization heat treatments were
performed at 300°C and 400°C, respectively, at each temperature with maintenance of 5 hours
and 10 hours. Table 2.1 shows the chemical composition of these experimental alloys.



Table 2.1- Chemical composition of experimental zinc alloys

Alloy Chemical composition, %Gr.
Mg Fe S P Si Ni Zn
Zn - - - 0.019 0.45 0.009 Rest
ZnMg 3.30 - 0.36 0.019 1.06 0.02 rest
ZnMgFe | 3.61 1,01 0.3 - 0.72 0.01 rest

2.2 The experimental program carried out within this doctoral thesis

From the experimental specimens developed, specimens were made for the various
experiments within the present doctoral thesis. After the structural and mechanical
characterization of these specimens, cavitational erosion tests were performed. Biodegradation
tests were also carried out from specially cut and specially prepared specimens. In the end, a
structural correlation between mechanical behavior and cavitational erosion behavior was
achieved, the work ending with original contributions and perspectives for future experimental
research . Fig. 2.3 shows the experimental program drawn up in such a way as to lead to the
fulfillment of the major objectives initially proposed.
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Fig. 2.3- Experimental program of the research within this thesis

CHAPTER 3

PHYSICO-MECHANICAL AND STRUCTURAL
CHARACTERIZATION OF EXPERIMENTAL ZINC ALLOYS
COMPARED TO PURE ZINC

3.1 Physico-mechanical behavior of zinc alloys in the ZnMg(Fe) system compared to
pure zinc



The mechanical behavior of alloys is a particularly important aspect in materials engineering
and component design. Thus, in the design and use of alloys, it is important to take into
account these mechanical properties to ensure the performance and safety of components
made of these materials. This indicates how materials behave under the action of various
external forces to which they are subjected. The main relevant mechanical characteristics of
metal alloys are:

1. Mechanical strength: This property represents the ability of metals and alloys to oppose
external forces that tend to destroy or deform them. These forces can include traction,
compression, bending, or twisting.Ductilitatea: Ductilitatea se referd la capacitatea unui
material de a se deforma plastic sub actiunea unei forte fara a se rupe. Aliajele cu o buna
ductilitate pot fi usor modelate in diverse forme.

2. Toughness measures the ability of a material to absorb energy before it breaks. Tough
alloys are important in applications where there is a risk of impact or sudden loading.

3. Fatigue resistance: This refers to the behavior of the material under repeated charging
and discharging cycles. Alloys with good fatigue resistance are essential in applications in
the aeronautical, automotive and construction industries.

4. Resistance to crack propagation: This property indicates the ability of the material to
resist crack growth under the action of stresses. Alloys with good resistance to crack
propagation are used in critical components, such as aircraft wings or components of
nuclear power plants.

In this chapter, mechanical tests have been carried out in order to mechanically
characterize the new experimental alloys, which have different chemical compositions and have
been compared with the mechanical characteristics of pure zinc, located in different structural
states. The results regarding the mechanical behavior were rendered by presenting both the
stress-strain variation curves, as well as by the values of the mechanical characteristics by type
of characteristic in the different structural states of the alloys in the form of histograms.

Thus, the stress-strain variation curves of the experimental alloys, as well as those of pure
zinc are shown in Fig. 3.1 - Fig. 3.3, and in Table 3.1 are shown the values of the mechanical

characteristics resulting from their processing, of zinc and of the experimental zinc alloys.
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Fig. 3.3-Appearance of the tension-strain tensile curves of ZnMgFe alloy,

in different structural states

Table 3.1 - Mechanical characteristics of the zinc alloys investigated in the ZnMg(Fe)

