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a b s t r a c t

Ultrafine structured Ti70.5Fe29.5 and Ti67.79Fe28.36Sn3.85 eutectic rods comprising of �-Ti and TiFe phases
were prepared by copper mould casting. The corrosion and passivation behaviour were investigated
in halide free aqueous media (pH 1–13) by means of potentiodynamic polarisation and potentiostatic
current transient measurements. Both eutectic alloys exhibit excellent corrosion resistance due to
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spontaneous passivation. The passive film compositions grown several nanometres on single phase poly-
crystalline specimens were analyzed with Auger electron spectroscopy. They consist of oxidized Ti and Fe
species. Layers grown in strongly acidic environment are depleted in Fe. Sn was detected only on layers
grown on the constituent �-Ti phase and only in the metallic state. The pitting susceptibility was inves-
tigated in strongly acidic media (pH ≤ 1) containing 0.1–3 M of chloride ions. The Sn-containing eutectic

re su
icrostructure alloy was found to be mo

. Introduction

Usually mechanical properties of alloys can be improved by
efining their microstructure. The strength of crystalline alloys
beys the Hall–Petch relation [1,2] which predicts an increase of
he hardness with decreasing grain size down to about 10 nm.
owever, fine-grain crystalline alloys generally exhibit low duc-

ility and limited work hardening behaviour [3]. Ti-alloys with
ow density, high strength and ductility and high chemical stabil-
ty are of strong interest for energy efficient construction. It has
een reported that the ductility of nanocrystalline materials can
e enhanced by embedding a micrometer-sized soft phase in a
ano-structured matrix [4–7]. Louzguine et al. [4] have reported the

ormation of a composite which contains micron-sized supersatu-
ated �-Ti solid solution embedded in a fine-structured �-Ti/TiFe
utectic in Ti65Fe35. The composite exhibits a compressive strength
f 2200 MPa and compressive strain to fracture of 6.7%. Das et al.
8] reported the eutectic Ti70.5Fe29.5 alloy to exhibit a maximum
trength of 1935 MPa and strain to failure of 2.6%. Upon addition of
n to Ti70.5Fe29.5 the fine-structured �-Ti/TiFe eutectic composite
i67.79Fe28.36Sn3.85 with a lamellar spacing of about 300 nm exhibits

ompressive strength of 2260 MPa with compressive strain to fail-
re of 9.6%.

With respect to the corrosion behaviour, a nano-sized grain
tructure can lead to poor performance. The effect of galvanic cou-

∗ Corresponding author. Tel.: +49 351 4659 715; fax: +49 351 4659 540.
E-mail address: r.sueptitz@ifw-dresden.de (R. Sueptitz).
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sceptible to pitting corrosion.
© 2010 Elsevier B.V. All rights reserved.

pling between the finely distributed phases can be promoted and
the high density of surface heterogeneities can support the local
dissolution or passive layer breakdown [9]. On the other hand, a
large fraction of grain boundaries may support the diffusion of con-
stituent atoms to the surface and thus, can lead to an accelerated
and more uniform passive layer growth [10–12].

Due to the high content of Ti, the alloy Ti67.79Fe28.36Sn3.85 is
expected to show in principle spontaneous passivity and a high
resistance against corrosion in a wide pH value range. However,
the significant fraction of Fe in ultrafine distribution in the lamellar
microstructure might affect the passivation ability in particular in
acidic media and also the resistance against pitting corrosion. The
aim of the present study is to investigate the corrosion behaviour of
the ultrafine Ti67.79Fe28.36Sn3.85 and Ti70.5Fe29.5 eutectics in differ-
ent aqueous media. The role of the ultrafine microstructure and of
their single constituent phases as well as the elements on the passi-
vation ability and pitting susceptibility are analyzed. This will allow
the evaluation of the potential of the alloys for possible application
under severe environmental conditions.

2. Experimental

Ingots of the Ti70.5Fe29.5 and Ti67.79Fe28.36Sn3.85 eutectics as well as their con-
stituent single phases, i.e. the �-Ti solid solutions (Ti80Fe20 and Ti82.3Fe9.2Sn8.5) and
the TiFe intermetallic phases (Ti51Fe49 and Ti52.5Fe46.8Sn0.7), were prepared in an

electrical arc furnace under Ar atmosphere from the elements with a purity of
99.99%. The ingots were re-melted and cast into copper moulds under Ar atmo-
sphere in a Hukin-type cold-crucible levitation facility in order to obtain rods of
6 mm diameter and of 80 mm length.

