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Abstract: The density, conductivity, and viscosity of the 1,3-dimethyl-2-imidazolinone and lithium nitrate (DMI—
LiNO;) solvated ionic liquid were measured as a function of temperature. Additionally, the electrochemical mechanism
and electrodeposition of neodymium from the DMI-LiNOj; solvated ionic liquid were investigated. Cyclic voltammetry
results indicate that the electrochemical reduction of Nd(III) is irreversible and proceeds via one-step with
three-electron transfer, which is controlled by diffusion with a diffusion coefficient of 5.08x10°® cm’/s. Energy-
dispersive X-ray spectrometry and X-ray photoelectron spectroscopy data confirm that the electrodeposit obtained after
electrodeposition at -4V (vs Ag) using the DMI-LiNO;—Nd(CF;SOs3); solvated ionic liquid contains metallic

neodymium.
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1 Introduction

Rare earth (RE) elements are known as
industrial vitamins and “mother of new materials”
because of their outstanding optical and electro-
magnetic properties [1—-3]. As the additive, RE
elements can significantly improve the qualities and
performances of materials with a wide range of
properties [4]. Therefore, RE metals have been
widely used in fields such as metallurgy, machinery,
petrochemical industry, and aerospace. Currently,
molten salt electrolysis in LiF-REF;—RE,O;
electrolytes at 1273—1373 K has been applied for
RE metal production in the industry, but it is limited
by the high electrolysis temperature and low energy

efficiency [5,6]. Therefore, identifying a suitable
electrolyte from which RE metals can be produced
at low temperatures or room temperature is
desirable.

Ionic liquids have the advantages such as low
melting points, wide electrochemical window, good
thermal stabilities, and high electrical conductivities.
Thus, the application of ionic liquids for the
electrodeposition of RE metals (particularly La and
Nd) has been extensively studied. For example,
TSUDA et al [7] found that the solubility of
LaCl; increased with an increase in the acidity
of aluminum chloride—1-ethyl-3-methylimidazolium
chloride (AICL—EMICI) ionic liquid, and metallic
La was electrodeposited at —1.95V (vs Al) with
LiCI and SOCI, as additives. LEGEALI et al [8]
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reported that the electrochemical window of the
1-octyl-1-methyl-pyrrolidinium bis(trifluoro methyl-
sulfonyl)imide (OMPT{;N) ionic liquid was 4.8 V
(vs Ag/AgCl), and a La film with 350 nm-thickness
was formed by electrodeposition method at —=1.5V
(vs Ag/AgCl) for 2 h. KIM et al [9] investigated
the electrochemical behavior of La(Ill) in 1-ethyl-
3-methyl-imidazolium tetrafluoroborate ([EMIM]-
[BF4]) ionic liquid with 0.1 mol/L LiCl as an
additive, and the results suggested that the
reduction of La(Ill) was an irreversible one-step
process controlled by the diffusion with a diffusion
coefficient of (1.07—1.19)x10°° cm?/s.

KONDO et al [10] studied the electrochemical
behavior of Nd(III) in triethyl-pentyl-phosphonium
bis(trifluoromethyl-sulfonyl)amide ([Py,s][TFSA])
ionic liquid, and the diffusion coefficient of Nd(III)
at 373 K was of the order of 10”7 c¢m”/s. Fine and
uniform Nd particles were electrodeposited on a
copper substrate at —1.95 V (vs Pt) and identified by
X-ray photoelectron spectroscopy (XPS). OTA
et al [11] investigated the electrochemical behavior
of Nd(III) in [Pyys][TFSA] using cyclic voltam-
metry and electrochemical quartz crystal
microbalance (EQCM). A clear cathode peak was
observed at —2.79 V (vs Pt) with a mass change of
140.4 g/mol, which was close to the theoretical
value (144.2 g/mol) for the electrochemical reaction
[Nd(TFSA)s]* +3e—Nd+5[TFSA]". In addition,
metallic Nd could be electrochemically recovered
from the waste of Nd—Fe—B magnets using
[P2225][TFSA] ionic liquid as the electrolyte [12].
MATSUMIYA et al [13] studied the electro-
chemical mechanism of Nd(III) in N,N-diethyl-
N-methyl-N-(2-methoxyethyl) ammonium bis(tri-
fluoromethyl-sulfonyl) amide ([DEME] [TFSA])
ionic liquid, and the reduction of Nd(III) was an
irreversible one-step process controlled by the
diffusion with a diffusion coefficient of
1.35x10° cm?/s at 353 K. The electrodeposits
obtained at —3.40 and —3.60 V (vs Ag) on a copper
substrate were mixtures of neodymium and its
oxide.

