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This work reveals the performance of a trihexyl(tetradecyl)phosphonium bis(trifluoromethanesulfonyl)amide ([Pg ¢ 614][NTf,])
ionic liquid (IL) conversion coating upon AZ91D. Such conversion coatings represent a novel avenue for chromate replace-
ment. An optimization of coating performance was pursued by careful alloy pretreatment to generate a surface on which the
coating performs best, as the AZ91 substrate is distinctly different from pure or dilute Mg alloys. The results reveal that a
functional conversion coating can be achieved, retarding anodic dissolution kinetics, causing a significant decrease in corrosion
rate. The coating efficacy is closely tied to the pretreatment performed, which dictates both the microstructural and electro-
chemical heterogeneity of the surface. The resulting coatings were found to contain Mg,F, and phosphonium cation related
components, the proportions of which were dependent on the pretreatment.

AZ91D, corrosion, conversion coating, ionic liquid, pretreatment

1 Introduction

Whereas most engineering alloys are resistant to corrosion
in moist air due to a protective surface oxide, reactive met-
als such as magnesium (Mg) possess a surface film whose
properties are unable to provide sufficient protection for the
underlying metal [1, 2]. Due to this, Mg and its alloys will
continue to react with the atmosphere unless an external
treatment (e.g., coating or cladding) is used to create a pro-
tective barrier [3, 4]. The case for continued efforts to im-
plement Mg into engineered components is clear, with the
low density of Mg offering significant light-weighting op-
portunities that will lead to energy and emissions savings in
the transportation industries [5].

Since 1960s [6], protection of Mg from corrosion has
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been explored using a variety of approaches and chemicals
[7, 8]. As for existing technology, anodizing of Mg is tech-
nologically challenging (requiring high voltage), and the
electroplating of Mg is also hazardous and can be expensive
(owing to harsh chemicals used in the process including
chromic and hydrofluoric acid). As a result, relatively sim-
ple to administer conversion coatings is an industrially at-
tractive method of protection. Conversion coatings for Mg
are in most cases comprised of chromates, phosphates, met-
al oxides or other chemicals that are chemically bonded to
the surface [5, 9].

Whilst effective, chromate-based conversion coatings are
highly toxic and hence not suitable for mass-market appli-
cations. Alternative coatings have been recently developed
using stannate [10-12], phosphate [13], permanganate [14],
phosphate-permanganate [15-18] and rare earth [19-22]
based chemistries. Such conversion coatings, whilst repre-
senting various levels of effectiveness, can be satisfactorily
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used in many of the less demanding applications for Mg
alloys. For the most demanding applications such as trans-
portation, however, suitable chromate replacement coatings
still require development and provide the impetus for the
work herein.

In recent years, the application of ionic liquids (ILs) in
the field of metal surface modification has become of inter-
est [23-25]. ILs have been proposed to be useful in many
applications owing to their unique properties, including high
thermal and electrochemical stability, low vapor pressure
and good ionic conductivity [26, 27].

In recent studies IL baths have been used for electrode-
position of a variety of “difficult” to plate metals upon met-
al alloys [28]. In such cases the nonaqueous (IL) bath al-
lows the realization of highly negative potentials (since in
electrodeposition the metal being coated is the cathode)
which results in satisfactory porosity-free coatings with
good adhesion. Whilst the use of ILs in electrodeposition
will be one of significant promise and future work, in an
entirely separate strategy for corrosion protection we have
studied the possibility of using ILs to generate conversion
coatings upon Mg and its alloys [5, 29-31] and shown that
the corrosion properties of metal samples can be improved
via the formation of a thin film (~10-100 nm) on the surface
of the metal due to immersion in ionic liquids [29].

In a conversion coating the substrate is required to react
chemically in the coating electrolyte and therefore the an-
odic behaviour and the reactivity of the substrate in a given
environment takes a critical role. The use of ILs opens a
range of specific chemistries to which the substrate may be
exposed thereby allowing one to tailor the conversion coat-
ing that may form. The work to date has shown that one of
the most effective ILs to potentially serve as a conversion
coating is that based on trihexyl(tetradecyl)phosphonium
bis(trifluoromethanesulfonyl)amide ([Pgg6.14][NTf], Figure
1) [5].

