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H I G H L I G H T S

• High-capacity spinel Fe2GeO4 is synthesized by hydrothermal reaction and calcination.

• Fe2GeO4 particle is coated with amorphous carbon to improve its cycling stability.

• The Fe2GeO4@C exhibits a high discharge capacity with good capacity retention.

• The Fe2GeO4@C can be used as a promising anode material for sodium-ion battery.
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A B S T R A C T

The development of anode materials with high capacity and good cycling stability is one of the state-of-the-art
objectives in the field of rechargeable sodium-ion batteries. In this work, we synthesized high-capacity spinel
Fe2GeO4 using a facile hydrothermal method followed by calcination and investigated its electrochemical per-
formance as an anode material for sodium-ion batteries. The Fe2GeO4 material delivered a high initial discharge
capacity of 448.1mAh g−1, but it showed gradual capacity fading with a capacity retention of 67.4% after 50
cycles. Its high initial capacity originated from the high electrochemical activity of Fe caused by its multiple
oxidation reactions. To enhance the cycling stability of the Fe2GeO4, carbon was coated onto the surface of
Fe2GeO4 particles. The carbon-coated Fe2GeO4 (Fe2GeO4@C) exhibited an initial discharge capacity of
423.0 mAh g−1 with good capacity retention. The sodium-ion full cell was assembled with an Fe2GeO4@C anode
and a NaCo0.5Fe0.5O2 cathode, and the results showed superior cycling performance, demonstrating that the
Fe2GeO4@C can be used as a promising anode material for sodium-ion batteries.

1. Introduction

In the growing research field of energy, researchers have intensively
investigated electrode materials for rechargeable lithium-ion batteries,
which are widely used in portable electronic devices, electric vehicles
and energy storage systems due to their high energy density and ex-
cellent cycling stability [1–4]. The usage of lithium-ion batteries has
increased significantly, which has caused a decrease of lithium sources
as well as an increase of the battery cost. Sodium-ion batteries have
been considered as an alternative power source for large-scale energy
storage, because they have a lot of merits when compared to lithium,
such as low cost and a natural abundance. However, the Na+ ion has a
slightly larger ionic radius than Li+ (Na+ ion: 1.02 Å and Li+ ion:
0.76 Å), which hinders fast ion diffusion in the electrode [5,6].

Recently, many researchers have been devoted to developing a suitable
anode material for sodium-ion batteries. Graphite is a well-known
anode material for lithium-ion batteries, but sodium ions cannot be
intercalated into graphite [5,7]. On the other hand, hard carbon has
been investigated as an anode material for sodium-ion battery, but it
exhibits a low reversible capacity of ∼300mAh g−1, which leads to a
decrease in the energy density of the battery [8,9]. Apart from carbo-
naceous materials, the conversion and alloying metal oxides such as
Fe3O4, Co3O4, Mn3O4, NiCo2O4, MnFe2O4, SnO2 and bimetallic oxides
and sulfides have been investigated as anode materials for high energy
density sodium-ion batteries [10–17]. These conversion-type anode
materials have multiple electron transfer reactions, which provide a
high theoretical capacity through a one-step conversion reaction.
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MOx + 2x Na+ + 2x e− ↔ M + Na2O (M=Co, Fe and Ni)

Recently, Valvo et al. reported that a nanostructured Fe2O3 anode
material delivered a specific capacity of 250mAh g−1 at 130mA g−1

over 60 cycles, but it showed gradual capacity fading on repeated cy-
cling [18]. Generally, the transition metal oxides experience serious
volume expansion during the sodiation and de-sodiation processes,
which causes a lot of problems such as agglomeration of active material
and loss in electrical contact between the current collector and the
active materials, leading to capacity fading upon continuous cycling
[18,19]. To avoid these problems, some strategies have been widely
adopted such as reducing the particle size to the nano-level with a
porous structure and the use of composites of active materials within a
conducting carbon matrix [20–28].