Cylindrical samples of 15 mm length were electrically contacted and embedded
in epoxy resin for microstructural observation using scanning electron microscopy

dx.doi.org/10.1016/j.jallcom.2010.05.052
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:r.sueptitz@ifw-dresden.de
dx.doi.org/10.1016/j.jallcom.2010.05.052
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Fig. 1. (a) SEM image of Ti70.5Fe29.5 eutectic, bright contrast: TiFe intermetallic
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hase, dark contrast: �-Ti solid solution (etched in HNO3/HF solution) and (b) SEM
mage of Ti67.79Fe28.36Sn3.85 eutectic, bright contrast: TiFeSn intermetallic phase,
ark contrast: �-Ti solid solution; inset: Sn-rich phase Ti81Sn19 (etched in HNO3/HF
olution).

SEM) (Jeol JSM 6400) and for electrochemical measurements. The phase analysis
f each cast sample was conducted by X-ray diffraction (Philips ‘PW 1830’, Co-
� radiation). Samples of Fe and Ti (99.8% purity) were prepared for comparative

nvestigations. For electrochemical testing, the embedded samples were grounded
ith emery paper down to grit 4000 and further polished with 1 �m diamond sus-
ension. All electrochemical experiments were performed in a three-electrode cell
sing a Pt net as counter electrode and a saturated calomel reference electrode (SCE)
E = 241 mV vs. SHE). The electrolyte solutions, 0.1 M H2SO4 (pH 1), 0.5 M phthalate
uffer (pH 5), 0.3 M borate buffer (pH 8.4) and 0.1 M NaOH (pH 13), were purged
ith nitrogen for 1 h before each experiment. For potential control a ‘Solartron SI

287 Electrochemical Interface’ was used. After monitoring the open circuit poten-
ial (OCP) for 1 h, potentiodynamic polarisation measurements were performed with
scan rate of 0.5 mV/s. The potential was scanned from −100 mV vs. OCP to 2000 mV
s. SCE.

The oxide layers were investigated using Auger electron spectroscopy (AES)
epth profiling (‘Auger Microprobe PHI 600’). Depth profiling was performed by

n situ sputtering with Ar ions of 1.5 keV with an equivalent sputtering rate in TiO2

f 1.4 nm/min.
The pitting susceptibility was analyzed with potentiodynamic polarisation mea-

urements in 0.1 M H2SO4 containing different amounts of KCl and in 1 M and
M HCl solutions. Pit morphologies were characterized using SEM. All the elec-

rochemical experiments were repeated at least three times in order to reveal the
eproducibility of the data.

. Results and discussion

.1. Microstructure

SEM images of the microstructure of the as-cast Ti70.5Fe29.5
nd Ti67.79Fe28.36Sn3.85 eutectic are shown in Fig. 1(a) and (b),
espectively. The size of the eutectic colonies is estimated to vary

etween (20 ± 10) �m width × (75 ± 25) �m length with weakly
ronounced colony boundaries in Ti70.5Fe29.5. The lamellar spacing
as found to be ∼500 nm. However, oval-shaped eutectic colonies

f 20–50 �m size with pronounced colony boundaries have been
bserved in the case of Ti67.79Fe28.36Sn3.85 as shown in Fig. 1(b).
Compounds 503 (2010) 19–24

In the centre of these colonies the eutectic spacing is about 300 nm
and becomes broader towards the boundaries, where the TiFe phase
appears partially in globular shape embedded in �-Ti. A more
detailed description of the microstructure formation is reported in
the literature [8,13,14]. However, an additional dendritic-shaped
phase was found in the boundary regions of the eutectic colonies
at the centre region of the Ti67.79Fe28.36Sn3.85 rods, i.e. where the
lowest cooling rate was achieved as shown in the inset of Fig. 1(b).
XRD investigations (not shown here) displayed the reflections of
the TiFe intermetallic and �-Ti solid solution phases only. Thus, the
volume fraction of this unknown phase is small and should be less
then 5 vol.%. Its composition was determined by AES to be Ti81Sn19
without any trace of Fe. Therefore, according to the Ti–Sn phase
diagram [15] it is expected the phase to be the hexagonal Ti3Sn
intermetallic phase [16].

