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Abstract

Layered double hydroxides represented by the gefwraula [M,>"M**(OH)] "X 1".zH,O are being
researched as anion-exchange materials with ititegeimtercalation chemistry that accommodate a
wide range of applications, including corrosionistsce.

In this work, it is shown that the formation of éagd double hydroxides (LDHs) on the surface of
copper-rich Al alloys promotes corrosion resistané®r that purpose a LDH of the type
[M*M3*,(OH)[A"™1,].zH20], where the intercalated cation is mono-valerthilim is studied. In
Aluminium 2024-T3 or Al-Li 8090, corrosion inhibith was achieved as a result of the formation of a
LDH film: Al,Li(OH);.2H,0 or ALLi(OH)s2CG;.zH,O according to the precursor solution used.
LDH’s covered the entire surface of the mentionys, mitigating the galvanic action between the
matrix and Cu rich phases, usually responsiblectmrosion of the localized type. Inhibition is
demonstrated to be under diffusion control. Layetedble hydroxides were characterised using X-
ray diffraction, FTIR and SEM. The role of coppsrexamined using an approach that includes a
study on pure copper samples.
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1. Introduction

Layered double hydroxides have received consideratbéntion due to a particular number of
attractive properties promoting widespread appbeet in catalysts, adsorbents, bioactive
agents and thin films as protective corrosion cmgsti1-4].

Layered double hydroxides (LDH) are lamellar commis with positively charged layers,
constituted by two metallic cations and an inteatad exchangeable hydrated gallery of
anions that maintains the system electroneutrfityMost of the layered double hydroxides
may be expressed by the general formula Z*MM3"\(OH)[A"xn].zHO or

[M M3 5(OH)[A"1/].zH-0], where M, M?* and M* are mono-, di- and tri-valent metal
cations and A'is the exchangeable anion, [1-2].

The several arrangements of metallic cation!/M®*, must assure similarity between the
ionic radius, coordination number and lattice epefithe metallic cations layers, with similar
ionic radius, are coordinated with six oxygen atdorsning M**/M3*(OH)s octahedra. These
octahedra form two-dimensional layers that stagetioer by hydrogen bonding between the
hydroxyl groups of adjacent layers [5]. The intgdaor interlamellar region contains water
molecules. The amount of water is determined bytofacsuch as the nature of the



interlamellar anions, the water vapor pressurethademperature. The water molecules are
connected to both the metal hydroxide layer anditierlayer anions through extensive
hydrogen bonding [5], which are continuously bregkand forming.

The LDH structure supports anion diffusion and fieemation of new layered double
hydroxides by anionic exchange [6]. The selectivityanions exchange can be influenced by
temperature, the shape and charge density of tkst dwst layer and the solvent of the
intercalation reaction.

In this work, the ability to inhibit localized casion of copper-rich Al alloys was assessed
when building layered double hydroxides films oga thetal surfaces. The study was focused
on Al 2024-T3 and Al-Li 8090 alloys, susceptibldtipg corrosion and to intergranular,
respectively. The corrosion inhibition occurredbioth alloys with the in-situ formation of a
LDH, in the presence of lithium as intercalatiorii@a, was favoured in a host network of
aluminum hydroxide.

2. Experimental

Al-Li 8090, 2024-T3 alloys and pure copper from @deellow Metals were used as working
electrodes. Elemental chemical composition is riegbin tablel.

Table 1. Elemental chemical composition (wt%) AbLi 8090, Al 2024-T3 alloys and
copper used in this work, as working electrodes.

Al-alloy Li Cu Mg Zr Fe Si Mn Al
wit% wt% | wit% wit% wt% | wt% wit%
Al-Li 8090 | 2.36 1.16 0.80 0.12 0.06 0.0p - balapce
Al 2024-T3 - 4.50 2.00 - 0.60 0.80 0.8Q0 balafpce

Cu 99.999

Samples, with an area of ~1&mvere welded to a conductor wire and embeddecpaxye
resin. After mechanical polishing with abrasive Qi&per up to 1200 grit, the samples were
washed with distilled water, degreased with ethaad dried with cool air. Afterwards,
aluminum alloy samples were submitted to a surfaeetreatment with NaOH (0.3 wt%)
followed by immersion in a HNgsolution (50 wt%).