In our study, we synthesized Fe2GeO4 and investigated its electro-
chemical performance as an anode for sodium-ion batteries. It is an
active anode material that has the conversion and alloying mechanisms
of Fe and Ge. Here, Ge can electrochemically react with Na to form
NaGe (369mAh g−1), and it has 104 times higher electronic con-
ductivity than silicon [29,30]. The Fe2GeO4 material delivered a high
discharge capacity, but it showed poor cycling stability. To improve its
cycling stability, Fe2GeO4 was coated with carbon through a hydro-
thermal method. The carbon coating layer acted as a buffering and
conducting matrix that restricted the volume change and enhanced the
electronic conductivity of the electrode material. As a result, the
carbon-coated Fe2GeO4 (Fe2GeO4@C) anode material exhibited good
electrochemical performance in terms of the discharge capacity, cycling
stability and rate capability. To demonstrate its practical application,
we assembled a sodium-ion full cell with an Fe2GeO4@C anode and a
NaCo0.5Fe0.5O2 cathode, and the results showed superior cycling per-
formance.

2. Experimental

2.1. Synthesis of carbon-coated Fe2GeO4 and NaCo0.5Fe0.5O2 particles

Fe2GeO4 particles were synthesized by a facile hydrothermal
method. The starting precursors were FeCl2, GeO2 and NaOH powder.
First, 6 mmol of FeCl2 was dissolved in 20mL of distilled water. Then,
2mmol of GeO2 was dispersed in 20mL of H2O and 15mmol of NaOH
was added into the solution. The two solutions were mixed well by
stirring for 30min, and the mixed solution was transferred into a
Teflon-lined, stainless-steel autoclave kept at 180 °C. After a hydro-
thermal reaction for 24 h, the autoclave was cooled to room tempera-
ture. The obtained precipitate was washed several times with water and
ethanol, and then dried at 80 °C for 12 h. The dried sample was then
calcinated at 500 °C for 3 h to obtain Fe2GeO4 particles. Carbon coating
of pristine Fe2GeO4 particles was performed using the hydrothermal
method. Initially, 0.4 g of Fe2GeO4 particles was dispersed in 60mL of
distilled water by ultrasonication, and 0.8 g of glucosamine was added
to the dispersion. The solution was transferred to Teflon-lined, stainless
steel autoclave held at 140 °C and maintained at that temperature for
12 h. The collected powder was washed several times using distilled
water and ethanol. The sample was dried at 80 °C for 12 h and carbo-
nization was carried out at 500 °C for 2 h under an Ar atmosphere to
obtain Fe2GeO4@C particles. As a cathode material, NaCo0.5Fe0.5O2 was
prepared by a conventional solid-state reaction. Stoichiometric
amounts of Na2CO3 (1.081 g), Fe2O3 (0.798 g), and Co3O4 (0.801 g)
were ground together, followed by calcination at 900 °C for 12 h to
obtain NaCo0.5Fe0.5O2 particles.

2.2. Electrode preparation and cell assembly

The electrode slurry was prepared by mixing active material
(Fe2GeO4 or Fe2GeO4@C), Ketjen black and carboxymethyl cellulose in
the weight ratio of 70:20:10 in water. The slurry was coated onto a Cu

foil, and the electrode was dried in a vacuum oven at 80 °C for 12 h. The
active mass loading in the electrode was about 2.0 mg cm−2. A CR2032-
type coin cell was assembled by sandwiching a glass fiber separator
(Whatman) between sodium foil (Alfa Aesar 99%) and Fe2GeO4 (or
Fe2GeO4@C) electrode. The cell was then injected with an electrolyte
consisting of 1M NaClO4 in ethylene carbonate (EC)/propylene car-
bonate (PC) (1:1 by volume) containing 10wt.% fluoroethylene car-
bonate (FEC) (battery grade, PANAX ETEC Co. Ltd.). Karl Fisher titra-
tion using a Mettler-Toledo coulometer confirmed that the water
content in the electrolyte was less than 20 ppm. A sodium-ion full cell
was assembled with an Fe2GeO4@C anode and a NaCo0.5Fe0.5O2

cathode. The cathode was prepared by casting an N-methyl-2-pyrroli-
done (NMP)-based slurry consisting of NaCo0.5Fe0.5O2 (80 wt.%),
Ketjen black (10 wt.%), and poly (vinylidene difluoride) (PVdF) (10 wt.
%) onto Al foil and drying in a vacuum oven at 110 °C for 12 h. All the
cells were assembled in a glove box under an argon atmosphere.

