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Abstract

To improve the performances of Nickel-Metal Hydridatteries, an important step is the
understanding of the corrosion processes thatgkiae in the electrode material. In particular,
the present study focuses for the first time onrttoalel (La,Mg)Ni; system. The calendar
corrosion in 8.7M KOH medium was investigated frérhours to 16 weeks immersion. By a
unique combination of structural and elemental ati@risations, the corrosion products are
evidenced in those systems. In particular, we detnaie that Ni and Mg combine in a
pseudo-binary hydroxide MgNix(OH), whereas La corrodes into nanoporous La@OH)
needles with inner hollow nanochannels.
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Introduction

Because of their high capacity and the use of naréronmentally friendly materials,
Nickel-Metal Hydride (Ni-MH) batteries are expectedolay a key role in the huge market of
hybrid electric vehicles (HEV) and Emergency Ligbhits (ELU). Hydrogen-absorbing
alloys based oANis (A: a rare earth such as La or a mixture of rardheatich as mishmetal
Mm), or ABs when Ni is partially substituted by Mn, Co or Ake widely used as negative
electrode materials [1]. Recently, new familieshgfirogen-absorbing alloys based ANiy,
with 3<x<5, have shown high interest because they presginémhcapacities thaABs alloys
[2]. Moreover, some authors point out the bendfigigostitution of theA element with lighter
ones such as Mg, in the#B, alloys [3]. In these systems, many studies focused
commercial compositions from the PuyNype alloys. TheseAB; alloys present higher
hydrogen storage capacity and higher dischargecitgpag. 356mAh/g for LaCaMghli[4]
compared to th&Bs alloys. Discharge capacity of 410mAh/g has eveankechieved for the
Lap sMgo.aNi2 sCap s composition [5]. However the poor cycling stapildaf these new alloys
prevent them from long cycle life practical apptioa.



The life-time duration of these materials has tasigmificantly improved. When a hydrogen-
absorbing alloy is used as negative electrodercalkaline battery, the constituent elements
are corroded by the electrolyte. This corrosiord$eto loss of capacity balance between the
positive and the negative electrode, loss of watel drying of the battery, and eventually to
shortcut. Therefore, a good understanding of the corrosiamcgeses will allow to find
solutions to overcome these phenomena, and tdyfimaprove the battery cycle life.

The degradation processes ABs-based Ni-MH batteries have been extensively studie
during calendar storage and cycling [6-8]. In thaleys containing Mm, Ni and Co, the
degradation process is closely related to alloyoston in aqueous KOH electrolyte and is
enhanced by decrepitation (fracture of the powdetigles creating new surfaces). The latter
phenomenon is a consequence of volume changes rioccuopon hydrogen solid
solution/hydride phase transformation during cygl{®]. It has been observed that during
soaking ofABs alloy into KOH aqueous solution, a continuous raystalline corrosion scale
composed of a metallic solid solution (Ni, Co), aisolid solution (Ni, Co)O and mishmetal
hydroxide Mm(OH3 needles form as surface corrosion products.

The AB; alloys previously mentioned [4] have also beendisti regarding their high
corrosion rates [10]. However, all these studieslianited to cycling degradation studies.
Concerning ABy alloys, few works have been published on commeoamposition during
electrochemical cycling [11]. The commercializedBA moved from pure La-based (La,
Mg)2Ni- toward light rare earth rich mischmetal-based (Muhg).Ni; to reduce the capacity
degradation through cycling [12]. As an example,e thstudied composition
Lap sMgo.aNis qMng 1 presents an initial capacity of 400 mAh/g whicltr@ases continuously
with cycling (down to 200 mAh/g for 35 cycles). Toerrosion study identifies formation of a
Mg(OH), film then the formation of La(OH)needles. However, neither the Ni nor the Mn
corrosion products are mentioned. Considering #iting literature, a fundamental study to
understand the corrosion procesg\yB; alloys is missing. Moreover, the peculiar roleMd

is not fully understood, and comparison betweerroston of binary and pseudo-binary
compounds is necessary. This study aims to preséull characterisation of the corrosion
processes taking place during the soaking of (L3Nig alloys in alkaline medium (KOH).