Further microstructural analysis was performed for the con-
stituent single phases of the eutectic alloys. The single phase
polycrystalline �-Ti specimens (Ti80Fe20 and Ti82.3Fe9.2Sn8.5) solid-
ified into dendrites with an average size of about 50 �m. However,
the Sn-containing phase exhibits much larger dendrites of up to
200 �m including small pores. The single phase polycrystalline TiFe
intermetallic specimens (Ti51Fe49 and Ti52.5Fe46.8Sn0.7) show den-
dritic microstructure with average cell size of 100 �m. In the case of
the TiFe phase without Sn the directed solidification from the rim
towards the centre of the sample is more pronounced and some
cracks formed between the dendrites.

3.2. General corrosion and anodic passivation behaviour

In order to analyze the anodic behaviour of the eutectic alloys
and their constituent single phases in electrolytes with different
pH values, potentiodynamic polarisation studies were performed.
Fig. 2 depicts values of the corrosion potentials, the corrosion
current densities and the passive current densities which were
determined from the recorded polarisation curves. The compari-
son of the data obtained in H2SO4 and in NaOH solution reveals a
shift of the corrosion potential towards more negative values with
increasing pH value. This corresponds to the shift of the hydro-
gen reduction potential with increasing pH. The corrosion potential
is remarkable anodic in the borate buffer solution and depends
strongly on the sample composition in the phthalate buffer solu-
tion. As origin of this behaviour we expect a specific adsorption of
the anions of the buffer solutions. The corrosion current densities
are low in general but an enhanced reactivity of the intermetallic
TiFe phases is observed in acidic environment. Furthermore, the
Ti70.5Fe29.5 exhibits a higher corrosion rate than Ti67.79Fe28.36Sn3.85
in strongly acidic media. The passive current densities are also low
in general, especially in weakly acidic and weakly basic media sug-
gesting a highly protective effect of the passive layers.

Due to the similar behaviour of the alloys in strongly and weakly
acidic solutions, and in strongly and weakly basic solutions, respec-
tively, only the polarisation curves recorded in strongly acidic and
strongly basic environment will be further discussed in detail. Fig. 3
shows potentiodynamic polarisation curves of both eutectic alloys
and their main constituent elements Fe and Ti recorded in 0.1 M
H2SO4 (pH 1). Additionally, in Fig. 4 potentiodynamic polarisation
curves of Ti67.79Fe28.36Sn3.85 and its constituent single phases are
shown, and as an inset, curves of Ti70.5Fe29.5 and its constituent
single phases for a potential region close to their free corrosion
potential.

Pure Fe dissolves actively at its corrosion potential and dur-

ing anodic polarisation until the passivation potential of ∼0.25 V
vs. SCE is reached, where the current density is reduced drasti-
cally. Upon further polarisation the passive current density remains
nearly constant until the onset of oxygen evolution (transpassivity).
In contrast, pure Ti as typical valve metal passivates spontaneously
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ig. 2. Corrosion potentials Ecorr, corrosion current densities icorr and passive current
ensities ipassive of the eutectic alloys and their constituent single phase polycrys-
alline specimens determined in electrolytes of pH 1–13.

nd therefore, exhibits a comparatively low free corrosion current
ensity. However, during anodic polarisation the current density

ises gradually with a characteristic step at ∼1 V vs. SCE [17]. Similar
o Ti, both eutectic alloys and their constituent single phases exhibit
pontaneous passivity. Their corrosion potentials lie in between
he corrosion potential values of Ti and Fe which may be indicative
or the formation of a mixed oxide-type passive layer. However,

ig. 3. Current density–potential curves of the eutectic alloys and the constituent
lements Fe and Ti recorded in 0.1 M H2SO4 (scan rate of 0.5 mV/s).
Fig. 4. Current density–potential curves of the eutectic alloys and their single phase
specimens recorded in 0.1 M H2SO4 (scan rate of 0.5 mV/s) for Ti67.79Fe28.36Sn3.85;
inset: Ti70.5Fe29.5.

considering the active behaviour of pure Fe at the free corrosion
potentials of the alloys, a partial dissolution of Fe leading to an
enrichment of Ti species in the oxide layer appears to be reason-
able. However, it is obvious in Figs. 2 and 4, that due to their high
Fe fraction the intermetallic phases (Ti51Fe49 and Ti52.5Fe46.8Sn0.7)
exhibit increased corrosion current densities compared to the �-
Ti solid solutions and the eutectic alloys, which behave Ti-like at
low polarisation. Moreover, Ti67.79Fe28.36Sn3.85 shows a lower cor-
rosion current density than Ti70.5Fe29.5. Similar effect of the Sn
addition can also be seen in the case of single phase �-Ti specimens.
Ti82.3Fe9.2Sn8.5 exhibits a lower free corrosion current density than
Ti80Fe20.

