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Abstract: The corrosion inhibition efficacy of titanate (CaTiOs) for carbon anodes in molten salts was investigated
through various analytical techniques, including linear sweep voltammetry, X-ray diffraction, scanning electron
microscopy, and energy dispersion spectroscopy. The results demonstrate that the addition of CaTiO; corrosion inhibitor
efficiently passivates the carbon anode and leads to the formation of a dense CaTiOs layer during the electrolysis
process in molten CaCl,—CaO. Subsequently, the passivated carbon anode effectively undergoes the oxygen evolution
reaction, with an optimal current density for passivation identified at 400 mA/cm?. Comprehensive investigations,
including CaTiO; solubility tests in molten CaCl,—CaO and numerical modeling of the stability of complex ionic
structures, provide compelling evidence supporting ‘“complexation—precipitation” passivation mechanism. This
mechanism involves the initial formation of a complex containing TiO,-nCaO by CaTiO3 and CaO, which subsequently
decomposes to yield CaTiOs, firmly coating the surface of the carbon anode. In practical applications, the integration of
CaTiOs3 corrosion inhibitor with the carbon anode leads to the successful preparation of the FeCoNiCrMn high-entropy
alloy without carbon contamination in the molten CaCl,—CaO.
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leading to severe environmental challenges [9—11].
Notably, the Hall-Héroult process consumes a
substantial mass of carbon anodes amounting
to 27 million tonnes, accounting for 14% of the
total production cost of primary aluminum and

1 Introduction

Molten salt electrolyzers play a pivotal role in
facilitating green electrometallurgy for metals such

as Al, Ti, Zr, Hf, Nb, Ta, Mo, W, Cr, and their alloys,
thanks to their favorable kinetics [1-3]. Typically,
carbon anodes are widely utilized in molten halide
electrolyzers for metal extraction due to their
excellent conductivity [4—6]. However, carbon
anodes are frequently subject to heavy consumption
by oxygen ions (O?") generated during the reduction
of metal oxides on the cathode [6—8]. This results in
the release of a significant amount of CO; and CO,

generating over 78 million tonnes of CO, annually
[12—14]. Furthermore, the produced CO; can react
with O* to form CO3F, which can be electro-
chemically reduced to carbon on the cathode,
thereby reducing the current efficiency of process
and contaminating cathodic products [15—17].
Consequently, there is a pressing need for low-cost
inert oxygen evolution anodes in molten salt
electrolyzers [18—20]. However, due to the highly
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corrosive nature of high-temperature molten halides,
materials capable of withstanding such harsh
working conditions and meeting the requirements
of an inert anode are exceedingly rare [21-23].
Thus, consumable carbon anodes, such as graphite
and artificial graphite, remain indispensable in
industrial molten salt electrolyzers.

In recent years, corrosion inhibition methods
aiming at reducing the consumption of carbon
anodes have gained significant attention. It has been
observed that the oxidation resistance of carbon
anodes can be substantially enhanced by optimizing
precursor composition and preparation parameters of
carbon anodes [24—26]. KHAJI and QASSEMI [10]
conducted a study exploring the relationship
between manufacturing parameters and carbon
anode consumption, revealing that carbon anodes
with higher pitch content exhibited superior CO;
oxidation resistance and lower anode dust resulting
from oxidation reactions, which is advantageous for
reducing net carbon consumption. Furthermore,
anti-oxidation coatings have proven to be a
practical approach in protecting carbon anodes
within the electrolysis cell [9,27]. WENG et al [28]
reported that carbon contamination in cathode
products decreased from 2.47 wt.% to 0.57 wt.%
when a porous MgO shroud was added to the
graphite anode. Most previous research has been
focused on reducing excessive carbon anode
consumption, including air oxidation, the
Boudouard reaction, and carbon dust generation,
which contribute to approximately 15% of the total
carbon anode consumption [27]. However, the main
consumption of carbon anode is generated from
the anodic oxidation of carbon (C+20%* —4e=CO»).
Therefore, further efforts should be directed
towards investigating whether the carbon anode can
function as an inert anode enabling oxygen
evolution instead of being consumed through
anodic oxidation. This prospect holds great
potential for resolving the primary issue associated
with carbon anodes.