In order to begin to explore this IL conversion coating
for Mg in significantly more detail, applicability to com-
mercial and solute rich alloys such as AZ91D is important.
In this work the conversion coating of AZ91D in
[Pe6.6.14][NTS;] is studied. The presence of various solute
elements such as aluminium and zinc can result in a highly
heterogeneous microstructure which of course often leads to
a more electrochemically reactive surface, but also may
complicate the formation of conversion films. For example
in recent work on the commercial alloy ZE41 it was shown
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Figure 1 Chemical structure of the ionic liquid [Pg ¢ ¢,14][NTH,].
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that the IL treatments led to highly non-uniform surface
films which were less than optimally protective [31]. The
differences in reactivity of the various phases was suggested
to be the key to the observed film deposition behavior and
methods to “homogenise” the activity of the surface such as
by applying a potential bias were shown to be promising. In
commercial conversion coating technologies the surface of
an alloy is normally pretreated prior to coating. The pre-
treatment can involve anything from wiping, detergent
rinsing, grit-blasting, abrading, and exposure to chemicals
for functionality, or even cleaning such as degreasing and
desmutting. Certainly in the case of aluminum alloys chem-
ical cleaning and pretreatment is standard before conversion
coating. Similarly for commercial Mg alloys an appropriate
pretreatment to assist in optimization of the subsequent
conversion coating is also warranted. In this work we have
investigated the influence of pretreating the AZ91 alloy
with a protocol designed to homogenise the surface with
respect to composition on the [Pgg614][NTf,] IL generated
coatings. Following immersion of the treated and untreated
surfaces the corrosion response of AZ91D in CI” containing
solution was investigated. What is unique about the pre-
treatment of Mg alloys is that this can be a means of altering,
even customizing, the surface chemistry and morphology as
a precursor to coating.

2 Materials and method
2.1 Materials and pretreatment

The material used in this work was high pressure die cast
Mg alloy AZ91D (9 wt% Al, 1 wt% Zn, Balance Mg) with
low Fe-impurity content (~40 ppm). Specimens were pre-
pared by grinding with successive grades of SiC paper (320,
600, 1200 grit) and were cleaned with distilled water and
ethyl alcohol in an ultrasonic bath. Two pre-treatment pro-
cedures, termed the activating (A), and conditioning (C)
steps, were applied on AZ91D coupons. A-AZ91D and
C-AZ91D represent the specimens which were pre-treated
by immersion in a dilute (20 g/L) acidic HNO; activating
solution (~pH 3) and a concentrated (100 g/L) Na(OH) con-
ditioning solution (~pH 13). The specimens that were
pre-treated in activating solution and then in conditioning
solution are denoted as A+C-AZ91D.

2.2 Ionic liquid and conversion coating

The IL, [Pege14][NTE,] (purchased from Cytec Canada Inc.),
contained a 0.1 wt% acid impurity, the presence of which
was found to provide improved coating performance. The
role of acid content and type is the subject of an ongoing
study and will be reported in a future publication. IL con-
version coating treatments on both pretreated and unpre-
treated samples were performed by immersing the AZ91D
coupons in [P ¢614][NTf;] for 24 hours, open to the atmos-
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phere at room temperature. The depth of IL above the sur-
face was ~2 mm.

2.3 Electrochemical and exposure testing

In order to measure the conversion coating formation and
kinetics in the absence of an electrolyte, electrochemical
impedance spectroscopy (EIS) was collected via a pi-
pette-cell [31, 32]. The cell was designed in house in order
to allow a portion of a metal surface to be exposed to a rela-
tively small volume of IL and allow coating formation to be
studied in-situ during the conversion coating stage. The
in-situ measurements simulate the other treatment processes
used to prepare samples for testing, with the exception that
the depth of IL is greater (5—10 mm c¢f. 2 mm) above the
surface. The clamping of a pipette to the surface defines the
working electrode area as the area of the open pipette tip.
The counter and the reference electrode were, respectively,
a platinum mesh and a platinum wire positioned close to the
surface of the coupon. EIS spectra were acquired automati-
cally at 15 minutes intervals over a frequency range from 50
kHz to 10 mHz using 10 mV AC amplitude.