At higher potentials in the passive range, i.e. potentials ≥0.5 V
vs. SCE until the onset of transpassivity, both eutectic alloys behave
Fe-like. They establish passive current densities that are indepen-
dent of the applied potential, as shown in Fig. 3. However, in the
transpassive region the current densities for both eutectic alloys

are in between the values of pure Ti and Fe.

In Fig. 5 anodic polarisation curves of the eutectic alloys and
their constituent elements Fe and Ti in 0.1 M NaOH solution (pH
13) are shown. In this environment both eutectic alloys, their con-
stituent phases (not shown) and the main constituent elements Ti

Fig. 5. Current density–potential curves of the eutectic alloys and the constituent
elements Fe and Ti recorded in 0.1 M NaOH (scan rate of 0.5 mV/s).
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ig. 6. Chemical depth profiles (AES) of surfaces of the ternary TiFeSn intermetalli
s. SCE in 0.1 M H2SO4 (top) and 0.1 M NaOH (bottom).

nd Fe exhibit spontaneous passivity. It should be noted that all cor-
osion potentials of the alloyed species (−0.61 to −0.55 V vs. SCE)
djust at slightly more negative potentials than those for the pure
lements Fe (−0.46 V vs. SCE) and Ti (−0.5 V vs. SCE). The eutectic
lloys as well as their constituent single phase specimens behave
ike Fe Near the free corrosion potential regarding the Tafel slopes,
ut exhibit a lower free corrosion current density than the pure
lements. In addition, the corrosion current densities of both eutec-
ic alloys are lower than those of their constituent single phases.
herefore, it is expected that strong barrier-type passive films with
ifferent compositions must grow rapidly on each phase of the
ltrafine structured alloys. In the passive range the behaviour of
he alloys is Fe-like showing a passive current density that is nearly
ndependent on the potential until the onset of transpassivity. The
lope of the potentiodynamic polarisation curves of the eutectic
lloys is slightly lower than for pure Fe at the initial potential range
f transpassivity (∼0.6–0.9 V vs. SCE), but decreases drastically at a
otential of about 0.9 V vs. SCE. However, at more positive potential

n the transpassive region the eutectic alloys behave in tendency
ike Ti.

.3. Characterisation of passive layers

For a more detailed characterisation of the anodic passive layer
rowth reactions on the eutectic alloys and on their constituent

ingle phases, anodic potentiostatic polarisation experiments at
.5 V vs. SCE were performed in 0.1 M H2SO4 and 0.1 M NaOH
olutions for 60 min. The resulting current transients (not shown)
o not reveal a purely high-field-controlled passive film growth
egime as it is typical for valve metals, like Ti forming TiO2 [18–20].
e (left) and the ternary �-Ti solid solution (right) passivated for 60 min at 500 mV

The observed characteristics rather indicated the growth of more
complex films due to superimposing oxidation reactions of the con-
stituent elements. Additional possible compositional changes of the
primary film grown before the anodic potentiostatic polarisation
might affect also the current transients.

Due to the ultrafine distribution of the phases in the eutectic
alloys, a clear identification of the role of each phase in the passive
layer growth is not possible by AES depth profiling. Therefore, AES
depth profile analysis was conducted on the passivated surfaces of
the constituent single phases of the eutectic alloys.

Fig. 6 shows exemplary AES depth profiles of the surface regions
of the single constituent phases of Ti67.79Fe28.36Sn3.85 passivated in
0.1 M H2SO4 and in 0.1 M NaOH, respectively. Table 1 summarizes
the AES results of the samples which were passivated anodically in
electrolytes and in air for 7 days. It shows the average concentra-
tion of the constituent elements in the oxide film and the sputter
time until the oxygen concentration reaches half of its initial value
(O1/2) during depth profiling, which corresponds to a mean thick-
ness of the oxide layer. A material removal rate during sputtering
of a TiO2 standard of 1.4 nm/min was used to estimate the layer
thicknesses being in the range of 1.5–5.5 nm. In all environments
the oxide layers formed on the TiFe intermetallic phase (Ti51Fe49
and Ti52.5Fe46.8Sn0.7) are thinner than those formed on the �-Ti
phases (Ti80Fe20 and Ti82.3Fe9.2Sn8.5). Air-grown oxide layers on the
Sn-containing phases are thinner than those on the binary phases.

