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Pure iron has been proven to be a potential biodegradable metal, but its degradation rate was too slow. To accel-
erate its biodegradation, micro-patterned Au disc films were deposited on the surface of pure iron by vacuum
sputtering. The influence of Au disc films on the degradation of pure iron matrix in vitro was investigated in
the present study. Electrochemical measurement results indicated that the corrosion current density of pure
iron coated with micro-patterned Au disc films in Hank's solution was 4 times larger than that of the uncoated
one,while the difference between the influences ofmicro-patterned Au discswith different diameters on the cor-
rosion rate of pure iron was insignificant. Immersion test indicated that the corrosion depth for pure iron coated
with Au disc films was about three times as that of bare pure iron. Both electrochemical test and immersion test
revealed that the corrosion of pure iron matrix coated with Au disc array became more uniform.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Recently, pure iron has been studied as a newalternative biomaterial
for biodegradable coronary stent applications [1–3]. In 2001, pure iron
stent was implanted into the native descending aorta of New Zealand
white rabbits by Peuster et al. [4]. The results indicated that no throm-
boembolic complications and no adverse events occurred during the
6–18 month follow-up, and also no significant neointimal proliferation
and no systemic toxicity were found. Later on, they evaluated the
long-term biocompatibility of pure iron stent in the porcine descending
aorta for 360 days in comparison to 316LSS stents [5]. The results were
in good consistence with the previous results, no signs of iron overload
or iron-related organ toxicity was found and the amount of neointimal
proliferation for iron stents was comparable with that for 316LSS stents.
Moreover, Ron Waksman et al. [6] explored the short-term safety and
efficacy of pure iron stent in the porcine aorta and no significant differ-
ences in any of the vessel-, inflammatory- and healing parameters were
found between pure iron stent and Co–Cr stent. These preliminary
in vivo animal trails have confirmed the feasibility and biocompatibility
of pure iron stent. However, a fast degradation rate as well as enhanced
mechanical strength are strongly required since after one year implan-
tation themajority of the pure iron stent remained nearly intact [4]. Ad-
ditionally, the localized pitting is always the main corrosion mode for
pure iron, and more uniform corrosion is expected.
ence and Engineering, College of
Up to now, several efforts have beenmade to improve the properties
of Fe-based materials, such as alloying [7–9] and new fabrication
methods [10–13], which have effectively improved the mechanical
strength and corrosion rate of Fe-based materials compared with pure
iron. In addition, surfacemodification on pure iron has also beenwidely
investigated. Zhu et al. [14] prepared Fe–O thin films on pure iron by
plasma immersion ion implantation and deposition (PIIID) and indicat-
ed that Fe–O film fabricated under low oxygen flux effectively improved
the corrosion resistance of pure iron. Furthermore, Fe–O film reduced
the number of adhered platelets and restrained the activation of plate-
letswhile exhibited good adhesion and proliferation ofHUVECs. Lantha-
num ion was also implanted into pure iron by metal vapor vacuum arc
(MEVVA) and the sameeffect on the corrosion rate and biocompatibility
of pure iron with that of Fe–O film deposited on pure iron had been re-
ported [15]. These surface modification methods on pure iron have ef-
fectively improved the biocompatibility, however, they also exhibited
a negative influence on the increment of corrosion rate of pure iron,
which cannot satisfy the requirements for clinical applications as coro-
nary stents.

As well-known, micro-patterned structures or surface topography
could play an important role on the regulation of cellular functions by
adjusting cell adhesion, growth and differentiation due to their unique
interactions with cells, thus help to improve the properties of biomedi-
cal implantablematerials [16]. As formetallicmaterials, there have been
numerous studies on the surface topography of pure titanium and titani-
umoxide [17,18].When a pure iron stent is implanted into a blood vessel,
the stent will contact with the blood vessel. The interaction between cells
and stentmaterialwill significantly affect stent endothelialization, inflam-
matory reaction and intimal hyperplasia after implantation [19], which
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could further reduce the formationof thrombus andplatelet adhesion [20,
21]. Therefore, itwould be of great significance ifwe could regulate the in-
teraction between pure iron stent and blood vessel related cells by chang-
ing the surface microstructure of pure iron.

In this work, surface modification of micro-patterned Au disc films
with different sizes on pure iron was tried by vacuum sputtering and
the influence of Au arrays on the corrosion behaviors of pure iron was
systematically investigated by electrochemical measurements as well
as immersion test.

