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Al alloys are subject to the conflict between strength and corrosion resistance. This research gives
high-strength but also corrosion-resistant Al-Fe alloys, thanks to a homogeneous microstructure.

The heterogeneous microstructure in aluminum (Al) alloys, composed of an a
-Al solid solution matrix and coarse intermetallics, presents a challenge in balancing mechanical
and anti-corrosion properties. Supersaturated Al-based solid solutions are expected to address this
issue. In this study, supersaturated Al(Fe) and AI(Si) solid solutions with a single phase have been
electrodeposited in chloroaluminate ionic liquids (ILs). The active species responsible for Fe or
Si reduction have been identified through spectral analysis and DFT calculations. Al(Fe) deposits
show simultaneous improvements in mechanical and anti-corrosion properties, while Al(Si) exhibits a
less compact microstructure, leading to failure. Furthermore, thermal decomposition of Al(Fe) and Al
(Si1) deposits can be suppressed above 200
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Aluminum (Al) is a key material covering various engineering devices. However, the heterogeneous
microstructure in aluminum (Al) alloys, consisting of an a-Al matrix and intermetallic particles (IMPs), as
a consequence of traditional precipitation strengthening, poses a challenge of balancing mechanical and
corrosion-resistant properties [1]. The supersaturated Al-based solid solutions with a homogeneous
microstructure will inherently resolve the conflict between strength and corrosion resistance, receiving

renewed attention [2].

2. MEEOHB

The non-equilibrium alloying techniques enable alloying elements (M) remaining in Al(M) solid
solutions below eutectic or peritectic temperatures. Among a series of non-equilibrium alloying techniques,
electrodeposition is a more flexible approach to produce Al(M) alloys. This research project aims to produce
a series of supersaturated Al(M) (M: Fe and Si) solid solutions through electrodeposition in ionic liquids

(ILs), simultaneously maximizing the strength and corrosion resistance of Al

3. WD IA
The 1-ethyl-3-methylimidazolium chloride ([EMIm]CI) or trihexyl(tetradecyl)-phosphonium

chloride ([Pg¢6,14]Cl)—aluminum chloride (AlCls, molar fraction x = 0.67) IL was prepared in an argon-
filled glovebox, where 0.10 mol L™ iron chloride (FeCl) or 2.5 mol L™! silicon chloride (SiCls) could
dissolve completely to form [EMIm]CI-AICl;—FeCl, and [Pege,14]CI—AICl3—SiCls baths at room
temperature. The spectroscopic techniques, including NMR, Raman and UV—Vis, combined with DFT
calculations, were employed to elucidate the possible speciation mechanism of FeCl, and SiCly in
chloroaluminate ILs. Potentiostatic electrodeposition was conducted in a three-electrode cell at ambient

temperature, consisting of a quasi-reference Al(Fe, ~6.6 at.% AI(Si, ~7.0 at.%

electrode (QRE) Ag wire, a counter electrode
(CE) Al sheet, and a working electrode (WE)

Cu sheet. In addition, scanning electron

Surface

microscope (SEM), high-resolution

transmission electron microscope (HRTEM),

X-ray diffraction (XRD), nanoindentation,

and cyclic polarization were performed to 5

characterize  the  morphology, phase %

composition, mechanical and corrosion- §

resistant properties of the deposits. = % m

Figure 1 Surface and cross-section morphologies of (a, c)
4. TRk Al(Fe, ~6.6 at.%) and (b, d) Al(Si, ~7.0 at.%) deposits.
In this study, supersaturated Al(Fe) and Insets show the photographs of samples.



AI(Si) solid solutions with a single phase
have been obtained using the [EMIm]Cl—
AlCl;—FeCl, and [Pgg6,14]ClI-AlCI3—SiCls
baths, respectively. (Fig. 1). The FeCl,
dissolved in Lewis-acidic ILs is assumed to
form Cl-bridged [Fe(AlCls)s]*> based on
spectral analysis and DFT calculations, while
the SiCl, remains its neutral composition. The
[Fe(AlCls)4]*> and SiCls together with the
ALCl;™ species supports the reduction and
deposition of Al(Fe) and AI(Si) alloys,
respectively.
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Figure 2 Hardness, corrosion potential (Ecor), pitting

potential (Epit), and protective potential (Epror) of pure Al,

and Al(Fe) deposits. The deposits were obtained

potentiostatically at —1.7 V vs. Pt QRE from imidazolium

chloroaluminate ILs with FeCl, concentration ranging

from 0 to 0.10 mol dm™.

the hardness of Al(Fe, 6.6 at.%) surpassing that of any commercial Al alloys and other binary Al-based

solid solutions (Fig. 2). Moreover, the Al(Fe) deposits demonstrate superior anti-corrosion performance

compared to pure Al. The homogeneous microstructure and extended Fe solubility within Al(Fe) solid

solutions inherently contributes to a simultaneous improvements in mechanical and anti-corrosion

properties.

The Al-Si alloy deposits also exhibit a single phase, with the solid solubility of Si in the Al matrix

reaching up to approximately 12 at.%. Despite the fact that Al(Si) deposits exhibit higher hardness than

pure Al, their microstructures require further modification to become more compact.

Additionally, the thermal decomposition of supersaturated Al(Fe) and Al(Si) solid solutions could be

suppressed over 200 °C, indicating their promising potential for practical applications.
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