Considering the electrodeposition of RE
alloys, numerous studies have been carried out in
eutectic solvents by induced co-deposition. For
instance, GUO et al [14,15] and LIU et al [16]
prepared a series of RE—transition metal alloys
including La—Co, La—Ni, and Nd—Fe alloys via
induced co-deposition in the acetamide—urea—NaBr

melts. The maximum mass fractions of RE metals
in the deposited La—Co, La—Ni, and Nd—Fe alloys
were 66.32%, 78.81%, and 60.4%, respectively.
YANG et al [17] studied the electrochemical
behavior and nucleation mechanism of Ni(Il) and
La(Ill) in 1-ethyl-3-methylimidazolium chloride—
ethylene glycol (EMIC—EG) eutectic ionic liquid,
while inductively coupled plasma-atomic emission
spectrometry (ICP-AES) and X-ray diffraction
(XRD) analyses showed that Ni—La alloys
containing 0.2—9.48 wt.% La were deposited at
current densities of 3—7 mA/cm’.

In summary, RE metals can be electro-
deposited in ionic liquids such as AICI;—EMICI,
OMPTEN, [EMIM][BF4]-LiCl, [Pys][TFSA], and
[DEME][TFSA]. However, AICl;-based ionic
liquids show disadvantage of high hygroscopicity,
while other conventional ionic liquids have
drawbacks such as high cost and synthetic
complexity [18]. Eutectic solvents are inexpensive
and suitable for the preparation of RE alloys, but it
is difficult to produce pure RE metals because their
electrochemical windows are narrow. Recently,
ZHANG et al [19] have developed a novel
1,3-dimethyl-2-imidazolidinone—lithium nitrate
(DMI-LiNO;) solvated ionic liquid, which was air
stable and readily available with a wide
electrochemical window. Furthermore, XRD and
XPS characterization confirmed that metallic La
could be electrochemically deposited on a highly
pure Al substrate at —2.3 V (vs Ag) from the DMI—
LiNO; solvated ionic liquid containing LaCl;. In
this study, the physical properties including density,
conductivity, and viscosity of the DMI-LiNO;
solvated ionic liquid were measured at different
temperatures. In addition, the electrochemical
mechanism of Nd(III) reduction was investigated
by cyclic voltammetry, and the coatings obtained by
potentiostatic electrodeposition were analyzed.

2 Experimental

DMI (99%) and LiNO; (99.9%) were
purchased from Shanghai Aladdin Bio-Chem
Technology Co., Ltd., while neodymium trifluoro-
methanesulfonate  (Nd(CF;S0;);, 98%) was
purchased from Alfa Aesar Chemical Co., Ltd.,
China. Owing to the high hygroscopicity of LiNO;,
the DMI-LiNOj; solvated ionic liquid was prepared
in a glove box. The contents of water and oxygen in
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the glove box were kept below 0.0001%. Firstly, the
DMI solvent was added to a beaker and heated on a
magnetic heating plate. Then, LiNO; was slowly
added to DMI, and the mixture was heated with
magnetic stirring until a homogeneous clear
liquid containing 0.5 mol/L LiNO; was formed.
Finally, 0.05 mol/L Nd(CF;S0;); was dissolved in
the DMI-LiINO; solvate ionic liquid for Nd
electrodeposition.