2.3. Characterization and measurements

X-ray diffraction (XRD) patterns of the synthesized samples were
recorded on a Rigaku Mini Flex X-ray diffractometer using Cu Kα ra-
diation. The morphologies of the samples were examined using a field
emission scanning electron microscope (FE-SEM, JEOL JSM-6300) and

Fig. 1. (a) XRD pattern and (b) TEM image of synthesized Fe2GeO4 particles.
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a transmission electron microscope (TEM, JEOL, JEM 2100F). X-ray
photoelectron spectroscopy (XPS) was performed with a spectrometer
having Mg/Al Kα radiation (XPS, VG Multilab ESCA System, 220i).
Thermogravimetric analysis (TGA) was carried out using a thermal
analyzer (SDT Q600, TA Instrument) in the temperature range from 30
to 800 °C at a heating rate of 5 °C min−1. Raman spectrum of the
Fe2GeO4@C particles was obtained using an NRS-3100 laser Raman

spectrometer using 532 nm excitation. Cyclic voltammetry (CV) was
performed in the potential range of 0.01–3.0 V with counter and re-
ference electrodes of sodium metal at various scan rates
(0.1–1.0mV s−1) using a CHI660D electrochemical workstation. A
galvanostatic charge and discharge cycling test was conducted at a
constant current density in the voltage range of 0.01–3.0 V using bat-
tery testing equipment (WBCS 3000, Wonatech) at room temperature.

3. Results and discussion

A facile hydrothermal method was used to synthesize Fe2GeO4

particles using FeCl2 and GeO2 as starting precursors. Fig. 1a presents
the XRD pattern of the synthesized Fe2GeO4 particles. It shows the
crystalline peaks at 30.5, 35.9, 43.6, 54.2, 57.7 and 63.6°, which cor-
respond to (220), (311), (400), (422), (511) and (440) lattice planes,
respectively. All the diffraction peaks are consistent with the cubic
spinel crystal structure of Fe2GeO4 compound (JCPDS File No.
25–0359). A TEM image of Fe2GeO4 particles in Fig. 1b shows trian-
gular cube-shaped particles with an average particle size of 500 nm.

The electrochemical charge storage mechanism of Fe2GeO4 was
investigated by CV analysis. Fig. 2a presents the CV curves of the
Fe2GeO4 electrode, which were obtained at the first and second cycle,
respectively, in the potential range of 0.01–3.0 V at 0.1mV s−1. The CV
curve in the first cathodic cycle shows a small and broad reduction peak
around 1.2 V, which corresponds to the reductive decomposition of
FEC. After that, two reduction peaks are observed at 0.35 and 0.09 V,

Fig. 2. Cyclic voltammograms of the Fe2GeO4 electrode at (a) 0.1 mV s−1 and
(b) different scan rates. (c) Peak current versus square root of scan rate.

Fig. 3. Ex-situ XRD patterns of the Fe2GeO4 electrode at different states of
charge: (a) pristine Fe2GeO4 electrode, (b) Fe2GeO4 electrode sodiated at
0.55 V, (c) Fe2GeO4 electrode sodiated at 0.01 V, (d) Fe2GeO4 electrode de-
sodiated at 1.0 V, (e) Fe2GeO4 electrode de-sodiated at 3.0 V, and (f) Fe2GeO4

electrode sodiated at 0.01 V.
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which can be ascribed to the reduction of Fe2GeO4 into its individual
constituents (Fe2GeO4 + 8Na+ + 8e− → 2Fe + Ge + 4Na2O) fol-
lowed by the formation of NaGe (Ge + Na+ + e− ↔ NaGe). In the first
anodic scan, it shows two oxidation peaks at 0.80 and 1.36 V, which are
associated with a two-step oxidation process of Fe0 to Fe2+ and Fe3+,
respectively. In the second cycle, the cathodic peak was observed at
0.66 V, which corresponds to the reduction of Fe3+ to Fe0. After the
first cycle, stable and reversible redox peaks are observed at 1.36 and
0.66 V, which are attributed to the conversion reaction of Fe2O3

(2Fe + 3Na2O ↔ Fe2O3 + 6Na+ + 6e−). CV curves were obtained at
scan rates from 0.1 to 1.0mV s−1, as shown in Fig. 2b. As expected, the
current increased with increasing scan rate. The anodic and cathodic
peaks were shifted to higher and lower potential, respectively, due to
polarization when the scan rate was increased [31]. Fig. 2c illustrates
the linear relationship between the peak current and the square root of
the scan rate, indicating that the charge storage mechanism is a diffu-
sion-controlled process. The diffusion coefficient was estimated from
the slope, using the Randles-Servick equation, to be
3.3×10−8 cm2 s−1 [32,33].