No significant effect of Sn has been observed on anodically grown
passive layers in electrolytes. Furthermore, layers grown in NaOH
solution are generally thicker than those grown in acidic solution
and exhibit a sandwich structure with Fe depletion at the interface
to the electrolyte.
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Table 1
AES depth profiling of surfaces of the single phase polycrystalline specimens: sputter times until the half-value of oxygen concentration (O1/2) (1 min corresponds to 1.4 nm
TiO2) and average concentration of elements in the oxide layers grown in air and potentiostatically for 1 h at 500 mV vs. SCE in 0.1 M H2SO4 and 0.1 M NaOH, respectively.

Phase/media Ti–Fe system Ti–Fe–Sn system

Sputter time (O1/2) [min] Concentration [at.%] Sputter time (O1/2) [min] Concentration [at.%]

Fe Ti Fe Ti Sn

�-Ti phase/air 2.75 18 22 1.25 10 21 3
TiFe phase/air 1.75 25 15 1 27 15 0

�-Ti phase/NaOH 3.5 14 22 3.75 12 21 1
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SCE to stable passivity in the investigated potential range, i.e. up to
2 V vs. SCE. In 3 M HCl Ti67.79Fe28.36Sn3.85 dissolves actively already
at the free corrosion potential. Therefore, Ti67.79Fe28.36Sn3.85 is
more susceptible to pitting corrosion. Such enhanced susceptibility

Fig. 7. Current density–potential curves of the constituent phases of the eutectic
alloys recorded in 0.1 M H2SO4 + 0.1 M KCl (scan rate of 0.5 mV/s).
TiFe phase/NaOH 2.5 22

�-Ti phase/H2SO4 2.25 10
TiFe phase/H2SO4 1.5 19

The oxides grown on the �-Ti solid solutions are enriched in
e compared to the bulk compositions. For the TiFe intermetallic
hases, an Fe enrichment was only observed for oxides formed in
ir. Sn can only be identified in the oxide layers on the �-Ti phases
nd is detected only in the metallic state. It is almost homoge-
eously distributed in surface layers formed in H2SO4. In contrast, it

s only enriched at the interface between metal and oxide for films
ormed in air and or in NaOH solution.

No significant impact of Sn is found for anodically grown oxide
ayers regarding thickness and composition. But the thicknesses of
ir formed oxide layers are much lower for the ternary alloy system.

The lower thickness of the oxides formed on the TiFe intermetal-
ic phases as well as their higher concentration of Fe species can
xplain the higher reactivity of these phases compared to the �-
i solid solution as observed in the potentiodynamic polarisation
nvestigations (Fig. 3). The higher reactivity of Ti70.5Fe29.5 compared
o that of Ti67.79Fe28.36Sn3.85 in acidic media cannot be explained
y modified passive layer properties. The changes in thickness and
omposition of the oxide layers grown on the constituent phases
ue to Sn addition are not significant. Thus, the difference in activ-

ty of the eutectic alloys without and with Sn is believed to have
ts origin in the refined microstructure of Ti67.79Fe28.36Sn3.85. This

ay lead to a laterally more homogeneous passive layer growth
ielding a higher protective effect.

.4. Pitting corrosion

The pitting susceptibility of the eutectic alloys and their
onstituent single phase polycrystalline specimens was firstly
nvestigated in 0.1 M H2SO4 containing 0.1 M KCl. In such chloride-
ontaining solution the anodic behaviour of the constituent phases
s quite variable and the values of characteristic corrosion param-
ters, i.e. corrosion current density, passive current density and
assive layer breakdown or pitting potential scatter significantly.
ig. 7 shows examples of anodic polarisation curves. Both eutec-
ic alloys (not shown) and the Sn-containing �-Ti solid solution
emain passive in the investigated potential range. Both TiFe inter-
etallic phases exhibit pitting corrosion at potentials higher than

.7 V vs. SCE, whereby Ti51Fe49 exhibits a higher susceptibility as
vident from a more negative breakdown potential. Local break-
own of passivity is observed for the binary �-Ti solid solution
nly at potentials exceeding 1.2 V vs. SCE, but not for the ternary
-Ti solid solution. This suggests that also Ti67.79Fe28.36Sn3.85 may
e less susceptible to pitting corrosion than Ti70.5Fe29.5. How-
ver, both eutectic alloys show no breakdown of passivity in 0.1 M
2SO4 + 0.1 M KCl. Therefore, it can again be concluded that the

icrostructures of the alloys are crucial for the protective character

f the oxide layers.
The eutectic alloys were further investigated in acidic solutions

ith higher chloride concentrations. Potentiodynamic polarisation
ests were performed in 0.1 M H2SO4 containing 0.5 M and 1 M KCl
2.75 23 19 0

