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Abstract

WE43B is one of the newest Mg alloys with practical application in biomedical implant
technology. This work attempts to scrutinize the corrosion characteristics of WE43B alloy in a
simulated body fluid (SBF) at a typical body temperature. The dynamic-electrochemical
impedance spectroscopy (DEIS) with the capacity to track changes on surfaces in a dynamic
corrosive system is used in combination with other classical techniques namely, linear
polarization, EIS, and hydrogen evolution to track the corrosion pattern of the alloy in SBF for
24 h. The electrochemical results reveal a steady increase in the corrosion resistance of the
alloy with immersion time reaching 1398 Q cm? at 24 h. This corroborates the hydrogen
evolution results in which a declining trend in the corrosion rate with immersion time is
observed. The corrosion rate of the alloy is in the range of 1.326 — 1.338 mm y-! at 24 h. The
results from the applied techniques are comparable. The surface analysis (scanning electron
microscope (SEM), energy-dispersive X-ray spectroscopy (EDX), atomic force microscopy
AFM) results conform with the results obtained from applied methods.

Keywords: Biomedical implant; Corrosion in simulated body fluid; WE43B alloy; Dynamic-
EIS.

1. Introduction
In recent times, there has been significant research interest in magnesium and its alloys
for biomedical implant technology (Ref 1-7). The growing interest is due to the attractive
properties of this metal which include the light weight (1.74 — 2.00 g/cm?3 which is close to the
bone density of 1.80 — 2.00 g/cm?), the comparable elastic modulus with that of a human bone,
the excellent shock resistance, biodegradability, and biocompatibility (Ref 8—10). However, at
present, few magnesium alloys have actually gained practical biomedical application. This is

due to the ease at which Mg and its alloys lost the attractive properties to corrosion in the
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physiological environment as well as the excessive evolution of hydrogen gas that could result
in subcutaneous hydrogen accumulation in the body (Ref 11).

The corrosion resistance property of magnesium can be enhanced by alloying with other
elements (Ref 12,13). It was noted that a step-by-step building of alloy systems to an optimum
concentration of the alloying element(s) enhanced the corrosion resistance significantly (Ref
14). Bakhsheshi-Rad et al. (Ref 15) found that the corrosion resistance of Mg—0.5Ca alloy was
enhanced with the addition of Zn up to 1%, while further addition reversed the effect. Beside
alloying, other techniques such as heat treatment (Ref 15,16), coating (Ref 17,18), etc. Giil et
al. (Ref 17,18) demonstrated that AZ91 Mg alloy coated with tantalum oxide is promising for
biomedical applications because of its enhanced corrosion resistance. As earlier mentioned, the
susceptibility of Mg and its alloys to corrosion in physiological system is one its undermining
factor towards its full deployment in biomedical application, hence several research works have
been performed in simulated physiological environments to better understand the corrosion
mechanism and how to mitigate (Ref 19,20).

The AZ alloys group with Al and Zn as the main alloying elements have been widely
studied for potential biomedical applications (Ref 1-7). The Al is intended to improve the alloy
mechanical properties and ductility while its combination with Zn is expected to enhance the
corrosion resistance property by eliminating the negative effect of other elements like Fe, Ni,
etc. on the alloy corrosion resistance (Ref 12,13). However, the biocompatibility of these
alloying elements especially Al has come under severe criticism with authors arguing that long
term exposure to Al could affect reproductive ability (Ref 21), induce dementia (Ref 22), and
could cause Alzheimer’s disease (Ref 23,24). Conversely, Y and Nb are opted for as no adverse
cellular response have been reported (Ref 25,26). WE43B is a new class of Mg alloy with Y
and Nd as the main alloying elements and is among the few Mg alloys with practical application
in biomedical implant technology (Ref 27). It is therefore of great importance to understand
the corrosion behavior of WE43B in the physiological system.