The electrochemical measurements were carriedtaoban temperature in normally aerated
solutions. Working solutions were prepared withitiesl water and Analar reagents (0.05M
NaCOs, 0.05M LLCO;, 0.1M LiOH and 0.1M Nacl).

An electrochemical cell with a three electrode cunfation was used. A saturated calomel
electrode (SCE) and a large area platinum wire weesl as reference and counter electrodes
respectively. Polarization curves were run withARE Potentiostat, model 173. The studied



potentials were within the range from -2.0V to A2.(BCE). The scan rate, v, was varied
from 5 to 200 mVs and all potentials are referred to (SCE).

Lamellar double hydroxide compounds were electrotbally formed on Al alloy surfaces
and by chemical co-precipitation, for an ex-siudy, from hydroxides and metallic salts in a
aqueous solution mixing-Al(OH)z 0.05M and LiCOs; 0.05M or Li(OH) 0.1 M, at room
temperature. For the latter case experiments warducted under agitation during 16 hours.
The obtained products were dried at 60°C duringd4s, before analysis.

Analysis was carried out using a SEM (Scanning tEdecMicroscope from Philips, Model
XL 30 FEG), coupled to EDS. Materials were alsorabterized by X-Ray Diffraction, XRD,
(Rigaku, Geiger-Flex D/Max IlIC) and Fourier Traosh Infrared Spectroscopy, FTIR,
(Nicolet, model Magna 560).

3. Results and Discussion
3.1 Layered Double Hydroxides Formation

In the first part of this work, layered double hgxides of aluminium and lithium were
obtained ex-situ, by chemical co-precipitation, rabm temperature from a mixture of
y-Al(OH)3/Li,COs with a molar ratio of 1:1 solutions, accordingdtails given in section 2.

The compound was caracterized by X-Ray DiffractiS8BM and FTIR. The XRD spectrum
of the obtained layered double hydroxides is shawfigure 1, with the identification of
lithium aluminium hydroxide hydrate ([ALi(OH)g]"OH.2H,0) and lithium aluminium
carbonate hydroxide hydrate (BAI(OH)g]*2COs*.zH,0). The presence of gibbsite
y-(Al(OH)3) and zabuyelite (LCOs) is also indicated. Li is coordinated in octahédra
positions left empty by AP. The compounds have a lamellar morphology, aseawiih
figurel. Lamellae showed an average thicknes$ airb.
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Fig.1 XRD spectrum and SEM image of lithium aldommhydroxide formed ex-situ by co-
precipitation. =Gibbsite pAI(OH)g;*Lithium Aluminium Carbonate Hydroxide
Hydrate; eLithium Aluminium Hydroxide Hydraté:Zabuyelite LiCOs.



The treatment of gibbsiteAI(OH)3] with lithium carbonate in aqueous solution praetb
the formation of LDH with Li cation and anions irtalation in the guest structure. Crystal
structure of the compounds is presented in figure 3
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Fig. 2 Idealized structure of LDH showing carbtaand water in the interlayer spacing
(a); crystal structure of lithium intercalated gibibke projected along the ¢ (b) and b axes (c),
respectively6,7].

The FTIR spectrum of LDH formed usingAl(OH); andLi,CO; reveals the presence of
absorption bands at 3621-3387tm021cnt; and a doublet at 799-742¢massociated to O-
H vibrations. The absorption bands located at 1#48%5c1430 cni and 862cnt, were
correlated to C-O vibrations from the carbonateugrosee figure 3. Assymetric stretching
mode of free carbonate is normally observed at b4148].
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Fig.3 FTIR spectrum for the compound obtained &x-fiom aluminium hydroxide and
lithium carbonate. C-O stretching absorption ar@sim in red.

3.2Layered Double Hydroxides Formation on Al-alloysface

Layered double hydroxides were also obtainedhlsitu formation on aluminium copper-rich
alloys by immersion in alkaline solutions of lithiuions (lithium carbonate or lithium
hydroxide). In this case the compound formed is reasegnted by the formula
[LiAl 2(OH)g]X. -H20 or (LiAl>-X), with X representing the exchange anion.

