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Room temperature molten salts, which are obtained by
mixing of anhydrous aluminum chloride with either 1-
ethyl-3-methyl imidazolium chloride (EMIC) or n-butyl
pyridinium chloride (BPC), have recaved considerable
attention as olvents for the dedrodeposition of
auminum alloys such as Al-Ni,* Al-Co,2® and Al-Cr.*®
The dedrodeposition of the &ove mentioned aluminum
aloys in the chloroduminate melts is reasonable from
thermodynamic perspedives, since ametal nobler than
aluminum is codepaosited with aluminum for each of those
alloys. On the other hand, the standard pdential of the
Mg(ll)/Mg couple is much lower than that of the
AI(lIN) /Al couple. Therefore, the dedrodeposition of Al-
Mg aloysin the melts ssemsimplausible and in fad, with
the exception of a technical document,® there have been
no relevant papers published on the topic. In this gudy,
we caried out voltammetric studies on the cahodic
readions in Lewis addic AICI;-EMIC melts containing
MgCl,. The structure and composition of the deposits
obtained from the melt were then analyzed.

The procedures for preparing and purifying AlCI5-
EMIC melts are described in a previous paper.*
Anhydrous MgCl, was used as recaved. MgCl,-added
melts were prepared by dislving MgCl, in a 66.7:33.3
mol% AICl;-EMIC melt. Voltammetric measurements in
the MgCl,-added melt were performed uwsing a three
eledrode glass cdl. The working eledrode was a Pyrex
glass-shrouded tungsten wire (1 mm diam.), and the
courter electrode was a iled tungsten wire. An
aluminum wire immersed in a 66.7:33.3 mol% AICl;-
EMIC melt was used as the reference dedrode and was
separated from the bulk solution by a fine glass frit.
Inductively coupled plasma spedrometry (ICPS) was
used to assss the demental composition of
eledrodepasits. Samples for ICPS analysis were prepared
by galvanostatic dedrolyses using a Pyrex glass cdl
equipped with platinum or cupper cathodes. Structural
analyses of the dedrodeposits were undertaken with
XRD. The temperature was controlled at 303+ 1 K.

Figure 1 shows the cyclic voltammograms of
66.7:33.3 mol% AICI;-EMIC melts with and without 0.2
mol kg* MgCl,. The gclic voltammogram of the pure
AlICI;-EMIC melt showed a reduction wave on the
forward scan and a single symmetricd oxidation wave on
the reverse scan, which respedively correspond to the
depasition and stripping of pure duminum. The onset
potential of the pure duminum deposition was ca. 0.23V
lessthan the reversible potential of the Al(III) /Al couple.
When MgCl, was added to the melt, the deposition
process was promoted such that the same deposition
current was obtained at more positive potentials.
Moreover, the voltammetric feaures after scan reversal in
this melt were highly dependent on the switching
potential; i.e., the potential at which the voltammetric
scan was reversed. The voltammogram with the switching
potential of —0.13V exhibited a reduction current starting
a ca. -0.12 V with a adosover loop after the scan
reversal. A single oxidation wave (wave A) appeaed in
the same patential region as the oxidation wave for the
pure duminum dissolution. When the potential scan was

reversed at —0.18 V, the voltammogram presented a
cahodic wave without a crosover loop and an
asymmetric anodic wave that presumably consisted of the
superimposition of two anodc waves. These aodic
waves were successfully divided in the voltammogram
when the switching potential was —0.30 V; a well-defined
anodic wave (wave B) with a pe& poatential (ca. 0.25 V)
more pasitive than that of the pure duminum dissolution
was sen along with the precaling anodic wave (wave A).

Because of the similarity of the first oxidation wave
(wave A) obtained in the MgCl,-added melt to the anodic
wave of the pure melt, this oxidation wave ca
presumably be dtributed to aluminum disolution
Therefore, the cdhodic readion in the MgCl,-added melt
starts with auminum deposition, of which the
overpatential is reduced by the aldition of MgCl,: The
presence of Mg® can be mnsidered to reduce the
overpatential of the duminum deposition attributed to the
nucledion process Another cathodic readion following
the duminum deposition is suggested by the gpeaance
of wave B, for which the readion process obvioudy
differs from the dislution of pure aluminum. This was
successfully confirmed by ICPS analyses of the depasits
ohbtained by constant current eledrolyses. The result
clealy indicated that Al-Mg alloys were dedrodeposited
in the MgCl,-added melt and that the Mg atomic ratio
incressed with increasing current density; i.e., with
incressing cahodic overpotential. Therefore, wave B
corresponds to the dissolution process of Al-Mg alloys.
The structure and composition of Al-Mg alloys obtained
from AICI-EMIC  melts  containing  different
concentration of MgCl, by constant and pulsed current
eledrolyses were further investigated. The results will be
also shown in this paper.
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Fig. 1 Cyclic voltammograms of 2:1 AICl;-EMIC melts with
(solid curves) and without (dashed curves) 0.2 mol kg*
MgCl, at 303 K. Scan rate, 2 mV s, Switching potential,
-0.13V (a),-0.18V (b), -0.30V (c).



