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This work presents a novel study on electrochemical
codeposition of Mg-Li alloys on molybdenum in KCI-LiCl
(50:50 wt %) melts containing different concentrations MgCl,
at 943 K. Cyclic voltammograms showed that the underpotential
deposition (UPD) of lithium on pre-deposited magnesium leads
to the formation of liquid Mg-Li alloys. The codepositon of Mg
and Li happens when the current intensity exceeds 0.59 A cm™2
in KCI-LiCl melts containing 5wt % MgCl. o, o + B, and
phases Mg-Li alloys with different lithium contents were
obtained by galvanostatic electrolysis from KCI-LiCl melts
with different concentrations MgCl,.

Because of the addition of the lightest metal element lithium
into magnesium, it makes magnesium-lithium alloys become the
lightest alloys. Mg—Li alloys also show high specific stiffness,
high electrical and thermal conductivities. These alloys have
been paid great attention owing to their advantages, especially
in the aerospace, aircraft, and weapon industry.'=

The traditional method for preparing Mg—-Li alloys is mainly
mixing pure magnesium and lithium directly. The method has
the demerits such as unhomogeneous alloy composition, compli-
cated production process, and high energy waste. Our group has
successfully exploited a relatively simpler electrochemical
method in which lithium was deposited and diffused to form
Mg-Li alloys on magnesium cathode from LiCI-KCl melts at
693-783 K, and electrochemical formation and phase control
of Mg-Li alloys were investigated.*> Nevertheless, the short-
comings such as long process and higher energy consumption
originating from producing magnesium metal can not be
eliminated.

In this work, a new approach is proposed for direct prepara-
tion of Mg-Li alloys via electrochemical codeposition of Mg
and Li from LiCl-KCIl-MgCl, melts. The process is simpler than
those methods mentioned above. The electrochemical codeposi-
tion has been widely used to prepare alloys. Ito et al.>® investi-
gated the electrochemical codeposition of Sm—Co alloys from
LiCI-KCIl-SmCl5-CoCl, melts, and studied electrochemical
formation of Yb—Ni and Sm—Ni alloy films by Li codeposition
method from chloride melts. Freyland, Zell and co-workers®!®
investigated Ni,Al;_, and Co,Al,_, alloys via codeposition on
Au from the Lewis acid room temperature molten salt. In addi-
tion, there are abundant salt lake resources with rich resources of
potassium, magnesium, lithium, and boron chlorides in China.
The electrodeposition process of magnesium was investigated
by some researchers in different molten systems.' ="' However,
the codeposition of Mg—Li alloys has not been reported yet.

The LiCl-KCI mixture (LiCl:KCl = 50:50 (wt %), analyti-
cal grade) was contained in an alumina crucible placed in a
quartz cell inside a electric furnace. The temperature of melts
was measured with a nickel-chromium thermocouple sheathed

by an alumina tube. The mixture was carefully pured. All experi-
ments were performed under an argon atmosphere. The electro-
chemical techniques were performed using Im6eX electrochem-
ical workstation (Zahner Co., Ltd.). Ag™/Ag was used as
reference electrode, which was constituted by a silver wire
(d = 1 mm) dipped into a Pyrex tube containing a solution of
AgCl (1 wt%) in LiCl-KCl melts. The working electrode was
molybdenum wire (d = 1 mm). A spectral pure graphite rod
(d = 6 mm) served as the counter electrode. The active electrode
surface was determined after each experiment by measuring
the immersion depth of the electrode. The deposits prepared
by galvanostatic electrolysis were analyzed by XRD (X’ Pert
Pro; Philips Co., Ltd.) using CuKeo radiation at 40kV and
40mA. The Mg-Li samples (take 20-50mg) were dissolved
and diluted in aqua regia, then the composition was determined
by inductively coupled plasma atomic emission spectrometer
(ICP-AES, Thermo Elemental) analysis.

Figure 1 shows typical cyclic voltammograms (CVs) ob-
tained at molybdenum electrodes in LiCl-KCl melts containing
different concentrations MgCl, at 943 K. The cathodic signal B
was observed in the LiCl-KCl melts in the absence of MgCl, in
the cathodic limit in curve 1. The cathodic signal B is ascribed to
the deposition of Li, since no alloys or intermetallic compounds
exist in the Mo-Li binary system at 943 K. In the reverse scan
direction, an anodic peak B’ corresponding to the dissolution
of Li was observed. After adding 1 wt % MgCl,, peak A associ-
ated with reduction of Mg!' ions was first detected at about
—1.58 Vin curve 2. Afterward, a cathodic current was observed.
According to the phase diagram of the Mg-Li system,'# the
cathodic current probably corresponds to the formation of a lig-
uid Mg-Li solution which was formed by UPD of lithium on the
liquid Mg already deposited on the molybdenum electrode. Be-
cause of the high UPD rate of lithium on Mg at relatively high
temperatures, a Mg—Li alloy is formed almost from the begin-
ning of the formation of the magnesium phase on the molybde-
num substrate. Consequently, the current peak for liquid Mg-Li
solution formation is not easy to be detected. Similar phenomen-
on was observed by Martinez et al.'! in the eutectic LiCI-KCl
melt at 1000 K. In the cathodic limit, peaks B /B’ originated from
the deposition/dissolution of Li appeared. In the anodic direc-
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Figure 1. CVs of KCI-LiCl melts at molybdenum electrodes
containing different concentrations MgCl,, scan rate: 0.1 V sL.