Once conversion coated, cyclic potentiodynamic polari-
zation (CPP) scans were obtained using a conventional
three-electrode cell. These tests were performed in 0.01 M
NaCl solution (pH 6) using epoxy mounted samples with 1
cm’ surface area in order to assess the performance of the
conversion coatings in a corrosive electrolyte. The counter
electrode was a Ti mesh and the reference was a saturated
calomel electrode. CPP measurements were acquired after
30 minutes at open circuit potential (OCP) using a Bio-logic
VMP 2/Z.

Immersion tests were also done on larger coupons open
to the atmosphere at room temperature for 24 hours in 0.01
M NaCl (pH 6). Micrographs were acquired using an optical
stereo microscope (Leica MZ6).

2.4 Surface characterisation

Samples for the Australian Synchrotron X-ray photoelectron
spectroscopy (XPS) experiments were prepared slightly
differently. The 25 mm’ untreated square shaped coupons
were prepared by polishing with SiC paper (600, 1200 and
1200/4000 grit); between each polishing the surface was
rinsed with distilled water. All the coupons (untreated and
treated) were then rinsed thoroughly with distilled water and
absolute ethanol. They were then immersed in absolute
ethanol and sonicated for 5 minutes before being dried un-
der nitrogen and stored in the dessicator for 24 hours. Sub-
sequent IL treatments on pretreated and unpretreated sam-
ples were performed as above.

The Australian Synchrotron soft X-ray beamline uses an
elliptically polarized undulator for the source and is capable
of an energy range of 90-2500 eV; details of the design and
performance of the beamline are available [33]. The end
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station is equipped with a SPECS Phoibos 150 Hemispheri-
cal Analyser running SpecsLab 2.32-r11458 software
(SPECS GmbH). The photon energies were calibrated using
the Au 4f;, photoelectron line recorded on a gold disc con-
tained on the sample holder. The X-ray beam to analyzer
angle is 55°. The sample is 45° to the X-ray beam (and 80°
to the analyzer, i.e. 10° off normal). Dwell time for data
acquisition was 0.2 s. The photon flux at the sample ranged
from 5x10"! to 3x10"" photons s~ (storage ring current 200
mA) and the nominal beam size at the sample was 0.15 mm
(H)x0.015 mm (V). The photon flux was measured by
briefly inserting a GaAs photodiode after the vertical exit
slits prior to analysis. Fixed analyser transmission mode
was used in medium area mode, with a pass energy of 10
eV for incident photon energy of 790 eV. 10 scans were
acquired at 0.1 eV step size. Survey spectra were calibrated
to the Cls photoelectron line at 285.0 eV.

The microstructures of AZ91D specimens were investi-
gated via scanning electron microscopy (SEM) using an
FEIPhenom SEM. Surface roughness was characterized
using a VeecoWyko NT1100 non-contact Optical Pro-
filometer (OP). The EDXS spectra were acquired using the
INCA X-Sight 6650, Oxford Instruments, on a Jeol 840 A
Tungsten filament SEM with an accelerating voltage of 15
kV, a working distance of 10 mm, and a collection time of
120 s.

3 Results and discussion
3.1 Corrosion performance of IL treated AZ91

Figure 2 shows the effect of exposure of AZ91D substrates
to a 0.01 M NaCl solution for 24 hours. Figure 2(a) presents
low magnification optical images of as cast AZ91D alloy
without any treatment whereas Figures 2(b) and (c) show
the effect of the A+C pretreatment alone and A+C pretreat-
ment followed by IL conversion treatment, respectively.
From a purely visual perspective a large improvement in
corrosion protection is evident for the AZ91 surface fol-
lowing the A+C pretreatment and an even greater improve-
ment when the IL conversion coating is also present.

Figure 3 quantifies these observations by the determina-
tion of the number and depths of pits on these surfaces, de-
termined using optical profilometry. The effects of both the
A+C pretreatment and subsequent IL treatment are readily
seen here with a dramatic decrease in the pitting initiation in
both cases but in particular following the IL coating (i.e., an
alteration from ~65 pits/mm2 of 10 pm depth in the
as-received AZ91D, compared to ~2 pits/mm® following
A+C and A+C/IL treatments).