Drawing insights from corrosion science in
room-temperature aqueous solutions [29,30], we
apply the idea of using a corrosion inhibitor to
stabilize the carbon anode. This study introduces a
titanate corrosion inhibitor capable of passivating
the graphite anode and facilitating the formation of
a protective oxide film on the carbon anode. As a
consequence, this passivation process leads to a

transformation of the anodic reaction from CO»
generation to oxygen evolution in the molten
CaCl,—CaO. The structure and constitutions of the
oxide films formed on the graphite anodes were
thoroughly investigated. Moreover, we explored the
influence of the basicity of molten salts on the
solubility of calcium titanate and utilized density
functional theory (DFT) calculations to elucidate
the passivation mechanism of the carbon anode.
Furthermore, FeCoNiCrMn high-entropy alloy,
possessing the advantages of good mechanical
properties and corrosion resistance [31], has been
successfully synthesized by molten salt electrolysis
in previous research [32]. However, carbon
contamination of the FeCoNiCrMn alloy was
observed when utilizing consumed graphite. To
address this issue, in the present work, we prepared
the FeCoNiCrMn high-entropy alloy without
carbon contamination by employing a carbon anode
in molten salts with the incorporation of a titanate
corrosion inhibitor. This novel approach allows us
to attain the desired properties of high-entropy alloy
while mitigating carbon contamination concerns
effectively.

2 Experimental

2.1 Electrochemical tests

A Ni crucible with an outer diameter of 12 cm
was utilized to contain 1000 g of anhydrous CaCls,
serving as the molten salt bath. The mixed salt was
dried at 200 °C for 24 h and then melted at 850 °C
in an argon atmosphere. CaO was subjected to
heating in air at 1000°C for 4h to remove
impurities like Ca(OH), and CaCOs. Subsequently,
CaO and CaTiOs, with concentrations of 2.0 and
0.8 wt.% respectively, were added to the molten
CaCl,. All reagents used were of analytical purity
and obtained from Sinopharm Chemical Regent
Co. Ltd.,, China. For the anodic polarization
experiments, a three-electrode system was
employed, and the anodic sweep rate was set at
5mV/s using an electrochemical workstation
(CHI-1140, CH Instrument Co. Ltd., China). A
graphite rod with a diameter of 3 mm served as the
working electrode, while the counter electrode
consisted of NiO powder at the bottom of the Ni
crucible. A nickel wire with a diameter of 1 mm,
covered with a layer of NiO, served as the reference
electrode. Galvanostatic electrolysis was performed
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on a carbon anode with a diameter of 10 mm for
1 h, with anodic current densities of 200, 375,
400, and 600 mA/cm?, respectively. During the
experiments, the anodic gas was collected using an
alumina tube and analyzed in situ using a gas
analyzer (Fig.1, AGA1000, Aut. EQ. Co. Ltd.,
China, Precision: 0.1 vol.%). The flow rate of argon
gas used was maintained at 60 mL/min.

Ar D =]
Mass flow controller | I[

Mass flowmeter

Inlet tube
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crucible™_|
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i tube L
N}iOd E Molten salts i Carbon
tl
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Fig. 1 Schematic of anodic gas analysis equipment

2.2 Preparation of FeCoNiCrMn alloy

The F6203, C0304, NiO, Cr03 and MnO,
powders with analytical purity from Sinopharm
Chemical Regent Co. Ltd., China, were mixed
in a molar ratio of Fe:Co:Ni:Cr:Mn=1:1:1:1:1. The
mixture was then die-pressed into cylindrical pellets
with a diameter of 20 mm and sintered at 1123 K
for 2 h to enhance their mechanical strength. For
the electrolysis process, a carbon anode was in-situ
pre-passivated for 1 h and used as the anode. The
electrolysis was conducted using an oxide pellet
cathode on a nickel foam current collector
and the pre-passivated carbon anode in molten
CaCl,—2wt.%CaO containing 8 g CaTiO;. The
entire process took place at 850 °C for 3 h, utilizing
a computer-controlled DC power from Shenzhen
Neware Electronic Ltd., China.

2.3 Characterizations

After the experiments, all the samples were
washed with deionized water to remove any
adhered electrolyte and subsequently dried in a
vacuum furnace at 80 °C for 12h. The dried
samples were characterized by a high-magnification
optical microscopy ((Keyence VHX-5000), X-ray
diffraction (XRD, Shimadzu X-ray 6000 with
Cu K, radiation at 2=1.5405A), scanning electron
microscopy (SEM, TESCAN, Mira3 LMH), and
energy dispersion spectroscopy (EDS, Oxford,

Aztec Energy X-Max 20).