The electrochemical reaction mechanism of Fe2GeO4 was in-
vestigated through ex-situ XRD analysis at different states of charge, as
shown in Fig. 3. The peaks observed at 44.5° and 52.0° in the pristine
Fe2GeO4 electrode (Fig. 3a) correspond to Cu current collector. During
the 1st sodiation process at 0.55 V (Fig. 3b), new peaks appeared at
41.5° and 41.8°, which can be ascribed to the crystalline peak of FeO

and α-Fe, respectively, indicating the reduction of Fe2GeO4 into its
individual element. The peaks of Fe2GeO4 disappeared at 0.01 V
(Fig. 3c), and two new peaks could be observed at 38.7° and 55.8°,
which corresponded to NaF produced by decomposition of FEC. These
results reveal that electrolyte decomposition and irreversible reaction
of Fe2GeO4 take place during the initial sodiation process. We could not
identify the alloying reaction of Ge that may occur in amorphous nature
[34]. In the electrode de-sodiated at 1.0 and 3.0 V, Fe was reduced and
Fe2O3 was formed according to the reaction, 2Fe + 3Na2O ↔ Fe2O3 +
6Na+ + 6e−, as shown in Fig. 3d and e. When the electrode was fully
sodiated at 0.01 V (Fig. 3f), the Fe element again appeared due to the
reversible reaction of Fe2O3, indicating the Fe element follows the
conversion reaction mechanism after initial formation cycle. These ex-
situ XRD results are well consistent with those obtained in cyclic vol-
tammetry.

Galvanostatic charge and discharge cycling of the Fe2GeO4 elec-
trode was performed at a constant current density of 100mA g−1, and
the resulting voltage profiles are shown in Fig. 4a. The Fe2GeO4 elec-
trode initially delivered a discharge (de-sodiation) capacity of
448.1 mAh g−1 with a low coulombic efficiency of 64.6%. The low
coulombic efficiency was ascribed to the formation of a solid electrolyte
interphase (SEI) layer by reductive decomposition of FEC on the elec-
trode surface and the irreversible reaction of the Fe2GeO4 electrode.
After the first cycle, the coulombic efficiency was increased to 96.2%
due to the subsequent reversible reaction of Fe2GeO4.

Fig. 4b shows the discharge capacities of the Fe2GeO4 electrode as a
function of the cycle number at a current density of 100mA g−1. The
Fe2GeO4 electrode exhibited a discharge capacity of 302.1 mAh g−1

with a capacity retention of 67.4% after 50 cycles. The large capacity

Fig. 4. (a) Charge and discharge curves of the Fe2GeO4 electrode and (b) spe-
cific capacities of the Fe2GeO4 electrode as a function of cycle number (current
rate: 100mA g−1, temperature: 25 °C).

Fig. 5. (a) XRD patterns of Fe2GeO4 particles after the hydrothermal and car-
bonization processes and (b) TGA curve of Fe2GeO4@C particles.
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fading in the Fe2GeO4 electrode was related to the mechanical stress
caused by the large volume change during the sodiation and de-sodia-
tion processes, leading to a loss of integrity of the electrode [35].

To enhance the cycling stability of the Fe2GeO4 electrode, carbon
was coated on the surface of the Fe2GeO4 particles, as schematically
illustrated in Fig. S1. The XRD pattern of the Fe2GeO4 particles was
obtained after the hydrothermal and carbonization processes. As shown
in Fig. 5a, there were no structural changes in the Fe2GeO4 particles
after carbon coating. All the diffraction peaks were well matched with
the standard XRD pattern of the cubic crystal structure of Fe2GeO4