2 10 22 2
1.5 18 22 0

and in 0.5 M, 1 M and 3 M HCl. Typical curves are shown in Fig. 8.
While Ti70.5Fe29.5 remains in a stable passive state even up to 3 M
HCl, Ti67.79Fe28.36Sn3.85 exhibits pitting corrosion in the solutions
containing 1 M chloride ions, i.e. 0.1 M H2SO4 + 1 M KCl and in 1 M
HCl. Repeated measurements in these solutions reveal a remarkable
scattering of the critical pitting potential, which varies from 0.2 V vs.
Fig. 8. Current density–potential curves of the eutectic alloys recorded in acidic
media with varying concentrations of chloride ions (scan rate of 0.5 mV/s).
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ig. 9. SEM image of Ti67.79Fe28.36Sn3.85 showing the surface morphology after
otentiodynamic polarisation in 0.1 M H2SO4 + 1 M KCl.

s originated due to the microstructure because the Sn-containing
olycrystalline single phases exhibited a lower susceptibility. Fig. 9
hows the surface of a Ti67.79Fe28.36Sn3.85 sample with character-
stic chloride-induced corrosion damage morphology. The pitting
tarted preferentially at the border regions of the eutectic cells,
here large fractions of the more reactive Ti51Fe49 are exposed

o the electrolyte. Once a pit is initiated the �-Ti phase can dis-
olve as well. However, it is visible that single lamellae of the TiFe
hase also dissolve. Thus, the larger fraction of the TiFe intermetal-

ic phase and its larger cross-sectional areas in Ti67.79Fe28.36Sn3.85
t the borders of the eutectic cells compared to the volume frac-
ion and surface area of the TiFe phase in Ti70.5Fe29.5 cannot be
he only reason for the enhanced pitting susceptibility. The lattice
arameter of the �-Ti phase is enhanced from 0.3165 nm in Ti(Fe) to
.3263 nm in Ti(Fe,Sn) while it is almost unaffected by the addition
f Sn in the TiFe phase (0.2995 nm in TiFe and 0.2988 in TiFe(Sn),
espectively) [13]. This leads to an increase of the lattice parame-
er difference between the eutectic alloys constituent phases from
.017 nm in Ti70.5Fe29.5 to 0.028 nm in Ti67.79Fe28.36Sn3.85 what
ight alter the structure of the passive layer at the interface of

he individual lamella and can induce local stress into the layer.
he newly identified TiSn phase is obviously not an initiation point
or pitting.

. Summary
Both Ti67.79Fe28.36Sn3.85 and Ti70.5Fe29.5 eutectic alloys exhibit
ow corrosion rates in aqueous media from pH 1 to 13 due to
he spontaneous passivity. The anodic polarisation behaviour can
e explained by the known behaviour of the elements Ti and

[
[
[
[
[
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Fe. Compared to the �-Ti solid solutions, the TiFe intermetal-
lic phases show an enhanced reactivity in acidic media due to
the formation of thinner passive layers with high Fe content.
Ti67.79Fe28.36Sn3.85 is more stable than Ti70.5Fe29.5 due to the finer
distribution of the constituent ultrafine phases resulting a more
homogeneous passive layer with improved protective properties.
In general, the TiFe(Sn) intermetallic phases are more suscepti-
ble to pitting corrosion than the �-Ti(Fe,Sn) solid solutions. In
acidic media Ti67.79Fe28.36Sn3.85 exhibits a higher pitting suscep-
tibility than Ti70.5Fe29.5. The enhanced pitting susceptibility of
Ti67.79Fe28.36Sn3.85 compared to than that of Ti70.5Fe29.5 is due to
the larger lattice misfit between the constituent phases.

Both eutectic alloys are very stable and applicable in a wide
range of pH values, even in strongly acidic environments. As long
as chloride ions are present only in small concentrations the
ternary eutectic alloy is favourable due to its improved mechanical
properties and high corrosion resistance. In strongly acidic media
containing high concentrations of chloride ions the binary eutectic
alloy is favourable due to its higher stability against pitting corro-
sion.
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