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Abstract

To prepare Mg—Al-Nd alloys electrochemically, the electrochemical co-reduction mechanism of Mg(Il), AI(II), and Nd(IIT)
was probed in the LiCl-NaCl-MgCl,-AlF; melts on a molybdenum electrode by means of various electrochemical measure-
ment techniques, i.e., cyclic voltammetry, square wave voltammetry, chronopotentiometry, and open circuit chronopoten-
tiometry. It was found that Nd could deposit on pre-deposited Al metal and form Nd-Al intermetallics in the LiCI-NaCl-
NdCl;-MgCl,-AlF; system, and the electrochemical signal related to the formation of ternary intermetallics was not detected.
The co-reduction of Mg(II), AI(III), and Nd(III) was carried out on molybdenum electrode by galvanostatic electrolysis to
prepare Mg—Al-Nd alloy, and samples were characterized by X-ray diffraction, scanning electron microscopy (SEM) with
energy-dispersive spectrometry (EDS), and inductively coupled plasma-atomic emission spectrometry (ICP-AES). The results
indicate that the alloy products were comprised of Al,Nd intermetallic, Mg and Al phases, and the Mg—Al compound was

not observed in the alloys.

Keywords Electrochemical co-reduction - Underpotential deposition - Mg—Al-Nd alloy - Galvanostatic electrolysis

Introduction

Mg-Al-based alloys are used extensively in many applications
and fields due to their attractive properties, for instance, low
density, strong corrosion resistance, high specific strength,
and good stiffness [1, 2]. These Mg—Al family alloys have
some limitations in engineering applications because the pres-
ence of Mg;;Al,, phase is harmful to the mechanical proper-
ties of the alloys, such as tensile strength and creep resist-
ance [3, 4]. In order to enhance the mechanical performance
of Mg-Al alloys, many researchers explored the addition of
other elements, such as Si, Ca, Ti, Gd, Y, and Zn, in Mg—Al
alloys [5—-12]. Among these researches, the Mg—Al-RE alloys
have been paid special attention because the rare earth (RE)
elements have been found to be very effective for improving
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the mechanical properties of Mg—Al based alloys at differ-
ent temperatures. Adding small amounts of RE elements can
have significant effects on the performance of magnesium
alloys, since the RE elements may form stable intermetallic
compounds with aluminum. Therefore, the AlI-RE compounds
are helpful for solution hardening and precipitation hardening
in the alloys [13, 14].

The Mg—AI-RE alloys can be produced by mixing Mg,
Al and RE and vacuum melting in the laboratory or indus-
try, while the molten salt electrolysis method may show
more advantages in the metal production, such as the homo-
geneity of alloy composition, simplicity in technology, and
continuous or semi-continuous manufacturing process [15].
So far, molten salt electrolysis is still the main method for
industrial preparation of pure Mg, Al, and RE metals. More
importantly, pure REs are extremely expensive because they
are difficult to be extracted and purified. The preparations
of Mg-RE and Al-RE alloys by molten salt electrolysis have
been paid more attention in recent years. For example, the
electrochemical formation of Mg-Pr [16, 17], Mg-Nd [18],
Mg-Gd [19], Mg-Sm [20], Mg-Dy [21], Mg-Ho [22], Mg-Yb
[23], Mg-Lu [24] alloys, and Mg-Li-RE (RE: Sm, La, Ce)
alloys [25-27]. The aluminum alloys with rare earth ele-
ments such as Al-La [28], Al-Ce [29], Al-Sm [30], Al-Eu
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[31, 32], AI-Tb [33], Al-Dy [34], Al-Er [35], and Al-Tm
[36]. Al-Lu [37] and Al-Y [38] have also been prepared in
different molten salts. As for the Mg—AI-RE alloys, Han
et al. [39] studied the electrochemical formation of Mg—Al-Y
alloy in the LiCl-NaCl-MgCl,-AlF;-YCl; system. They
found that the underpotential depositions of Mg and Y on
pre-deposited Al metal can lead to formation of Mg—Al and
Al-Y alloy, and the existence of a certain amount of Y in
the Mg—Al-Y alloy could restrain the formation of Mg—Al
intermetallic compound. Jang et al. [40] probed the prepa-
ration of Mg—Al-La alloy in the KCI-MgCl,-AlF;-(La,05)
system. They reported that Mg—Al-La alloys with a-Mg,
Al Las, and p-Al,,Mg,; phases were successfully obtained
in the salt melts.

