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Abstract

Passivation behavior, corrosion kinetics and film formation mechanism of Ti3AlC, in 1 M NaOH and 1 M H,SO, solutions were investigated by
linear potential scan, electrochemical impedance spectroscopy, cyclic voltammetry, SEM and XPS. The corrosion resistance mainly depended on
the formation of passivating films on Ti3AlC, in 1 M NaOH and 1 M H,SO,, which led to different corrosion processes. Ti3AlC, displayed good
corrosion resistance in NaOH due to the formation of dense and protective Ti oxides as the passivating film. However, it exhibited poor corrosion
resistance in H, SO, which attributed to the formation of permeable Ti sub-oxides as the pseudo-passivating film.

© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

The layered ternary carbides and nitrides, also called MAX
phases (where M is an early transition metal; A is an A group
element; X is C or N) have attracted attentions of material scien-
tists, physicists and chemists due to their unique properties.' A
significant number of papers concerning the structural, thermal,
electrical and mechanical properties of MAX phases have been
published up to now. However, only a few works have been done
to discuss their electrochemical behaviors. Corrosion resistance
of a material is very important for its potential applications in
the chemical industry. For instance, Jovic and Barsoum discov-
ered that TizSiC, was highly stable in concentrated hydrochloric
acid solution due to its low corrosion rate. Ti3SiCy also exhib-
ited the catalytic activity for hydrogen evolution.* Therefore,
Ti3SiC; can be used as anodes and/or cathodes for chlor-alkali
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electrolysis. The corrosion behavior of Ti3SiC; has been exten-
sively studied.>® In HCI and H,SOy4, Ti atoms were leached
out and Si atoms were in situ oxidized to form a SiO,-based
protective layer on the surface of TizSiC, resulting in good cor-
rosion resistance. Similarly, TizGeC, exhibited good corrosion
resistance due to the formation of passivating layer consist-
ing of mainly Ge0,.! Polarization method has been used to
study the electrochemical corrosion behavior of a series of MAX
phases in H»SO4, HCI and N aOH.> The results showed that Ti-
containing MAX phases were quite stable in all of the above
solutions, except for Tio AIC which dissolved in 1 M HCI solu-
tion.

Tiz AlC,, an isotype of Ti3SiC, and TizGeC, is an important
member of the Ti-containing MAX phases. Ti3 AIC, shows excel-
lent oxidation resistance at high temperatures in air.' =13 Table 1
lists the physical and mechanical properties of Ti3 AIC;.' How-
ever, its corrosion behavior in acidic and basic solutions has not
been explored.

In this work, the corrosion and passivating behaviors of
Ti3AlC; in 1M NaOH and 1M H,SO4 solutions were eval-
vated by linear potential scan, electrochemical impedance
spectroscopy and cyclic voltammetry. The surface microstruc-
tures and chemical compositions after immersion in the solutions
and anodic polarizations were characterized using scanning elec-
tron microscopy (SEM) and X-ray photoelectron spectroscopy
(XPS).
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Table 1

Typical properties of Ti3AlC.'1.

Properties Values
Theoretical density 4.25 g/em?
Coefficient of thermal expansion 9.0 x 1076 K~!
Electrical conductivity 2.9 %100 Q"' m~!
Temperature coefficient of resistivity 0.0031 K~!
Vickers hardness 3.5GPa
Young’s modulus 297 GPa

Shear modulus 124 GPa
Compressive strength at room temperature 570 MPa
Brittle-to-ductile transition temperature

under compression 1050°C

Shear strength 138 MPa
Flexural strength 375 MPa
Fracture toughness 7.2MPam'?