2.4 Solubility of CaTiO3

The solubilities of CaTiO; in molten CaCl,
with different concentrations of CaO (0, 1.0, 2.0,
and 4.0 mol.%) were investigated. First, 10 g of
CaTiO3 was added to 1000 g of pre-treated molten
CaCl,. After 4 h immersion, a certain number of
liquid salts was taken out by a small alumina
crucible and then cooled down in a desiccator. The
obtained salts were diluted with deionized water,
and the titanium ion concentration was analyzed
by inductively coupled plasma optical emission
spectrometry (ICP-OES, Agilent 730).

2.5 Density function theory (DFT) calculations
First-principle computations were executed by
using the CASTEP DFT code with the exchange-
correlation functional of Perdew—Burke—Ernzerhof
(PBE) based on generalized gradient approximation
(GGA) according to the previous report [33,34]. All
the atom positions in the CaO, CaF,, CaCl,, CaBr;
and Cal, were geometrically optimized. The k-point
sampling consists of 4x4x4 Monkhorst—Pack points
for all models. During structure optimization, all
energy change criterion was set to be 1x107¢V,
and the atoms were relaxed until the force acting on
each atom was less than 0.03 eV/A, the plane wave
cutoff was set to be 540 eV, and the van der Waals
correction was considered in the modelling.

3 Results and discussion

3.1 Passivation and oxygen evolution behaviour
of carbon anode
The anodic behavior of graphite electrodes
was studied in molten CaCl,—2wt.%CaO, both with
and without the addition of CaTiOs. Figure 2 shows
the anodic polarization curves of graphite electrodes
in molten CaCl,—2wt.%Ca0O. By comparing these
curves to the oxygen evolution reaction of a
platinum electrode (with an onset potential of 0.9 V
vs Ni/NiO) [35,36], three oxidation peaks (al, a2,
and a3) can be observed on the graphite electrode,
which is in good agreement with previously
reported data [16]. The oxidation peaks correspond
the oxidation of the carbon anode of Eq. (1), Eq. (2),
and Eq. (3) [37-39]:

C+Ca0—2e=CO(g)+Ca*" (1)
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C+3Ca0—4e=CaCO5+2Ca* ©)
C+2Ca0—4e=CO,+2Ca>" 3)

The eighth cycle of the anodic polarization
curve of the graphite electrode exhibits a similar
behavior to the first polarization cycle (Fig.?2),
indicating continuous consumption of the graphite
electrode. Galvanostatic electrolysis was performed
on the carbon anode at a current of 5A
(375 mA/cm?) for 60 min. As shown in Fig. 3(a),
the anodic potential is approximately 0.89 V (vs
Ni/NiO), which is lower than the potential required
for oxygen evolution. Furthermore, no oxygen gas
can be detected in the outlet gas (Fig. 3(a)). The
porous appearance and smaller diameter of the
graphite electrode after electrolysis (Fig. 3(b))
reveal that the main anodic reaction occurring on
the carbon anode is the consumable dissolution
reaction (Fig. 4).

Figure 5 shows the anodic polarization curves
of graphite electrode in molten CaCl,—2wt.%CaO
with the addition of CaTiO;. The oxidation peak
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Fig. 2 Anodic polarization curves of carbon electrode in
molten CaCl,—2wt.%CaO at 850 °C
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Fig. 3 Plots of anodic potential and oxygen content in
outlet gas with time of carbon electrode (a), and photos
of graphite electrode before (b;) and after (by)
electrolysis in molten CaCl,—2wt.%CaO at 850 °C
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Fig. 4 Schematic illustration of electrolysis cell with
carbon anode in molten CaCl,—2wt.%CaO
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Fig. 5 Anodic polarization curves of carbon electrode in
molten CaCl,—2wt.%Ca0—0.8wt.%CaTiOs at 850 °C

