Effect of platinum group metal addition on
microstructure and corrosion behaviour of
Ti—47-5 at-%Al
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Plain and alloyed titanium aluminides of composition Ti—47-5 at-%Al were prepared with the
addition of 1-0 at-% platinum group metals (PGMs). The as cast alloys were subjected to
potentiodynamic scans in 5, 15 and 25 wt-%HCI solutions at room temperature, and the PGM
containing alloys were assessed for their abilities to spontaneously passivate by cathodic
modification. Plain titanium aluminide had a duplex microstructure consisting of lamellar (o, and y
alternating lamellae) and y-TiAl phase grains. The introduction of 1-0 at-%PGMs (platinum,
palladium and iridium) led to the formation of a new phase, developing more in the y-TiAl phase
grains and a general improvement of corrosion resistance by increasing the corrosion potential to
nobler values. Platinum group metal additions to plain TiAl resulted in the corrosion potentials
falling in the passive region of plain TiAl, indicating spontaneous passivation of PGM alloyed TiAl
in 5 and 15 wt-%HCI solutions. In 25 wt-%HCI solution, the addition of PGMs shifted the cathodic
process in the transpassive or active region of plain TiAl, resulting in either case in the dissolution
of the alloy due to the absence of an extended passivation region. The cathodic modification of
PGM alloyed TiAl occurred as a result of PGM accumulation on the surface of the TiAl alloys,
which simultaneously improved the hydrogen evolution efficiency and inhibited anodic

dissolution.
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Introduction

Titanium aluminides are alloys with high potential for
elevated temperature applications in turbine components
due to their strength at high temperatures, light weight
and good oxidation properties.' > Much work has been
dedicated to the investigation of the high temperature
oxidation properties of titanium aluminides, resulting in
various available data. Although significant research was
carried out on the corrosion behaviour of pure titanium
and titanium based alloys, very limited information is
available on the room or near room temperature aqueous
corrosion properties of titanium aluminides. The reason
is that most investigations conducted on titanium alumi-
nide alloys were aimed at high temperature performance,
and therefore, high temperature properties such as
oxidation and corrosion resistance were investigated.
Gamma titanium aluminide, originally designed for high
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temperature applications, appears to have excellent
potential for bone repair and replacement, with the
biological response expected to be similar to other
titanium based biomaterials.® These observations from
early tests have triggered research activities on y-TiAl for
potential use as implants.” A growing interest in assessing
the corrosion properties of y-TiAl in aqueous media,
simulating human body fluids, is taking place.®

In most aqueous environments, titanium and titanium
alloys show good corrosion resistance due to the stable
oxide films that form spontaneously on the surface.
However, in chloride and/or fluoride solutions, titanium
alloys are susceptible to attack, showing pitting and
crevice corrosion.” Alloying elements, including nickel
and molybdenum, have been added to titanium and
titanium alloys to improve the corrosion resistance.'®
Precious metals were added to titanium to increase the
corrosion resistance in non-oxidising acids."' '* Platinum
group metal (PGM), nickel or molybdenum additions
facilitate cathodic depolarisation by providing sites of low
hydrogen overvoltage, which shifts the alloy potentials in
the positive direction where oxide film passivation is
possible. Relatively small concentrations of certain pre-
cious metals, in the order of 0-1 wt-%, are sufficient to
significantly increase the corrosion resistance of titanium
in reducing acid media. The addition of precious metals as
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1 Typical polarisation scan of material exhibiting cathodic
and anodic regions with active to passive transition®

alloying elements to improve the corrosion resistance is
not limited to titanium and its alloys. Precious metals are
also used to increase the corrosion resistance of stainless
steels and nickel.'>?' Figure 1 is a schematic diagram of a
metal showing active to passive transition.