Whilst the A+C treatment significantly reduces the
number of larger pits, the subsequent IL conversion coating
does not stifle these deeper pits which possibly reflects that
the coating is still not perfectly continuous. Any weak spots
in the coating when penetrated, will still lead to strong an-



Howlett PC, et al.

Figure 2 Immersion test images for (a) AZ91D untreated, (b) A+C
treated and (c) A+C/24 h IL treated surfaces. The specimens were im-
mersed in 0.01 M NaCl solutions for 24 hours.

odic sites during long term immersion testing. The progres-
sion of the defects to deeper pits also suggests that the ca-
thodic reaction is not as significantly affected by the IL
treatments as the anodic reaction, an observation supported
by the electrochemical data presented in Figure 4.

The improved corrosion performance, and its origins, are
further apparent from the electrochemical measurements
(Figure 4(a)). Potentiodynamic polarization measurements
for the as cast AZ91D, AZ91D + 24 h IL, A+C pretreatment
and A+C/IL coating indicate significant differences between
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Figure 3 The relative distribution of pit depths for the three surfaces
presented in Figure 2.

the untreated surface compared to all other surfaces. The IL
treatment alone on the AZ91D provides a significant enno-
blement of the surface as previously reported for the AZ31
surface under similar conditions [5]. On the other hand the
A+C pretreatments of the AZ91D surface also shift the cor-
rosion potential and the pitting potential to more positive
values (—1.3 V compared with —1.47 V versus SCE). How-
ever, very promisingly, the combination of A+C and the IL
coating further shifts the potential to more noble values as
well as significantly reducing the corrosion current by al-
most an order of magnitude. The trend in the decreasing
corrosion current with increasing potential is typified in
Figure 4(b). This relationship reveals that the corrosion
protection is from anodic control whereby the IL coating
stifles anodic reactions but has little impact on the cathodic
reaction (the latter of which is dependent on electron trans-
fer and hence suggesting that the thin IL film either does not
adequately coat the cathodic B-phase (Mg;;Aljy) or is so
thin that it allows for electron transport).

Thus, both the 24 hour immersion testing (as a proxy to
long term tests) and the more instantaneous polarization
tests (which can give mechanistic insight) indicate that the
IL conversion coating is able to provide improved corrosion
resistance to the AZ91D alloy and that the combination of
A+C pretreatment and IL coating leads to an even higher
corrosion resistance. The following discussion attempts to
understand the nature of the AZ91D surfaces and the effects
of pretreatment and IL coatings on these surfaces.

3.2 Pretreatment and surface modification

The typical surface microstructures following the grinding
and pretreatments studied herein are seen in Figure 5. The
surface features evident in the four images are distinctly
different. For the as-polished AZ91D we observe the typical
surface microstructure of this alloy that principally consists
of the a-Mg matrix (a Mg-based solid solution containing
dissolved Al and Zn) and the B-phase (Mg;;Al,) interme-
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Figure 4 (a) Potentiodynamic polarization curves of AZ91D subject to various pretreatments in 0.01 M NaCl; (b) Eco VS. icor relationship from (a).

Figure 5 Backscattered SEM images of the magnesium surfaces: (top left)
untreated AZ91D, (top right) activator pretreated AZ91D, (bottom left)
conditioner pretreated AZ91D, (bottom right) activator + conditioner pre-
treated AZ91D.

tallic particles that present as the light/white phase. Such a
surface is known to be electrochemically heterogeneous and
hence highly active and susceptible to corrosion as shown in
both the immersion and polarization tests above.

Following activator treatment (Figure 5, A-viz. acid pre-
treatment), pitting attack of the o phase is readily seen along
with some surface cracks and an apparently rougher surface.
There does not seem to be any localization of changes re-
lated to the B-phase. On the other hand, following the con-
ditioning treatment (Figure 5, C-viz. alkaline pretreatment),
the morphology of the a-phase remains essentially unaltered,
however we see that the B-phase has been effectively re-
moved from the surface of the alloy. This phenomenon can
be explained by the fact that Mg is passive at alkaline pH,
whereas Al is very active at such pH values. Finally, the
combined A+C treatment produces a surface that has both a
high roughness and the absence of (-phase. It is important
to note that what we observe following these pretreatments
is not the presence of new surface layers but rather a selec-
tive modification and dissolution of the AZ91D surface.