2. Materials and methods

2.1. Material preparation

Pure iron specimens (10 × 10 × 2 mm3) were mounted with
ethoxyline, mechanically polished to 2000 grit and further polished by
0.15 μmdiamond paste, then ultrasonically cleaned in anhydrous ethanol
and dried in the open air. Copper meshes with 200 mesh and 400 mesh
were chosen as the masks to fabricate micro-patterned Au arrays, as
shown in Fig. 1. The diameter of the copper mesh was 10 mm. Pure iron
specimenswere covered by coppermeshes, and then goldwas deposited
by vacuum sputtering for 1 min to form micro-patterned disc films. The
resulting micro-patterned Au discs obtained by 200 mesh and 400 mesh
copper templates were about 200 × 200 μm2 and 50 × 50 μm2, and the
gap between two neighboring discs was about 30 μm and 10 μm, respec-
tively. The uncoated pure iron and fully Au coated pure iron (free of tem-
plate) were set as the control.

2.2. Electrochemical measurements

Electrochemical measurements were carried out using a computer-
controlled electrochemical work station (CHI660C, China). A conven-
tional three-electrode system was used in electrochemical measure-
ments. The specimen, a platinum electrode and a saturated calomel
electrode (SCE) were set as the working electrode, auxiliary electrode
and the reference electrode, respectively. All themeasurementswere per-
formed at a temperature of 37±0.5 °C inHank's solution [22]. The area of
working electrode exposed to the solutionwas1 cm2. Theopen circuit po-
tential (OCP) measurement was set for 7200 s. Electrochemical imped-
ance spectroscopy (EIS) was measured from 100 kHz to 10 MHz at an
OCP value after 2 h immersion in Hank's solution. The potentiodynamic
polarization curves were carried out from−1000 mV (vs. SCE) to 0 mV
(vs. SCE) at a scanning rate of 0.33 mV·s−1.

2.3. Static immersion test

In vitro static immersion test was performed in 25 ml Hank's solu-
tion for each sample following ASTM-G31-72 [23] at 37 °C in water
bath. After 3, 10 and 30 days of immersion, the samples were removed
Fig. 1.Morphologies of the copper mesh templates for differ
from the solution, gently rinsedwith distilledwater and quickly dried in
case of oxidation. Changes on the surface morphologies of the speci-
mens after immersion were characterized by a 2.5 dimensional preci-
sion image measuring instrument (HLEO, VACD-1010, China) and
ESEM (Quanta 200FEG), equipped with an EDS attachment. Nitric acid
was added into the solution to dissolve the corrosion products and
aqua regia was added to dissolve the peeling Au. The metallic concen-
trations of ions released into the Hank's solution were measured by in-
ductively coupled plasma atomic emission spectrometry (ICP-AES)
(Leeman, Profile).

3. Results

3.1. Morphologies of copper mesh and micro-patterned Au arrays

Fig. 2(a)–(b) showed the surfacemorphology of the pure iron before
and after coating with micro-patterned Au disc films, respectively. Be-
cause of the different mass contrast, the micro-patterned Au discs
could be observed clearly on the surface of pure iron (Fig. 2(b)).
Fig. 2(c) is the element distribution image of Au on the surface of
micro-patterned Au discs coated pure iron, and it can be found that
the Au element appeared mainly within the disc, which corresponded
to the bright area in Fig. 2(d) and the amount of Au was rare in the area
shielded by the copper template.

3.2. Electrochemical corrosion behavior

The potentiodynamic polarization curves of pure iron coated with
different sizes of micro-patterned Au disc arrays were shown in Fig. 3.
Electrochemical parameters and the corrosion rate calculated from
these parameters were shown in Table 1. Compared to that of uncoated
pure iron (−0.579 V), it can be seen that the corrosion potential of the
micro-patterned Au-coated pure iron decreased to−0.62 V. Additional-
ly, the corrosion potential of 0 × 0 μm2 was the lowest, with−0.665 V.
Meanwhile, the corresponding corrosion current density elevated ap-
proximately 4 times, which indicated that the Au discs accelerated the
corrosion rate of neighboring pure iron matrix to some extent due to
the galvanic corrosion between Au and Fe. However, the effects be-
tween different sizes of micro-patterned Au discs on the electrochemi-
cal corrosion potential and current density were similar in the present
study.

