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ABSTRACT
Magnesium (Mg) as a biodegradable implant has revolutionized medical field applications, particularly in bone implants and
stents. The surface of magnesium alloys used in biomedical applications was treated in this work by “anodizing in 3.5 mol/L
sulfuric acids” at room temperature with (8.5V). The magnesium oxide (MgO) layer thus formed was characterized with by
scanning electron microscopy (SEM), X-ray diffraction (XRD) and atomic forced spectroscopy (AFM).
The morphology and topographic structures for the MgO layer formed on the Mg surface by SEM and AFM techniques show
the oxide layer is porous in nature; this porous oxide layer will enable the bone tissue to infiltrate them, healing the bone
tissue pretty earlier.
The corrosion behavior of the Mg alloy was examined by means of electrochemical techniques and potential polarization curves
at temperatures between 298 and 328 K in saline conditions. The alloy was increased corrosion protection with increasing
temperatures from 99.93 to 99.97%, indicate the MgO layer formed on the Mg surface was not affected by temperature. The preexponential factor “kinetic parameters” and activation energy “kinetic parameters” were discussed calculated. Thermodynamic
activation values S and H were also estimated.
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INTRODUCTION
Magnesium alloys are gaining popularity as structural
materials, and they are being used more frequently. The
biodegradability of Mg has attracted the attention of researchers
to avoid secondary surgery to remove the implant materials after
the healing process. Mg’s various advantages make it suitable
for medical application such as density, good mechanical
properties, and biodegradation.1,2 Mg2+ is the fourth most
important ion in the human body, with the majority of it being
kept in bones. It is a component in many enzymes and a critical
component of the ribosomal apparatus, which converts the
genetic data stored by mRNA into polypeptide structures.3,4
Mg and its alloy, on the other hand, have a low resistance
to corrosion due to their strong surface chemistry,5 which
has limited their use within the aforementioned applications,
particularly in harsh settings.6 So because corrosion rate is
supposed to be low in the initial stage due to the changed
surface layer, surface treatment of Mg alloys is of special
relevance for possible implantation.7
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Many surface treatment methods for the preservation of mag
or magnesium alloys have been created over the last few years,
including electrolytic plating, conversion coatings, anodizing,
laser surface alloying, and biological surface coating.8
Anodizing therapy is among the most effective procedures
for magnesium alloys among these techniques.9,10 An oxide
layer is generated at the top of the magnesium or magnesium
alloy utilizing a high voltage electricity source in an acidic
electrolyte in this anodizing process.
Anodizing is an electrolytic process for producing a thick,
stable oxide film on metals and alloys. These films may be used
to improve paint adhesion to the metal, as a key for dying or
as a passivation treatment.
This research looks into using an anodizing method in an
acidic “H2SO4” solution to create a MgO layer on magnesium
alloys for surface treatment in orthopedic applications.
Potentiodynamic polarization tests in a corrosive 3.5 wt.
percent NaCl solution was used to evaluate the anti-corrosion
capabilities of the oxide layer formed on magnesium alloy.
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The form and content of the MgO layer were next investigated
using scanning electron microscopy (SEM), atomic force
microscopy (AFM), and X-ray diffraction techniques (XRD).
EXPERIMENTAL PART
Magnesium Alloy Preparation
Magnesium alloys with a surface area of 1.51.5 cm 2 were
purchased as 0.5 mm thick sheets via Amazon. The magnesium
board was refined using mesh emery sheets of 600, 1200, and
2000, and the alloy samples were cleansed before the air was
evaporated with distilled water, ethanol, and finally acetone.

The specimens were deoxidized with 10% NaOH and then
de-smutted with 50% nitric acid before anodization, followed
by a dual rinse by distilled water and acetone.11
Corrosive Media Preparation (saline solution)
In order to maintain a white solution of the saline
medium, sodium chloride (35 gram) was dissolved
in 1-L distilled water. Choose 3.5 percent of NaCl
in this trial to avoid ohms-related difficulties.
Anodizing Process of Magnesium
A two-electrode cell was used for the dip - coating
procedures, with a huge titanium sheet serving as
the counter electrode. The electrolyte was 3.5 mol/L
H2SO4 solution, and the spacing electrodes was 3-4
cm. anodizing at a voltage of 8.5 volts and a period of
15 minutes at room temperature The magnesium was
washed thoroughly and dried with an air dryer after the
anodizing procedure. The anodizing cell is depicted in
Figure 1.
Characterization and Test
XRD, AFM, and SEM were used to measure and characterize
the surface morphologies of the magnesium oxide layer
generated by anodizing. WENKING M Lab was used to
measure Galvanostatic polarization (Germany). Before and
after anodizing treatment, polarization curves for magnesium
alloy were produced. The cathodic and anodic zones were
implicated in the polarization curve. The extended method
can be employed for the purposes of calculating corrosion
current (icorr) and corrosion potential (Ecorr) by examining
each polarizing area in greater detail.12