Their use for improving corrosion resistance origi-
nated in 1911 when Monnartz reported that the rapid
corrosion of iron—chromium alloys in certain acids could
be suppressed by winding a platinum wire around the
corrosion test specimen or by adding platinum as an
alloying element to steel.'®

In this study, plain titanium aluminide of composition
Ti-47-5 at-%Al and titanium aluminide with 1-0 at-
%PGM additions were prepared and assessed for the
effect of the PGMs on the microstructure and the cathodic
modification during corrosion.

Experimental

Sample production

TiAl alloys were prepared by melting titanium grade 2
and aluminium of commercial purity in a button arc
furnace under an argon atmosphere. The target composi-
tion was Ti—47-5 at-%Al. The melting cycle was repeated
four times. Two types of alloys were prepared: plain TiAl
and TiAl alloyed with 1-0 at-% PGMs (platinum, palla-
dium, ruthenium and iridium). Different TiAl alloys were
obtained containing PGMs substituting for titanium,
with the aluminium content remaining at 47-5 at-%.

Microstructure characterisation

The samples were cut, polished and observed with optical
and SEM microscopes. Scanning electron microscope
imaging and EDX were conducted with a FEI Nova
NanoSEM, a high resolution SEM. The chemistry of the
samples and the phases were determined using a
combination of X-ray diffraction and EDX. For X-ray
diffraction, the samples were analysed with a PANalytical
X’Pert Pro powder diffractometer with an X’Celerator
detector and variable divergence and fixed receiving slits
with Fe filtered Co K, radiation. Phase identification was
conducted using a X’Pert Highscore plus software.

Electrochemical tests

Potentiodynamic scans and open circuit potential (OCP)
measurements were conducted with an ACM AutoTafel

potentiostat/galvanostat system using a conventional
three-electrode system with a saturated calomel elec-
trode (SCE). For each alloy system, tests were
performed in 5, 15 and 25 wt-%HCI at room tempera-
ture to assess the effect of the solution concentration on
the corrosion rate. Scans were conducted with plain
aluminides (a, +7-TiAl) and aluminides with addition of
precious metals.

A copper wire was soldered onto the sample, and the
sample was cold mounted using a Struers Epofix resin
and hardener and left for 12 h to cure. The wire soldered
on the sample was placed inside the glass specimen
holder, sealed with silicone and left for 3 h to cure. Each
sample was ground to 1200 grit SiC paper finish,
degreased with methanol, rinsed with distilled water
and dried before being immersed in the solution.
Polarisation diagrams were determined for the indivi-
dual metals as well as for the galvanic couples using an
ACM AutoTafel potentiostat/galvanostat system and a
conventional three-electrode electrochemical cell fitted
with a SCE as reference eclectrode and graphite as
counter electrode. The surface was prepared just before
starting the polarisation experiment to limit long term
oxidation. Before conducting the scan, each sample was
immersed in the solution for ~60 min to obtain a stable
corrosion potential. Potentiodynamic scans were con-
ducted by scanning from —350 to + 1000 mV versus the
corrosion potential at a scanning rate of 10 mV min~".
The OPC tests were run for 15 h, during which the
samples were exposed to a 5 wt-%HCI solution.

Results and discussion

Microstructural characterisation of alloys and
hardness

The duplex microstructure in the plain TiAl alloy is
shown in Fig. 2. Figure 2a shows that at a target com-
position of Ti-47-5 at-%Al, the microstructure was
duplex, consisting of lamellar grains (area 1) with single
phase regions between them (area 2). The grains identified
in area 1 comprised alternating light and dark lamellae. In
some parts, the lamellar grains were adjacent. Figure 25
shows, at higher magnification, such an area that appears
to be only lamellar. This figure also shows that different
grains could be identified by the orientation of their
lamellae (areas 3-5).