2. Experimental procedure
2.1. Sample preparation

Bulk polycrystalline Ti3AlC, samples used in this work
were prepared by the solid-liquid reaction and simultaneous
in situ hot pressing process which was detailed elsewhere.!!
Test coupons of 15 mm x 15 mm x 1 mm in size were cut from
the as-prepared bulk Ti3 AlC; samples using electrical discharge
method (EDM). To obtain reproducible surfaces, TizAlC,
coupons were wet-ground successively with SiC emery papers
to 2000 grit. All of the coupons were ultrasonically cleaned
with acetone, and then rinsed with distilled water before drying.
Finally, the coupons were mounted in a PTFE electrochemical
cell with 1.0 cm? in circular surface area of Ti3AlC, contacting
the corrosive solutions. The corrosive solutions, 1 M NaOH and
1M H,SO4, were made from analytical grade chemicals and
distilled water.

2.2. Electrochemical measurements

Electrochemical tests were performed in a CHI 660A electro-
chemical workstation (Chenhua Instrument Co. Ltd., Shanghai,
China) with a conventional three-electrode electrochemical cell
at room temperature. The platinum mesh counter electrode and
the reference electrode, a saturated calomel electrode (SCE, all
potentials were given vs. SCE except indicated), were placed
in the settled position. A Luggin capillary was set between the
working electrode and the reference electrode to minimize errors
due to the IR drop in the electrolytes.

The open circuit potential (OCP), corresponding to the corro-
sion potential (E¢or) of Ti3AlC,, was recorded as a function of
time for 24 h. Prior to electrochemical experiments on Tiz AlC,
such as linear potential scan, electrochemical impedance spec-
troscopy (EIS) and cyclic voltammetry (CV), the electrodes were
stabilized in the solutions for 1 h. The linear potential scans were
conducted from —0.25 Vt03.0 V (vs. OCP) at 1 and 0.167 mV/s.
The impedance spectra were recorded from 1072 Hz to 10 kHz
with an applied potential at OCP. Cyclic voltammetry (CV) in
NaOH was carried out at 50 mV/s, starting from OCP towards

—1.0V (the first segment), then reversing to 1.0 V (the second
segment) and finally going back to —1.0'V (the third segment).
Only the second and the third segments were used for a whole
cycle.

2.3. Microstructure observation of corrosion products

The microstructures and chemical compositions of the
Ti3AlC, coupons were characterized by SEM (LEO SUPRA
35, Oberkochen, Germany). XPS (VG ESCLAB 250, UK) was
also used to determine the chemical compositions of Tiz AlC,
coupons after anodic polarization in 1 M NaOH and 1 M H,SO4
solutions. Peak fitting to decompose the XPS spectra, corre-
sponding to different surface species, was performed using a
Shirley background with Gauss:Lorentz of 80:20. The binding
energies (BE) were calibrated with respect to the hydrocarbon
contamination C 1s signal at 284.6 eV. In order to collect data
about elemental composition on the surface and subsurface of
the coupons, the surface of Ti3AlC, was sputtered by Ar ion
beam with a film removal rate of 0.2 nm/s for 10 s (sputter away
the contamination on the surface) and 30 s, respectively.

3. Results
3.1. Open circuit potential

The OCP of TizAIC, was recorded in 1 M NaOH and 1 M
H>S0Oy4 solutions (Fig. 1). In NaOH, the initial corrosion poten-
tial is observed around —0.64 V and rapidly positive-shifts to
ca. —0.30 V. Then the corrosion potential changes slowly and
remains almost constant with slight fluctuations. However, after
ca. 20 h, the corrosion potential suddenly drops and then recovers
to the steady state. In H>SOy, the corrosion potential decreases
initially from ca. —0.17 V to —0.29 V and then increases gradu-
ally in the following ca. 20 h. Afterwards the corrosion potential
starts to oscillate.

Fig. 1. Evolution of the corrosion potential of Ti3 AlC; as a function of time in
1M NaOH and 1 M H,SOy solutions.
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Fig. 2. Polarization curves of Ti3AlC; in 1 M NaOH and 1 M H;SO4 solutions
at the scanning rate of 1 and 0.167 mV/s, respectively.