The physicochemical properties of the
DMI-LiNOj; solvated ionic liquid were measured in
a glove box. The densities of the ionic liquid at
room temperature (298 K) to 358 K were measured
using the Archimedes method, where the calibration
was performed using deionized water. The electrical
conductivities were measured using the fixed
conductivity cell method by employing an LCR
meter (Agilent 4263B; Agilent Technologies, Palo
Alto, USA), which was calibrated using a standard
potassium chloride solution (1 mol/L KCI). The
viscosities were measured using a Ubbelohde
viscometer (HAD—-1834; Heng Odd Instrument,
Beijing, China).

Cyclic  voltammetry  experiments
performed using an electrochemical workstation
(CHI600E; CH Instruments, Shanghai, China). A
tungsten wire (99.95%) with an immersion area of
0.8 cm’ was selected as the working electrode,
while platinum (99.99%) and silver (99.99%) wires
with a diameter of 0.5 mm were used as the counter
and reference electrodes, respectively. The electro-
chemical workstation was also used to perform
electrodeposition experiments using a three-
electrode system. The working electrode comprised
an aluminum sheet (99.99%), while the counter
electrode and reference electrode constituted a
tungsten sheet (99.99%) and a silver wire (99.99%),
respectively. The electrodes used before each
experiment were polished using sandpaper and
cleaned with deionized water. The phase
compositions of the products were analyzed by
XRD (D8 Advance; Bruker, Karlsruhe, Germany),
and the morphologies and elemental compositions
of the products were determined by scanning
electron microscopy (SEM, Ultra Plus; Zeiss,
Oberkochen, Germany) coupled with an
energy-dispersive  X-ray spectroscopy (EDS)
system. In addition, the electrodeposits were
characterized using XPS (Axis Ultra DLD, Kratos,
Japan).

Wwere

3 Results and discussion

3.1 Physical properties of ionic liquid

The densities of the DMI solvent and
DMI-LiNO; solvated ionic liquid (containing
0.5 mol/L LiNO;) were measured using the
Archimedes method at 298—358 K. As shown in
Fig. 1, the density of DMI decreases from 1.064 to
1.021 g/cm® with an increase in temperature from
298 to 358 K, while the density of the DMI-LiNO;
solvated ionic liquid decreases from 1.133 to
1.087 g/cm’. The addition of LiNO; to the DMI
solvent results in an increase in its density. The
decrease in density with increasing temperature is
mainly due to an increase in the thermal motion
of the particles as the number of particles
per unit decreases with increasing
temperature [20,21]. Moreover, the density of the
DMI-LiNO; solvated ionic liquid (p, g/em’) is
linearly correlated to temperature (7, K), as
described by Eq. (1).

p=—7.64x10"T+1.36 (1)
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Fig. 1 Densities of DMI solvent and DMI-LiNO;
solvated ionic liquid at different temperatures

The conductivities of the DMI solvent and
DMI-LiNO; solvated ionic liquid (containing
0.5 mol/L LiNQO;) at 301-350 K are shown in
Fig. 2(a). With an increase in temperature from 301
to 350 K, the conductivity of DMI increases from
0.04 to 0.11 mS/cm, while the conductivity of the
DMI-LiNOj; solvated ionic liquid increases from
1.02 to 6.14 mS/cm. The addition of LiNO; to
DMI results in an obvious increase in conductivity.
The conductivity increases with an increase in
temperature because of a decrease in the viscosity
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and increase in the diffusion or migration rate
of ions at high temperature. Moreover, the
conductivity of the DMI-LiINO; solvated ionic
liquid at 318 K is 1.78 mS/cm, which is of the same
order of magnitude for the values of conventional
ionic liquids such as urea—acetamide—AlCl;
(1.5 mS/cm at 323 K), N-propyl-N-methyl pyrro-
lidinium  bis(trifluoro  methanesulfonyl)imide
23 mS/cm at 298K), and [BMIM][BF,]
(3.5 mS/cm at 298 K) [22—24].
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Fig. 2 Conductivities (o) of DMI solvent and DMI-