Typical EDX results of plain TiAl are reported in
Table 1. The overall composition in Table 2 indicates the
formation of a duplex TiAl compound, according to the
Ti-Al phase diagram shown in Fig. 2.%* The Ti-Al phase
diagram (Fig. 3) shows that TizAl has an aluminium
content between 22 and 33-5 at-% at 400°C. Between
33-5 at-% to composition of ~49-5 at-%Al at 400°C is
the TizAl+9)-TiAl two-phase field, which was these
samples, with the lamellar region having a composition
close to 47-5 at-%Al. The EDX results, together with the
Ti-Al phase diagram, also show that area 1 in Fig. 2a
comprised alternating TizAl (o) and y-TiAl In the single
phase regions (area 2 in Fig. 2a), the aluminium content
was >50 at-%, showing the sole presence of y-TiAl. These
observations indicated that the microstructure was a
mixture of lamellar grains (with alternating o, and 7y
parallel phases) and -TiAl grains between the lamellar
grains, which is a typical duplex microstructure.®



2 Image (SEM-BSE) of plain TiAl showing TizAl (bright) and y (dark) phases

Typical SEM and EDX results of TiAl alloys contain-
ing 1-0 at-%Ru are presented in Fig. 4 and Table 3
respectively. The SEM showed (Fig. 4) that the duplex
structure was maintained in spite of the ruthenium addi-
tion. In addition, the precipitation of a light phase was
observed mainly in the y-phase regions. The shape of
these precipitates was irregular, with no particular trend.
This microstructure was also observed in samples doped
with other PGMs.

The EDX results in Table 3 showed that the light
phases had a higher Ru content than the lamellar and y
phases. The ruthenium content observed in the lamellar
grain and y-TiAl was <1 at-%, which is in the range
reported by Khataee er al.?* In a constitutional study of
the Ti-Al-Ru system, they concluded that the solubility
of ruthenium in v is higher than in the o, (Ti;Al) phase
with reported values of ~0-5 at-%Ru in o, and less or
equal to 1 at-% in y-TiAL

The Al-Ru-Ti isothermal section (Fig. 5) shows that
the light phase reported in Table 3 (6-4-10-0 at-%Ru) is
located in the phase field containing y-TiAl and was
named G-phase. The EDX results of the G-phase were
affected by the surrounding matrix, so that the true value
should be extrapolated away from the matrix phase(s).
The G-phase is the Al;gRugTig ternary compound with
the Mn,3Thg structure, a D8a type crystal structure with a

Table 1 Energy dispersive X-ray spectroscopy analysis
of plain TiAl (five analyses)
Elemental composition/at-%
Plain TiAl  Area Ti Al
Overall 52:0+1-0 48:0+1-0
Lamellae 1 52:7+0-7 47-3+0'7
Plain 2 49-44+1-8 50-6+1-8

Table 2 Elemental composition of alloys

PGM content/at-%

Compound Ti Al Ru Pd Pt Ir
Plain TiAl 525 47-5

TiAI-1Ru 515 47-5 1

TiAl-1Pd 515 47-5 1
TiAI-1Pt 515 475 1
TiAI-1Ir 515 475 1

complex unit containing 116 atoms based on a body
centred cubic structure.”* The introduction of precious
metal led to the precipitation and progression of the new
phase in the y grains, as shown in Fig. 5. In some areas,
the growth of the G-phase in the y grains resulted in a
complete separation of lamellar grains.

Effect of PGMs on corrosion behaviour
Electrochemical behaviour

A summary of the test results is given in Table 4, showing
the current density, corresponding corrosion rate and
corrosion potentials at each concentration of the HCI
solution. The potentiodynamic scans of plain TiAl and
TiAl-1Pd in solutions of different concentrations are
shown below (Figs. 6 and 7).