Fig. 4 illustrated the surface morphologies of pure iron specimens
coated with different sizes of micro-patterned Au discs after polariza-
tion, with uncoated pure iron as the control. A small amount of corro-
sion pits could be observed on the surface of uncoated pure iron,
while after coating with Au disc arrays the size of the corrosion pits de-
creased and distributed more continuously, especially for pure iron
coated with a 50 × 50 μm2 micro-patterned Au disc array, on which
there were very few corrosion pits. As for the full Au film coated pure
ent sizes of micro-patterns: (a) 200 mesh; (b) 400 mesh.



Fig. 2. Surface morphology of the pure iron (a) before and (b) after coated with micro-patterned Au arrays at the size of 200 × 200 μm2, (c) distribution diagram of Au element and
(d) corresponding surface morphology of patterned pure iron.

Fig. 3. Potentiodynamic polarization curves of pure iron coated with different sizes of
micro-patterned Au arrays.
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iron, the corrosion pits distributed uniformly and continuously on the
surface, and the depth of corrosion pits was relatively small when com-
pared to other experimental materials.

3.3. Static immersion test

Fig. 5 showed the macroscopic images of surface morphologies of
experimental specimens after 3 days of immersion in Hank's solution.
It could be found that the surface of the uncoated pure iron almost
kept intact and there were very few corrosion products. The micro-
patterned Au discs remained obviously on the surface of pure iron
sample coated with 200 × 200 μm2 micro-patterned Au disc array.
There appeared a small amount of corrosion products on the surface
of sample. As for the pure iron sample coated with a 50 × 50 μm2

micro-patterned Au disc array, large amount of corrosion products
was uniformly produced on the surface and only unobvious sign of
micro-patterned Au disc feature could be observed. It may be attributed
to the small size of Au discs and the galvanic corrosion between the Au
disc and surrounding Fe occurred more severe. For fully Au coated pure
iron specimens, corrosion products distributed uniformly on the sur-
face, and the Au coating peeled off partially.

Fig. 6 showed the enlarged surfacemorphologies of pure iron coated
with micro-patterned Au array at the size of 200 × 200 μm2 after 3 days
of immersion in Hank's solution. Similar pattern to the template could
be observed clearly, as shown in Fig. 6(a). At higher magnification in
Fig. 6(b), corrosion products could be mainly found at the margins of
Au discs neighboring to the bare pure iron matrix and existed much
less at the placeswithout Au coating on top. Therefore, it might be spec-
ulated that the biodegradation occurred around the margins of and be-
neath the micro-patterned Au discs.

Fig. 7 shows the SEM images showing the surface morphology of ex-
perimental samples after 10 days of immersion. Still only a slight corro-
sion attack happened for bare pure iron specimens with a very small
amount of corrosion products covered on the surface. Besides, the grain
boundaries were partially visible. There was no significant difference on
the surface morphology of pure iron coated with 200 × 200 μm2

(Fig. 7(b)) and 50 × 50 μm2 (Fig. 7(c)) micro-patterned Au discs when
compared to the uncoated pure iron. Based on the contour profiles of
their grain boundary, it can be speculated that the corrosion depth of
pure iron increased after coating withmicro-patterned Au arrays in com-
parison with bare pure iron. As for fully (0 × 0 μm2) Au coated pure iron
(Fig. 7(d)), uniformly distributed corrosion pits were observed on the
surface.

Fig. 8 illustrated the cross-sectionalmorphology and cross section el-
ement distribution diagram of the uncoated and fully coated pure iron
samples after 10 days of immersion in Hank's solution. The depth of cor-
rosion layer for bare pure iron kept nearly constant, around 3.6 μm,



Table 1
Electrochemical date and corrosion rate of pure iron coated with different sizes of micro-patterned Au arrays calculated from different measurements.