LiNO; solvated ionic liquid at different temperatures (a)

and relationship between In ¢ and 7' for DMI-LiNO;

solvated ionic liquid (b)

Arrhenius equation is generally applied to
determining the transport properties in non-aqueous
solutions including the molten salts and ionic
liquids, and the relationship between conductivity
and temperature can be described by Eq. (2) [25]:

In o=In oo—E/(RT) )

where ¢ is the conductivity (mS/cm); oy is the
pre-exponential factor (mS/cm); E, is the diffusion
activation energy (J/mol); R is the mole gas

constant (8.314 J/(mol-K)); T is the experimental
temperature (K). As shown in Fig. 2(b), the
logarithmic conductivity of the DMI-LiNO;
solvated ionic liquid (In o) is linearly related to the
reciprocal of temperature (7'). Based on Eq. (2)
and the slope of the plot in Fig. 2(b), the diffusion
activation energy for the DMI-LiNO; solvated
ionic liquid is 33.53 kJ/mol. Therefore, conductivity
as a function of temperature can be expressed by

Eq. 3):
0=611530.43exp(—4032.58/T) 3)

The viscosities of DMI solvent and DMI-
LiNO; solvated ionic liquid (containing 0.5 mol/L
LiNO;) at 298-348 K were measured using a
viscometer. As shown in Fig. 3(a), viscosity of DMI
is significantly lower than that of the DMI-LiNO;
solvated ionic liquid. The viscosity of DMI at
298 K is 1.93 mPa-s, which is consistent with the
viscosities of general organic solvents. After the
addition of 0.5 mol/L LiNOj; to DMI, the viscosity
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Fig. 3 Viscosities () of DMI solvent and DMI-LiNO;

solvated ionic liquid at different temperatures (a) and

relationship between Iny and T~' for DMI-LiNOs;

solvated ionic liquid (b)
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at 298 K significantly increases to 69.59 mPa-s,
indicating that the structure of the electrolyte
changes from the initial molecular solvent to that of
an ionic liquid. The viscosity of the DMI-LiNO;
solvated ionic liquid increases upon the addition
of LiNO; because of an increase in ionic association
and decrease in the mobility of the [Li(DMI),]"
solvated species [19,26]. BARGHAMADI et al [27]
investigated the effect of LiNO; additive on the
viscosity of several ionic liquids, and the
viscosity of 1,2-dioxolane and 1,2-dimethoxyethane
solvent with 1 mol’kg lithium bis(trifluoro-
methanesulfonyl)imide increased from 2.9 to
3.6 mPa-s after the addition of 0.1 mol/kg LiNO; at
296 K. In addition, the viscosity of the DMI-LiNOs;
solvated ionic liquid is lower than those of some
conventional ionic liquids and deep eutectic
solvents because the latter have lower
conductivities compared to electrolytes containing
organic solvents [27]. For example, the viscosities
of I-butyl-1-methyl pyrrolidinium bis(trifluoro-
methylsulfonyl)  imide([BMPyrr][NTf;])  ionic
liquid, [BMIM][BF;] ionic  liquid, and
choline chloride—urea deep eutectic solvent at
298 K are 72.57, 100.66, and 748.09 mPa-s,
respectively [28—30].

Furthermore, the viscosity of the DMI-LiNO;
solvated ionic liquid decreases from 69.59 to
14.89 mPa-s upon an increase in temperature from
298 to 348 K owing to the effect of temperature on
hydrogen bonds and van der Waals forces. As
described in Eq. (4), the viscosities at various

temperatures can be fitted to the Arrhenius
equation [21,31].
In #=In n.—E,/(RT) 4

where 7, is the viscosity at infinite temperature
(mPa-s), and E, is the apparent activation energy
(J/mol). As shown in Fig. 3(b), the logarithmic
viscosity (In 7) is linearly related to the reciprocal
of temperature (7 '). The fitting parameters 7.,
and E, are determined to be 1.86x10™* mPa-s and
31.81 kJ/mol, respectively. Therefore, the viscosity
can be described by In n=—8.59+3825.7/T