system compared to those of pure zinc

Alloy State Breaking Yield Elongation | Modulus of |  Brinell
strength, Strength, at break, elasticity, hardness,
Rm, (MPa) | Rp, (MPa) A5(%) E, (MPa) HB
Zn pure 15 14 1.8 4.05 22
300°C/5h 22 19 1.9 9.30 24
300°C/10h 22 13 2.5 8.30 22
400°C/5h 45 13.51 2.8 7.26 17
400°C/10h 22 15.01 1.78 6.50 11
ZnMg pure 85 26.61 2.66 1.39 48
300°C/5h 145 45.33 4.23 15.95 76
300°C/10h 110 41.35 2.16 18.48 57
400°C/5h 160 50.02 3.14 10.27 62
400°C/10h 110 39.68 3.22 19.32 68
ZnMgFe pure 108 30.70 3.69 8.09 74
300°C/5h 112 37.94 3.32 13.07 75
300°C/10h 130 67.32 4.13 15.18 32
400°C/5h 95 46.74 1.92 22.60 76
400°C/10h 105 40.21 3.25 11.24 77

The comparative analysis on the mechanical behavior of the experimental zinc alloys is
presented in the form of histograms in Fig. 3.7
Therefore, it can be concluded that the simple alloy of zinc with magnesium leads to a
moderate increase in the values of the mechanical characteristics, while the double alloying of
zinc with magnesium and iron leads to a significant increase in the mechanical characteristics
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Fig. 3.7- Comparative variation of the mechanical characteristics of the experimental
ZnMg(Fe) alloys compared to those of pure zinc: a- mechanical strength, b- yield
strength, c- elongation at breakage, d- modulus of elasticity

The macrofractographic analysis of the tensile specimens, performed under the
stereomicroscope, both in longitudinal and cross-sectional sections, allowed the evaluation of
the fracture surfaces after testing the mechanical characteristics, as well as the critical analysis
of the fracture mode of the experimental zinc alloys, compared to pure zinc in different
structural states. The stereomicroscope analysis is shown in Fig. 3.8 - Fig. 3.22.

a b
Fig.3.8 - Macroscopic appearance of zinc tensile specimens (control sample):

a- longitudinal section, x8; b- cross-section, x40

a b
Fig. 3.9-Macroscopic appearance of the Zinc tensile specimens, after annealing at 300°C/
Sh: a- longitudinal section, x8; b- cross-section, x40

Fig. 3.10-Macroscopic appearance of the Zinc tensile specimens, after annealing at
300°C/ 10h: a- longitudinal section, x8; b- cross-section, x40



Fig. 3.11-Macroscopic appearance of the Zinc tensile specimens, after annealing at
400°C/ 5h: a- longitudinal section, x8; b- cross-section, x40

Fig. 3.12 - Macroscopic appearance of the zinc tensile specimens, after annealing at
400°C/ 10h: a- longitudinal section, x8; b- cross-section, x40

a
Fig. 3.13-Macroscopic appearance of the ZnMg tensile specimens (control
sample):

a- longitudinal section, x8; b- cross-section, x40

a

Fig. 3.14-Macroscopic appearance of the ZnMg tensile specimens after annealing at
300°C/ 5h: a- longitudinal section, x8; b- cross-section, x40

a
Fig. 3.15-Macroscopic appearance of the ZnMg tensile specimens after annealing at
300°C/ 10h: a- longitudinal section, x8; b- cross-section, x40



a b
Fig. 3.16-Macroscopic appearance of the ZnMg tensile specimens after annealing at
400°C/ 5h: a- longitudinal section, x8; b- cross-section, x40

a b
Fig. 3.17-Macroscopic appearance of the ZnMg tensile specimens after annealing at
400°C/ 10h: a- longitudinal section, x8; b- cross-section, x40

a
Fig. 3.18-Macroscopic appearance of the ZnMgFe tensile specimens (control sample):
a-longitudinal section, x8; b- cross-section, x40

a
Fig. 3.19-Macroscopic appearance of the ZnMgFe tensile specimens after annealing at
300°C/ 5h: a- longitudinal section, x8; b- cross-section, x40

a
Fig. 3.20-Macroscopic appearance of the ZnMgFe tensile specimens after annealing at
300°C/ 10h: a- longitudinal section, x8; b- cross-section, x40

a

Fig. 3.21-Macroscopic appearance of the ZnMgFe tensile specimens after annealing at
400°C/ 5h: a- longitudinal section, x8; b- cross-section, x40