Vcorr (V) Icorr (μA·cm−2) υcorr (mm·year−1) Corrosion rate (g·m−2·d−1)

Electrochemical Immersion

Uncoated pure Fe −0.579 2.461 0.029 0.617 0.917
200 × 200 μm2 −0.627 9.325 0.108 2.338 1.184
50 × 50 μm2 −0.575 12.66 0.147 3.174 1.134
0 × 0 μm2 −0.665 10.71 0.124 2.685 1.417

Vcorr, corrosion potential; Icorr, corrosion current density; υcorr, corrosion rate in terms of penetration rate; corrosion rate measured by immersion test was calculated by the released ion
concentration after 30 days of immersion in Hank's solution.
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despite that there existed an obvious pitting hole in certain position, as
markedby the arrow in Fig. 8(a), similar to the corrosion behavior of Fe–
Mn alloys reported by Hermawan et al. [7] that corrosion occurred first-
ly at the grain boundaries and then spread deeper. After coated with Au
film (0× 0 μm2), the corrosion layer exhibited a curved feature, with the
corrosion depth being about 11 μm. It indicated that the corrosion rate
of the pure iron fully coated with Au film was about 3 times higher
than that of uncoated pure iron. The corrosion depths of pure iron coat-
ed with 200 × 200 μm2 and 50 × 50 μm2micro-patterned Au disc arrays
were similar to that of the fully coated sample, and their images were
not given here. Fig. 8(c) and (d) depicted the cross-sectional element
distribution diagram of uncoated pure iron and fully coated pure iron
in the mode of linear scanning, respectively. The element was mainly
composed of Fe, O and C, and the content of O at the corrosion layer
was the highest.

Fig. 9 showed the surface morphology of four experimental samples
after 30 days of immersion in Hank's solution. There was no significant
difference on the surface morphology for different samples, but the
thickness of the pure iron matrix being removed was different. The
Fig. 4. Surface morphologies of pure iron specimens coatedwith different sizes of micro-pattern
iron; (b) 200 × 200 μm2; (c) 50 × 50 μm2; (d) fully coated pure iron.
grain boundaries of pure ironmatrix could be observed clearly for all ex-
perimental samples. In the present study, the thickness of Au layer was
about 10 nm. After 30 days of immersion, no Au element could be de-
tected by EDS analysis on the surface, indicating that the Au layer de-
tached from the pure iron matrix after the micro-galvanic corrosion.

Fig. 10 presented the released ion concentration of (a) Fe and (b) Au
elements after immersion inHank's solution for different periods. It was
found that there was no significant difference among iron ion concen-
trations released from pure iron coated with micro-patterned Au arrays
at different sizes and uncoated pure iron after immersion for 3 days.
However, the released iron concentrations of Au-coated pure iron
were obviously higher than that of uncoated pure iron after 10 and
30 days of immersion. Moreover, the iron ion concentration released
from fully coated pure iron was higher than that of iron coated with
200 × 200 μm2 and 50 × 50 μm2 Au discs, indicating that Au coating
could increase the corrosion rate of pure iron in Hank's solution, and
the more Au disc covering area is, the faster the corrosion rate is. As to
element Au, the concentration of Au increased gradually over time
and increased as the size of micro-patterned array decreased. This
ed Au arrays after polarization, with uncoated pure iron as the control: (a) uncoated pure



Fig. 5.Macroimages of surface morphologies of experimental specimens after 3 days of immersion in Hank's solution.
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may due to the presence of more corrosion active sites at the surface of
samples with smaller size of micro-patterned Au disc arrays.Then the
corrosion rate would be faster and release more Fe ions into the Hank's
solution.
4. Discussion

It is said that generally there are two methods to increase the corro-
sion rate of biodegradable iron-based materials: one is the addition of a
base alloying element into the iron matrix to lower the potential and
make it more susceptible to corrosion; and the other is the addition of
a noble alloying element which could function as a cathode and gener-
atemicro-galvanic corrosionwith the ironmatrix [24]. The standard po-
tential of gold (Au) is +1.52 and it is the ideal cathode in comparison
with iron, the potential of which is−0.44 [25]. In this work, all the cor-
rosion behavior results, including electrochemical measurements, re-
leased ion concentrations and the corrosion depth of specimens in
immersion tests, indicated that Au coating via vacuum spattering
could effectively enhance the corrosion rate of pure iron. The corrosion
rate of pure ironwithmicro-patterned Au array coating is approximate-
ly three times as that of the uncoated one. This could be ascribed to the
galvanic corrosionwhich is caused by the Au array.When coated on the
surface of pure iron, Auwill functionalize as the cathode and ironmatrix
acts as the anode, and micro-galvanic corrosion between iron and Au
happens when immersed in Hank's solution. Compared with those
noble element reinforced iron-based composites reported by the pres-
ent authors [13], it is thought that the influence of Au coating on the in-
crement of corrosion rate of iron matrix is much significant thanW/Pd/
Pt noble elements, as indicated by the results of electrochemical
Fig. 6. Enlarged surface morphologies of pure iron coated with micro-patterned Au a
measurements. On one hand, this might be related to the different stan-
dard potentials of these noblemetals. On the other hand, itmight be due
to the different existence forms of these metals with iron matrix, as Au
existed on the surface of pure iron while W/Pt/Pd solid soluted into the
iron matrix.