Figure 1: Anodizing magnesium cell11
(a)

RESULT AND DISCUSSION
Structure and Morphology of Surfaces
The surface Morphology of the oxide layer plays an a
significant part in increasing “the corrosion” protection
efficiency (PE%). More uniform grains may lead to more
(b)

Figure 2: SEM images for Mg (a) before anodizing and (b) after anodizing.
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corrosion resistance results. SEM image showed more clear
shape additionally for the clustering and particles load on
metals surfaces. 2D, 3D views of AFM images for coated
layers and statistical determination were used to determine
particle size distribution. SEM and AFM techniques showed
the morphology and topographic structures of the magnesium
“oxide layer” formed on “Mg alloys” by anodizing (Figure 2).
The holes were properly separated and spread homogeneously
throughout the surface with a medium diameter (300 nm).
The porous “of oxide layer on Mg” surface will enable the
bone tissue to infiltrate them, healing the bone tissue pretty
earlier.13
Figure 3 shows similar pore formation is observed with
average grains nearly equal to (39.7 nm).
X-ray scattering (XRD) investigation to determine
variations in oxide produced in the acid electrolyte composition
has been undertaken (Figure 4). The pattern of diffraction
clearly demonstrates that the films comprise of MgO and

magnesium impurities trace proportions. The creation of a
crystalline MGO state is illustrated by simultaneous stage
training at anodic film/electrolyte and magnesium substratum/
film interface, by the movement from the substratum to the
anodic coating/electrolyte Interface of Mg+2 ions outwards.
Figure 1 shows the “X-ray diffraction spectra” of Mg
before and after anodizing in acidic solution.4 Figure (4a)
shows the peaks at 2 degrees (35.5, 38.8, 40.5, 53.3, 63.3, 71,
and 76.6), which are in good agreement with the distinctive
peaks of magnesium (100, 002, 101, 102, 110, 103, and 112)
correspondingly. Small peaks were reflected at 2 (25.4, 36.3,
71.5, and 77.5) degrees in figure (4b), and these peaks referred
to the crystal structure of the current magnesium oxide
generated by anodizing. And the titanium’s distinctive peaks
moved to a lower 2theta degree.
The sample crystallite dimension was determined with the
approximation of Debye–Scherrer from complete width to half
the peaks (FWHM) (Eq. 1).14

Figure 3: 2D and 3D views of AFM image for Mg after anodizing by sulfuric acid.

(a)

(b)
Figure 4: XRD patterns for Mg alloy (a) before anodizing, (b) after anodizing.
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d=

kλ
β cosθ

(1)

Where d is the size of the crystallite, k is the wavelength
of CuKa (k = 1.542A°), β is the FWHM (radians), β is the
diffraction angle and k is the broadening constant (k = 0,9). The
crystallite size has been detected for Mg and was the average
size equal to 227.5 nm.
Corrosion Test
The figure shows the Tafel graphs for corrosion tests on Mg
alloys submerged in artificial saliva before and after anodizing
by acidic solution at various temperatures (5). Percentage
protection efficiency from Tafel polarization (%PE) was listed
in Table 1. These values were calculated using the following
equation:15
i o – i corr
=
% PE corr o
× 100
icorr

(2)

Where
and icorr are the corrosion rate for Mg alloys before
and after anodizing process, respectively.
Table 1. shows that the values of βa and βc are not much
different. This indicated that both anodic and cathodic reactions
were controlled by the MgO on the surface of Mg alloy.

The values of Icorr decreased by a layer of oxide on a metal
surface that prevented metal interaction with corrosive media.16
The protective effectiveness has a direct relationship to the
temperature as shown in Figure 5. This is chiefly due to a thin
oxide layer preventing the formation of a saline environment
on the metal surface. With the formation of MgO layer on
the surface of the metal, the corrosion potential was shifted
to active potential but did not change significantly with the
temperature.17
Based on the equation Stern–Geary, small polarization near
the corrosion potential is performed to determine corrosion
resistance:17
Rp =

ba bc
1
.
2.303(ba + ba ) icorr

(3)

where Rp is the polarization resistance of the system, the
corrosion current density icorr, ba, and bc are the anodic and
cathodic Tafel coefficients, respectively.
Polarization resistance for debate is very useful in
recognizing and restarting the action of corrosion problems
and demands to measure the complete polarization curves.18
For anodization, Mg alloy polarization resistance (RP) values
were greater than Rp for Mg alloy before anodization and
have increased from (298 to 328) K at increased temperature.