a

Fig.3.22 - Macroscopic appearance of the ZnMgFe tensile specimens after annealing at
400°C/ 10h: a- longitudinal section, x8; b- cross-section, x40
The structural analysis of the experimental alloys performed under the metallographic light
microscope is shown in the figures below:

d e

Fig.3.25- Microstructural aspect of Zn: a. control sample; b. after homogenization at
300°C/5h/air; c. after homogenization at 300°C/10h/air; d. after homogenization at
400°C/5h/alr, d. after homogenlzatlon at 400°C/10h/alr
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Fig.3.30- Microstructural appearance of the ZnMg alloy, control sample, at different
microscope magnification powers

Fig.3.31-Microstructural appearance of the ZnMg alloy, after homogenization at
300°C/5h/air, at different microscope magnification powers



Fig.3.32-Microstructural appearance of the ZnMg alloy, after homogenization at
400°C/10h/air, at different magnification poy

Fig.3.33-Microstructural appearance of the ZnMg alloy, after homogenization at
400°C/5h/air, at different microscope magnification powers

a
Fig.3.34-Microstructural appearance of the ZnMgFe alloy, control sample, at different

magnification powers of the microscope

a b c
Fig.3.35-Microstructural appearance of the ZnMgFe alloy, after homogenization at
300°C/5h/air, at different microscope magnification powers
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Fig.3.36-Microstructural appearance of the ZnMgFe alloy, after homogenization at
400°C/5h/air, at different magnification powers of the microscope



Fig.3.37-Microstructural appearance of the ZnMgFe alloy, after homogenization at
400°C/10h/air, at different microscope magnification powers

3.3 Scanning electron microscope analysis of ZnMg(Fe) alloys.The SEM analysis added
information about the nature of shape and the distribution of structural constituents in the
biodegradable zinc alloys examined in the paper. The alloying of zinc with essential elements
such as magnesium and copper was carried out both to produce alloys with controlled
biodegradability and to provide mechanical support for the future biodegradable implant.
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Fig. 3.38- SEM images of the ZnMg alloy, cast state (control sample):
A-x1000; b- Detail of image A (x2000)
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Fig. 3.39- Analysis of the ZnMg binary alloy under scanning electron microscope:



a- SEM image; b- EDAX; c- magnesium distribution; d- zinc distribution; e- Local
microcomposition
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Fig. 3.40- SEM images of the ZnMgFe alloy, cast state (control sample):
a- X1000; b- Detail of image a (x2000)
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Fig. 3.41- Analysis of the ZnMgFe binary alloy under scanning electron microscope:
a- SEM image; b- EDAX; c- magnesium distribution; d- iron distribution;
e- zinc distribution; f- Local microcomposition

CHAPTER 4

Corrosion behavior in human-simulated environments of zinc-based
alloys. Corrosion mechanisms and biodegradation behavior



The results regarding the biodegradation behavior of the experimental zinc alloys,
compared to pure zinc, in the simulated body fluid, SBF are rendered in the form of graphs
regarding the variation of losses in thickness, either intermediate or in absolute value depending
on the immersion duration in fig.4.2 and fig.4.3. It can be concluded that the simultaneous
alloying of zinc with Mg and Fe determines a better behavior than that of zinc, but inferior to
the ZnMg alloy, which has a much more significant degradation.
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The macrostructural aspects of the degraded surfaces with different immersion durations in
SBF, and after the removal of the corrosion products of the alloys are shown in Fig. 4.4 - Fig.