Fig. 11 schematically illustrates the corrosion mechanism of Au
micro-patterned pure iron. After coated with Au, micro-galvanic corro-
sion between Au and Fe becomes the dominated corrosionmode of iron
instead of pitting. The presentwork indicates that the corrosion starts at
the iron matrix around the Au discs (Fig. 11(a) and (b)), and electrons
generated from the dissolution of iron matrix (anode reaction, Eq. (1))
moved from the iron matrix to the Au disc (cathode reaction, Eq. (2)):

Fe→Fe2þ þ 2e− anode reactionð Þ ð1Þ

O2 þ 2H2Oþ 4e−→4OH− cathode reactionð Þ: ð2Þ

Because of the alkalization environment near the Au discs (Eq. (2)),
iron hydroxide was expected to form around them preferentially ac-
cording to Eq. (3). Since the ferrous hydroxidewas not stable, itwas eas-
ily oxidized to ferric hydroxide by dissolved oxygen following Eq. (4).

Fe2þ þ 2OH−→Fe OHð Þ2 ð3Þ

4Fe OHð Þ2 þ O2 þ 2H2O→4Fe OHð Þ3 ð4Þ

And then corrosion gradually spreads into the area beneath the Au
coating (Fig. 11(c)) with the penetration of the solution.Widely distrib-
uted micro-galvanic corrosion between Au disc and pure iron matrix
forms numerous active sites of micro-reaction, resulting in the
rray at the size of 200 × 200 μm2 after 3 days of immersion in Hank's solution.



Fig. 7. SEM images of surface morphology of the micro-patterned samples at the size of (a) uncoated pure iron; (b) 200 × 200 μm2; (c) 50 × 50 μm2; and (d) fully coated pure iron after
10 days of immersion.

Fig. 8. Cross-sectional morphology of (a) uncoated and (b) fully coated pure iron samples and cross-sectional element linear distribution diagram of the (c) uncoated and (d) fully coated
pure iron samples after 10 days of immersion in Hank's solution.
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Fig. 9. Surfacemorphology ofmicro-patterned pure iron at the size of (a) uncoated pure iron; (b) 200× 200 μm2; (c) 50× 50 μm2; and (d) fully coated pure iron after 30 days of immersion
in Hank's solution.
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macroscopically uniform corrosion. And finally the Au disc fell off with
the expansion of corrosion (Fig. 11(d)). Compared with the corrosion
behavior results of Au-coated pure iron with different sizes of Au pat-
terns, a phenomenon can be expected that the smaller the size of Au
patterns, the more uniform corrosion will occur.

On the other hand, the thickness of Au coating by vacuum sputtering
in the present study was about 10 nm, and its effect on the corrosion of
pure ironmatrix was about several micrometers, as shown in the cross-
section of pure iron samples after immersion in Hank's solution for
10 days in Fig. 8. In fact, the thickness of a stent is about 100 μm [4]. It
is supposed that the surfacemodification byAu coatingwill significantly
enhance the corrosion rate of pure iron stent. To further improve the in-
fluence of Au coating on the corrosion of pure iron, thicker coating could
Fig. 10. Released ion concentration of (a) Fe and (b) Au afte
be one approach by other fabrication methods, such as plasma immer-
sion ion implantation and deposition (PIIID) and plasma etching.

Generally, the influence of micrometer scale surface topography on
the behaviors of cells relies on several factors, for example, the size
and shape of micro-structure and the type of cell [26]. Cell shape, orien-
tation, growth and differentiation are also affected by the surface tex-
ture of materials. On pure Ti implants, there is an evidence in the
literature that micro-patterned structures can help in stabilizing extra-
cellular matrix and contributing to cell adhesion on the implant surface
[17,18]. Besides, the special surface topography plays an important role
on the biological behaviors of osteoblast cells [27]. Therefore, it may be
concluded that themicrostructures on thematerial surface significantly
affect the cell behaviors and are of great importance for biomedical
r immersion in Hank's solution for different periods.