In this work, neodymium was chosen as the RE element
because Nd has good affinity with Al and can form binary
phases of Al,Nd or Al;;Nd;, which mainly distributed along
the grain boundaries and can refine grain of Mg—Al alloy. The
formation of Al-Nd binary phases can suppress the existence of
the detrimental phase such as Mg;Al,, effectively, and improve
tensile properties and corrosion resistance substantially for
Mg-Al alloy [41, 42]. Thus, in order to prepare Mg—AIl-Nd
alloys, the co-reduction mechanism of Mg(Il), Al(IIT), and
Nd(II) ions was studied by employing a series of electrochemi-
cal techniques at 973 K (700 °C) in LiCI-NaCl-MgCl,-AlF;
molten salts. The alloy samples were obtained by galvanostatic
electrolysis and analyzed by XRD and SEM—-EDS.

Experimental
Salts preparation and purification

All the salts were firstly dried for more than 70 h at 573 K
under high vacuum to remove residual moisture, and then
LiCl, NaCl, and MgCl, (60:32:15 mass, analytical grade;
Sinopharm Chemical Reagent Co. Ltd) were mixed and
melted in a dry alumina crucible placed in an electric fur-
nace. The melts temperature was measured by a nickel
chromium-nickel aluminum thermocouple sheathed with
an alumina tube. The pre-electrolysis was adopted at — 0.2
A (0.62 A/cm?) and potential ranges from—1.4 Vto—1.5V
(vs. AglAg*) for 1 h to get rid of impurities in the melts. All
the operations were carried out in a glove box under argon
atmosphere (less than 5 ppm O, and H,0).

Experimental set-up

The electrochemical workstation (Autolab PGSTAT 302N,
Metrohm, Ltd) controlled with the Nova 1.18 software was
applied to electrochemical measurements. The transient elec-
trochemical techniques were used to study the electrochemical
behavior of AI(IIT), Mg(I), and Nd(IIT) in LiCl-NaCl melts. An
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electrochemical cell with three electrode set-up was employed.
A silver wire (d=1 mm) dipped into a solution of AgCI (0.1
wt%) in the LiCl-NaCl (3.0:1.6 mass) salts contained in an alun-
dum tube was used as the reference electrode. All of the poten-
tials were referred to this AglAg* couple. The working electrode
was molybdenum wire (d=1 mm, 99.99% purity), which was
contained in an alundum tube and polished entirely using SiC
paper, and then cleaned ultrasonically in an ethanol bath. A spec-
trally pure graphite rod (d=6 mm, 99.99% purity) in a quartz
tube is adopted as the counter electrode. The surface area of
reactive electrode was calculated by measuring the immersion
depth of the electrode in the melts.

Characterization of products

The objective alloys were obtained by galvanostatic elec-
trolysis with different conditions. After electrolysis, all the
samples were washed in ethanol (99.9% purity) in an ultra-
sonic bath so as to eliminate adhered salts and preserved in
a glove box for later analysis.

The prepared alloys were dissolved in HCI solution (5
wt%), and the content of Mg, Al, and Nd was determined
using an inductively coupled plasma-atomic emission spec-
trometer (ICP-AES, IRIS Intrepid II XSP, Thermo Elemen-
tal). The microstructures and morphologies of the deposits
were investigated by X-ray diffraction (XRD) (XPert Pro;
Philips Co., Ltd) using Cu Ko radiation at 40 kV and 40 mA
scanning electron microscopy (SEM) with energy-dispersive
spectrometry (EDS) (JSM-6480A; JEOL Co., Ltd.)

Results and discussion
Electrochemical behavior of LiCl-NaCl-NdCl, salts

Figure 1 illustrates the cyclic voltammograms obtained at
the Mo electrode in LiCl-NaCl melts in absence (dotted
curve) and presence (solid curve) of NdCl; at 973 K. The
peaks A/A' (dotted line in Fig. 1) can be ascribed to the
reduction/oxidation of M (M =Li and/or Na) on Mo elec-
trode. After the addition of NdCl; into the melts, besides
the anodic peak A’, the other two groups of oxidation peaks
appear in solid curve, which implies that the reduction and
oxidation of Nd(IIT)/Nd(0) is a two-step reaction. The peak
C' at about—2.04 V are associated with the re-oxidation
of Nd(IIT)/Nd(II) couple, and the peak B’ at approxi-
mately — 1.93 V should pertain to the re-oxidation of Nd(II)/
Nd couple. The peaks B and C corresponding to the reduc-
tion of Nd(III) can be observed in the CV curve, but their
exact location is difficult to be confirmed under the influ-
ence of the reductive peak of Li(I) or Na(I), so SWV was
adopted in order to provide closer insight into electrochemi-
cal behavior of the LiCl-NaCl-NdCl; melts on Mo electrode.
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Fig.1 Cyclic voltammograms obtained on Mo electrodes (S=0.322
cm?) in the LiCl-NaCl eutectic melts before and after the addition of
NdCl; (1.0 wt%) at 973 K; scan rate, 0.1 V s~