The dynamic electrochemical impedance spectroscopy (DEIS) is relatively a new
technique developed for the measurement of impedance through the application of Short-Time
Fourier Transform (STFT) coupled with multi-sinusoid perturbation signal. This technique is
designed to be able to track electrochemical changes on surfaces in non-stationary systems with
time, potential, current, and temperature (Ref 28), a feature that is lacking in the classical EIS.
As it is known (Ref 29)(Ref 30), the classical EIS technique demands that three cardinal
conditions of causality (the measured impedance response is due only to the AC perturbation

applied), linearity (a small AC perturbations, usually 1 to 10 mV is applied), and stability (the
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system returns to its original state after the perturbation is removed and does not change with
time) be met for the EIS data to be valid. In practice, these conditions especially the steady
state conditions can be difficult to achieve. The system can change through adsorption of
inhibitors or impurities, the growth of an oxide layer, the build-up or degradation of corrosion
products, change in the system temperature, etc. The DEIS technique is thus designed to
overcome these challenges. This technique had been used in corrosion inhibition studies and
results corroborated with results from other techniques including the hydrogen evolution
technique (Ref 31).

The aim of this work is to scrutinize the corrosion characteristics of WE43B alloy in a
simulated body fluid (SBF) at a typical body temperature. The DEIS is used in combination
with other classical techniques namely, linear polarization, EIS, potentiodynamic polarization,
and the hydrogen evolution to track the corrosion pattern of the alloy in SBF for 24 h at 37 °C.

2. Materials and Experimental details

The WE43B alloy was purchased from Goodfellow Cambridge Limited,
Ermine Business Park Huntingdon, United Kingdom (Ref 27). The chemical composition of
WE43B in wt.% is as follow: Y (4), Nd (3), Zr (0.4), rare-earth mischmetal (1), and the balance
is Mg (Ref 32,33). The optimal properties of WE43B alloy are developed when it is fully heat
treated. The process involves solution heat treatment for 8 h at 525°C follows by air cooling
and subsequent aging for 16 h at 250°C before the final air cooling (Ref 32). The WE43B
sample was soldered to a copper wire and mounted using an epoxy resin to get the working
electrode for the electrochemical experiments with an exposed surface area of 10 cm?. The
mounted samples were mechanically abraded using 800-2000 grade of abrasive paper and

cleaned using the procedure previously described (Ref 34,35).

The chemical composition of the simulated body fluid (SBF) solution is as listed in
Table 1. SBF was prepared following the procedure recommended by Kokubo and Takadama
(Ref 36). Briefly, a 1000 mL capacity plastic beaker was filled with 700 mL of deionized water
and covered with watch glass. It was set in a thermostatic water bath, stirred, and the
temperature maintained at 37 °C. The reagents at Nos. 1 — 8 in Table 1 were dissolved one after
the other following the order listed in the table. Thereafter, the reagent at No. 9 was added to
the colorless and transparent solution followed by HCI in drops to adjust the pH to the required
7.4.

Table 1: Chemical Composition of the SBF (Ref 37).

S/N  Chemical Amount (grams in 1000 mL)
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1 NaCl 8.035
2 NaHCO; 0.355
3 KCl 0.225
4 K,HPO,.3H,0 0.231
5 MgCl,.H,0 0.311
6 1 M HCI 40 mL
7 CaCl, 0.292
8 Na,SO4 0.072
9 ((CH,OH);CNH,) 6.118
10 1 M HCI Appropriate amount for
adjusting the pH 7.4