In the case of aluminium alloys 2024-T3, widely dise aerospace and others industrial
applications, mechanical properties are conferrethb presence of second phase particles.
As it is well known, the presence of the resultimgterogeneous microstructure promotes
susceptibility to pitting corrosion. Pitting corfos is associated to the presence of
intermetallic particles such as J8luMg, S phase, which denotes an anodic character.
Corrosion is found to initiate around the S phasajsing severe pitting of the alloy when
exposed to a chloride-containing environment, &eplked in figure 4.

The electrochemical behaviour of the Al 2024-T3owllafter surface pre-treatment was
evaluated in a LIOH 0.1M alkaline solution and camgu with that obtained without
treatment in a near neutral solution of NaCl 0.1Rblarization curves were run at room
temperature in a normally aerated solution and wittan rate (v) of 12.5 mVsData are
shown in figure 5. A shift in the breakdown potahtof about 1.5V, between the pitting
potential in chloride containing solution ££-0.4V) and a breakdown potential of 1.1V
observed in lithium containing environment, figlse). The film formation is exhibited by
SEM image, figure 5(b). The corrosion inhibition caoed by LDH’s formation

- Al,Li(OH)7.2H,0 e ALLi(OH)2C0;.zH,0 -, which covered the alloy surface and mitigated
the galvanic effect between the alloy matrix arel@u-rich phases.

The pitting resulted from the selective dissolutohMg and Al, from the phase S. As
dealloying continued, the S phase remnants becarrk, turning into a cathode in relation
to the adjacent Al matrix, causing dissolutiontwd surrounding Al matrix along the S phase.



The EDS spectra in figure 4a) allow qualitativeymparison between the matrix elements,
B, and the elements of remnant S phaseCé\g, A. Small metallic particles Cu particles
are found to be spread on the matrix inducingdhmation of small pits.
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Fig.4 EDS spectrum for Al2024-T3 alloy (attacketerimetallic (A) and matrix (B), after
polarization curves in 0.1M NaCl solution (a); cesponding SEM image (b).

0.012

(a)

0.01 4

0.008 -

0.006 -

0.004 -

i/ Acm 2

0.002 -

-0.002 T T

1.5 -1 -0.5 0 0.5 1 15 2
E/V (SCE)

Fig.5 Polarization curves to Al2024-T3 at scan Sweate, v, of 12.5mVs showing the
extension before breakdown when the sample wasitetno treatment in 0.1 M
LiOH solution compared to curve in 0.1 M NacCl irethbsence of Li ions(a); SEM
image related with polarization curve in Li contaig environment (b). SEM picture
of Al 2024—T3 alloy surface, after polarization.



In order to study further the inhibition by layeréduble hydroxide in copper-rich alloys, the
electrochemical behaviour of Al-Li 8090 alloy was-assessed. The alloy is suitable for
aeronautical purposes due to their good mechapicgderties and low density, but is also
known by its susceptibility to localized corrosion.

Polarization curves run at scan rates between 5280dmVs', for the Al-Li 8090 alloy in
alkaline carbonate solutions, are shown in figuae &he presence of peak (I) was associated
to Al hydroxide formation. This peak is locatedtie potential ranges between -1.3 e -1.1V,
depending on potential scan rate.

A second peak (Il) was localized at ~-0.200vV (SChEpd was related with Cu
oxidation/dissolution process, which were evideritiibited in presence of lithium, see
figure 6b). A third peak is detected at potentlafgher than 1V due to formation of Cu (llI)
species [9-11]. This process is also inhibited wingoresence of lithium ions in solution.

The SEM images point towards the existence of gmégrular corrosion on the Al-Li 8090
alloy surface after exposition in sodium carbonatdution, figure 6(a), with selective
dissolution of T phases;{Al,CuLi) or T,(Al¢CuLlis), anodic phases located in the grain and
subgrain boundaries respectively.
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Fig.6 Polarization curves at several sweep sc@es, from 5 up to 200 mV#or Al-Li 8090
alloy in 0.05 M NaCQO; solution and SEM picture denoting intergranularmsion in
Al-Li 8090 alloy (a); Comparison of polarization Hevior in 0.05 M NgCO; and in
0.1M LiCOssolutions at a scan rate of 25m(b).

After analysis of the electrochemical behaviouraaginction of the scan rate, peak (I) is
associated to a process controlled by diffusionsahution, in agreement with a linear
dependence with a slope value of 0.45, in theldggplane, of the current density with the
scan rate. [12-14].