Experimental part

Preparation of the alloys

The binary LaNi; alloy was prepared by induction melting of the petements (La, Ni:
99.9%) under vacuum in a water cooled copper clewcithe alloy was turned over five times
to ensure good homogeneity and was annealed fensgays at 1000°C. The pseudo-binary
alloy La; sMgosNiz was prepared in two steps by powder metallurgyrécursor LaNjez
was first prepared by induction melting as for tiveary compound. This precursor was then
grounded and mixed with Mg powder (99.8%). The ometwas annealed for ten days at
900°C in a tight crucible closed under argon.



Calendar corrosion exposure

1.5 grams of each alloy were exposed to 8.7M KOWtem with the following conditions:
immersion time between 6 hours and 16 weeks; arhli@mperature, argon desaerated
atmosphere; daily homogenization to avoid preféaerdorrosion of part of the sample;
constant ratio Rey/Velectroyte S@Mpling of ~200 mg of powder for each immerdiome. We
selected KOH 8.7 M to emphasize the corrosion geffethout being detrimental to the
specific conductivity of the solution [13].

Powder particles were rinsed down to a pH closi2t¢for pH <12 the corroded species start
to dissolve in water), then dried under vacuumQ&CAfor 24 hours.

Characterisation techniques

Both initial alloys were characterised by micropgadmalysis (EPMA) and X-ray diffraction
(XRD). Corrosion products oi;B; alloys powders were examined by XRD, Raman micro-
spectroscopy (micro-RS), scanning electron microgd@&EM) and transmission electron
microscopy (TEM). A Bruker Da Vinci (Cu Kradiation) and a Bruker D8 (Cu, Kadiation)
were used for XRD analysis. Patterns were typicadiguired with the Da Vinci between 10
and 110° (B) in 0.015° steps for 3 s, leading to an acquisitione of 5h30. Longer
acquisition time (24h) was performed for some samplith the D8 diffractometer for the
same angular region.

Micro-RS measurements were performed using Notdter fibased micro-spectrometer
equipped with Peltier cooled CCD (Horiba Jobin Y)yavith a focal length of 180 mm, a
1800 lines/mm grating and an air cooled” Araser emitting at 514.5 nm or HeNe Laser
emitting at 632.8 nm. Spectral resolution is aro8rahi* and calibration is checked on the
520.5 cnit band of silicon. Microanalysis is achieved thro@llympus microscope and 100x
and 50xOlympus objective. The beam size is abqunZor a 100x and about 5 um for a 50x
objective. A laser excitation power of 70 pW isdisBpectra acquisitions are managed by the
LabSpec software (Horiba Jobin Yvon).

Powder particles were examined with a Zeiss LEQwsicg electron microscope equipped
with a Field Emission Gun and an energy disperXway detector (EDX). No coating was
made in order to be sure that the morphologicahgls observed at the alloy surface are due
to the corrosion process.

A Tecnai FEI F20 ST equipped with EDX detectorsvided high spatial resolution imaging
of the scale morphology, crystallography (by electdiffraction) and chemistry (by EDX
analyses) of the corrosion products. TEM specinvesr® prepared by cutting thin slices (60
to 80 nm) of resin embedded powder particles inlaamicrotome.

Results

Pristine alloy characterisations

XRD pattern of the binary L&li; compound was indexed in the f8&, hexagonal cell
(P6s/mmcspace group). Pseudo-binary; Eslgo sNiz was observed under two polymorphic
forms: CeNi; hexagonal P6/mmc space group) and @do; rhombohedral R-3m space
group). Results of the characterisation of bothdamare given in Table 1.



Table 1: Characterisation of the alloys by EPMA and XRRlgais.

Electron probeg B/A Space % Cell parameters Volume V {RA
micro analysis| ratio group a(h) c (A)
(£0.01)
LayNi; 3.505 | P6/mmc | 100 5.06284 (0.00004) 24.69757 (0.00028) 548.243 (0.009
+0.117
La; sMgosNi7 3.337 | P6/mmc | 22.1 5.03144 (0.00010) 24.17544 (0.00097) 530.017(0.026
+0.122 (0.5)
R-3m 78 (1) | 5.03124 (0.00009) 36.25952 (0.0009B8) 794.883(0.028