3.2. Polarization curves

Fig. 2 presents the polarization curves of Ti3AlC; in 1M
NaOH and 1 M H,SOg4 solutions obtained by linear potential
scans at 1 mV/s and 0.167 mV/s for corrosion dynamic analyses
and steady state analyses, respectively. Electrochemical parame-
ters such as corrosion potential (E¢qrr), corrosion current density
(icorr), Tafel constants (b, and b.), critical current density (ic) and
passivating current density (ip) derived from the polarization
curves are given in Table 2.

In NaOH, a short and activating region appears at the initial
stage of anodic polarization as shown in Fig. 2. Then, TizAlC;
exhibits an activating-to-passivating behavior and remains in the
passivating state until the end of the potential scan to 3.0 V. The
passivating current density i, at the steady state is lower than
5.00 pA cm~2 (Table 2), while the cathodic Tafel slope b. is
more than 400 mV/dec.

In HySOy4, the anodic part of the polarization curve (Fig. 2)
clearly reveals an inflexion at ca. —0.20V, after that the current
density increases slowly along with the anodic scan. The current
density increases relatively fast from ca. —0.30V to ca. 0.51V,
where an anodic current peak is observed. Then the current den-
sity is relative stable at 100 wA cm ™2 in the following potential
scan to 3.0 V. The anodic Tafel region is not well defined, so
the corrosion current density was gotten from the Tafel region
of the cathodic polarization curve. Ti3AlC, exhibits different
behaviors in the potential range of ca. —0.2V to 0.3V and ca.
0.3-0.51V, indicating different ion-transfer reactions at these
two potential regions. An inconspicuous anodic oxidation peak

Fig. 3. Nyquist plots (a) and Bode phase angle plots (b) of TizAIC; after 1h
immersion in 1 M NaOH (H) and 1 M H,SOy4 (5%) solutions.

also appears at ca. 1.3 'V, which possibly corresponds to oxygen
evolution.

3.3. Electrochemical impedance spectroscopy (EIS)

To further investigate the corrosion process and kinetics, EIS
plots of TizAlC, were recorded in 1 M NaOH and 1M H,SO4
solutions at OCP (Fig. 3). In NaOH, the Nyquist plot consists of
a capacitive loop at high- and medium-frequency and an oblique
line at relative low-frequency (Fig. 3(a)). The oblique line of the
Nyquist plot is a typical feature of Warburg impedance, which
is generally related to a Nernst diffusion of ions from the elec-

Table 2

Electrochemical parameters obtained from the polarization curves of TizAlC; in 1 M NaOH and 1 M H,SOy4 solutions.

Solution (1 M) Scan rate (mV/s) Ecorr (V) icorr (WA cm™2) be (mV /dec) b, (mV /dec) ic (WA cm™2) ip (WA cm™2)
NaOH 1.00 —0.442 5.25 400 112 203 25.0-30.0
NaOH 0.167 —0.459 4.96 410 175 49.1 4.00-5.00
H,S04 1.00 —0.343 4.51 139 246 80.0-120
H,S04 0.167 —0.376 2.16 154 139 40.0-85.0
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Fig. 4. Equivalent circuit of EIS for Ti3 AlC; after 1 h immersion in 1 M NaOH
(a) and 1 M H,SOy (b) solutions.

trode to the bulk solution. It is thus concluded that the corrosion
process of Ti3AlC, in NaOH is controlled by ion diffusion.'*
Although the high- and medium-frequency region shows one
depression arc, it actually contains two time constants.!> This
can be clearly seen from the Bode phase angle plot (Fig. 3(b)) on
which a broad peak appears in the high- and medium-frequency
range. An equivalent circuit as shown in Fig. 4(a) can be pro-
posed for the EIS of TizAIC; in NaOH, where Ry represents
the solution resistance, R the resistance of the passivating film,
CPEl the capacitance of the passivating film, W the Warburg
resistance, while Ry and CPE2 reflect charge-transfer resistance
and double layer capacitance related to the interface of the pas-
sivating film and the solution.