(JCPDS File No-25-0359). The content of carbon on the surface of the
Fe2GeO4 particles was estimated to be 5.0 wt.% by TGA analysis in
Fig. 5b. The presence of carbon was further confirmed by Raman
spectroscopy. Raman spectrum of Fe2GeO4@C in Fig. S2 showed two
characteristic peaks at 1318 and 1589 cm−1, corresponding to the D-
band and the G-band, respectively [36–38]. The D-band originated
from the scattering from a defect which breaks the basic symmetry of
carbon, and the G-band arose from the sp2-hybridized carbon struc-
tures. As shown in the figure, the coating layer on Fe2GeO4 had a higher
content of disordered carbon. It has been known that sodium ion dif-
fusion is high in amorphous carbon as compared to graphitic carbon
[39,40]. Thus, the amorphous carbon coated on the active Fe2GeO4

material is expected to enhance sodium ion diffusion as well as ac-
commodate the volume strain. Fig. S3 presents the TEM and high-re-
solution TEM images of an Fe2GeO4@C particle. Its enlarged view
shows the d-spacing value of 0.16 nm, which is ascribed to the (511)
plane of the Fe2GeO4 cubic crystal. A carbon layer with a thickness of
3–5 nm can be also seen on the surface of the Fe2GeO4@C particle.

The valence state and functional group of Fe2GeO4@C was in-
vestigated by XPS analysis, and the results are shown in Fig. 6. The XPS

survey spectrum of Fe2GeO4@C in Fig. 6a shows the existence of Fe, Ge,
O and C. The deconvoluted Fe 2p spectrum in Fig. 6b presents two
characteristic peaks that correspond to the core level spectral lines of Fe
2p3/2 and Fe 2p1/2. This reveals the existence of the Fe2+ state and a
small satellite peak at 733.1 eV, which can be assigned to the Fe3+ state
in the Fe2GeO4 compound [41]. The Ge 3d spectrum in Fig. 6c shows a
peak at∼31.7 eV indicates the presence of the Ge4+ state in the sample
[42]. The deconvoluted spectra of carbon 1s in Fig. 6d shows two peaks
at 284.4 and 286.6 eV, which are attributed to the CeC bond in aro-
matic rings and the CeO group, respectively. The CeO bond is formed
at the interface between the carbon shell and Fe2GeO4 core interface,
which can facilitate electron transfer between the shell and the core
[43].

Cycling performance of the Fe2GeO4@C electrode was evaluated at
a current density of 100mA g−1, and the results are shown in Fig. 7a. In
this figure, the specific capacity was obtained after two pre-con-
ditioning cycles. As shown in figure, the Fe2GeO4@C electrode ex-
hibited an initial discharge capacity of 423.0 mAh g−1 and stable cy-
cling behavior. After 100 cycles, the Fe2GeO4@C electrode delivered a
discharge capacity of 376.5mAh g−1, corresponding to a capacity re-
tention of 89.0%, which illustrated that the Fe2GeO4@C had better
capacity retention compared to the pristine Fe2GeO4 material. The
enhanced cycling stability of the Fe2GeO4@C electrode was because the
carbon layer on Fe2GeO4 particles offered strength to accommodate
volume strain during the sodiation and de-sodiation process. The rate
capabilities of pristine Fe2GeO4 and Fe2GeO4@C were compared at
current densities of 100 to 2000mA g−1, as shown in Fig. 7b. The effect
of the carbon coating on the rate performance of the electrode was
noticeable as the current density was increased. The carbon layer could
provide a continuous electronic pathway between the Fe2GeO4

Fig. 6. (a) XPS survey, (b) Fe 2p, (c) Ge 3d and (d) C 1s spectra of Fe2GeO4@C.
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particles, resulting in an improvement of the rate capability. The
Fe2GeO4@C electrode also retained a high reversible capacity when
returned to lower current density (100mA g−1), which assured good
cycling stability of the Fe2GeO4@C electrode material.

The morphology change of Fe2GeO4@C electrode before and after
cycling was investigated by SEM analysis. As depicted in Figs. S4a and
S4b, the pristine electrode before cycling exhibited porous structure
comprising of conducting carbon and trigonal prism-shaped
Fe2GeO4@C particles. After 100 cycles, some cracks could be observed
on the electrode surface due to volume expansion of Fe2GeO4@C par-
ticles during the repeated cycling (Fig. S4c). The initial morphology of
Fe2GeO4@C particles was not retained after cycling, which can be at-
tributed to the conversion and alloying reaction of Fe and Ge element.
The electrode surface seemed to smooth after cycling (Fig. S4d), in-
dicating the thin SEI layer was formed on the electrode surface due to
the electrolyte decomposition.