Table 1: Corrosion kinetic parameters for Mg alloys in saline at different temperatures.
-”Ecorr/ mV”

“Icorr/µA.cm-2”

“βa/ mV .dec-1”

1

“βc/mV .dec””

“%PE”

“Rp/kΩ.cm2”

298

478.5

20.64

159.6

161.5

-

1688.735

308

571.7

61.16

106.5

231.2

-

517.660

318

647.8

85.33

94.4

91.2

-

236.044

328

672.5

91.9

123.3

322.1

-

421.303

298

744.1

0.015

478.6

246.8

99.93

4713625.79

308

808.4

0.022

638.6

386.6

99.96

4752975.19

318

768.7

0.028

631.9

425.2

99.97

3941609.26

328

820.4

0.034

817.5

450.8

99.96

3710879.23

Mg alloy after
anodizing

Mg alloy before
anodizing

“Temp./K”

A

B

Figure 5: Mg alloy polarization plots in saline medium at 298-328 K range; a) before anodizing and b) after anodizing.
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Table 2: Kinetic parameters of Mg alloys before and after anodizing in saline media.
“Solution”

“ΔH*”
“(kJ.mol-1)”

“ΔS*”
“(kJ.mol-1 .K-1)”

“Ea
(kJ.mol-1)”

“A
Molec.cm-2 .s-1”

Mg alloy before anodizing

37.03

-0.0934

39.626

1.41×1026

Mg alloy after anodizing

19.40

-0.2144

21.998

6.75×1025

1
β

Figure 6: Arrhenius plot of logicorr versus 1/T for the corrosion of
Mg alloy in saline solution”.

Figure 7: A plot of logicorr/T Vs. 1/T for the corrosion of Mg
alloy in saline solution”.

Effect of Temperature and Kinetics Studies
The effect of temperature on the corrosion reaction Mg alloy
before and after anodizing in saline solutions was studied
at a range of 298–328K. According to Table 1, the reaction
rate (icorr) was increased with temperature. This behavior
can be well-understand using Arrhenius equation (Eq. 4) and
transition state equation (Eq. 5):19

CONCLUSION
In this is work, the treatment of Mg alloys surface by
anodizing in acidic media and its structural, morphological,
and compositional properties were investigated.
SEM and AFM images shows the oxide layer formed on the
surface have pores that were well separated and homogeneously
distributed over the whole surface, with an average diameter
of around 300 nm and the porous of oxide layer on the Mg
surface will enable the bone tissue to infiltrate them healing
the bone tissue pretty earlier. The XRD pattern for Mg alloys
before and after anodizing shows small peaks were reflected
at 2θ (25.4, 36.3, 71.5, and 77.5) degrees. These peaks referred
to the crystal structure of the present magnesium oxide formed
by Anodizing. And the characteristic peaks of titanium slightly
shifted to less 2θ degree.
Temperatures had no effect on the protective efficacy of
Mg alloy after anodizing, which varied from 99.93–99.97%
PE. After anodizing, the activating value of titanium corrosion
reduces, indicating that the structure of the titanium surface
(oxide layer shape) has changed and is now more solid.

=
logi corr

log

–E a
+ log A
2.303RT

(4)

icorr
∆S *
∆H *
R
= log
+
–
T
Nh 2.303R 2.303RT

(5)

Where “Ea represents the activation energy of the corrosion
process, R is the gas constant (R≈8.314 J.K-1.mol-1), A is the
pre-exponential factor, h is the Plank’s constant (6.626176 x
10 -34 Js), N is the Avogadro’s number (6.022 x 1023 mol-1),
ΔS* is the entropy of activation, and ΔH* is the enthalpy of
activation”. These equations can be plotted as log icorr and log
icorr/T against reciprocal of absolute temperature, respectively
(Figure 6 and 7). Slopes and intercepts of these equations can
be used to evaluate the kinetics parameters. Values of Ea and
A were obtained from the slope (-Ea/2.303R) and intercept
(logA) of Eq. 4, respectively. While values of ΔH* and ΔS*
were obtained from the slope of (-ΔH/2.303 R) and an intercept
[(log (R/Nh) + (ΔS/2.303 R)] of Eq. 5, respectively. The results
were collected in Table 2.
After anodizing Mg alloy, the value of H* falls, forming
an oxide layer that requires less energy to dissolve, resulting
in an endothermic reaction to achieve equilibrium.20
The data suggest that the energizing power dropped after
acidic anodized, the number of sites of corrosion reduced on
Mg alloys surface after therapy by anodizing (39.626 kJ.mol-1)
to (21.998 kJ.mol-1) as well as the number of Arrhenius sites
after therapy.
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