Effect of alloying addition on corrosion potential

Corrosion of plain TiAl

In the 5 wt-%HCI solution, plain duplex titanium
aluminide (Table 4 and Fig. 6) had a corrosion potential
of about —605 V, which decreased as the concentration
of the HCI solution increased. Thus, the primary active
to passive zone decreased with increasing concentration
of HCI solution. In all solution concentrations, pitting
corrosion occurred as can be seen with the increase in
current after passivation, e.g. transpassive region.
Pitting corrosion occurred at potentials that decreased
with increasing acid concentration. This observation is

Titanium-Aluminum Phase Diagram
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4 Images (SEM-BSE) of TiAl-0-2 at-%Ru alloy showing 7,
o> and G-phase®

in agreement with the work carried out by Saffarian
et al.?®

TiAl alloyed with PGMs

The addition of PGMs to duplex TiAl resulted in an
increase in the corrosion potential (Table 4). Typical
potentiodynamic scans are shown in Fig. 7 for duplex
TiAl alloyed with 1-0 at-%Pd. The addition of palla-
dium shifted the corrosion potential to nobler values.
These results suggested that TiAl-1 at-%Pd will passi-
vate spontaneously in 5, 15 and 25 wt-%HCI solutions.
Similar results were obtained with TiAl-1-0 at-%Pt,
TiAl-1-0 at-%Ru and TiAl-1-0 at-%Ir. Table 5 shows
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6 Potentiodynamic scans for plain TiAl (a2+y) in HCI
solution of different concentrations

the potential increase observed with increasing solution
concentration (5, 15 and 25 wt-%HCI) after 60 min
exposure with reference to plain TiAl, as obtained by the
following calculations

AEs=Es— Etial
AEi5s=E5s—Eria
AEys = Eys — ETial

where AE is the potential increase difference, Es is the
corrosion potential in 5 wt-%HCI solution, Ejs is the
corrosion potential in 15 wt-%HCI solution, E,s is
the corrosion potential in 25 wt-%HCI solution and
Eria; is the corrosion potential of plain TiAl alloy.

The corrosion potential increases to nobler values are
well illustrated (Fig. 8). The evolution of corrosion
potentials with HCI concentration in the solution remains
between —300 and —200 mV for TiAl containing PGMs,
well above the evolution of the corrosion potential for
plain TiAl, which remained below —450 mV. These
graphs show clearly the shift of corrosion potentials to
nobler values with the addition of PGMs to TiAl alloy
and suggest an improvement in corrosion resistance.

Cathodic modification

The introduction of precious metals in plain TiAl
resulted in a general improvement of corrosion resis-
tance of the TiAl alloys by shifting the corrosion
potentials to nobler values. However, the cathodic
modification will be achieved only as follows:®
(1) when the plain duplex TiAl has a small critical
current density i, that will be easily exceeded by
the current of the hydrogen cathodic reaction on

Table 3 Typical EDX analysis of Ru containing TiAl (five analyses)

Alloy TiAl-1Ru

Elemental composition/at-%

Area Ti Al Ru Possible phase
Overall 49:34+0-3 49:34+0-3 1:0+0-1 a0, G-phase
Plain -1 46-:94+1-5 52:441-7 07401 »-TiAl (Ru)
Striped -2 49-5+1-0 50:1+1-2 0-4+01 y+ao (Ru)
Light phase-3 42:04+0-2 48:24+1-9 98426 G-phase
Grey-phase-4 532408 40-5+0:7 6:3+03 G-phase
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7 Potentiodynamic scans for TiAl+1-0 at-%Pd in HCI

solution of different concentrations

TiAl with precious metal addition at the given
passivation potential E,. See schematic diagram
in Fig. 1

(i) if the passivation potential E, of plain duplex
TiAl is sufficiently negative to allow the cathodic
component that has been introduced to change
the corrosion potential E... of the TiAl with
precious metal to a value in the passive range
that is more positive than E, but less positive
than the potential associated with the onset of
transpassive processes E.

(iii) when the transpassive potential E of TiAl is
sufficiently electropositive to allow a wide passi-
vation region.