The square wave voltammetry is more sensitive than cyclic
voltammograms and yield best peak resolution by potentials.
Figure 2 shows a square wave voltammetry recorded at a step
potential of 1 mV and frequency of 10 Hz plotted from—1.0 V
to—2.3 V on Mo electrode at 973 K. It exhibits two obvious
peaks B and C at—2.04 V and—1.98 'V, corresponding to the
reduction of Nd(I) and Nd(III), respectively. Thus, the elec-
trochemical reductive process of Nd(III) in LiCI-NaCI-NdCl,
(1.0 wt%) melts can be regarded as a two-step electron transfer
mechanism, which can be summarized as follows:

Nd(IIT) + e~ — Nd(II)
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Fig.2 Square wave voltammograms for the reduction of Nd on Mo
electrode in the LiCl-NaCl-NdCl; (1.0 wt%) melts. Frequency, 10 Hz;
T,973 K

Nd(II) + 2¢~ — Nd(0)

As can be seen from Fig. 2, the SWV result is consistent
with the one obtained from cyclic voltammograms in Fig. 1,
and give more evident identification for the reductive peaks.
The redox of Nd(III) has been confirmed as a two-step pro-
cess in chloride melts according to prior studies, whereas
there are some discrepancies for the descriptions of the elec-
troreduction kinetics [43-47].

Figure 3 shows the cyclic voltammograms obtained in the
LiCl-NaCl-NdCl; melts with different scan rates at 973 K.
Five scan rates ranging from 100 to 500 mV s~! were adopted
in order to investigate the influence on the peak currents and
potentials. From Fig. 3, it can be noticed that the peak poten-
tials of Nd(II)/Nd are not constant but migrate to one direction
with the change of sweep rate. Thus, the relationship between
the peak potentials and the scan rate is analyzed and plotted as
shown in Fig. 4, which indicates the cathodic peak potential
(Epo) and anodic peak potential (Epy) of Nd(II) shift slightly
towards the negative and positive direction, exhibiting a linear
dependence with the logarithm of the scan rate. Thus, electro-
chemical redox of Nd(IT)/Nd showed some irreversibility in
LiCI-NaCl melts, and the results was in accordance with the
previous works [45, 46], and this electrochemical behavior of
Nd(II)/Nd was also verified and predicted by the model pro-
posed by Akolkar et al. [48]. As for the transition of Nd(III) to
Nd(II), the reduction process is generally considered as revers-
ible in chloride eutectic mixture and corresponded to a more
smooth peak in the CV curves [47-50].

Figure 5 presents the linear relationship between the
reduction peak current of Nd(III) and the square root of
the scan rate, indicating that the electrochemical reduction
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Fig.3 Cyclic voltammogram obtained in the LiCl-NaCl-NdCl; (1.0
wt%) melts at different scan rates using a Mo (§=0.322 cm?) elec-
trode at 973 K
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Fig.4 The relationship between the cathodic and anodic peak poten-
tials of Nd(II) with the logarithm of the scan rates in fused LiCl-
NaCl-NdCl; at 973 K

process of Nd(IIT)/Nd(II) is diffusion-controlled at low
scan rate for this soluble-soluble transition. Therefore, the
Randles-Sevcik equation was applied to give an estimation
of the diffusion coefficient for the reduction of Nd(III) in the
LiCl-NaCl melts [51]:

I, = 0.44ACy(nF)**(Dv/RT)'/? N

where A is the electrode surface area (cm?), C, is the sol-
ute concentration (mol cm™), D is the diffusion coefficient
(cm2 s7h), F is the Faraday constant (96,500 C mol™), R
is the ideal gas constant (J K=! mol™!), # is the number of
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Fig.5 Variation of the cathodic and anodic peak current of Nd(III) with
the square root of the scan rate in fused LiCl-NaCI-NdCl; at 973 K
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exchanged electrons, v is the potential sweep rate (V s71),
and T is the absolute temperature (K).