In H,SOy4, two time constants can be seen in both Nyquist plot
(Fig. 3(a)) and Bode phase angle plot (Fig. 3(b)). The time con-
stant of high-frequency region is related to the charge transfer
and the second one at low-frequency range accounts for the cor-
rosion process. The corresponding equivalent circuit is shown
in Fig. 4(b), where R; represents the solution resistance, Ry the
corrosion resistance of the pseudo-passivating film and CPE1
the pseudocapacitance, while CPE2 can be explained as double
layer capacitance and R; refers to the charge-transfer resistance.

The capacitance here is replaced by the constant phase
angle element (CPE) and described by an empirical impedance

function!0:

Zepg = [Y(jo)"]™! (1)

where Zcpg is the impedance of the constant phase element
(Q cm?), jo is the complex variable for sinusoidal perturbations
with

w =2xf 2)

and n is the exponent of CPE with values between —1 and 1 (n
for an ideal capacitance is 1, for a pure resistance is 0 and for
an inductance is —1), Y is a proportional factor that combines
the properties related to both the surface and the electroactive
species.!” The presence of CPE in both NaOH and H>SOy refers
to the frequency dispersion of interfacial impedance, which is

Table 3
Surface compositions of Ti3 AlC, after immersion in 1 M NaOH and 1 M H,SO4
solutions for 25 days by EDS analysis.

Element C (0] Al Ti Ti:Al:C
Atomic %
H,SO4 17.06 16.42 66.52 3:0.74:0.77
NaOH 8.24 43.36 9.74 38.65 3:0.76:0.64

attributed to the roughness and inhomogeneity of the Tiz AlC,
surface.'®

3.4. Surface morphology and composition of the anodic
oxidation products

To intuitively investigate the corrosion and passivating behav-
iors of Ti3AlC, in 1M NaOH and 1 M H,;SOy4 solutions, the
surface morphologies of Ti3 AlC, after anodic polarization and
immersion for 1 day and 25 days in the solutions were observed
by SEM.

After immersion in NaOH for 1 day (Fig. 5(a)), the surface
of TizAlIC; is covered by a new layer which is obviously dif-
ferent from the substrate (inset in Fig. 5(a)). After immersion
for 25 days (Fig. 5(b)), the surface morphology is similar to
that of immersion for 1 day though the surface becomes slightly
rougher. These results indicate that a stable passivating film is
formed on the surface of TizAlC, after 1 day immersion and
then changes little during the following days. Anodic polariza-
tion has similar effects on the surface morphology of Tiz AlC,
(Fig. 5(¢)).

In H>SOy4, there is no obvious change on the surface mor-
phology of Ti3AlC; after 1 day immersion (Fig. 6(a)). However,
intergranular attack occurs after 25 days immersion (Fig. 6(b))
and anodic polarization (Fig. 6(c)). Non-uniform serious corro-
sion on grain boundaries can be clearly seen on Fig. 6(b) and
(c).

The surface compositions of Ti3AlC; after immersion for
25 days obtained by EDS analysis are presented in Table 3. It is
shown that after immersion in both solutions, the atomic ratios of
C and Al elements decrease from those of the Tiz AlC; substrate.
Ois also detected on the EDS spectrum of the coupons immersed
in NaOH, suggesting that the corrosion products in NaOH and
H;S0Oy4 are different.

In order to precisely determine the surface compositions of
TizAlC,, XPS analysis is conducted for coupons after anodic
polarization in NaOH and H>SO4. XPS spectra of Ti 2p3/», Al
2p3/2 and O 1s were analyzed and the results are summarized in
Tables 4 and 5, respectively.