Table 6 shows the passivation regions obtained on the
plain TiAl scans in the three solutions. This region
decreased with increasing solution concentration and

Solution concentration (wt-% HCI)
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8 Variation of corrosion potential with solution concentration

completely disappeared in 25 wt-%HCI solution. Whether
the cathodic process of the TiAl alloyed with PGMs fell in
the active, passive or transpassive region of the plain TiAl
was verified by comparing the scans of PGM alloyed TiAl
to the plain TiAl scans. Figure 9 shows the potentiody-
namic scans of TiAl alloyed with PGMs superposed on
the potentiodynamic scan of plain TiAl in 5 wt-%HCI. All
the corrosion potentials of TiAl alloyed with PGMs fell in
the passive region, suggesting that TiAl alloyed with
PGMs would spontaneously passivate in the 5 wt-%HCI
solution due to cathodic modification. A similar trend was
observed in the 15 wt-%HCI solution, where all the
cathodic processes of TiAl alloyed with PGMs fell within
the passivation region (Fig. 10). It is worth saying that the
same effect was achieved with 0-1-0-3 at-%Ru or Pd
additions to titanium alloys in solutions of 1-5 wt-
%HCL" 0-2 at%Ru or Pd in 25 wt-%HCL'" However,
in the 25 wt-%HCI solution, the corrosion potentials of
TiAl alloyed with PGMs did not intersect the plain TiAl
curve in the passive region (Fig. 11). While the cathodic
process of TiAl alloyed with platinum and iridium

Table 4 Test parameters and resulting corrosion potentials, current densities and corrosion rates

2

Samples HCl/wt-% lcor/mA cm™ Corr rate/mm/year Ecor/mV(SCE)
Plain TiAl 5 0-061 0-549 —605
Plain TiAl 15 0-130 1161 —566
Plain TiAl 25 0-200 1764 —462
TiA-1Pt 5 0-003 0-030 —260
TiAI-1Pt 15 0-011 0-099 —234
TiAI-1Pt 25 0-240 2:160 —254
TiAI-1Pd 5 0-001 0-009 —226
TiAI-1Pd 15 0-013 0-117 —268
TiAI-1Pd 25 0-013 0117 —268
TiAI-1Ru 5 0-160 1-440 —270
TiA-1Ru 15 0-930 8:370 —238
TiAI-1Ru 25 1-500 13-500 —223
TiA-1Ir 5 0-:026 0-234 —282
TiAI-11Ir 15 0-085 0-765 —272
TiA-1Ir 25 0-096 0-864 —254
Table 5 Corrosion potential increases with precious metal addition

Corrosion potentials/mV Potential increase/mV
Alloy Es Eis Eos AEs AE;s AE s
Plain TiAl —605 —556 —462 0 0 0
TiAI-1Pd —226 —268 —268 379 288 194
TiA-1Ru —270 —238 —223 335 318 239
TiAI-1Pt —260 —234 —254 345 322 208
TiA-1Ir —282 =272 —254 323 284 208
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9 Effect of PGM additions on polarisation scans of TiAl
in 5 wt-%HCI solution

intersected the plain TiAl curve in the transpassive region,
the cathodic process of TiAl alloyed with palladium
intersected the plain TiAl curve in the active region. In
either case, this would result in alloy dissolution. This
behaviour of the alloys in the 25 wt-%HCI solution
suggested that it would be very difficult to improve the
corrosion resistance of TiAl alloys by cathodic modifica-
tion due to the fact that the passive region did not exist at
all on the potentiodynamic scan of the plain TiAl
immersed in 25 wt-%HCI solution (Table 6). These results
showed that PGM alloyed TiAl would passivate sponta-
neously in 5 and 15 wt-%HCI solutions, whereas corro-
sion would take place in 25 wt-%HCI. This was due to the
fact that a very large increase in corrosion potential
(Table 3) resulted in the cathodic reaction of PGM
alloyed TiAl intersecting the anodic reaction in the
transpassive region of the plain TiAl, and an increase in
current density occurred. This resulted in higher corrosion
rates in PGM alloyed TiAl than Plain TiAl, although the
corrosion potential values were nobler, as was the case for
TiAl-1Ru, TiAl-1Pt and TiAl-Ir in 25 wt-%HCI solution.
However, duplex stainless steel with 0-1 at-%Ru investi-
gated both in low and high concentration solutions
showed spontaneous passivation.?”?