Structural characterisation of corrosion products

Figures 1 and 2 show the XRD patterns recorded.dgiNi; and La sMgo sNi7, respectively,
after immersion in 8.7M KOH for different soakingnes. Beside the alloy main diffraction
peaks, these diffractograms enable to identifypitesence of the La(Oklphase, especially at
longer soaking times (additional X-ray diagramme available in the Supplementary
Information Figure S1).
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Figure 1: La,Niy diffractograms after various Figure 2: La; sMgq sNi; diffractograms after various
immersion times in 8.7M KOH; a. from top to bottomimmersion times in 8.7M KOH; a. from top to bottom:
non corroded (NC), 6 hours (6H), 48 hours (48H) andon corroded (NC), 6 hours (6H), 48 hours (48H) and

8 weeks (8W); b. low theta region shown in the 8 weeks (8W); b. low theta region shown in the
dashed rectangle, with longer acquisition timetfier  dashed rectangle, with longer acquisition timetffigr
sample soaked 8 weeks in 8.7M KOH. The (100) sample soaked 8 weeks in 8.7M KOH. The (100)
diffraction peak of La(OH)(triangle; PDF n°00-036- diffraction peak of La(OH)(triangle; PDF n°00-036-
1481) and the (001) diffraction peak of Ni(QH) 1481) and the (001) diffraction peak of Mg(QH)
(circle; PDF n°04-012-5845) are shown beside the (cross; PDF n° 00-007-0239) are shown beside the
peaks of the main phase (vertical bars;Nogetype). peaks of the main phases (vertical barsNGe and
Gd,Cor-type respectively).



For a better phase identification, longer acqusittime (up to 24 hours) allowing better
signal to noise ratio was performed for both sasphi(OH), for the binary alloy, and
Mg(OH), for the pseudo-binary one are clearly observest 8ftweeks of soaking (Figure 1.b
and 2.b).

Reference Raman spectra of O-H vibration of Ni(©&t)3582 crit, La(OH); at 3600 crit

and Mg(OH) at 3650 crit are displayed in figure 3.a. Difference in wavebemare large
enough to distinguish between the different hyditegi Raman spectra of INi; soaked 48
hours and 12 weeks are given in Figure 3.b. Forot8dithe corrosion layer is formed of
Ni(OH), or La(OH}, pure phases but not spatially homogeneous. FarekERs the corrosion
layer is homogeneous and formed of a mixture oé pimases of Ni(OH)and La(OHj).

In the presence of magnesium in the alloy, the Raspectra are given in Figure 3.c for
8 weeks into KOH. The corrosion layer is spatidlgterogeneous at the micrometer scale. A
new band is appearing at 3650 tmand attributed to Mg(OH) The band corresponding to
Ni(OH), is shifted at 3690 cthand in some spectra an enlargement of the highnwawier
side of the band corresponding to La(@R)visible.

The low frequency spectra (see supplementary irdton Figure S4) recorded for the 12-
weeks corroded sample indicate also the presenbigy@H),, but a very broad band around
540 cnmi® is also present, which could be attributed to @ Ni MgO oxide phase.
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Figure 3: Micro-RS spectra recorded on a. La(@Hi(OH), and Mg(OH) references; b. Lali; corroded for
48 hours (2 points) and 8 weeks; ¢, g, sNi; corroded for 48 hours (4 points). Acquisition ciioths 600 s.




Morphologic and elemental characterisations of osion products
The first morphologic characterisation of corrosmoducts was performed with systematic
SEM analysis for each corrosion time. Some of #selts are presented here fopMe and
La; sMgosNiz (Figure 4) for low magnification in SE2 mode (adshal micrographs are
available in the Supplementary Information FiguBea®d Figure S3). The bMi; surface is
covered after 48hours of immersion in 8.7M KOH.eTl& sMgo sNi7 surface is covered after
4 days of immersion in 8.7M KOH. The corrosion prodquantity seems quite the same for
both alloys and do not vary whatever the immersime over a few days.

Figure 4: SEM micrographs at magnification 10k, in SE2 marf¢a.) non corroded L&li; sample and L#i;
sample corroded for (b.) 6h, (c.) 48h and (d.) &kge (e.) non corroded LgVgo sNi; sample and LaMgg sNi;
sample corroded for (f.) 6h, (g.) 48h and (h.) &k&e

Higher magnification micrographs in InLens modeg(Fe 5) present the morphology of the
corrosion products developed on both alloys.

Needle-like morphology corrosion products appeat for the LaNi; alloy. Then hexagonal
platelets appear. For the 1lgMgosNi; alloy, both platelets and needle appear for 6h
immersion in 8.7M KOH.