3.2 Cyclic voltammetry

The cyclic voltammetry curves of the
DMI-LiNOj; solvated ionic liquid in the absence
and presence of Nd(CF;SO;); were obtained using a
tungsten electrode (Fig.4). The scan rate was
80 mV/s, and the experimental temperature was

303 K. As shown in Fig. 4(a), during the sweep
from 0 to =5 V (vs Ag), the cyclic voltammetry
curve of DMI is very stable, indicating its high
stability. After the addition of 0.5 mol/L LiNO; to
DMI, a pair of reduction and oxidation signals are
observed, as shown in Fig. 4(b). Based on the
results of our previous study, the current waves
P—P’ are due to the reduction and oxidation of Li,
and the appearance of the cathodic current loop
indicates the nucleation of Li on the tungsten
working electrode [19]. The shoulders in the
cathodic scan at approximately —2.6 V (vs Ag) and
anodic scan at —1.1 V (vs Ag) are observed, which
may be related to the underpotential deposition of
Li and its oxidation on the working electrode [32].
In addition, no noticeable impurity peak is observed
in the cyclic voltammetry curve of the DMI-LiNO;
solvated ionic liquid from 0 to —2.8 V (vs Ag),
indicating that the ionic liquid is stable within this
potential range.

0.5}
of @
05
.g -1.0+
<
& 15}
~
—2.0r — (b) DMI-LiNO;
— (¢) DMI-LiNO;y—
-25 M Nd(CF,;S0;),
-5 -4 -3 -2 -1 0
o(vs Ag)/V

Fig. 4 Cyclic voltammetry curves of DMI (a),
DMI-LiNO; (b), and DMI-LiNO;—Nd(CF;S0;); (c)
solvated ionic liquid at 303 K and scan rate of 80 mV/s

Figure 4(c) shows the cyclic voltammetry
curve of the DMI-LiNO; solvated ionic liquid
containing 0.05 mol/L Nd(CF;S0s);. Two pairs of
reduction and oxidation peaks (M—M"and N—N') are
observed. Considering the cyclic voltammetry
curve in the absence of Nd(CF;S0O;);, the current
density increase at approximately —1.0 V (vs Ag)
and the subsequent reduction peak at —2.5 V (Point
N) are attributed to the electrodeposition of Nd. The
second reduction peak M (—3.5 V) is due to the
reduction of Li" ions to metallic Li. During the
reverse potential sweep, the oxidation peaks M’
(=3.2 V) and N' (-1.7 V) are related to the anodic



Ai-min LIU, et al/Trans. Nonferrous Met. Soc. China 31(2021) 2522-2531 2527

stripping of Li and Nd from the surface of the
working electrode, respectively.

To investigate the kinetics of Nd electro-
deposition, cyclic voltammetry tests were
performed at different scan rates (20, 40, 60, 80,
and 120 mV/s). As shown in Fig. 5, the potentials of
the reduction peaks gradually shift toward more
negative values with increasing the scan rate. For
the reversible electrode reaction, the peak potential
(pp) 1s independent of the scan rate (v). Therefore,
the electrochemical reduction of Nd(III) on tungsten
electrode in DMI-LiNO;—Nd(CF;S0;); solvated
ionic liquid can be considered an irreversible
process.

1.0
05
ok
=051

J/(mA-cm™?)