The oxide film formed in 1 M NaOH solution consists of two
layers. The outer layer consists of mainly TiO; (or TiO(OH),)
with a small amount of Tip O3 (or TiOOH), while the inner layer
consists of TiOy, TipO3 with a small amount of TiO. It is worth
noting that Al is not detected in the passivating film. The anodic
oxidation products formed on Ti3AlC; in H»SOy4 are quite dif-
ferent from those formed in NaOH. Ti sub-oxides and a few Al
oxides were observed. At the same time, Al in Tiz AlC; substrate
can also be detected, which indicates that the anodic oxidation
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Fig. 5. Surface morphologies of TizAlC;: (a) after 1 day immersion in 1M
NaOH solution, (al) a typical enlarge view as the inset, (b) after 25 days immer-
sion in 1 M NaOH solution, (c) after anodic polarization from OCP to 3.0V at
the scanning rate of 0.1 mV/s in 1 M NaOH solution.

products are quite porous. Herein, no O 1s peak is detected for
TiO or other oxides due to the small content.

4. Discussions
4.1. ocp
The OCP increases rapidly in NaOH indicates that instant

passivation of Tiz AlC; surface occurs after immersion (Fig. 1).
Then Ti3 AIC; becomes more and more stable due to the increase

Fig. 6. Surface morphologies of Ti3AlC;: (a) after 1 day immersion in 1 M
H,SO4 solution, (b) after 25 days immersion in 1 M H,SOj4 solution, (c) after
anodic polarization from OCP up to 3.0V at the scanning rate of 0.1 mV/s in
1M H;,S0Oy solution.

in the thickness of the passivating film, indicated by the rela-
tive stable OCP. The critical current density of the polarization
curve (steady state) which is lower than 100 pA cm~2 in NaOH
(Table 2) further demonstrates that Ti3 AIC; has excellent self-
passivation ability.'® So there is no significant difference in
surface morphologies of Ti3AlC; coupons for 1 day and 25
days immersion in NaOH. The fluctuations of the OCP curve
may result from the competition between film formation and
partial dissolution of corrosion products. Some unstable corro-
sion products also assemble on the surface of TizAIC, so that
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Binding energies (BE) correspond to each component in the XPS spectra of the passivating layers formed on Ti3AlC; electrode after anodic polarization from OCP
to 3.0V in 1 M NaOH solution, the surface was sputtered (outer layer) 10 s and (inner layer) 30's by Ar ion beam.

Spectrum Binding energy (eV) FWHM (eV) Binder energy (corresponding O 1s)
Tio, 32
Outer layer species
Ti;O3/TiOOH 455.7 1.99 531.1
457.0 1.79 530.3
TiO(OH),/TiO, 458.1 1.21
458.7 1.19 529.7
Inner layer species
TiO 454.8 1.5
Ti, O3 456.4 1.96 531.2
. 457.9 1.37 530.3
TiO, 458.6 1.21 529.7

severe partial dissolution also occurs. Thereafter, selective attack
of the passivating film happens, which leads to the drop of the
corrosion potential. Finally, the OCP recovers back to a relative
stable value due to the accumulation of new corrosion products
that repair the local-failure area.

It is known that a thin layer of oxides can be immediately
formed on TizAlC, when exposed to air. However, the natu-
rally formed layer is insufficient to prevent corrosion in HySO4,
therefore the initial drop of OCP has been observed. As the cor-
rosion potential of crystalline grain is higher than that of the grain
boundary in HySO4, preferential dissolution of grain boundaries
occurs, resulting in the increase of content of crystalline grains.
This intergranular corrosion should be the reason of the positive-
shifts of OCP as the mixed corrosion potential is more positive.
Along with this non-uniform intergranular corrosion, the sur-
face of Tiz AlC; become inhomogeneous and the OCP begins to
oscillate.

4.2. Corrosion kinetics

4.2.1. Cathodic process

Based on the high cathodic Tafel constant (Table 2) in 1M
NaOH solution, it is reasonable to conclude that oxygen is trans-
ported from NaOH bulk solution to the TizAlC, surface by
a diffusion process and then diffuses through the passivating
film. Thus, the cathodic process in NaOH is partially controlled
by a diffusion process. The possible cathodic reaction (oxygen

Table 5

absorption corrosion) is:
0, +2H,0 + 4e~ = 40H™ 3)

The cathodic Tafel constant in 1 M H,SO4 solution (Table 2)
is much lower than that in NaOH. The corrosion in this solution
should be mainly caused by the aggressive H*, since SO42~
ions have very little corrosive effect on the material. The main
cathodic reaction (hydrogen evolution corrosion) can be written
by:

2HT +2¢~ =H, 4)

However, other reactions such as the reduction of oxygen
cannot be ruled out.