According to the Randles-Sevcik equation, we can cal-
culate the diffusion coefficient of Nd(III); the value of D is
2.38x 1077 cm? s~!, which is close to the results obtained in
the LiCl-KCl melts at lower temperature [52, 53].

Electrochemical behavior of LiCl-NaCl-NdCl, salts
in the presence of MgCl, and AIF;

Figure 6 presents the cyclic voltammograms obtained on Mo
electrode in the LiCl-NaCl salts at 973 K with the absence
and presence of MgCl, and AlF;, respectively. From the
curve obtained in LiCl-NaCl-MgCl, in Fig. 6(a), except
for the peaks A/A’ corresponding to the redox of M(I)/M
(M =Li and/or Na), the new deposition/reoxidation peaks
D/D' observed at about—1.76 V/—1.55 V can be ascribed
to the formation of Mg and its oxidation. Signals E/E’ in
Fig. 6(b) at approximately —0.98 V/—0.76 V (vs. AglAg™)
correspond to the reduction of Al(II) and re-oxidation of
deposited Al.

In order to learn the comprehensive mechanism of the
alloy formation, the cyclic voltammograms of three molten
salt systems with different compositons were carried out as
shown in Fig. 7. In the LiCl-NaCl-MgCl, (1.0 wt%)-AlF,
(1.0 wt%) system (curve 1), three groups of cathodic/anodic
signals (A/A’, D/D’, and E/E’) are related to the reduction
and subsequent oxidation of M (M =Li and/or Na), Mg and
Al respectively. The reductive processes corresponding to
peaks of D and E can be summarized as follows:

Mg(I) + 2¢~ = Mg(0).

AI(IIL) + 3¢~ = AL(0).

Curve 2 stands for the cyclic voltammograms of the LiCl-
NaCl-AlF; (1.0 wt%)-NdCl; (1.0 wt%) system. Unlike curve 1,
the signal for the redox of Al is less obvious due to the forma-
tion of intermetallic compounds. The new peaks of F’ and G’
should pertain to the re-oxidation of two Al-Nd intermetallic
compounds, which were reduced by the under-potential depo-
sition of Nd on the pre-deposition aluminum. The formation
of Al-Nd compounds can be described as follows:

Nd(II) + 3¢~ + xAl = AlxNd )

Curve 3 displays the cyclic voltammograms of the LiClI-
NaCl-MgCl,-AlF;-NdCl; system. Just as curve 2, the signals
F’" and G’ are related to the re-oxidation of the deposited
Al-Nd intermetallic compounds. The signal D/D’ stand-
ing for the reduction and oxidation of Mg(II) can still be
observed in curve 3. However, the redox signals correlated
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Fig.6 The cyclic voltammograms obtained in the LiCl-NaCl salts
before and after the addition of MgCl, (1.0 wt%) and AlIF; (1.0
wt%) on a Mo electrode (S=0.322 cm?) at 973 K with a scan rate of
100 mV s™.!

with the formation and oxidation of Mg-Nd and Mg—Al
intermetallic compounds are not found.

In order to get more information for the electrochemical
co-deposition of Mg—Al-Nd alloys, a group of chronopoten-
tiometry measurements were carried out on Mo electrode
(§=0.322 cm?) in the LiCl-NaCl-MgCl, (1.0 wt%)-AlF,
(1.0 wt%)-NdCl, (1.0 wt%) molten salts as shown in Fig. 8.
At a cathodic current of —20 mA (—0.062 A/cm?), only a
potential plateau E can be found, and it is corresponding
to the deposition of aluminum. While the cathodic current
reaches —40 mA (—0.124 A/cmz), apart from the plateau E,
the curve exhibits a new potential plateau F, which is related
to the formation of an Al-Nd intermetallic compound. As
the cathodic current increases from — 60 to— 100 mA,
the curves show another new potential plateau D, which
belongs to the deposition of magnesium. When the cur-
rent exceeds — 140 mA (= 0.435 A/cm?), a fourth plateau

0.4+
0.2+
< 0.0+
-0.2-
1: MgCl,-AlF;
-0.44 2: AlF;-NdCl,
3: MgCl,-AlF;-NdCly
-0.6 T T T T

24 21 18 15 12 -09
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Fig.7 The cyclic voltammograms of (1) LiCl-NaCl-MgCl,-AlF;;
(2) LiCl-NaCl-AlF;-NdCl;; and (3) LiCl-NaCl-MgCl,-AlF;-NdCl,
on a Mo electrode (S=0.322 cm?) at 973 K with a scan rate of
100 mV s.”!