Analysis of different parameters affecting
corrosion behaviour

Solution concentration and corrosion rate

From Table 4, the corrosion rate histograms were
drawn as functions of HCI concentration in solution
and are presented in Fig. 12. These histograms show
that in 5 and 15 wt-%HCI solutions, TiAl alloys with
additions of palladium, platinum and iridium had low
corrosion rates, indicative of good corrosion resistance.
In 25 wt-%HCI solution, the corrosion rate of TiAl
alloyed with platinum was higher than the corrosion rate
of plain TiAl, even though the addition of platinum to

T - ey rr—r—rrrrer
— Plin T Scans in 15 wt-9% HO Solution
—— TPt
—— TiAHPd
04 TIAHIr 4
TIAHIRy
200 4
IS —
=
5]
@ -400 - .
>
£
600 - "
-800 - <
T T T T T Al
164 163 0.01 01 1 10 100 1000

10 Effect of PGM additions on polarisation scans of TiAl
in 15 wt-%HCI solution
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11 Effect of PGM additions on polarisation scans of TiAl
in 25 wt-%HCI solution

TiAl like other PGMs, shifted the corrosion potential to
nobler values. This observation supported the fact that
the high increase in corrosion potential of the Pt alloyed
TiAl resulted in the cathodic process falling in the
transpassive zone on the potentiodynamic scan of the
plain TiAl (Fig. 11). Figure 12 also showed that the best
performance in corrosion improvement was achieved
with palladium addition. The addition of iridium
resulted in a corrosion rate not significantly affected
by the variation of HCI concentration in the solution.
The corrosion rate of TiAl alloyed with ruthenium was
higher than the corrosion rate of plain TiAl, even
though the addition of ruthenium to TiAl, like other
PGMs, shifted the corrosion potential to nobler values.
This observation is strange as it does not support the
fact that ruthenium also promoted cathodic modifica-
tion. However, previous work has also shown that

Table 6 Characteristic values of potentials and current density for plain TiAl

Solution concentration/wt-%HCI

Characteristic values of potential or current density 5 15 25
Epa/mV —296 —251 —282
Epi/mV —48 -138 —281
Passivation region From —296 to —48 From —251 to —138 ~0
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12 Corrosion rates of TiAl alloys with PGM additions in
5, 15 and 25 wt-%HCI solutions

ruthenium addition tended to shift the potentiodynamic
scan towards high current density.'!

Accumulation of precious metals on corroded TiAl alloys

The accumulation of precious metal on the surface of
TiAl can be explained by the corrosion behaviour of
PGMs, as presented by Pourbaix er al* Platinum,
palladium, ruthenium and iridium are very noble metals
since, in the potential pH diagrams, their domains of
stability cover most of the stability domain of water.
According to their respective potential pH diagrams,
they are thermodynamically stable in the presence of
aqueous solutions of any pH with the exception of
strong oxidising agents and complexing substances. At
temperatures ~25°C, they remain unaltered in the
presence of water or in aqueous solutions of caustic
alkalis.

The best known reagent for dissolving platinum, aqua
regia, acts by means of a combination of oxidising and
complexing actions. Hydrochloric acid, which does not
attack platinum on its own, will attack it when it contains
chlorine in solution, because it then combines oxidising
and complexing actions. Aqua regia (a mixture of
hydrochloric and nitric acids) dissolves platinum slowly
as chloroplatinic acid PtClgH, with the formation of the
complex hexachloroplatinic(IV) acid H,[PtClg].6H>O.

Palladium is unattacked by water, except at high
temperatures, and is not tarnished in moist air. Non-
oxidising acids, acetic, hydrofluoric, oxalic and sulphu-
ric acids are without action at ordinary temperatures.*’
Dilute nitric acid attacks palladium only slowly, but the
metal is corroded quite rapidly by the concentrated acid.
At 25°C, iridium is unattacked by water, solutions of
caustic alkalis, acids and oxidising agents, including
aqua regia. Ruthenium is less noble than the three other
platinum metals. Although ruthenium is not attacked by
water or non-complexing acids, it is easily corroded by

13 Image (SEM-BSE) of surface of TiAl-1-0 at-%Pt after
potentiodynamic scan in 25 wt-%HCI solution

oxidising alkaline solutions, such as peroxides and
alkaline hypochlorites.