-1.0F
15k /N 60mV/s
’ f . 80 mV/s

-2.0F | 120 mV/s

=2.5F

35 30 25 20 15 -10 05 0
o(vs Ag)/V
Fig. 5 Cyclic voltammetry curves of DMI-LiNO;—
Nd(CF;S03); solvated ionic liquid at 303 K and scan
rates of 20, 40, 60, 80, and 120 mV/s

For an irreversible electrochemical reaction,
the number of eclectrons transferred can be
calculated using the following equation [33]:

¢=B=[RT/(nF)]In[I/(I,=D)] )

where ¢ is the potential (V), B is the half-wave
potential (V), n is the number of transferred
electrons, F is the Faraday constant (96485 C/mol),
I is the current (A), and I, is the current of the
reduction peak (A). The relationship between
potential (p) and In[//(/,—])] at 303 K is plotted
based on the data derived from Fig. 5. As shown in
Fig. 6(a), there is a linear relationship between ¢
and In[//(/,—])]. Combining the slopes of the plot in
Fig. 6(a) and Eq. (5), the number of transferred
electrons is 3.2, which is close to the theoretical
number of transferred electrons in the reduction of
Nd(IIT) to metallic Nd. Therefore, the reduction of
Nd(III) in the DMI-LiNOs;—Nd(CF;SOs); solvated

ionic liquid proceeds via one-step three-electron
transfer, and the electrochemical reaction can be
described by Eq. (6):

Nd(II1)+3e=Nd (6)

-2.916
2918 "

-2.920

-2.922 |

-2.924 +

o(vs Ag)/V

-2.926 1

29281 )=-2.88721-0.00813In[I/(1,~)]

_2.930 1 1 1 1 1 1 1 1
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In[Z/(1,-1)]
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1,=-0.24873+4.09966v'
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vl/Z/(V,S‘l)l/Z

Fig. 6 Relationships between ¢ and In[//(,~1)] (a), and /,
and v'? (b)

For an irreversible electrode process, there is a
linear relationship between |p,—¢,| and the charge
transfer coefficient (a) [33]. Based on the data
derived from Fig. 5 and Eq. (7), the charge transfer
coefficient o at different scan rates can be
calculated, and the average value of a for Nd(III)
reduction in DMI-LiNO;—Nd(CF;SOs3); solvated
ionic liquid is 0.087.

|py—pn/=1.85TRT/(anF) 7

where ¢, is the peak potential of Nd(III) reduction
(V), and ¢, is the half-peak potential of Nd(III)
reduction (V).

Furthermore, the peak current density of
Nd(IIT) reduction in Fig. 5 gradually changes from
—0.40 to —1.48 mA/cm® with an increase in the scan
rate from 20 to 120 mV/s. As shown in Fig. 6(b), a
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linear relationship is observed between the peak
current (/,) and square root of the scan rate '),
indicating that Nd electrodeposition is controlled by
diffusion [17]. According to the Randles—Sevcik
equation (Eq. (8)) and the slope of the plot in
Fig. 6(b), the diffusion coefficient for Nd(III)
reduction on tungsten electrode in the DMI—
LiNO;—Nd(CF3S0s); solvated ionic liquid is
calculated to be 5.08x10™ cm?/s [33].

1,=0.4958nFAc,D"*v'"*[anF/(RT)]'"? (8)

where A is the immersion area of the working
electrode (0.8 cm?), ¢, is the bulk concentration of
Nd(III) ions (5%10~° mol/L), and D is the diffusion
coefficient (cm?/s).

3.3 Characterization of electrodeposits

Owing to the pre-deposition of metals on the
reactive Al substrate, AI-Nd intermetallic
compounds can be easily formed by -electro-
deposition on Al electrode [18,19]. Therefore,
electrodeposition experiments in the DMI-
LiNO;—Nd(CF;S0s); solvated ionic liquid were
carried out on an Al substrate to ensure the
electrochemical extraction of metallic Nd. The
applied potential was —4V (vs Ag), and the
deposition time was 2 h.