Copyright © 2008 The Chemical Society of Japan



Chemistry Letters Vol.37, No.2 (2008)

E/Vvs.Ag'/Ag

t/s

Figure 2. Chronopotentiograms obtained in the LiCl-KCl-
MgCl, (5wt%) melts with various current intensities at a
molybdenum electrode (S = 0.507 cm?) at 943 K.

tion, peak A’ corresponds to the dissolution of Mg. When the
concentration of MgCl, was increased to 5wt %, a more pro-
nounced UPD of lithium was observed owing to an increase in
the lithium chloride activity (MgCl, and KCI form complexes
KzMgCLO.”

Figure 2 presents chronopotentiograms of the LiCl-KCl-
MgCl, (5 wt %) melts with different current intensities at a mo-
lybdenum electrode (S = 0.507 cm?). Up to current intensity of
300mA (current density 0.59 A cm™2), the curves started to ex-
hibit two potential plateaus (plateaus 1 and 2) associated to the
reduction of magnesium and lithium ions into metals, respective-
ly. When the current density exceeds 0.59 A cm™2, the codeposi-
tion of Mg and Li happens. It is obvious that the potential ranges
of deposition of Mg and Li are the same as those observed in the
CVs.

Based on the results obtained by cyclic voltammetrys and
chronopotentiometrys, galvanostatic electrolysis was carried
out in LiCl-KCI melts containing different MgCl, concentra-
tions on molybdenum electrodes at 943 K. For comparison,
the molybdenum electrodes with the same active area (S =
0.322 cm?) were used in electrolysis. Figure 3 shows the XRD
patterns of typical o, @ + B, and B phases Mg-Li alloys ob-
tained by galvanostatic electrolysis from the LiCI-KCl melts
containing 5, 9, and 10 wt % MgCl, at 2 A for 2 h, respectively.
It is obvious that the lithium contents of Mg—Li alloys decrease
(from B to o phase) with the increase of MgCl, concentrations
in the LiClI-KCl melts at constant current intensity. The ICP
analyses of all samples obtained by galvanostatic electrolysis
are listed in Table 1. Under the same MgCl, concentration
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Figure 3. XRD patterns of deposits obtained by galvanostatic
electrolysis on Mo electrodes (S = 0.322 cm?) in the LiCI-KCl
melts with MgCl, of (a) 5wt %; (b) 9wt %; (c) 10wt % at 2 A
for 2h.
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Table 1. The ICP analyses of all samples obtained by galvano-
static electrolysis on Mo electrodes (S = 0.322cm?) from the
LiCl-KCI melts containing different concentrations MgCl,

MgClz‘ ‘Curre.n t Electrolytic ~ Li Mg Li
Samples concentration intensity time/h /mg  /mg content
/wt % /A /wt %
1 5 0.5 4 845 275 2350
2 5 1 2 20.6 142 59.19
3 5 2 2 234 144 61.90
4 8 2 2 3.55 224 13.68
5 9 2 2 1.92 229 774
6 10 2 2 0.056 439 0.13
7 10 2 2.5 224 18.6 10.75
8 15 2 2 0.013 26.1  0.05
9 20 2 2 0.009 31.8 0.03
10 25 2 2 0.012 29.0 0.04

(5 wt %) in the LiCl-KCl melts, the lithium contents of Mg-Li
alloys are less when applying lower current intensities. As the
MgCl, concentrations are higher than 10 wt %, the samples pre-
pared by galvanostatic electrolysis at 2 A for 2h are basically
pure Mg. However, when the electrolysis duration was pro-
longed to 2.5h, a o + B phase Mg-Li alloy (Li 10.75 wt %)
was obtained, which indicates the codeposition Mg and Li
happens when MgCl, concentration decreases.

In conclusion, ¢, & + B, and B phases Mg-Li alloys with
different lithium contents (0.13-61.90 wt %) were prepared by
galvanostatic electrolysis on molybdenum electrode, and the
lithium contents of Mg-Li alloys could be controlled by MgCl,
concentration and current density. Mg-Li alloys prepared direct-
ly from raw materials of MgCl, and LiCl will be revolutionary in
Mg-Li industry.
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