The surface roughness (given as the R,) and surface per-
centage of Al obtained from these images are summarized
in Figure 6. The surface roughness was determined via OP
analysis and the wt% Al at the surface was determined from
EDXS analysis—thus the data is not point or site specific
but represents a general surface value. This data reveals that
the as-polished (untreated) AZ91D has a low surface
roughness, reflecting the polished surface, and a total sur-
face Al content of between 8 and 9 wt%, which relates to
the nominal alloy composition. Following activator treat-
ment (A) the acidic solution attacks the a-Mg matrix there-
by increasing roughness and causing an apparent increase in
the surface Al content (presumably from incongruent disso-
lution of the a-Mg matrix which leaves Al remnants from

600 -

500 -

400 4

3004

200 4

1004

Surface roughness R, (nm)

Untreated

Surface Al content (wt.%)
T

Untreated A c A+C

Figure 6 Surface roughness and EDXS determined wt% Al on each of
the AZ91D surfaces.
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the solid solution to remain on the surface or to redeposit).
Conditioner treatment (C) has little effect on the surface
roughness, only causing a slight increase in the roughness
from where B-phase has been removed. Surprisingly, the
surface Al content following Conditioning treatment was
almost unchanged and was within the error band of the un-
treated specimen. This observation is likely owing to the
fact that the surface Al content is a combination of the a+f3,
and that the conditioner treatment may not remove all of the
Al from the a phase. We have included the EDXS data as a
qualitative descriptor of the role of activator and conditioner,
however, the interaction volume of EDXS tests — which can
penetrate ~10 um into the sample—can be of limited quanti-
tative value in such detailed surface analysis and therefore
higher resolution surface sensitive XPS (which can also
give information on oxides present) was pursued as dis-
cussed below.

The A+C treated specimen revealed the highest levels of
surface roughness measured which is consistent with the
images in Figure 5. The A+C treated specimen also con-
sistently had the lowest value of surface Al content, at times
as low as 5 wt% (from a nominal 9% in the alloy composi-
tion). This relates well with what is observed for the activa-
tor only treated specimen. If the activator treatment causes
surface Al to increase by incongruent dissolution of the ma-
trix, then the subsequent conditioner treatment will not only
remove B-phase but also the Al species that have been en-
riched at the surface post-conditioner treatment. Conse-
quently, it can be summarized that following the combined
A+C treatment the AZ91D exhibits the most homogenous
surface in terms of composition. This is not the case in the
Untreated, A or C treated specimens, which still exhibit
some chemical inhomogeneity (as is qualitatively evident
from Figure 5). This observation can help us understand the
corrosion performance of these specimens; the more ho-
mogenous surface will likely lead to fewer microgalvanic
couples on the AZ91D surface and therefore fewer pits are
expected. What is interesting, however, is that the potential of
the surface is more noble in the A+C pretreated specimen and
one would imagine that a surface richer in Mg may have a
more negative, active potential. The reason for this is that it is
likely that the final C treatment after the A treatment has also
improved the oxide layer on the alloy surface-retarding the
anodic kinetics. The polarization data also confirms an
Mg-rich surface by the fact that the cathodic kinetics are
most sluggish (albeit by only a small amount) compared to
all other conditions, consistent with Mg having a much
lower exchange current density than Al [34].

3.3 Conversion coating formation

In order to monitor the conversion coating formation pro-
cess, pipette cell experiments (equivalent to droplet cell
experiments [29]) were also executed. The pipette cell ex-
periments expose a small area of alloy to the IL alone (in
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the absence of a deleterious electrolyte) and allow the con-
version coating to be assessed electrochemically via EIS as
it is forming.

Figure 7 presents the abridged results of the EIS testing
upon AZ91D. Rather than show a large volume of raw elec-
trochemical data, Figure 7 shows a typical variation in the
EIS response as judged by the Nyquist plots (inserts). Using
a simple Randle's circuit with a constant phase element (Q-
which was deemed necessary given the depressed nature of
the semi-circles), the capacitance of the surface was deter-
mined over a period of 24 h.