The set-up for the DEIS measurements can be found in our previous publications (Ref
38,39). The current perturbation was generated using a National Instruments Ltd. PCI-4461
digital-analog card, which also performed the task of recording current and voltage signals
(Ref 38-40). The frequency of the excitation signal was in the range of 4.5 kHz — 300 mHz.
The electrochemical characteristics of the WE43B sample was recorded for 24 h at 37 °C. The
evolution of hydrogen gas was concurrently measured during the DEIS experiments. The
experimental set up for the volumetric experiments is shown in Figure 1. After the DEIS and
volumetric experiments, the EIS and potentiodynamic (PDP) measurements were undertaken
using a Gamry 600 system. In all the experiments, the 200 mL of the SBF was used and the
initial and final pH were 7.4 and 8.58, respectively. The abraded WE43B sample with surface
area of 10 cm? was the working electrode, Ag/AgCl was the reference electrode, and a platinum
plate acted as the counter electrode. The frequency range for the classical EIS was 5.2 kHz —
30 mHz while the potential range for the PDP experiments was —250 to +250 mV versus open
circuit potential utilizing a scan rate of 1 mV/s. It should be mentioned that the PDP
measurements were the last sets of experiments and were done after 24 h. The electrochemical
parameters were obtained using the Echem Analyst software. For the linear polarization (LPR)
experiments, a special experimental procedure was developed with Nova 2.1.5 software such
that LPR data were automatically recorded at 30-minute interval for 24 h at a potential range
of £ 10 mV and scan rate of 0.125 mV/s. At the end of the LPR experiments, the samples were
submitted for surface morphology examination which was performed using a scanning electron
microscope (SEM) J. Quanta FEG 250 model (FEI, Holland) and a Park Systems XE-100E
model atomic force microscope. The SEM is coupled to energy-dispersive X-ray spectroscopy
(EDX) for composition determination. Surface roughness analysis was performed using atomic

force microscopy (AFM), the Park System X-100E AFM model.
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3. Results and discussion

The WE43B, as mentioned in the introduction is one of the few magnesium alloys with
a practical application as a biomedical implant material (Ref 27), hence the study of the
corrosion characteristics of this alloy is essential. The impedance spectra obtained for the
WE43B sample in a simulated body fluid (SBF) for 24 h at 37 "C using the DEIS technique are
shown in Fig. 2. Similar to previous reports (Ref 41-43), the Nyquist spectra exhibit two
capacitive loops at high and medium frequencies. The semi-circular curve at the high-
frequency region is due to the charge-transfer resistance and the double-electric layer
capacitance at the interface (Ref 41-43) while the second capacitive loop is caused by the mass
transportation through the corrosion product layer (Ref41). A close inspection of Fig. 2 reveals
that the diameter of the two capacitive loops increase with increase in immersion time
reflecting the increase in the charge transfer resistance (R.) as well as polarization resistance
(R,) with time. This is also clearly seen in the R versus time and the R, versus time graphs
given in Fig. 3.

Generally, a Mg(OH), layer is formed during the initial corrosion of Mg and its alloy
in a SBF solution (Ref 41-43). The Mg(OH), layer is porous and dissolves to form MgCl, in
high chloride content solution (Ref41). The lower R.; and R, values observed at the early stages
of immersing WE43B sample in the SBF solution (Fig. 3) is related to the less protective ability
of the Mg(OH), layer. The porous nature of the layer makes it easier for corrosive ions to
penetrate the magnesium substrate. The SEM image shown in Fig. 4(c) support this assertion.
Cracks of various dimension are seen on corrosion product layer on WE43B surface. Corrosive
species could easily penetrate through these cracks and get to the substrate surface especially
at the early stage of corrosion that the corrosion layer is still very porous. Nevertheless, Figs.
2 and 3 disclose that the corrosion resistance of the alloy constantly improved with time. The
EDX results in Fig. 4(d & e) and in Table 1 provide insight into the nature of the corrosion
products at prolonged immersion duration. The corrosion product is enriched with Mg, Y, Nd,
C, O, P, Ca, and Zn suggesting a mixture of oxides such as MgO, Nd,Os3, Y,0s3, and apatite,
which according to Rettig et al. (Ref 44), has the composition (Mg, Ca),(PO,4),(CO;),(OH);. It
means that the alloying elements diffused from the alloy matrix to the surface and formed a
protective layer. As revealed by Fig. 4(a) and Table 1, after 24 h of immersion, higher
percentage of Nd and Y were detected in both Spot 1 & 2 (Fig. 4(d & ¢)) relative to the
uncorroded surface (Fig. 4(b)). Jin ef al. (Ref 41) in their investigation on the effect of Nd self-
ion implantation on the corrosion resistance of WE43 Mg alloy in SBF found that, Nd
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1