Fig. 11. Schematic representation of the corrosionmechanism for Aumicro-patterned pure iron inHank's solution. (a) Initial corrosion action, (b) corrosion starts at the ironmatrix around
the Au discs, (c) corrosion gradually spreads into the area beneath the Au coating, and finally (d) the Au disc fell off with the expansion of corrosion.
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implants. As for vascular-related cells, Jing et al. [28] investigated the be-
haviors of human umbilical vein endothelial cells (HUVEC) on micro-
patterned titanium oxide films fabricated by PIIID and plasma etching.
It was found that the micro-patterned structures can be used to modu-
late cell behaviors on titanium oxide. In this work, the influence of
micro-patterned Au arrays on the behaviors of blood-related cells had
not been investigated yet. On one hand, iron-based metallic materials
are inherently susceptible to corrosion. When incubated in cell culture
medium with cells by direct contact method, corrosion products were
likely to form on their surface and the cell morphology was difficult to
be observed. On the other hand, since the thickness of micro-patterned
Au films is extraordinarily thin, the micro-patterned structure was diffi-
cult to be observed under SEM after corrosion and their influence on
the cell behavior was difficult to be evaluated. Further investigation will
be undertaken and reported.

Due to the Au films will fall off and enter the blood circulation
after corrosion in certain period. The toxicity of Au films has to be
considered. In this work, the thickness of Au films is about 10 nm,
so the gold films which fall off from pure iron matrix can be seen as
nanosacle substances, like gold nanoparticles, gold nanorods or
gold nanosheets. According to in vivo experiments, gold nanoparti-
cles with a diameter range from 10–250 nm were mainly absorbed
by the liver and spleen [29]. Small nanoparticles might be removed
from the blood by renal clearance (b5 nm) or rapid liver uptake
(10–20 nm) [30], whereas large nanoparticles are filtered in the si-
nusoidal spleen (N200 nm) [31], or are recognized and cleared by
the reticuloendothelial system (RES) [32]. Zhang et al. [33] found
that protein-coated gold nanorods induced severe oxidative stress
and subsequent cell death in tumor cells while normal 16HBE cells
survived due to their overwhelming antioxidant capability over the
tumor cells. Gold nanoparticles in the bloodstream could be uptaken
by vascular endothelial cells or alternatively, could extravasate into
the interstitium via transcytosis or paracellular pathways. Wang
et al. [34] investigated the organ clearance of nanomaterials. Numer-
ous in vivo studies suggest that the lung, liver and kidney are the
major distribution sites and target organs for nanomaterial expo-
sure. Other internalization mechanisms include macropinocytosis,
clathrin-mediated endocytosis, caveolae-mediated endocytosis, clathrin-
and caveolae-independent endocytosis. In the blood circulation, large
nanomaterials can be taken up and cleared by Kupffer cells; smaller
nanomaterials can also cross the endothelium into the Disse space and
then be returned to lymphatic circulation or be taken up by hepatocytes
and subsequently involved in a biliary excretion pathway. Above all, the
problem about the toxicity of Au films that fall off from the iron matrix
can be solved by the body itself.

Taking the results of the present study into consideration, it would
be still a promising approach to fabricate micro-patterned arrays using
elements with good biocompatibility like Ag (+0.7996 V), Pt
(+1.18 V), Ir (+1.156 V),W (+0.1 V), Sn (−0.1375 V), In (−0.14 V)
and Co (−0.28 V) [35] on the surface of pure iron for improving corro-
sion rate and achieving a more uniform corrosion mode.
5. Conclusions

Surface topography has been applied on biodegradable iron-based
material for the first time by fabricating micro-patterned Au array via
vacuum sputtering. The influence of three different sizes of micro-
patterned Au arrays on the degradation of pure iron was investigated.
The results revealed that the corrosion rate of pure iron coated with
micro-patterned Au array was significantly improved and the corrosion
depth was about three times as that of bare pure iron. Our results dem-
onstrate that surface modification with proper micro-patterned noble
element may be a promising approach to modulate the corrosion be-
havior of pure iron tomake it more suitable for biomedical applications.
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