The solutions used in this work were 5 wt-%HCI
(pH 0-11), 15 wt-%HCI1 (pH —0-52) and 25 wt-%HCI
(pH —0-62). In these conditions, titanium and alumi-
nium of the matrix and the precious metal rich phase
were expected to be dissolved, leaving behind particles of
high precious metal content on the surface (Fig. 13). The
EDX results revealed that the precious metal content in
these particles was very high (Table 7), suggesting that
these particles were losing titanium and aluminium by
dissolution. The poor corrosion resistance performance
observed with titanium aluminide alloyed with ruthe-
nium is in agreement with the conclusion made by
Pourbaix er al.?’ that ruthenium was less noble than the
other PGMs and more easily corroded. In terms of the
cathodic modification process, even though the corro-
sion potential of Ti-47-5 at-%Al was shifted to the
passive region by the addition of ruthenium, the ex-
change current density was very high, explaining the
high corrosion rate observed in TiAl-1-0 at-%Ru.

The shift of corrosion potentials to nobler values was
attributed to the accumulation of precious metals on the
surface of TiAl alloys, which simultaneously improved
the hydrogen evolution efficiency and inhibited anodic
dissolution.'® To confirm these explanations, SEM and
EDX were conducted on the corroded surfaces to
evaluate the precious metal content on the surfaces of
alloys subjected to potentiodynamic scans in 25 wt-
%HCI solution. The corrosion tests corresponded to an
exposure of samples to 25 wt-%HCI solutions for
180 min, 30 min of which were in OCP. The EDX
results are shown in Table 8, and the SEM images are

Table 7 Energy dispersive X-ray spectroscopy analysis of light particle phases on corroded surface of different alloys

Precious metal content in light/high intensity particles of different alloys/at-%

Elements TiAl-1Pt TiAl-1Pd TiAl-1Ir TiAl-1Ru
Al 447 453 504 433

Pt 137

Pd 8-8

Ir 4

Ru 13

Ti 416 45-9 456 437
Total 100 100 100 100




14 Image (SEM-BSE) of surface of TiAl-1-0 at-%lIr after
potentiodynamic scan in 25 wt-%HCI solution

shown in Figs. 13 and 14 for Pt alloyed TiAl and Pd
alloyed TiAl respectively. Overall, there was an increase
in PGM content on the surface of the different TiAl
alloys, from 1-0 at-% in the as cast alloys to a maximum
of 2-7 at-% for Ru alloyed TiAl. Typical bright phase
particles of high PGM content are shown in Fig. 16 for
Pt alloyed TiAl. Similar microstructures were observed
when palladium and iridium were added to plain TiAl
The PGM content on the surfaces of the different alloys
in Table 8 shows a clear increase, confirming that an
accumulation in precious metal took place on the
surfaces during the corrosion process. Iridium alloyed
TiAl showed the lowest increase, which is in agreement
with the moderate effect of the HCI concentration on its
corrosion rate and the low amount of pits observed on
the corroded samples (Fig. 14).