4.6.

h

Fig.4.4. - Macrostructural aspects of zinc surfaces degraded in SBF, after different
immersion periods, without corrosion products: a- before testing; b- after 3 days; c-
after 7 days; d- after 14 days; e- after 21 days; f- after 28 days; g- after 35 days; h- detail

of the image g
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Fig. 4.5. - Macrostructural aspects of ZnMg alloy surfaces degraded in SBF, after

different immersion periods, without corrosion products: a- before testing; b- after 3
days; c- after 7 days; d- after 14 days; e- after 21 days; f- after 28 days; g- after 35 days;
h- detail of the image g

Fig. 4.6.- Macrostructural aspects of ZnMgFe alloy surfaces degraded in SBF, after
different immersion periods, without corrosion products: a- before testing; b- after 3
days; c- after 7 days; d- after 14 days; e- after 21 days; f- after 28 days; g- after 35 days;
h- detail of the image g

The comparison of the experimental results of the present paper with the data from the
literature confirms the fact that the biodegradation behavior of the new zinc-based alloys
proposed in this paper is modified by alloying, respectively binary alloys from the ZnMg system
and ternary alloys from the ZnMgFe system and, at the same time, the values obtained are
comparative and even unexpected for a complex alloy chosen in the paper. Thus:Regardless of
the alloying mode, degradation of either zinc or various zinc-based alloys occurs in human-
simulated environments [266-280]; The simple alloy of zinc with magnesium causes a
significant biodegradation of the alloy from the seventh day of immersion. The appearance of
degraded areas after 35 days shows the development of localized degradation areas, with large
depths of up to 0.05mm. The absolute degradation rate of the alloy reaches slightly more than
0.002mm/year after 35 days of immersion, [267-282]; The simultaneous alloying of zinc with
magnesium and iron causes a behavior similar to that of pure zinc. Biodegradation begins very
slowly, from the first removal, 3 days, and continues progressively slowly, until the last 35-day
removal. An interconnected network of corrosion points with relatively shallow depths is also
noteworthy.

CHAPTERS
CAVITATIONAL EROSION BEHAVIOR OF EXPERIMENTAL ZINC
ALLOYS IN THE ZNMG(FE) SYSTEM

The cavitational erosion behavior of the experimental alloys in the ZnMg(Fe) system
was determined by constructing diagrams containing the experimental values of the three
samples, tested from each heat treatment state and the specific mediation curves, which give
the variation of the average cumulative erosion depth MDE(t) and its velocity MDER(t). They



are the basis for characterizing the behavior and resistance of the surface structure to the erosive
stresses of the microjets of vibrating cavitation.

The cavitational attack was followed sequentially at different durations, 15 minutes,
60 minutes, 120 minutes and 165 minutes, respectively, recording the macroscopic aspects in
the images shown in Table 5.1.

Table 5.1 - Cavitational attack sequences on cavitated surfaces of specimens in
experimental ZnMg(Fe) alloys, in various structural states

Metall/ state Duration of cavitational attack, t [min]
alloy 15 60 120 165

cast

Zn

zinc turnat si
300°C/5h

omogenizat la

zinc turnat si
300°C/10h

omogenizat la

zinc turnat si
400°C/5h

omogenizat la

zinc turnat si
400°C/10h

omogenizat la




cast

Us/2.00€
e] 1eziuabowo
1S jeuan) duiz

U0T/0.00€
e] 1eziuabowo
IS JeuIn) duiz

Us/2.007
] 1ez1uabowo
1S JeuIn) duIz

UoT/0.00%
e] 1eziuabowo
1§ Jeuan) duiz

cast

ZnMg

ZnMgFe




zinc turnat si
omogenizat la 300°C/5h

zinc turnat si
omogenizat la

300°C/10h

zinc turnat si
omogenizat la

400°C/5h

zinc turnat si
omogenizat la

400°C/10h

Table 5.2 - Values of statistical parameters recorded during the testing of experimental
specimens from experimental alloys of the ZnMg(Fe) system