2

2 implantation significantly enhanced the corrosion resistance of the WE43 Mg alloy. The
5 corrosion product layer was found to consist of Nd,Oj5 as the outer and MgO as the inner layers.
6

7 The Nd,Os; outer layer was found to be stable and mainly responsible for the anticorrosion
g property while the inner MgO layer reinforced the protection of the WE43 Mg alloy. Other
1(1) authors (Ref 45-47) had equally reported the positive influence of Nd on the corrosion
12 resistance property of Mg alloys especially the Al-containing Mg alloys where the a grains
13

14 significantly refined and large amounts of Al-Nd phases concentrated at the grain boundaries
:2 and separate the a grains such that the propagation of corrosion becomes more difficult (Ref
17 43).

18

19 Yttrium, depending on the alloying concentration can accelerate corrosion of Mg alloys
2 . . . . .

2(1) or enhance the corrosion resistance property (Ref 42). Corrosion resistance is enhanced when
;g the added Y is less than 0.3 wt.% for the AZ91 alloys (Ref 48), 2 wt.% for the Mg—3Al alloys
24 (Ref 49), and 2.5 wt.% for the Mg-Y alloys (Ref 50). Baek ef al. (Ref 51) claimed that the
25

26 corrosion resistance of Mg-Al-Ca-Y alloy containing 0.25 wt.% Y was greatly improved as a
;é result of the change in Al-containing intermetallic particles due to the formation of less noble
gg AlgMn,Y or ALY phases associated with a reduction in the rate of hydrogen evolution during
31 corrosion process. Li et al. (Ref 52) reported an improvement on the corrosion resistance of
32

33 Mg-6%Al1-3%Zn through alloying with Y which gave rise to the increasing content of Al,O;
gg in oxide layer. In this work, judging from the constant increase in the corrosion resistance
36 property of the WE43B with time (Figs. 2 & 3), it could be concluded that the corrosion product
37

38 layer formed by the Nd and Y alloying elements benefitted the corrosion resistance of the alloy.
39

40

4 Table 2. EDX analysis for WE43B alloy before and after LPR corrosion measurement test in
fé simulated body fluid at 37 °C.

44 : .

45 WE43B Section Atomic %

46 Mg Y Nd C O P Ca Zn  Total
47 Before corrosion  Full area 98.15 121 0.64 - - - - - 100
48 tests

49 After24hLPR  Spot 1 439 365 239 1049 15.64 26.03 36.17 124 100
g? measurements Spot 2 8527 793 6.80 - - - - - 100
gg The measurement of the rate of hydrogen gas (H,) evolution is one of the simplest and
g‘S‘ accurate methods for studying the corrosion rate of magnesium in aqueous media. Based on
56 the elements detected on the corrosion products (Fig. 4 and Table 2), the anodic reactions can
57

58 be written as:

Zg Mg—-Mg?*t + 2e~ (D
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Nd—-Nd3* + 3e~ (2)

Y-Y3t +3e” (3)

The corresponding cathodic reaction is as given in Eq. 4 (Ref 42):
2H,0 + 2e~—->H; +20H™ 4)

The total reaction is:

Mg + 2H,0 -»Mg(OH), + H, (5)

2Nd + 6H,0 —-2Nd(OH)3 + 3H; (6)

2Y + 6H,0 -2Y(OH)3 + 3H; (7)