4.2.2. Anodic process

As concluded from the EIS analysis, Ti3 AlC; undergoes dif-
ferent processes in NaOH and H,SOy4 solutions. In 1 M NaOH
solution, there are three stages for the formation and dissolution
of the passivating film on Ti3AIC,22°: (1) ions leach out from
Tiz AlC; to the passivating film, which is not generally consid-
ered as a speed-controlled step; (2) mass transfer process of the
ions which occurs inside the passivating film; (3) the charge-
transfer process which occurs at the interface of the passivating
film and the solution. In 1 M H,SOy4 solution, however, the cor-
rosion products are permeable. There are possibly two steps
during the corrosion process: (1) the dissolution of Ti3 AlC, that
accounts for the corrosion process; (2) the charge-transfer pro-

Binding energies (BE) correspond to each component in the XPS spectra of the corrosion products formed on Ti3 AIC; electrode after anodic polarization from OCP
to 3.0V in 1 M H,SOy4 solution, the surface was sputtered (outer layer) 10 s by Ar ion beam.

Spectrum Species Binding energy (eV) FWHM (eV) Binding energy (corresponding O 1s)
Ti2p 3/2 TiO 454.2 1.25
Ti"* 2<n<3) 455.1 1.46
Tiy O3 456.2 1.46 531.2
Absorption H,O 532.4
Al 2p TizAlC, 71.9 2.0
AlO, 73.5 2.0 530.2
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Fig. 7. Cyclic voltammogram of Ti3 AlC; in 1 M NaOH solution at the scanning
rate of 50mV/s.

cess that occurs at the interface of corrosion products/Tiz AlC,
substrate and the solution.

4.3. Film formation mechanism

In 1M NaOH solution, the unstable anodic oxidation prod-
ucts such as titanium sub-oxides are partly dissolved and the
stable anodic oxides such as TiO, accumulate as the passivating
film. Titanium sub-oxides are stable at lower potentials, while
TiO; is stable at relatively higher potentials. During the anodic
potential scans starting from lower potential, the inner layer
composed of compounds in lower oxidation states forms first
and then the outer layer forms when scans to higher potential.
In order to further shed light on the corrosion mechanism of
TizAlC, in NaOH, cyclic voltammetric scan is conducted at
50mV/s (Fig. 7). During the scan towards the positive direc-
tion, an anodic current occurs at ca. —0.9 V, which corresponds
to the formation of titanium sub-oxides, TIOOH and Ti203.21
The current peak at ca. 0V indicates the composition changes
from Ti (III) oxide to the most stable Ti (IV) oxide.2! Refer-
ring to the corrosion mechanism of Ti3SiCs,° anodic oxidation
products of Ti3AlC; in NaOH may be formed by the following
reactions:

2Ti3AlC; + 1.50; = 6Ti (sol.) +4C (sol.) + Al,O3 (@)
Al,O3 +20H™ = 2AI0;~ + H,O (6)

4Ti (sol.) +30H™ + 20,

— TiOOH + Ti»O3 + TiO + HyO + 3¢~ 7
Ti»O3 4+ 40H™ = 2TiO(OH), + H,0 + 4e™ ®)
TiO(OH), = TiO, + H,O )

In 1 M H,S0O4 solution, the anodic oxidation products formed
on Tiz AlC; are quite different from those in 1 M NaOH solution.