For practical applications, the sodium-ion full cell was assembled
with an Fe2GeO4@C anode and a NaCo0.5Fe0.5O2 cathode. The
NaCo0.5Fe0.5O2 cathode was prepared via a solid-state reaction, and its
XRD pattern is shown in Fig. S5a. All the diffraction peaks are con-
sistent with the rhombohedral crystal structure, indicating that the
obtained NaCo0.5Fe0.5O2 sample belongs to an O3-type orthorhombic
crystal structure. As shown in Fig. S5b, they were micrometer-sized
particles in the range of 2–4 μm. Fig. 8a shows the charge and discharge

curves of the NaCo0.5Fe0.5O2 electrode in the potential range of
1.9–4.0 V at a constant current density of 20mA g−1. In the Na-
Co0.5Fe0.5O2 electrode, the electrochemical reaction occurred through
the Co3+/Co4+ and Fe3+/Fe4+redox reactions at different potentials
accompanied by a change in the crystal phase (O3 ↔ O3+P3 ↔ P3 ↔
P′3 + O′3 ↔ O3′) [44]. The NaCo0.5Fe0.5O2 electrode exhibited an
initial discharge capacity of 136.1 mAh g−1 with a coulombic efficiency
of 92.4%. As shown in Fig. 8b, the NaCo0.5Fe0.5O2 electrode showed
good cycling behavior with a high columbic efficiency of 99.4% after
initial cycles.

The superior electrochemical performance of the prepared
Fe2GeO4@C anode and NaCo0.5Fe0.5O2 cathode materials stimulated us
to examine the realistic capability of a sodium-ion full cell that used
them. Fig. S6 shows a schematic illustration of the sodium-ion cell with
an Fe2GeO4@C anode and a NaCo0.5Fe0.5O2 cathode. When assembling
the full cell, the mass ratio of Fe2GeO4@C and NaCo0.5Fe0.5O2 was
optimized to 1.0:4.5 to obtain the best cycling performance. The as-
sembled cell was first pre-conditioned at a low current density of
50mA g−1 based on the mass of the Fe2GeO4@C anode in the voltage
range of 1.0–3.8 V for two cycles. After the pre-conditioning cycle, the
cell was cycled at a constant current density of 200mA g−1. Fig. 9a
shows the galvanostatic charge and discharge curves of the sodium-ion
cell after the first pre-conditioning cycle. An initial discharge capacity
of 311.3 mAh g−1 was obtained based on the mass of the active
Fe2GeO4@C material in the anode. Good cycling stability was achieved,
with columbic efficiencies higher than 99.3%, as presented in Fig. 9b.

Fig. 7. (a) Charge and discharge capacities of the Fe2GeO4@C electrode as a
function of the cycle number (current rate: 100mA g−1, temperature: 25 °C),
(b) Discharge capacities of the Fe2GeO4 and Fe2GeO4@C electrodes with the
current density increasing from 100 to 2000mA g−1 every five cycles.

Fig. 8. (a) Charge and discharge curves of the NaCo0.5Fe0.5O2 electrode and (b)
discharge capacity and coulombic efficiency of the NaCo0.5Fe0.5O2 electrode as
a function of the cycle number (current rate: 20mA g−1, cut-off voltage:
1.9–4.0 V).
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Such a good cycling performance of the sodium-ion full cell demon-
strates that the prepared Fe2GeO4@C material can be applied as a
promising anode material for a sodium-ion battery.

4. Conclusions

In summary, we synthesized Fe2GeO4 and investigated its electro-
chemical performance as an anode material for sodium-ion batteries.
The Fe2GeO4 electrode exhibited a relatively high discharge capacity
with fast capacity fading. Its cycling stability could be improved by
coating amorphous carbon onto the surface of the Fe2GeO4 particles.
The carbon-coated Fe2GeO4 electrode delivered an initial capacity of
423.0 mAh g−1 with a capacity retention of 89.0% after 100 cycles. The
carbon coating helped to enhance the electron transport and relieve the
volume strain during the sodiation and de-sodiation cycles. The so-
dium-ion full cell assembled with an Fe2GeO4@C anode and a
NaCo0.5Fe0.5O2 cathode exhibited good cycling performance in terms of
the discharge capacity and cycling stability. Our results demonstrate
that Fe2GeO4@C can be used as a promising anode material for sodium-
ion batteries.
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