Analogous analysis of the effect of scan ratehandase of lithium ions containing solution,
gave place to two different slopes with a valu®.6f7, at high scan rates, and a value of 0.27,
at low sweep scan rates. In the first case a psocksluminium diffusion in solution was
associated, while in the second case a procesdithstate [15] is thought to be related with
intercalation Li ions and formation of the layeréduble hydroxide. The formation of the
double hydroxide inhibits the processes relatecbfaper dissolution as evident in figure 6b).
A SEM picture of the surface of Al-Li 8090 alloystown in figure 7.
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Fig.7 SEM images for the surface of Al-Li 8090 gllafter polarization in the presence of of
Li ions in solution

In view of the inhibition of copper related redosopesses, demonstrated during polarization
in the presence of lithium ions, a study using poopper was undertaking in the same
experimental conditions as for the Al alloy.

The electrochemical behaviour of copper in alkaotutions is rather complex. In this work
it is analyzed using sectioned voltammograms ineortb visualize more clearly the
corresponding anodic/cathodic processes at relepar@ntial windows. Figure 8a) shows
sectioned voltammograms for copper (steps 0.25 Wam alkaline solution of sodium
carbonate, exhibiting typical copper oxidation duetion peaks, corresponding to Cu(l) and
Cu(ll) species. Also noticeable is the developmehtan ohmic like-resistance — linear
variation of the potential with the current densityanodic potentials (evident for E> -0.02V),
this is thought to be responsible for the contirudisplacements (towards more cathodic
potentials) of both of the cathodic peaks as alreduthe formation of a salt film on the
copper surface. The salt film increases in thicknesth increasing polarization, making
reduction of copper species increasingly diffiuiid thus justifying the displacement of the
reduction peaks.

In the presence of lithium ions, the main charasties of the voltammograms are associated
to lower current densities at anodic potentialssmvbompared to the behaviour in solutions in
the absence of lithium, see figure 8b).

The SEM observation shows a porous film coverirgggirface with a structure in the form of
intersecting needle like precipitate, figure 8b)lafer of CuO is formed leading to surface
extensive coverage. CuO film does not seem to éimickuch with potential. This is probably
due to the solubility of cupric ions at the pH (3-1ed in this work, being probable that
constant thickness is achieved by a steady-stategfiowth dissolution process.

The electrochemical evidence showed in this wosk @bints towards the formation of a base
layer of CuyO, see equation (1), indicated by the potentialdewm in which the peaks are
revealed. A porous structure of the layer is sutggeby the relative charge of cathodic peak
Ic compared to the charge of the correspondingiamhk in figure 8b). Metal dissolution as
CU** species occurs. The oxidative dissolution rendgemper hydroxides, see equation (2)
that leads to the formation of CuO at appropriateeptials as indicated in the figure, both by
the anodic shoulder and by the appearance of itegwonding cathodic peak Ic, equation 3.
Oxidative dissolution of G may also occur according to equation (4).



Cu+20H - CuO + HO0 + 2e (1)
Cu+ nOH - Cu(OH)*"+ 2e 2)

Cu(OH)}?" - CuO + (n-2)OH + H,0 (3)
CuwO + HO + (2n-2)OH - Cu(OH}?"+2 e (4)
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Fig. 8 Sectioned cyclic voltammograms for Cu.itM) LiOH and 0.05M Ng#CO; solutions
at room temperature, in normally aerated conditi@msl at a sweep scan rate, v, of

12.5 mVd. SEM image related with film formation after cgclioltammogram of Cu
in 0.1M LiOH



4. Conclusions

» Localized corrosion inhibition in structural Cudri@luminium alloy was possible as a
result of layered double hydroxides formation, d¢aged by AbLLi(OH);.2H,O and
Al,Li(OH)s2C0s.zH,0, that covered the alloy surface reducing the agabv action
between the alloy matrix and the copper-rich phases

* In the Al 2024-T3 alloys the process was associabethe corrosion inhibition of
phase S, while in the Al-Li 8090 alloy to T phasesalized at grain and sub-grain
boundaries.

» Evidenced is produced, by cyclic voltammetry of alloys and pure copper, of the
involvement of copper in the inhibition of localiseorrosion.

* Inhibition related processes are under diffusiomtic.
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