B associated with the formation of pure Nd metal reduced
from Nd(II) can be observed. At this current density, elec-
trochemical co-reduction of Mg, Al, and Nd occurs. The
results are consistent with the potential range in the cyclic
voltammograms Fig. 7.

Figure 9 shows the open circuit chronopotentiograms
after galvanostatic electrolysis at—2.3 V (vs. AglAg*) for
60 s in LiCl-NaCl-MgCl, (1.0 wt%)-AlF; (1.0 wt%)-NdCl,
(1.0 wt%) melts at 973 K on Mo electrode. The composition
of the electrode surface maintained a two-phase coexisting
state with certain proportion during this process, and the cor-
responding potential plateau is observed in the curves [54].
It can be seen from Fig. 9 that there are six potential plateaus

i 20mA
0.9 -40mA
-60mA
-80mA
1, -1.24 -100mA
< -120mA
= -140mA
¢ 151
e
m
-1.84
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0 2 4 6 8 10 12 14 16 18 20

t/s

Fig.8 The chronopotentiograms obtained from the LiCl-NaCl-MgCl,
(1.0 wt%)-AlF; (1.0 wt%)-NdCl; (1.0 wt%) molten salts at different
current intensities on a Mo electrode (S=0.322 cm?) at 973 K
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Fig. 11 XRD patterns of samples obtained by galvanostatic electroly-
sis on a Mo electrode (S=0.322 cm?) in the LiCl-NaCl-MgCl,-AlF,
Fig. 10 XRD patterns of the bottom salts form LiCl-NaCl-MgCl,- salts before (a) and after (b) the addition of Nd,O; for 3 h at 1023 K.

Nd,O; melts after heating 1 h at 973 K Cathode-current density, 3.1 A/cm.”
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Figure 10 shows the XRD patterns of the bottom salts
of the cooling LiCl-NaCl-MgCl,-Nd,O; melts (60 g: 32 g:
15 g: 5 g) after heating 1 h at 973 K in order to examine
chlorination result of Nd,Oj;. It can be seen from Fig. 10
that the compositions of the sediments are mainly MgO and
NdOClI, indicating Nd,O5 has been reacted with MgCl, at
this temperature. The analysis of the ICP-AES also con-
firmed existence of Nd(III) in molten salts, so it can be
deduced that the MgCl, can chlorinate Nd,O; effectively
for the successive electrolysis in the melts.

From chronopotentiograms in Fig. 9, the current density should
be negative than —0.435 A/m? so as to obtain the co-reduction
samples of alloy. Thus, the more negative current density was
adopted for the galvanostatic electrolysis in the LiCl-NaCl-MgCl,-
AlF;-Nd,O; melt system under different conditions.

Figure 11 shows the XRD patterns of alloy sample
obtained by galvanostatic electrolysis from the LiCl-NaCl-
MgCl,-AlF; molten salts before and after the addition of
0.35 wt% Nd,O5 with the current density 3.1 A/cm? at
1023 K. As can be seen from the XRD patterns, the alloys
are composed of Al;,Mg,, Al sgMg 4,, and Mg without the
presence of Nd,O;. While after the Nd,O; was added into
the LiCl-NaCl-MgCl,-AlF; salts, the Mg—Al phase disap-
pears, and the samples are mainly composed of Al,Nd and
Mg phases, which indicates that the existence of a certain
amount of Nd element in the Mg—AI-Nd alloy can inhibit
the formation of Mg—Al compound, which could affect the
mechanical performance of Mg—Al based alloys. The XRD

Fig. 12 The SEM image and
EDS mapping analysis of alloy
obtained by galvanostatic
electrolysis in the LiCl-NaCl-
MgCl,-AlF;-Nd,O; molten salts
on a Mo electrode (§=0.322
cm?) at 3.1 A/em? for 3 h at
1023 K

patterns are also consistent with the results of the above
electrochemical analysis.