After 48hours immersion two morphologies are conéd for both alloys. The first one
corresponds to little platelets without size growlthe second one develops needle-like
morphology. It is particularly evidenced for theepdo-binary alloy. In this case, the needles
are quite large, up to a micronic size, and theyeha well defined morphology. For the

binary alloy, the needles are smaller and lessddfi
d. -

Figure5: SEM micrographs at magnification 50k, in InLensd®, of LaNi; sample corroded for (a.) 6h, (b.)
48h and (c.) 8 weeks on the left and Mg, sNi; sample corroded for (d) 6h, (e.) 48h and (f) 8ksean the
right.

Figure 6 presents SEM micrographs of both sampbesising on the interface between the
alloy and the corrosion products. This interfachicl is smooth for the non-corroded alloys,
shows a nanometric roughness as soon as the @oriosicess starts.

Figure 6: SEM micrographs, in InLens mode, of the metalfasion products interface for adNi; corroded for
6h in 8.7M KOH and b. LaMgg sNi- corroded for 24h in 8.7M KOH.



Characterisation was completed by TEM analysigHer48-hours corroded samples. Figure 7
presents elemental mapping for the 48h corrodearpisample. The selected area shows two
types of corrosion products. The one from the bottamcan be seen in the TEM-mode
micrograph, has a well-defined morphology with éindoorder despite its small size. This
particle is associated with the La element. Theoston particle in the upper part of the
mapping is not so well defined, and is associatetthé Ni element. La and Ni are segregated
in the corrosion products, they form La(Qk)nd Ni(OH)} hydroxides at different places and
not in a single compound, as confirmed by electrodiffraction (see supplementary
information Figure S5 and Table S1).

_ BF La-L , Ni-K O-K
“ |
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Figure 7: TEM micrograph and EDS-STEM elemental mappingafNi and O for the LaNi; sample corroded
48h in 8.7M KOH solution.

Figure 8 displays the elemental mapping for the é8hoded pseudo-binary sample. Well
defined particles with needle-shape morphologylmdistinguished. They are outstandingly
linked to the La element in the STEM-EDS elementapping. Beside these needles, the
other corrosion products are very fine. They aspaisted to the Mg element, as well as the

Ni one.
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Figure 8: TEM micrograph and EDS-STEM elemental mappingafMg, Ni and O on LaMg, sNi; sample
corroded 48h in 8.7M KOH.

Electronic diffraction allows to assign La(Ofs the well-defined large needles. For the Ni
and Mg containing area, no single crystallized avaa found to allow measuring diffraction
angles and interplanar distances with enough acgumdifferentiate between Ni(OKHand
Mg(OH), hydroxides (see supplementary information FigulGea®d Table S2).



Other TEM micrograph for binary and pseudo-binamples corroded 6 hours, 48 hours and
8 weeks confirm the presence of two morphologiesbfth alloys: large and well defined
needles for La(OH)and small platelets of Ni(OH¥or LaNi7 and of Ni(OH) Mg(OH), or
(Mg, Ni)(OH), particles for LasMgzNis.

Moreover, a inner channel can be observed insidedne of the La(OH)needles. Figure 9
presents the EDS profile of a La(QHheedle for the pseudo-binary sample corroded Gshour
The profile is recorded along the transversal pathe needle. A La and O depletion appears
in the middle of the needle. This indicates thespnee of a hollow channel with a diameter
about 2 nm.
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Figure 9: STEM micrograph and STEM-EDS elemental profiletfee LgMgg gNi; sample corroded 6h in 8.7M
KOH.

Figure 10 presents the micrographs for the 8-wes&agn-binary corroded sample. The large
needles show a density variation in their centrait.pAt the bottom of Figure 10.a, a

hexagonal particle is observed with a small holgsicentral part. EDS analysis indicates that
these hexagonal particles are composed of La amde@tifying them as the La(Oklheedles

in a transversal view. The diameter of the holabsut 10 nm diameter though this value
should be taken with caution as part of the hole lma covered during the ultra-microtome
preparation. It indicates however that the sizeth&f hole might vary depending of the

immersion time.



Figure 10: TEM micrograph showing the tubular structure @sNlg, sNi; sample corroded 8 Wééks in 8.7M
KOH.