Alloy State Statistical parameters I S
Average erosion : Minimum value tandar
pengtration %gé'rrgi%mt\ﬂﬁg according to the | Estimation
depth, ol nogmial polynomial Error ()
MDEmax, after | POYZOMIA | regression curve
165 minutes of 9 o] [pm]
attack [pum] n
Zinc turnat 139,68 120 160 5,451
zinc turnat Ti 38.859 46 29 4.357
omogenizat la
300°C/5h
zinc turnat 71 59,746 82 47 7,207
omogenizat la
300°C/10h
zinc turnat Ti 43,953 49 38 2,86
omogenizat la
400°C/5h
zinc turnat 71 39,445 45,5 34 3,064
omogenizat la
400°C/10h
ZnMg turnat 30,695 32 28 0.61




omogenizat
300°C/5h

zinc turnat fi

a

9,441

10

8,8

0.123

300°C/10h

zinc turnat si
omogenizat la

9,922

10,3

9,7

0,294

omogenizat
400°C/5h

zinc turnat Ti

a

13,229

14,2

12

0,921

omogenizat
400°C/10h

zinc turnat 7i

a

15,937

16,3

1,529

ZnMgFe

turnat

12.651

13.8

0.272

omogenizat
300°C/5h

zinc turnat Ti
a

9,441

10

0.123

omogenizat
300°C/10h

zinc turnat Ti
a

7,15

7,8

0,324

omogenizat
400°C/5h

zinc turnat Ti
a

2,454

2,6

2.3

0,084

omogenizat
400°C/10h

zinc turnat Ti
a

1,25

1,4

1,1

0,042

The comparative analysis of the results regarding the cavitational erosion behavior of the
experimental ZnMgFe alloy specimens, in the cast state and various homogenization
treatments at 300°C or 400°C, with maintenance durations of 5 hours, 10 hours, allowed the
synthesis of the results in the histogram in fig. 5.18.

Table 5.3 Quantitative analysis of surfaces subjected to cavitational attack of
experimental test specimens made of ZnMg(Fe) alloys in different structural states

Alloy Cast Status Diameters Proportions
Exterior, | Intermediar, | Interior, Total area Surface most
pum pum um affected by affected by
cavitational cavitational attack,
attack, % %

Zn turnat 15928 44872 11039 75 69
zinc turnat si 16115,7 11783,3 9214,3 73 57
omogenizat la

300°C/5h
zinc turnatsi | 15981,3 11066,3 9467,0 69 59
omogenizat la
300°C/10h
zinc turnat si 15904 10419 9059 66 57
omogenizat la
400°C/5h
zinc turnat si 15998 9897 9170 61 57
omogenizat la
400°C/10h
ZnMg turnat 15876 14916 12174 94 77
zinc turnat si 15835 11859 10721 75 68
omogenizat la
300°C/5h




zinc turnat si 15842 12773 11219 81 71
omogenizat la
300°C/10h

zinc turnat si 15873 10629 9453 67 60
omogenizat la
400°C/5h

zinc turnat si 15820 10705 9416 68 60
omogenizat la
400°C/10h

ZnMgFe turnat 15925 15192 12834 95 81

zinc turnat si 16024 12091 10141 75 63
omogenizat la
300°C/5h

zinc turnat si 15952 12695 9658 78 61
omogenizat la
300°C/10h

zinc turnat si 15866 12358 10704 78 67
omogenizat la
400°C/5h

zinc turnat si 15910 9334 4194 59 26
omogenizat la
400°C/10h
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Fig. 5.18 Histogram of the comparison of the results regarding the cavitational erosion
behavior of experimental specimens made of ternary ZnMgFe alloys, casting and
various homogenization heat treatments
So, it can be concluded: alloying with magnesium leads to an increase of up to 7 times in the
cavitation resistance of zinc; Simultaneous alloying with magnesium and iron increases the
cavitation resistance of zinc by more than 100 times

CHAPTER 6
FRACTOGRAPHIC ANALYSIS OF CAVITATIONALLY ERODED SURFACES OF
EXPERIMENTAL SPECIMENS MADE OF BIODEGRADABLE ALLOYS FROM
THE ZnMg(Fe) system

In the present paper it was intended to perform a detailed fractographic analysis under the
scanning electron microscope, on the one hand to identify the characteristics of the fracture
propagation mode caused by cavitational attack, in general, on biodegradable zinc alloy
surfaces, in particular, and, on the other hand, to distinguish between the different fracture




modes, correlated with the structural condition of the metallic material. It can also be
highlighted that a fractographic analysis of biodegradable zinc alloy surfaces subjected to
attack by cavitational erosion is an innovative objective of this scientific research paper. The
fractographic analysis under the scanning electron microscope of the experimental specimens
of the experimental biodegradable zinc alloys, in different structural states required at
cavitation after 165 hours of immersion, highlighted the erosion of the surfaces and is shown
in fig. 6.1 = fig. 6.6, allowing the formulation of the following aspects.