The phase composition of the electrodeposit

Ai-min LIU, et al/Trans. Nonferrous Met. Soc. China 31(2021) 2522-2531

was determined by XRD. As shown in Fig. 7(c), the
XRD pattern indicates that the cathode product is
composed of Al, Li, and LiAl phases. Among these,
the Al phase is attributed to the cathode, while the
Li and LiAl phases are formed because the applied
potential is sufficiently negative for the electro-
chemical reduction of Li" ions. The SEM image and
EDS spectrum of the coating are shown in Figs. 7(a)
and (b), respectively. The Li particles are
distributed on the coating surface. The EDS data
show that the electrodeposit mainly contains Al and
O, and Li is not detected within the resolution of
the EDS detector because the atomic number
and energy of Li are small. In addition, the
electrodeposit was analyzed by XPS, and the results
are shown in Fig. 7(d). According to the fine scan
of the Li peak, zero-valent Li with a mass fraction
of 24.77% was detected [34], indicating that
metallic Li is obtained by electrodeposition at -4 V
(vs Ag) in the DMI-LiNO; solvated ionic liquid.
Furthermore, the electrodeposition experiment
was performed in the DMI-LiNO; solvated ionic
liquid containing 0.05 mol/L. Nd(CF;SO;); on an Al
substrate with an applied potential of —4 V (vs Ag).
The SEM image and EDS spectrum of the
electrodeposit are shown in Fig. 8. The EDS spectra
show that the particles with agglomerated structures

(b) Al

J L 4+ " L . L 1 L

1 2 3 4 5 6 7 8 9 10

20/(%)

Energy/keV
@ Li,CO
i
A S Lils
«—Li . L
s —LiAl :
i . A
[ ] A g A=A adiv=avaavy \'
A ® fA ¥L L]
10 20 30 40 50 60 70 80 9057 58 59 60 61 62 63 64 65

Binding energy/eV

Fig. 7 SEM image (a), EDS spectrum (b), XRD pattern (c) and XPS data (d) of electrodeposits obtained from DMI—
LiNOs; solvated ionic liquid on Al substrate after electrodeposition at =4 V (vs Ag) for 2 h
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Fig. 8 SEM image (a), XPS spectrum (b), and EDS data (¢, d) of electrodeposit obtained from DMI-LiNO;—
Nd(CF;S0;); solvate ionic liquid after electrodeposition at 323 K and —4 V (vs Ag) for 2 h

mainly contain Al, O, and Nd. The presence of Al is
attributed to the cathode substrate, while
21.91 wt.% Nd is derived from the reduction of
Nd(III) in the solvated ionic liquid. In addition, the
presence of O is mainly due to the high activity and
small particle size of metallic Nd, which causes the
oxidation of the electrodeposit upon exposure to air.
However, within the resolution of the XRD
detector, no Nd was detected, suggesting that the
Nd deposit was non-crystalline [14—16]. In addition
to SEM-EDS analysis, the electrodeposit was
analyzed by XPS. In the fine scan of the Nd peak
(Fig. 8(b)), 67.51 wt.% Nd was detected [35,36],
revealing that metallic Nd was obtained by
electrodeposition at =4V (vs Ag) in the DMI—
LiNO;—Nd(CF3S0s); solvated ionic liquid.

4 Conclusions

(1) The solvated ionic liquid comprising DMI
and 0.5 mol/L LiNOs; is suitable for the electro-
chemical preparation of Nd films from the
Nd(CF;SO0s3); precursor at room temperature.

(2) The density of the DMI-LiNOj; solvated
ionic liquid is 1.087-1.133 g/lem’ at 298—358 K,
which can be described by p=—7.64x10*T+1.36.

(3) The conductivities and viscosities of the
DMI-LiNOj; solvated ionic liquid are equal to

1.02-6.14 mS/cm at 301-350K and 14.89—
69.59 mPa-s at 298—348 K, respectively, which can
be described by the following equations: o=
611530.43exp(—4032.58/7); In =—8.59+3825.7/T.

(4) The electrochemical reduction of Nd(III) is
an irreversible diffusion-controlled process with a
diffusion coefficient of 5.08x10°® ¢cm*/s, which can
be described as Nd(III)+3e=Nd. EDS and XPS
analyses of the electrodeposit at -4V (vs Ag)
confirm the presence of metallic Nd.
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