Specific corrosion of magnesium
Beside the general corrosion process detailedisnpgaiper, small cubic particles have been
also observed by SEM (Figure 11.a). The partide 8 about 2 um. EDS spectra performed
on these particles indicate the presence of O agp@Rigure 11.b). These elements, combined
with the morphology observation, indicate that Mg@®stals are present in the initial pseudo-
binary alloy. These MgO crystals are attributed Mg corrosion taking place at high
temperature during the elaboration process. Thegpgiear after two weeks in 8.7M KOH. As
suggested by the SEM micrograph (Figure 11.c) irepably turn into Mg(OH) hexagonal
platelets, thermodynamically favoured at such basit These MgO particles are not
identified in the XRD analysis, due to their veowl concentration in the sample, and the low
diffraction structure factors of Mg and O.

Figure 11: a. SEM micrograph and b. SEM-EDS analysis opMgy, sNi; sample non-corroded, focusing on
cubic crystal of MgO. ¢. SEM micrograph showing Mg@stals being transformed into Mg(QGhHi) the
La,Mgo sNi; sample corroded 48 hours in 8.7M KOH.

10



Discussion

Corrosion mechanisms in binary alloy

The corrosion process identified for Ny immersed in 8.7M KOH can be described as a
multilayer system with the following sequences: thetallic alloy / a rough alloy-corrosion
products interface / corrosion products with langedles of La(OH)and little platelets of
Ni(OH),. The morphology of these platelets and needlesimigood agreement with the
crystallographic structures of these two phases.

The various immersion times evidence that the rietgrains are totally covered with
hydroxides in 2 days. After 4 days of immersion, plegtelets are well organised and no size
growth can be noticed up to 16 weeks of exposure.

Unlike Maurelet al [6], we evidenced the presence of Ni(@Qk)at they did not point out.
That could be explained by the low diffraction powénickel hydroxide, and by the absence
of Raman spectroscopy in their study. The rougariate layer formation can be explained
by the internal oxidation mechanism. This layecasnmonly associated to a metallic nickel
amorphous layer which catalyses the surface eldatrowal reaction, as suggested in [6]

b.
KOH
La(OH); needles — KOH
N1( OH), platelets

Interface II N ed

' _ ” o aAN0s1zec

) L-;r e. OH oy Vou T } rough

Intertace I mterface

Figure 12: Corrosion mechanisms by a. cationic and b. anivaitsport as proposed by Mauetlal[6],
modified (this work) to introduce the presencetaf Ni(OH), platelets.

Influence of Mg on the corrosion mechanism

Considering the LaMgosNi7 ternary alloy, the corrosion mechanism is strongfluenced

by the presence of Mg. First, Ni(OHis no more observed as a pure phase in the XRD
diagrams, and Mg(OH)is detected. Therefore, it seems that the MggOtdymation
predominates as Mg is introduced in the alloy.

The micro-RS low frequency spectra recorded for tReveeks corroded sample indicates
also the presence of Mg(Otgs well as a very broad band around 543,orhich could be
attributed to an oxide. Neither NiO nor MgO struetidisplay a Raman signal as they have
both face centered cubic structure. However, thegsals frequently include some impurities,
or are non-stoechiometric with NO or Mg O formulae. In these cases, a broad band
around 540 cm appears. The presence of NiO or MgO oxides insystem could result
from the dehydration of the hydroxide phases, legth oxide formation. This dehydration is
likely to appear under the Raman laser beam.
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Considering the STEM-EDX elemental mapping of thseymlo-binary sample, two
morphologies are identified: large needles compasfetia and O, corresponding to the
La(OH) phase, and small particles. These are linked tdftpelement, as could be deduced
from the XRD Mg(OHj) identification, but they are also related to theelment. Therefore
two hypotheses are proposed for this observatiar{(QW), and Ni(OH) hydroxides can both
be present, finely mixed at the nanometric scaleMgrcan substitute Ni in the Mg(OH)
hydroxide, the only one identified by XRD analyses.