The conversion of Nd(OH)3 and Y(OH)3 to Nd,Os3 and Y,03, respectively occurs through a
solid phase transformation reaction (Egs. 8 & 9) (Ref 42):

2Nd(OH)3—Nd,03 + 3H,0 (8)
2Y(OH)3—>Y203 + 3H20 (9)

Equation 5 implies that, for each Mg? T ion produced in the anodic region, one molecule of H,
is evolved at the cathodic region. Hence, the rate of hydrogen evolution can be equated to the
corrosion rate of Mg. Corrosion rate of Mg obtained from other techniques such as the weight
loss and electrochemical techniques has been reported to compare considerably with that from
the hydrogen evolution technique (Ref 53)(Ref 54). Figure 5(a) shows the evolution of
hydrogen gas with time as monitored during the DEIS experiments on the corrosion of WE43B
implant rod in simulated body fluid at 37 °C. From the hydrogen evolution results, the corrosion

current density (i.) and corrosion rate (CR) were calculated using Eqgs. 10 and 11,

respectively (Ref 55,56).

2pVF
Lcorr (A cm _2) = tSW (10)
1 jcorrKEW
CR (mmy~ )=T (11)

where p is pressure in Pascal (101325 P), V is the volume of hydrogen gas (cm?®) evolved in
time t (h), F is Faraday’s constant (96485 C/mol), S is the surface area of the sample in cm?, R
is the molar gas constant (8.314 m? kg s> K-! mol!), T is temperature in kelvin (310 K), K is
equal to 3272 and is the conversion factor, Eyy is the equivalent weight (12.74 amu), and d the

density in g/cm?. The plots of the variation of corrosion rate, corrosion current density, and the

Page 8 of 26



Page 9 of 26

oNOYTULT D WN =

Journal of Materials Engineering and Performance

B value against time for the corrosion of WE43B alloy in simulated body fluid at 37 °C are
given in Fig. 5(b-d). There was a rapid evolution of hydrogen gas in the first 9 h of immersion
of the sample (Fig. 5(a)). Beyond this time, the volume of gas evolved significantly diminished.
Figs. 5(b) and (c) reveal that the corrosion rate and the corrosion current density steadily
decreased with immersion time. It is required that an ideal biodegradable metal implant, beside
biocompatibility, corrodes with appropriate corrosion rate that makes it remain stable for
several months before it is completely bio-absorbed (Ref 57). According to (Ref 58,59), the
permissible corrosion rate for medical implants is 0.4 mm y-'. At 24 h, the value of 1.326 mm
y! is obtained for WE43B alloy from hydrogen evolution technique. Based on Stern Geary
equation (Eq.12) and making use of the i.,. from the volumetry experiments and charge
transfer resistance (R.) from the DEIS, the B factor in Eq.12 was calculated. The variation of
B against time for the corrosion of WE43B alloy in simulated body fluid at 37 °C is shown in
Fig. 5(d). The B factor is decreasing with time implying that the corrosion process is changing
with time (Ref 60) and thus confirmed the DEIS results (Fig. 2).

o bgb. 1 B 12
feorr = 5303 (b, + by) Ree . Ret (12)

Figure 6(a) shows the impedance characteristic of the WE43B implant rod in simulated
body fluid at 37 °C after 24 h of immersion as obtained from the classical electrochemical
impedance spectroscopy technique. The impedance spectrum is characterized by two
capacitive loops at the high and the medium frequencies. Obviously, one of the capacitive loops
would correspond to the charge transfer processes and the other to mass transport processes
related to the migration of ions through adsorbed corrosion product layer (Ref 61). Because of
this observation, two equivalent circuit models were used in fitting the impedance data. The
first was the R(Q1(R(Q2R>))) model which defines the layer resistance and the second was the
R(O1R(Q>R,)) model which explains the adsorption resistance. From the layer resistance
model, R; =928 Q cm? and R, = 470 Q cm?. Similarly, the adsorption model gives R; = 1398
Q cm?and R, = 2762 Q cm?. The Stern Geary relationship given in Eq. 12 can be used to check

which of the Rs denotes the R by calculating the corrosion current density (i.,) and
comparing with the i, value obtained from the potentiodynamic polarization method. By
using the R; and R, values gotten with the layer resistance model, the calculated i, value is