a b C
Fig.6.1- SEM images of cavitationally eroded zinc specimens, after 165h, at different
magnification powers: a- x100; b- x500; ¢c- x2000; d- 8000x

a
Fig.6.2- SEM images of cavitationally eroded zinc specimens, after aging at 400°/10/air, after
165h, at different magnification powers: a- x100; b- x500; c- x2000; d- 8000x

a b c d
Fig.6.3- SEM images of cavitationally eroded ZnMg alloy specimens, after 165h, at different
magnification powers: a- x50; b- x500; c- x2000; d- 8000x

Fig. 6.4- SEM images of cavitationally eroded specimens made of ZnMgFe alloy, after 165h,
and aging at 400°C/10h/air, at different magnification powers: a- X50; b- x500; c- x2000; d-
8000x



CHAPTER 7 - CONCLUSIONS. ORIGINAL CONTRIBUTIONS.
PROSPECTS FOR FUTURE RESEARCH

ORIGINAL CONTRIBUTIONS

Creation of new zinc alloys with superior biodegradation properties from ZnMg binary
systems and ZnMgFe ternary systems, which differ from those investigated so far in the
literature and have well-defined chemical compositions;

Detailed examination of the physico-mechanical and structural characteristics of the
new biodegradable zinc alloys, respectively from the binary system ZnMg and the
ternary system ZnMgFe, as well as the realization of a structural correlation of the way
in which the different alloying elements, respectively magnesium and iron, influence
their mechanical behavior.

Determination of the cavitational erosion behavior of the new biodegradable zinc
alloys, respectively from the ZnMg binary system and the ZnMgFe ternary system, a
behavior not yet studied in the literature. Also, through the study carried out on
specimens in different structural states, casting and casting and homogenization at
300°C and 400°C with maintenance at 5 hours or 10 hours, it was possible to achieve a
correlation between the structural characteristics of the investigated alloys in the binary
system ZnMg and the ternary system ZnMgFe and the behavior to cavitational erosion;

Laboratory testing of new zinc alloys for biodegradation behavior, respectively alloys
from the binary system ZnMg and the ternary system ZnMgFe, in human simulant liquid
(SBF) at different immersion durations, respectively 3, 7, 14, 21, 28 and 35 days,
behavior not yet studied in the literature. Variation curves were also made to compare
the results by degradation rate and pH as a function of immersion duration. The
experimental results of this work, compared with the data from the literature, allow to
highlight the influence of the alloying elements, respectively magnesium and
cumulative iron, on the biodegradation behavior of zinc-based alloys;

Fractographic analysis of cavitationally eroded surfaces from the newly proposed
experimental alloys, respectively alloys from the ZnMg binary system and from the
ZnMgFe ternary system, an analysis not performed so far in the literature. Through the
study carried out, it was possible to highlight the mechanism of the erosion phenomenon
at cavitational corrosion, under the conditions of compositional changes by alloying
these alloys;

Initial examination of cavitationally eroded surfaces wusing quantitative
stereomacrostructural analyses on the proposed new compositions, respectively alloys
from the ZnMg binary system and the ZnMgFe ternary system, an examination not yet
performed in the literature. The extension of both the total cavitationally attacked
surface and the most cavitationally attacked surface is noteworthy. Consequently, the
total areas affected by cavitational erosion in newly proposed alloys in the cast state are
approximately 60%, while in alloys that have been homogenized they are up to 70%.
Cast alloys also have the surfaces most affected by cavitational attack lower, at about
55 to 50%, while homogenized alloys have up to 60%. By performing these analyses, it
is possible to enrich the database, both in the field of stereomacrostructural analysis and
in the field of biodegradable zinc alloys in ZnMg(Fe) systems.
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