A comparison of the initial capacitance value for the as
cast AZ91D and the A+C treated specimens immediately
illustrates the difference in these two surfaces. The signifi-
cantly lower capacitance for the A+C treated surface re-
flects either a thicker oxide film, or a rougher substrate
(which may include oxide porosity). Both of these would
influence film capacitance in the same way [35], as both can
lower rates of metal dissolution, which can also raise sur-
face capacitance. With increasing immersion time in the IL
both surfaces display an increase in capacitance although
the A+C pretreated surface seems more affected. From a big
picture perspective this may suggest that the surface coating
is decreasing in thickness, or that surface dissolution reac-
tion rates are being enhanced. The latter is unlikely as we
see from the Nyquist plots that charge transfer resistance is
increased (total impedance rises) with the IL exposure.
Consequently whilst the former may be possible, it is un-
likely that dissolution of the native oxide film would lead to
an improved corrosion resistance. Instead, we suppose that
the IL is able to penetrate the (somewhat porous) oxide film
and essentially fill or reduce the size of the pores thereby
leading to an apparent increase in capacitance. Ultimately, it
is apparent that a film that is more typical of the Mg-IL in-
teraction is replacing the native oxide film. This data also
reveals that, as we approach 24 h, the benefits of longer
immersion time diminish, with capacitance attaining a
maximum at ~3.5 and 1.5 uF/cmz, for AZ91D untreated and
A+C pretreated surfaces respectively. The duration of these
experiments and the rate of coating development may have
been affected by the depth of IL above the substrate by lim-
iting the access of atmospheric reactants therefore we note
that the time dependence may differ from the bulk experi-
ments.

Some salient points to consider at this stage, are (1) con-
version coating times of 24 h are comparatively long when
compared to industrial practice which is restricted to a few
minutes (in such cases coating thicknesses of many hun-
dreds of nm are achieved rather rapidly); and (2) bearing in
mind the prior point, it indicates not only the extent of
aqueous electrolyte reactivity but also how non-reactive IL
electrolytes can be, thereby revealing very low rates of an-
odic dissolution of AZ91D over the period of 24 h. Thus the
slow reaction between the AZ91D and the IL results in thin
films and potentially (in future) the ability to tune the film
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Figure 7 Typical representation of capacitance as a function of immersion time in [P ¢,14][NTf,] IL (i.e., during conversion coating) for AZ91D. Nyquist
plots corresponding to ~1 h and ~24 h immersion are inset. Equivalent circuit used is shown. The real capacitance was calculated from the pseudo capaci-
tance according to C; = R'™"Y;"" (where Y is the pseudo capacitance and R is the resistance [38]).

thickness. We have previously shown that the rate of film
formation can be increased by the use of moderate temper-
ature (e.g., 50 °C) which reduce treatment times from hours
to minutes [5]. In this work, we did not further investigate
the affect of time or processing conditions (e.g., temperature)
on the coating formation.

3.4 Coated surface characterization

The XPS data presented in Figure 8 and summarized in Ta-
ble 1 shed some light on the different surfaces formed on
the as cast and A+C pretreated specimens when immersed
in the IL. On the untreated sample there is evidence of larg-
er quantities of all the ionic liquid components. This is ap-
parent from the F, N, S and P peaks seen in the spectra
(Figure 8). Chemically, the surfaces appear very similar
(Table 1), with exception of a peak associated with per-
fluorinated carbons at 292.6 eV on the untreated sample and
conversely, a peak indicating the presence of metallic Mg
on the A+C IL treated surface. The relative intensities of the
IL based peaks appear smaller in the A+C pretreated case
and the Mg and Al peaks are also quite prevalent compared
with IL only treated AZ91D specimens. In fact, the A+C
pretreated and A+C IL treated spectra are very similar, with
only very weak IL related peaks present on the IL treated
surface. A Photon Energy of 790 eV (c¢f. 1486.6 eV for
AlKa) was used in order to obtain more surface sensitive
measurements due to poor peak resolution. This suggests a