97.51 pA/cm? and 192.58 pA/cm?, respectively. Also, 64.76 pA/cm? and 32.78 pA/cm?,

respectively are obtained as i, value by using the R, and R, values obtained with the
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adsorption resistance model. Meanwhile, the i, value obtained for WE43B alloy in simulated
body fluid at 37 °C from the potentiodynamic polarization and linear polarization techniques
is 64 pA/cm? and 65 pA/cm?, respectively which is comparable with the value obtained using
R, value of the adsorption resistance model. Therefore, the proper model is the adsorption
resistance model [R(Q1R(Q,R,))] and the first capacitive loop represents the charge transfer
controlled corrosion process (Ref 62). The charge transfer resistance value (1398 Q cm?)
obtained from the electrochemical impedance spectroscopy technique and the polarization
resistance value (1433 Q cm?) obtained from the linear polarization technique at 24 h of
measurements are comparable.

Figure 6(b) shows the comparative graphs of the impedance spectra obtained from the
classical EIS and the DEIS after 24 h of exposition. As could be seen, the spectra are
comparable and exhibit two capacitive loops. The incomplete second semi-circle seen in the
DEIS spectrum is because the low frequency perturbation used in the DEIS was 300 mHz
whereas 30 mHz was used in the classical-EIS.

The potentiodynamic polarization plot obtained for the WE43B sample after 24 h of
exposure at 37 °C is shown in Fig. 7. The parameters namely, the i, anodic and cathodic
slope (8. and f.), and the corrosion rate (CR) were obtained by extrapolating the linear portion
of the plot. The i, value obtained is 64.0 uA/cm?, the S, and B, values are 0.481 V/dec and
0.368 V/dec, respectively while the CR is 1.326 mm y'!. The plot reveals that the alloy
undergoes an active anodic oxidation and cathodic hydrogen ions reduction corrosion
processes. However, the i, and CR values, relative to previous reports indicate that the
WE43B alloy is less susceptible to electrochemical corrosion in SBF. Zhou et al. (Ref 1)
reported the i, and CR values of 74 pA/cm? and 1.62 mm y!, respectively in SBF at 37 °C
after 24 h of immersion for ageing treated AZ91D alloy. Rai et al. (Ref 7) reported CR value
of 191.785 mm y-! for magnesium based 1393 bioactive glass in SBF after 24 h of exposure.
There is a good correlation between the corrosion rates determined from the i, value from
the hydrogen evolution, linear polarization, and the potentiodynamic polarization techniques
(Fig. 7(b)). Generally, the hydrogen evolution method is most suitable for corrosion reactions
in which the cathodic reactions involved the evolution of H, and the corrosion rate from this
technique relates to corrosion averaged over a considerable length of time and includes
corrosion of some considerable time after corrosion onset, when the corrosion is well
established (Ref 1). The LPR is a non-destructive technique, a fast way of detecting corrosion

