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Investigation of the corrosion mechanism of WE43-Mg
alloy in a simulated body fluid: The effect of eletyte
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In the last decade, the investigation of Mg-allgs
potential biodegradable materials for orthopedial an
cardiovascular implant applications has increased
considerably. Mg is an attractive material for such
applications mainly due to its biocompatibility agdod
mechanical properties. Mg biodegradation occurs by
corrosion. However, it corrodes too fast in the yyod
leading to a premature decrease in the mechanical
properties and implant failure and to the formatioin
hydrogen gas at quantities that cannot be bioabsdobly

the body. Current research efforts aim to the dgprabnt

of new Mg-alloys with improved corrosion resistarzcel
biocompatibility. However, this is hampered by thek

of a complete understanding of the Mg-alloy cowasi
mechanism in the real physiological environmentdgfo
and by difficulties at emulating such environmamtitro.

In the body, the concentration of the Mg-alloy csion
products, i.e., divalent Mg and hydroxide ions, is
regulated by homeostasis. However, im vitro
experiments, a fast increase in the concentratichese
ions in solution often occur, leading to an inceeasthe
electrolyte pH and thus, possibly affecting the Mgy
corrosion mechanism and degradation rate. Althoagh
somein vitro investigations reported in the literature,
daily electrolyte renewal in order to simulate
physiological homeostasis was performed, the efédct
such procedure on the degradation (corrosion) gsoé
Mg-alloys has not yet been reported. Therefore, the
objective of this work was to investigate the effeé
daily electrolyte renewal on the short-term comwaosi
behaviour of a commercial WE43 Mg-alloy in a moeiifi
simulated body fluid.

Test samples were prepared from cast WE43 Mg-alloy
and were embedded in epoxy resin to have a fireal af

2 cnf exposed to the electrolyte. Modified simulated
body fluid (m-SBF) with an initial pH of 7.4 wasad as
electrolyte. Immersion experiments were performadaf
period of time up to 5 days, but the complete ebtdyte
renewal was performed daily. Each experiment was
carried out in triplicate. Open circuit potentidD@P),
electrochemical impedance spectroscopy (EIS), velain
hydrogen evolved and inductively coupled plasmécapt
emission spectroscopy (ICP-OES) were wused to
investigate the kinetics and mechanisms of theyallo
corrosion. The alloy surface morphology was
characterized by scanning electron microscopy (SEM)
The chemical characterization of the surface c@rros
layer was carried out by energy-dispersive spectymg
(EDS), attenuated total reflectance Fourier tramséal
infrared spectroscopy (ATR-FTIR), X-ray diffraction
(XRD) and X-ray photoelectron spectroscopy (XPS).

SEM, EDS and XRD analyses revealed the presenar of
amorphous surface corrosion layer containing Mg, @a

P, Cl and C elements, implying the formation of &Ny
carbonate/phosphate-containing Mg-hydroxide. This w
further confirmed by ATR-FTIR, which evidenced the
presence of carbonate and phosphate functionalpgyou
and by XPS surface analysis, which evidenced the

presence of Mg-hydroxide. Cross-sectional analykthe
samples after 5 days of immersion showed a noreumif
corrosion layer with a thickness in the range 0f120
pm. A gradual increase in the electrolyte pH was
observed, mostly as a result of the removal of bgen
ions (as hydrogen gas) during the corrosion proCEss
highest pH increase, of about 0.4 pH units, wa®es
after the first day of immersion, suggesting a dase in
the corrosion rate over time. This was in agreemstit
ICP-OES results, which showed a decrease in the
concentration of Mg in the electrolyte at longer
immersion times. OCP results showed a fast incr@ase
the corrosion potential during the first 24 hour o
immersion, followed by a slower increase until asju
constant potential value was reached after 72thaoéigh

an overall increase in OCP was observed, a decinase
the OCP was observed after each renewal of the
electrolyte. This behaviour suggested an altergatin
increase and decrease in the protective abilitythef
corrosion film as a result of both electrolyte casition
and pH fluctuations after electrolyte renewal. Thanges

in the protective ability of the corrosion layer as
consequence of electrolyte renewal were further
evidenced by EIS results. An overall increasing
impedance was related to the formation and thiclgeoif

a partially protective corrosion layer. The impetkan
response was fitted using a three time constarii/algunt
circuit and the fitting parameters were related the
processes occurring at the sample-electrolyte fader
i.e., charge transfer, Mgdiffusion through the corrosion
layer and adsorption of Mg intermediates. A temppra
decrease in the impedance response, observedeatftar
electrolyte renewal, was related to an increasehin
porosity of the corrosion layer and thus, a deaeasts
protective ability. Normalized corrosion rate vaue
calculated from EIS, ICP-OES and hydrogen evolution
experiments showed a good agreement (Figure 1). An
overall decrease in the corrosion rate with tima ba
observed. However, intermittent small increases in
corrosion rate can also be observed after eletéroly
renewal, with a diminishing effect with time.
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Figure 1. Normalized corrosion rate of WE43 Mg-glio
mSBF after different immersion times, obtained by
hydrogen evolution, ICP-OES and EIS.

It can be concluded that electrolyte renewal affebie
Mg-alloy corrosion process by perturbing the caons
layer-electrolyte solubility equilibrium. The folking
corrosion mechanism stages are proposed: a) Initial
formation of a partially protective Mg/Ca
phosphate/carbonate-containing Mg-hydroxide lay#r,
Increase in the protective ability of the corrosifim
promoted by the accumulation of corrosion produnots
solution, i.e. increase in pH and concentrationMaf
ions, and c) Onset of pitting corrosion of a fornpedsive
layer.