located at 1.0 V is associated with the generation of
CO; (Eq.(3)), and its current density decreases
from 1.5 to 0.3 A/cm* with increasing anodic
polarization cycles, indicating passivation occurring
on the carbon anode. The oxygen evolution reaction
of the graphite electrode is also observed, with an
onset potential at 1.3 V on the anodic polarization
curves. In Fig. 6(a), the anodic potential-time plot
of the graphite electrode after galvanostatic
electrolysis at a current of 5 A is displayed. The
chronopotentiometry electrolysis results show that
the potential of the carbon anode is ~0.98 V (vs
Ni/NiO) at the initial stage and suddenly rises to
1.7V (vs Ni/NiO) at 18 min. Oxygen is detected
at 20 min in the outlet gas, and the oxygen
concentration rapidly increases, indicating that the
graphite anode is passivated at 18 min, and the
anodic reaction is changed from CO/CO; generation
to oxygen evolution (Fig. 7). After electrolysis
in molten salts containing CaTiO3;, no noticeable
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dimensional change is observed on the carbon
anode, and a dense golden-pink coating can be seen
on the surface of the graphite electrode (Fig. 6(b)).
The structure and constitution of the surface
film on the graphite electrode were further
characterized by SEM and XRD. The coating
morphology consists of packed cubic particles with
diameters of 60—-120 um, as shown in Fig. 8. The
cross-section SEM image of the coated graphite
electrode indicates that the coating thickness is
~165 pm (Fig. 9). Ti, Ca, and O are homogeneously
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Fig. 6 Plots of anodic potential and oxygen content in
outlet gas with time of carbon electrode (a), and photos
of graphite electrode before (b;) and after (b,) electrolysis
in molten CaCl,—2wt.%Ca0—0.8wt.% CaTiO3 at 850 °C

CaTiCl; film
Oxides cathode

A,

CaTiCly
Fig. 7 Schematic illustration of electrolysis cell with
graphite anode in molten CaCl,—2wt.%Ca0—-0.8wt.%
CaTiOs

Carbon anode

Fig. 8 SEM image of surface oxide ﬁlm formed on
carbon anode after electrolysis in molten CaCl—
2wt.%Ca0—0.8wt.%CaTiOz at 850 °C

Fig. 9 M1crograph of cross-section of ox1de ﬁlm formed
on carbon anode after electrolysis in molten CaCly—
2wt.%Ca0—0.8wt.%CaTiOz at 850 °C

distributed in the coating, as revealed by EDS
mappings (Fig. 10). The XRD patterns of the
graphite electrode confirm that the coating consists
of CaTiO; (Fig. 11).

3.2 Passivation mechanism of carbon anode

The formation of CaTiOs; coating on the
graphite electrode is crucial in converting the
consumable carbon anode into an inert oxygen
evolution anode, leading to the passivation of the
carbon anode. The mechanism of CaTiO; formation
on graphite can be proposed as follows. When
CaTiO; is introduced into CaO-containing CaCl,, it
reacts with CaO to form a complex of TiO, nCaO
(n>1) or TiO}", as shown in Eq. (4), resulting in a
high solubility of CaTiO3 in CaO-containing CaCl,.
As depicted in Fig. 12, the solubility of CaTiOs in
molten CaCl, with different concentrations of
CaO is as follows: 475.5 (0 mol.% Ca0), 2415.3
(1 mol.% Ca0), 34745 (2mol.% CaO), and
5521.5 mg/kg (4 mol.% CaO).

CaTiO3+CaO—TiO; nCaO (dissolved, n>1) 4)

The DFT computational simulation (Fig. 13)
provides confirmation that the electron density of
the O anion in CaO is higher than that of common
anion present in the molten salts (such as F~, CI,
Br7, and I" in the calcium halide), indicating that
0% can act as a strong complexant in molten salts,
favoring the formation of TiO,-nCaO when CaTiOs3
is added. Moreover, the solubility and dissolution
rate of CaTiOs increase with higher concentration
of 0%,

The electrode reaction kinetics suggests that
the concentration of O* near the anode is
lower than that in the bulk electrolyte because O* is
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Fig. 10 SEM—EDS mappings of cross-section of oxide film formed on carbon anode after electrolysis in molten

CaCl,—2wt.%Ca0—-0.8wt.%CaTiOs at 850 °C

Carbon after
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Fig. 11 XRD pattern of oxide film formed on carbon
anode after electrolysis in molten CaCl,—2wt.%CaO—
0.8wt.%CaTiO; at 850 °C

predominantly consumed by the oxidation of the
carbon anode in the diffusion layer (Fig. 14),
leading to the creation of an ‘“acidic micro-
environment” [40]. In this diffusion layer, the
dissolved complex (TiO,'nCaO) can decompose
into CaTiO; due to the lower O* concentration
(Eq. (5)), subsequently resulting in the precipitation
of CaTiO; on the surface of the graphite electrode
and forming a dense protection film.