To choose between these two hypotheses, the calingters have been derived from the X-
ray diffractogram shown in the inset of Figure hey are presented in Table 2. The cell
parameters for Mg(OH) as identified in the corroded pseudo-binary alltgve intermediate
values between those of pure Mg(Qlihd pure Ni(OH) Thea parameters are very close for
both phases, however tlegparameters are significantly different. In theimeél pattern, the
main diffraction peak for Mg(OH)is the (001) one, giving a value of tbg@arameter for the
8-weeks corroded pseudo-binary sample in betweesetobMg(OH) and Ni(OH) favoring
the second hypothesis. Considering the weak dtftnadactor of Mg, and the low Mg(OHRl)
content in the sample, this result has to be censddwith cautious but suggests that Ni is
substituted within the Mg(OH)attice.

Table 2: Cell parameters for LaMg sNi- corroded 8 weeks in 8.7M KOH compared to thoseuné Mg(OH)

and Ni(OH}).
Mg(OH), (ref JACGAR| La;sMgosNi; | Ni(OH), (ref JPSODZ 2007 174
1996 29 48-52) corroded 8 414-420)
weeks
a 3.1477 3.1472 3.1260
c 47717 4.7345 4.6050

In the presence of magnesium, the Raman spectrdemtbfanum hydroxide is not modified
but Mg(OH) as pure phase is identified by the band at 3650. éthe O-H vibration of
Ni(OH), is 10 cmt* shifted showing that Ni(OH)as pure phase is not formed anymore. Solid
solution of Ni/ Mg hydroxide has been studied birared spectroscopy and O-H vibration
depends quite linearly on the Mg/ Ni content of fodid solution [14]. The spatial variation
of the recorded Raman spectra at the micrometde stearly indicates that the corrosion
product layer is formed from: La(Okand NixMgx(OH), with x varying from one point to
another. The formation of Ni/ Mg hydroxide by cogpatation technique has already been
studied and different compositions can be formepedding on the process for the same
solution content [15]. However the existence ofradpminant defined composition in the
corrosion layer cannot be excluded as Raman sgeoipy is not a quantitative technique.

These observations lead to the conclusion thahén lta-Mg-Ni system, Mg and Ni are
involved in the same hydroxide formation, with a (@), structure including Ni in its
lattice, forming a mixed (Mg,Ni)(OH)hydroxide. Neither this hydroxide, nor the Ni(QH)
hydroxide formed for LaNi;, could modify the electrochemical capacity of thegative
electrode, considering their compositions is vdoge to that of the positive electrode (i.e. at
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much higher hydrogenation potential). Moreoverplaserved for AB alloys, neither the (Ni,
Mg)(OH), nor the La(OHj needles affect the density of the catalytic mietalickel layer.

Comparing the various immersion times, we eviddheaéthe alloy surface is totally covered
with hydroxides within 4 days as for the binaryosllit is covered within 2 days. The
corrosion could start slower with the Mg. Moreovdre La(OH) needles have a better
defined morphology when Mg is present. This suggtsit Mg promotes the ordering of the
corrosion products. As concerns applications, tlgerde in (R, Mg)Ni alloy has to be finely
considered to reach the better compromise betweepdsitive effect on plateau pressure and
capacity and the effect related to corrosion ofaley. Moreover, the presence of Mg in the
alloy lead to specific oxidation mechanism of Mgthamhe formation of MgO during the
alloy elaboration. This corrosion product turn®iMg(OH), with immersion non 8.7M KOH.

Finally, the rare earth hydroxide needles show anohkl in their central part. Mauret al.
showed that these channels play a role in the grawechanism [6]. These holes have
nanometric dimensions, varying from 2-3 nm for piseudo-binary sample corroded during 6
hours up to 10 nm for the sample corroded 8 wedkss worth to note that those
“nanochannels” have their diameter size growinghwthe needle size. This point is in
contradiction with the previous work [6] &Bs sample for which they reported that the hole
size staid constant for various immersion times.

Conclusion

The present study investigates two compoundsNizeand La sMgo sNi7 alloys and aims to
understand from a fundamental point of view whidrrasion products develop in,B;
alloys when soaked in KOH. We focused our attentiorthe influence of Mg on corrosion
mechanisms. It appears thaiBA binary alloys corrode in the same way tid® alloys, with
formation of Ni(OH} and La(OH) hydroxides upon a rough interface. When magnessum
added, Mg hydroxide is observed instead of theréi. ¢tHowever Ni is probably substituted in
the Mg(OH) structure. The La(OH)needles are better defined and longer than fobittery
alloy. Moreover, specific corrosion due to the Mastbeen observed. This modified corrosion
of Mg-containing alloys requires establishing a poomise between the beneficial effect of
Mg on the pressure plateau and capacity and itsndeital effect on the corrosion rate. In
both alloys, the La(OH)needles present inner nanochannels which playeandhe needle
growth process.
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Supplementary information