rate, and the corrosion rate measured is related to the onset of corrosion (Ref 63). However,
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the fundamental disadvantage of LPR is that in order to convert polarization resistance to
corrosion rate, the Tafel parameters must be known (Ref 63). The PDP in the other hands
includes a simple and clear method for determining Tafel parameters S, and £, unlike the LPR
and can provide precise information about the corroding metal's active, passive, and trans—
passive characteristics (Ref 63). However, it is a destructive technique because of the high
current density required to completely polarize a metal surface (Ref 63). In this study, as
expected, the CR value from the three techniques is in the order: Hydrogen evolution (1.326
mmy') < LPR (1.337 mmy!) < PDP (1.338 mm y!). However, the corrosion rate obtained
for WE43B in this study is higher than 0.4 mm y-! claimed as the tolerable maximum corrosion
rate for biomaterial intended for implant applications (Ref 58,59). This makes the suitability of
WE43B for long-term implant application worrisome. Nevertheless, WE43B has the advantage
of not containing the characteristic impurities namely Fe, Cu, Ni, and Be (Ref 64). As it is
known (Ref 64), Be concentration is limited to 4 ppm, Cu is limited to 100— 300 ppm, Fe to
35-50 ppm, and Ni is not expected to exceed 20— 50 ppm. The rare earth elements contained
in WE43B fall under ‘other chemical elements’ referred to as normal alloying elements in
which their limits are given together with the nominal contents of alloying elements (Ref 64).
It should however be mentioned that rare earth elements exhibit anticancerogenic properties
(Ref 64), hence must be kept minimal.

The roughness characteristics of the alloy before and after immersion in SBF for 24 h
at 37 °C are presented in Fig. 8. The AFM technique has found application in corrosion studies
and in most cases, small values of the surface roughness parameters are interpreted to infer
minimal corrosion (Ref 1). It is, however pertinent to mention that, surface roughness
parameters used in isolation to quantify surface susceptibility could be misleading as corrosion
products could be evenly distributed to give low values of surface parameters. In this work, the
roughness parameters are defined thus: Ry, is the kurtosis, Ry is the skewness, R, is the
maximum height, R, is the arithmetic mean height, R is the root mean square height, and R,
is the maximum pit height (Ref 65)(Ref 66). As seen in Fig. 8, the surface roughness increased
upon immersion of the sample in SBF due to corrosion. A comparison of the values of the
roughness parameters for Fig. 8(a) to those of Fig. 8(b) reveals that the difference is not too
significant and may indicate that the deterioration of the alloy in the SBF was not very severe.
For instance, the difference for the R,, Ry,, and R, parameters is 9.5488 nm, 1.2845 nm, and
15.453 nm, respectively. This agrees with other results that the WE43B sample is less
susceptible to corrosion in SBF relative to other Mg alloys (Ref 1).

10
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4. Conclusions

1)

2)

3)

4)

The alloy corroded in SBF exhibiting a typical impedance characteristic of Mg
consisting of two capacitive loops at high and medium frequencies.

The polarization resistance (R,) WE43B steadily increased while the corrosion rate
(CR) decreased with immersion time. At 24 h of immersion, CR of the alloy is in the
range of 1.326 — 1.338 mm y-'.

There is a good correlation between the corrosion rates obtained from the hydrogen
evolution, linear polarization, and the potentiodynamic techniques. The surface analysis
(SEM, EDX, AFM) results conform with the results obtained from the applied methods.
The results indicate that corrosion rate of WE43B alloy is higher than the 0.4 mm y-!
permissible corrosion rate for medical implants (Ref 58,59). Because the corrosion rate
is still decreasing at the maximum duration (24 h) considered, a longer-term corrosion

studies is recommended.
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Figure 1: Schematic representation of the volumetric experiments.
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Figure 2: Electrochemical impedance characteristic of WE43B alloy in simulated body fluid at
37 °C during 24 h of immersion obtained via the Dynamic Electrochemical Impedance
Spectroscopy technique.
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Figure 4: SEM micrographs and EDX spectra of WE43B alloy (a, b) before and (c, d, & e) after
corrosion in simulated body fluid at 37 °C for 24 h.
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Figure 5: Variation of (a) volume of hydrogen gas evolved, (b) corrosion rate, (c) corrosion
current density, and (d) B against time for the corrosion of WE43B alloy in simulated body
fluid at 37 °C.
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Figure 8: 3D and 2D images of WE43B alloy samples (a, b) before and (c, d) after corrosion in
simulated body fluid at 37 °C for 24 h.
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