TiO,nCaO (dissolved)—CaTiO3;+CaO ®)]

6000 55215

5000 -

4000 34745

3000 -
2415.3

2000

CaTiO; solubility/(mg-kg™")

1000 4755
0
0 1.0 2.0 4.0
CaO concentration/mol.%

Fig. 12 Solubility of CaTiO; in molten CaCl, containing
different concentrations of CaO

Therefore, the passivation mechanism of the
carbon anode can be described as “complexation—
precipitation” mechanism.

3.3 Effect of current density on passivation of
carbon anode
The current density can influence the
concentration of O? near the anode, which
significantly impacts the passivation process of
the carbon anode. Galvanostatic electrolysis was
conducted at different current densities to study
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Fig. 13 Differential electron densities of O, F, Cl, Br, and I elements in corresponding calcium salts
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Fig. 14 Schematic illustration of working mechanism of
calcium titanate corrosion inhibitor

this effect. After electrolysis, golden coatings are
observed on graphite electrodes (Figs. 15(b, e, h)).
The anodic potential-time plots obtained under
three current densities commonly exhibit two
potential stages (Figs. 15(a, d, g)). The first stage
represents the oxidation and consumption of the
graphite electrode, while the second stage indicates
the passivation of the graphite electrode and oxygen
evolution. The graphite electrodes are passivated
after 27, 12, and 8 min of electrolysis at current
densities of 200, 400, and 600 mA/cm?, respectively

(Figs. 15(a, d, g)). At 200 mA/cm?, the anodic
potential fluctuates significantly at the beginning
of the passivation stage, possibly due to the
simultaneous formation and exfoliation of the
in-situ generated passivation film. However, a
steady potential of 1.4 V is observed after 40 min,
indicating the formation of a stable passivation film
with a thickness of around 100 um (Fig. 15(c)). At
400 and 600 mA/cm? the thickness of the
passivation film is 140 and 60 um, respectively
(Figs. 15(f, 1)). The violent fluctuation in anodic
potentials at 600 mA/cm? results from the frequent
exploration of the passivation film, explaining the
smaller thickness of CaTiOs film obtained at this
current density. The higher current density provides
a fast formation rate of the passivation film with a
large internal stress, while the drastic evolution of
oxygen leads to the powerful bubble impacts,
causing the frequent exploration of the passivation
film. On the other hand, the suitable current
density (400 mA/cm?) results in a relatively stable
oxygen evolution potential and the formation of a
dense passivation film (Figs. 15(d, e, f)). Overall,
the current density plays a crucial role in
determining the stability and thickness of the
passivation film on the carbon anode during the
electrolysis process.
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Fig. 15 Variation of anodic potential during constant-current electrolysis (a, d, g), photos after electrolysis (b, e, h) and

micrographs of cross-section of carbon anodes (c, f, i) in molten CaCl,—2wt.%Ca0O—0.8wt.%CaTiO3 at 850 °C and
current density of 200 mA/cm? (a, b, ¢), 400 mA/cm? (d, e, f), and 600 mA/cm? (g, h, 1)

3.4 Preparation of FeCoNiCrMn HEA with

carbon anode and CaTiOs3 corrosion inhibitor

Constant cell voltage electrolysis at 3.0 V
was conducted using carbon anodes to prepare
FeCoNiCrMn HEA in molten CaCl,—2wt.%CaO,
with and without 8 g of CaTiOj; corrosion inhibitor.
As shown in Fig. 16, for the electrolysis with
CaTiOs corrosion inhibitor, the current rapidly
decreases from 4.5 to 2.5 A within 10 min, and
gradually decreases further to 0.6 A in 3 h. In
contrast, without the addition of CaTiOs, the current
still remains constant at 3.2 A after 3 h (Fig. 16),
which can be attributed to the continuous
occurrence of the anodic graphite dissolution
reaction (Eq.(2)). Simultaneously, the formed
CaCO:; is reduced to carbon at the cathode (Eq. (6)):

CaCOs+4e=C+Ca0+20%" (6)

The optical images of the oxide pellets before
and after electrolysis are shown in Fig. 17(a). With

Without inhibitor

Current/A

With inhibitor

1_
0 20 40

1 1 1

60 80 100 120 140 160 180
t/min

Fig. 16 Variations in current during constant-cell voltage
electrolysis with and without CaTiOs inhibitor in molten
CaCl,—2wt.%CaO at 850 °C

the addition of CaTiO3, the black oxide pellet turns
grey with a distinct metallic luster after electrolysis.
The XRD and SEM results indicate that the mixed
oxides are reduced, and the obtained high-entropy
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alloy displays a single FCC phase with a
morphology of approximately 10 um nodular
particles (Figs. 17(b) and 18(a)). Notably, the
surface of FeCoNiCrMn nanoparticles appears quite
smooth. EDS mapping reveals no presence of
carbon particles in the alloy (Fig. 18(b)), indicating
that the FeCoNiCrMn HEA is not contaminated by
carbon when using the CaTiO; corrosion inhibitor.
Furthermore, the elements of Fe, Co, Ni, Cr, and
Mn are uniformly distributed, suggesting that the