reduced fraction of IL related species on the AZ91 surface,
particularly in the A+C pretreated case, compared to previ-
ous measurements on AZ31 surfaces [36]. Considering the
EIS data (Figure 7) previously discussed (Section 3.3), the
occurrence of weaker IL peaks on the A+C IL treated sur-
face supports the notion of the IL penetrating a porous oxide
film and the appearance of a relatively large Ols peak on
the A+C pretreated and A+C IL treated surfaces agrees with
the capacitance and EDXS data which suggest a thicker
oxide film. The stronger intensity IL related peaks on the
untreated AZ91D surface is consistent with the presence of
a film that results in the shift to more noble potentials
(compared to untreated and uncoated AZ91D) seen in Fig-
ure 4. However, the comparatively small reduction in iy,
suggests a defective or nonuniform film that cannot retard
dissolution once pitting commences. In the case of the A+C
pretreated specimen a slightly smaller noble shift, relative to
the pretreated specimen alone, is observed when the IL
coating is also applied. In this case a significantly reduced
icorr 1s Observed as well as a further shift of the pitting po-
tential to more positive values, also consistent with a “pore
filling” role for the IL generated film.

4 Conclusions

Immersion and polarization testing in NaCl solutions
showed that conversion coating in an IL is capable of
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Table 1 Binding energies and assignments [36-38] for the relevant photoelectron lines evident on each surface in Figure 8

Photoelectron Line AZ91D A+C treated AZ91D 24 h IL treated AZ91D A+C & 24 h IL treated
Fls —CF; (688.7) —CF; (688.6)
Fls MgF; (685.6) MgF; (685.5)
Ols CO;™, SO, (531.8) CO;™, SO, (532.3) CO5™, SO, (532.3)
O 1s MgO/Mg(OH), (530.0)

N 1s N~ (399.2) N~ (399.2)
Cls —CF; (292.6)
Cls CO;™ (288.8) CO;™ (288.8) CO;™ (288.8)
Cls C-C/C-H (285.0) C-C/C-H (285.0) C-C/C-H (285.0)
Cls carbides (below 283.0) carbides (below 283.0)
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Figure 8 Synchrotron XPS spectra acquired from AZ91D 24 hour IL treated, A+C/24 h IL treated and A+C pretreated surfaces. (a) Survey scan, (b)

zoomed section below 250 eV.

providing improved corrosion resistance of Mg-alloy
AZ91D. Such a finding gives significant merit to pursuit of
conversion coatings from ILs where there is scope (largely
unexplored) to tailor the conversion coating bath composi-

tion (whilst being water free) to provide functionality. This
latter point is important for Mg alloys, since the presence of
water in aqueous conversion coating baths leads to rapid
surface reaction and potentially undesirable products. We
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contend that coating times of 24 h are industrially impracti-
cal, however in future work will investigate controlling the
reactivity of the IL. This may be through the use of an acti-
vator (e.g. water, base or acid) and, as already mentioned,
the use of elevated temperature which has been shown to
reduce coating formation times [5].

There are many aspects of IL conversion coatings that
require significant future work, including and not limited to:
understanding which species inside the IL are forming the
functional surface, the persistence of the conversion coating
on the surface and how long it will last, the corrosion re-
sistance that can be expected from the IL conversion coat-
ing and the importance of parameters such as temperature
and moisture solubility.

It was seen herein that chemical pretreatment can have a
marked effect on both the surface roughness and the surface
composition of AZ91D. The development of a chemically
homogenous and Mg rich surface prior to conversion coat-
ing is beneficial in the development of optimized IL coat-
ings. The most homogenous coating was shown to be the
A+C treatment, which had the highest surface activity. The
IL coatings were shown to be effective at dramatically re-
tarding the rate of anodic dissolution of AZ91D. This results
in an ennoblement of E.,, and a concomitant decrease in
icorr- Cathodic kinetics were largely unaffected by the IL
coatings studies herein. This suggests that the IL coating
does not adequately protect the cathodic B-phase, yet re-
stricts dissolution of Mg from the a-phase.

Based on synchrotron XPS, the nature of the IL film in-
cludes native oxides, hydroxides and carbonates which are
remnant from the previous surface preparation. In the case
of the A+C pretreated surface this constitutes a thicker ox-
ide dominated film in which IL related species (species re-
lated to both the cation and anion as well as anion break-
down products [36], are evident) appear to have penetrated
and modified the remnant surface film.
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