The corrosion reactions of Ti3AlC, in H»SOy4 can be described
by:

TizAlC; + 2xH™' + 2xe™
=3Ti (sol.)4+2C (sol.)+ Al (sol.)+xHy (g) (10)

4Ti (sol.) + (x + 4)H,0
= Tir03 + TiO, + TiO + (8 + 2x)HT + (8 +2x)e~ (11)

Al (sol.) + xH,O = AlO, + 2xH" + 2xe™ (12)

4.4. Comparison with other MAX phases

As an isotype of Ti3SiC, and TizGeC,, Ti atoms should
be similarly leached out from Ti3 AlC, in NaOH and H;SO4,
followed by the formation of alumina-based films due to the
oxidation of Al atoms. However, it is found in the present work
that the formation of Ti oxides is responsible for the corrosion
resistance of TizAlC; in NaOH. Though Ti can be leached out
from Ti3 AlCy, it can immediately react with OH™ and oxygen to
form Ti oxides which are tightly adsorbed on the surface of the
electrode to protect Tiz AIC, in NaOH. The absence of Al oxide
here can be reasonably explained by the fact that Al oxide can be
dissolved in NaOH to form [Al(OH)¢]>~ or AlO,~ ions, which
agreed well with the result from the literature.>> On the other
hand, the corrosion products in HySO4 that are mainly composed
of Ti sub-oxides fail to protect Ti3 AlC, substrate since there is
not enough time to form stable oxides due to the attack of H.

4.5. Comparison with other related materials

In order to compare corrosion behaviors of TizAlC, with
those of other related materials, the polarization curves of
Ti3 AlC,, Ti, TipAlC and TizSiC, in 1M NaOH solution are
presented in Fig. 8. The electrochemical corrosion parameters
obtained from the polarization curves are given in Table 6.

Fig. 8. Polarization curves of Ti, TioAlC, Ti3AlC, and TizSiC, in 1 M NaOH
solution at the scanning rate of 1 mV/s.
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Table 6
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Electrochemical parameters obtained from the polarization curves of Ti, Tip AlC, Ti3AlC; and Ti3SiC, in 1 M NaOH solution.

Samples Corrosion potential (V) Passivating current density (WA cm™2) Passivating range (V)
Ti —0.644 5-7 —0.24t0 1.8
Ti AIC —0.656 10-20 —0.28 t0 3.0
TizAlCy —0.442 20-30 —0.22t03.0
Ti3SiCs —0.460 20-30 —0.11t0 0.6

It can be seen from Fig. 8 that both TizAIC, and Ti; AlIC 3. Eklund P, Beckers M, Jansson U, Hogberg H, Hultman L. The M,,;1AX,
are quite stable in NaOH. The corrosion potential of Ti3AlC, phases: materials science and thin-film processing. Thin Solid Films
is ca. 0.21V higher than that of TiAIC (Table 6), implying 2010:318:1851-78. ‘ ,
that th . tend. f Tir AIC is hicher th that of 4. Jovic VD, Barsoum MW. Electrolytic cell and electrodes for use in elec-

_a © COHOS]OH. endency (.) .12 1s g 'er aI{ ato trochemical processes. US Patent 7,001,494 B2; 2006.

Ti3 AlC,. Meanwhile, the passivating range of Ti3 AlC; is larger. 5. Jovic VD, Barsoum MW, Jovic BM, Gupta S, El-Raghy T. Corrosion
Though the passivating current density of TipAlC is slightly behavior of select MAX phases in NaOH, HCI and H,SO4. Corros Sci
lower, the difference is not significant. It can thus be concluded 2006;48:4274-82. _ _
that Tiz A1C; is more stable than Ti; AIC due to the stronger Ti—C 6. Travaglini J, Barsoum MW, Jovic VD, El-Raghy T. The corrosion
bonds in the former5 behavior of Ti3SiC; in common acids and dilute NaOH. Corros Sci
onds 1n the former. o 2003:45:1313-27.
The passivating range of Ti3SiC; is much smaller than that 7. El-Raghy T, Barsoum MW. Preliminary report on the electrochemical
of Ti3AlC;. In addition, there is an anodic oxidation peak at behavior of TizSiCy. J Mater Sci Lett 1999;18:519-20.
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