% XRD diagrams of all corroded samples
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Figure S1: a. LgNi; and b. LasMgq Ni; diffractograms after various immersion times inN8.KOH: from tom
to bottom : non corroded, 6 hours, 24 hours, 48$)audays, 1 week ; 2 weeks, 4 weeks, 6 weekgeksy 12
weeks, 16 weeks. The black arrow corresponds t¢10@) diffraction peak of the La(Oklphase (PDF n° 00-
036-1481 ; NC = non corroded, H = hour(s), D = daWV = week(s))
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s SEM micrographs odll corrodedsamples

Figure S2: SEM micrography, in InLens mode, of ANi; sample (a;) non corroded and corroded for (b.&h,
24h, (d.) 48h, (e.) 4 days, (f.) 1 week, (g.) 2 keeéh.) 4 weeks, (i.) 6 weeks, (j.) 8 weeks, (2)weeks, and (l.)
16 weeks
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Figure S3: SEM micrography, in InLens mode, of L#g, sNi; sample (a;) non corroded and corroded for (b.)
6h, (c.) 24h, (d.) 48h, (e.) 4 days, (f.) 1 week) @ weeks, (h.) 4 weeks, (i.) 6 weeks, (j.) 8 keedk.) 12 weeks,
and (l.) 16 weeks
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% Low frequency Raman spectra

LaMgNi -12 weeks-1

LaMgNi -12 weeks-2

‘_Jk Mg(OH),

P M Nio
200 300 400 500 600 700 800 900
Wavenumber/cm?

Raman Intensity/ a.u.

Figure S4: Raman spectra of LgVg, sNi; sample corroded for 12 weeks compared to NigCMHP and
Mg(OH), references. Acquisition conditions : 600sec.



¢+ Electronic diffraction on corroded samples
500 nm

Figure S5: TEM bright field micrograph and electronic diffraart scanning area on Ldi; sample corroded 48h
on 8.7M KOH

Table S1: Electronic diffraction analysis on kMdi; sample corroded 48h on 8.7M KOH

Diffraction diff010 :La(OH); identification

1/d d (nm)measured | Relative Intensity| Distance manually | Distance in La(OHy)
with DiffTool measured with Image PDF n° 00-036-1481
2.9060 0.3441 100.00 0.332-0.361 0.3263
3.3450 0.2990 77.50 0.304 0.2826-0.3187
4.6706 0.2141 43.61 - 0.2136
5.0745 0.1971 37.23 0.197 0.1929
5.8032 0.1723 28.58 0.172-0.178 0.1660
8.3317 0.1200 15.97 - 0.1217

Diffraction diff011 :Ni(OH), identification

1/d d (nm)measured | Relative Intensity Distance manually| Distance in Ni(OH)

with DiffTool measured with ImageJ PDF n°04-012-5845

4.1175 0.2429 74.34 0.279 0.269

4.7145 0.2121 74.77 0.210

6.6372 0.1507 87.47 0.150 0.1475-0.1557

8.1473 0.1227 91.91 0.122 0.1164-0.1290

9.4115 0.1063 97.62 - 0.1061

10.4475 0.0957 100.00 - 0.0932
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100 nm

Figure S6: TEM bright field micrograph and electronic difframnt pattern related to the circle, for the sample
La; sMgo.sNi; corroded for 8 weeks in 8.7M KOH . Interplanattaices are indicated on the diffraction pattern.

Table S2: Electronic diffraction analysis on LaMgg sNi; sample corroded 8 weeks in 8.7M KOH : comparison
between experimental values of interplanar distaiacel PDF database of Ni(GQH)nd Mg(OH)

1/d d (hm) measured Relative | Distance manually Distance in Ni(OH) Distance in Mg(OH)
with DiffTool Intensity | measured with ImageJ PDF n°04-012-5845 | PDF n°00-007-0239
4.7541 0.2103 100.00 0.236 0.23-0.2328 0.2365
5.531 0.1808 81.07 0.182 0.1794
6.6636 0.1501 62.7 0.152 0.1475-0.1557 0.1494
8.3229 0.1202 40.59 0.12 0.1164-0.1290 0.1192
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