(®) @
(a)

Product with (200)

inhibitor (220)

(a) §

With inhibitor

Product without
inhibitor A

eSS
(23) ‘lcm Precusor l I '
1

Withoutinhibltor 1 6775030 40 50 60 70 80
200(%)

Fig. 17 Photographs of solid oxides cathode before (a;)
and after electrolysis with (a2) and without (a3) CaTiO;
inhibitor; XRD patterns of oxide cathode before and after
electrolysis in molten CaCl,—2wt.%CaO at 850 °C using
carbon anode (b)

With inhibitor

Fig. 18 SEM image (a) and EDS mappings (b) of
FeCoNiCrMn alloy obtained in molten CaCl—
2wt.%CaO with addition of 8 g CaTiO; using carbon
anode

electrochemical reduction can facilitate the
homogenization of the high-entropy alloy.

In contrast, electrolysis without CaTiOs
inhibitor results in a cathodic pellet showing a
black-grey color (Fig. 17(a)). Additionally, a weak
shoulder peak at ~19° appears in the XRD pattern,
commonly associated with amorphous carbon
(Fig. 17(b)). SEM images show a wrinkled film
covering the nanoparticles (Fig. 19(a)), resulting in
a rough surface of FeCoNiCrMn. EDS analysis
confirms that the film consists of carbon
(Fig. 19(b)). These findings demonstrate that the
CaTiO; corrosion inhibitor effectively prevents
carbon contamination of the alloys during the
molten salt electrometallurgy process using a
carbon anode.

\Without inhibite

|

Fig. 19 SEM image (a) and EDS mappings (b) of
FeCoNiCrMn alloy obtained in molten CaCl—
2wt.%CaO at 850 °C using carbon anode

4 Conclusions

(1) A titanate corrosion inhibitor was
investigated for its ability to stabilize the carbon
anode and transform the anodic reaction from CO,
generation to oxygen evolution. This is achieved
by facilitating the formation of a dense CaTiO3
protective film on the carbon anode in molten
CaCl,—CaO.

(2) The passivation mechanism of the carbon
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anode can be described as the “complexation—
precipitation” principle, where a complex of
TiO,'nCaO is formed and  subsequently
decomposed to yield CaTiOs on the carbon anode.

(3) The optimal current density for carbon
anode passivation is determined to be 400 mA/cm?
during electrolysis in molten CaCl,—2wt.%CaO
with the addition of 0.8 wt.% CaTiO; corrosion
inhibitor.

(4) By utilizing a carbon anode and CaTiO;
corrosion inhibitor, the FeCoNiCrMn high-entropy
alloy is successfully prepared without any carbon
contamination.
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SR ARPIERKERRETA
TR A S BHAR B SABR 35 2% T 571

AFFR 2, FEE2, EWER, R &, Ko
Dok 12, 4 512, FAE 12z 12

1. K% HRSHEREERE, B 430072;
2. bR VIR 5 RE I AT RR SR H AR OR YR B [ BRRHR AR, I 430072

7 E: REZROHEAR, AREERRRE. X FEH. SRS R a0, 7 CaTios it
FURE SR S R I . 4R EFHIRAE RN CaTiOs 2215 CaCl—CaO Hifffk 2 b FH IS, 6 R AR5
It BA R — BB R CaTiOs FALME . Btk R REMRAENT AP, BAEMLEREEAN 400 mA/cm?. @it
CaTiOs 7E CaCla—CaO 14 & H ¥ A 52 S50 S 18I0 & RE U BEUR I, - CaTiOs ZZ MLl EL Y “Hl &
WR-UTE” , TR CaTiOs 5 CaO & KM TiO2'nCaO T&W), B G & W7E 5 2 IR E R CaTiOs &
AR S bR B A AT R R BH AR AN CaTiOs 2217 SE I TGRS H FeCoNiCrMn i/ & 4 I S T il 4%
KB ZUhF; BRERAS: REFAM HTEURME

(Edited by Bing YANG)