Open circuit potential measurements

The OPC tests were run for 15 h, during which the samples
were exposed to a 5 wt-%HCI solution. The results of the
tests are presented in Fig. 15 and Table 9, where the
corrosion potential (mV) is reported as a function of time

Table 8 Energy dispersive X-ray spectroscopy analysis of
solution
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15 Open circuit potential curves for Ti—47-5 at-%Al
alloyed with various PGMs tested in 5 wt-%HCI

(min) in an open circuit. The general trend was a
continuous increase in the corrosion potential with time
to a value between —350 and —200 mV, suggesting that
the samples became less active. Titanium aluminide
alloyed with palladium showed a large decrease in
corrosion potential in the first 30 min, indicative of an
increase in activity, followed by a continuous increase up
to the end of the test. The corrosion potential at the end of
the test remained low at —286 mV after 15 h. Even though
TiAl with palladium showed a potential decrease from 0 to
~30 min, the decrease remained higher than —350 mV,
which was well above all the other corrosion potentials
observed at 1 min. At that time, the corrosion potential
was —500 mV for TiAl alloyed with ruthenium, —341 mV
for TiAl alloyed with platinum and —466 mV for TiAl
alloyed with iridium. Platinum alloyed TiAl showed a very
high increase in corrosion potential and was above
—100 mV after 15 h of exposure. This behaviour is in
agreement with the high corrosion rate observed with this
alloy during potentiodynamic scan in 25 wt-%HCI. An
exposure to a relatively less aggressive solution for a long

alloy surface after potentiodynamic tests in 25 wt-%HCI

Surface composition after corrosion test/at-%)

Alloy Al Ti Pd Pt Ir Ru
TiAI-1Pd 52:6+1-7 450+ 14 2:4+0-3

TiAI-1Pt 49-:9+0-1 48:9+0-1 12401

TiAI-11Ir 50:1+0-5 48:8+0-4 12401
TiAI-1Ru 39-3+3:6 58:0+£3-1 2:7+06

Table 9 Starting and finishing OCPs

Open circuit potential/mV(SCE)

Potential variation/mV(SCE)

Alloy Potential start at 1 min Potential end at 900 min

Plain TiAl —748 —598 150
TiAI-1Pt —341 -70 271
TiAI-1Pd —-214 —286 -72
TiA-1Ru -510 —285 225
TiAl-1lr —466 —340 126




time would lead to the same results as an exposure to a
more aggressive solution for a short period of time. Iridium
and palladium alloyed TiAl showed small variation of
OCP with time, indicating that the addition of iridium and
palladium to TiAl resulted in an alloy that showed some
stability towards the solution. This observation is con-
sistent with the low variations in corrosion rate observed in
these alloys (Fig. 12).

The shift of OCP towards nobler or less active
potentials before stabilising is usually attributed to the
progressive formation of a passive oxide film on the
sample surface during immersion. Stabilisation at active
potentials is due to the breakdown of the passive film as
dissolution takes place. The tested samples did not exhibit
potential stabilisation but rather a continuous increase in
potential. The continuous increase in OCP was due to
the accumulation of precious metal on the surface of the
samples. As the amount of precious metal increased, the
OCEP shifted to nobler values. However, the displacement
of OCPs to values in excess of the passivation potential of
the plain Ti-Al alloy into its passive range was an
indication that there was a secondary process of
spontaneous passivation and oxide film formation, or at
least partial oxide formation, also at play and contribut-
ing to the displacement of the corrosion potentials of the
alloys containing PGMs to more noble values.

Conclusions

Titanium aluminide of composition Ti—47-5 at-%Al has
a duplex microstructure consisting of lamellar (x, and y
alternating lamellae) and §-TiAl phase grains. The
introduction of 1-0 at-% PGMs (platinum, palladium
and iridium) resulted in the formation of a new phase,
developing more in the y-TiAl phase grains and an
improvement of the corrosion resistance by cathodic
modification.

The cathodic modification was achieved in solutions
of low acidic concentration. Platinum, palladium and
iridium additions to the TiAl alloy gave good result of
modification of the cathodic process corresponding to a
spontaneous passivation of the TiAl alloy. In solutions
of high acidic concentration, the addition of PGMs
shifted the cathodic process in the transpassive region,
resulting in the dissolution of the alloy. The cathodic
modification of PGM alloyed TiAl occurred as a result
of PGM accumulation on the surface of the TiAl alloys,
which simultaneously improved hydrogen evolution
efficiency and inhibited anodic dissolution.
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