Figure 12 presents the SEM microstructure analysis of
the bulk alloy obtained by galvanostatic electrolysis from
the LiCl-NaCl-MgCl,-AlF;-Nd,O; melts at 1023 K. From
the SEM, we can see that there are gray and bright grain-
like zones. To confirm and examine the distributions of
Mg, Al, and Nd elements in the alloy, a mapping analysis is
employed as shown in Fig. 12. Mapping analysis indicates
that Mg element mainly distributes in gray matrix zones, and
Al element distributes homogeneously throughout gray zone
and bright zones. The Nd element distribution is not uniform
and disperse mainly within bright zones.

Figure 13 gives the EDS results of the points labeled A,
B, and C taken from three represented zones which is dis-
played in Fig. 12. The EDS analysis indicates the atomic
ratio of Al to Nd is about 4.12 in the point of A, which is
chosen from bright zones. Just as shown in the mapping
analysis, there is no Nd found in the point of B or C taken
from gray zones, which consist of Mg and Al elements with
certain percentage. The results indicate that the preparation
of Mg—Al-Nd alloy by electrochemical co-reduction is fea-
sible in the melts.

The current efficiency was calculated using the following
equation in order to obtain the most suitable conditions for
galvanostatic electrolysis [20]:

n=(Omg + On + Ona)/1t 4)

100 pm ‘ Nd L
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where Qy,, O, and Qyq are the charges of the deposited § > PR I B
Mg, Al, and Nd, respectively, A-h; ¢ is the electrolysis time, =
h; and [ is the current intensity, A. §
According to Faraday’s law: 2 C
g |
- (=]
0 =nzF (®)] 5 | < = = o0 n O~
2}
%
where n is the amount of metal material deposited, mol; z is =21 -
. . . = =)
the number of electrons transferred in the reaction; and F is o=
the Faraday constant, 26.801 A h mol™"'. 4%
; : ; = eLLcrLeeX
Galvanostatic electrolysis was conducted under different &
conditions to get the optimal parameters for the alloy yield Z’
or current efficiency. The alloy samples were dissolved and =
analyzed by ICP-AES, and the influence of the tempera- @
ture, current density, and electrolysis time was considered. s |2 VN
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The results indicate the current efficiency was increased
with the increase of the temperature until 750 °C (1023 K),
when the other conditions remain constant. The current effi-
ciency increased rapidly with the extension of electrolysis
time, while it would descend when the time were longer than
1.5 h. The enhancement of the current density can also lead
to the increase of the current efficiency; the maximum value
for the current density is at around 0.932 A/cm?. As for the
composition of the alloy samples, it was shown that the con-
tent of Mg among the alloy decreased and the content of Al
and Nd increased continuously with the raise of temperature,
current density, and electrolysis time. Furthermore, we can
notice that the content of the Nd among the alloy samples
increased with the addition of Nd,O; in the melts.

Some typical conditions and results are listed in Table 1.
The current efficiency was higher than 60% in most cases,
and it has the maximum value of 73.5% at the temperature of
1023 K (750 °C) and 9.32 A/cm? for 1.5 h. The difficulties
for the increasement of current efficiency should be ascribe
to the multivalency of Nd species, i.e., the redox shuttling
between Nd(II) and Nd(III), or disproportionation reaction
such as Nd(metal) + Nd(IIT) = 2Nd(I) [45, 56, 57]. There-
fore, the yield for the Mg—Al-Nd alloys still has potentials
to be enhanced if the multivalent behavior of Nd is well
controlled with appropriate conditions.

Conclusion

The electrochemical behaviors of Nd(III) ions and the prepa-
ration mechanism of Mg—Al-Nd alloys by co-reduction were
studied in LiCl-NaCl-MgCl,-AlF; melts with different tech-
niques on the molybdenum electrode. The results indicate that
Nd(II) ions were reduced to Nd by two-step of electron transfer
process in LiCl-NaCl-NdCl; melts at 973 K, while the addition
of Nd(IIT) can lead to Nd-Al intermetallic phase in the LiCl-
NaCl-MgCl,-AlF; system with the same conditions. The co-
reduction of Mg—AI-Nd alloys was prepared by galvanostatic
electrolysis according to the electrochemical results, and the
alloy samples were characterized by XRD, SEM, and ICP-AES.
The prepared alloy was comprised of intermetallic compound
Al,Nd, Mg and Al phase, and the Mg—Al intermetallic com-
pound that may be detrimental to the alloys were not observed.
The composition of alloy was consistent with results of electro-
chemical studies. The current efficiency could reach 73.5% at
9.32 A/cm? for 1.5 h from the results of ICP-AES.
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