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a-Fe;05; In this paper, a-Fe,0; microdisks (1.1 pm in diameter, ~150 nm in thickness) have been
Microdisks; synthesized by a facile hydrothermal method using a novel NaNO3-Na,SO4 crystal salts solution
Hydrothermal; (CSS) containing CNTs fragments as template. Interestingly, the synthesized o-Fe,03; microdisks

Lithium ion battery;

! - exhibit a unique axial compressive property. The small-sized CNTs fragments in a-Fe,03
Axial compressive

microdisks could act as a robust framework for such assemblies and endow them the axial
compressive property. Owing to the existence of CNTs fragments, the «-Fe,03; microdisks are
not easily destroyed. AFM results indicate that the a-Fe,03 microdisks could be compressed to
10-50 times than the original thickness. Electrochemical studies show that the synthesized
a-Fe,0; microdisks exhibited good cyclic stability and rate performance. The «o-Fe,03
microdisks electrode delivers a reversible specific capacity of 632 mAh g even at a high rate
of 800 mA g'. When returning to the initial rate of 100 mA g”', the a-Fe,05 microdisks electrode
returns to a higher capacity (968 mA h g"). The unique axial compressive property of a-Fe,0;
microdisks endows that they could alleviate the pulverization and structural destruction of
electrodes during the lithium ion insertion and extraction process.

© 2013 Elsevier Ltd. All rights reserved.
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vehicles due to their high energy density, long lifespan, fast
charge-discharge rate and durable cycling performance [1,2].
Developing novel powder materials for producing and storing
electricity is a key issue to meet the increasing energy demand.
Among the reported active materials for LIBs, iron oxides show
high capacity, low cost, natural abundance, safety (a slightly
higher voltage plateau) and environmental benignity [3,4].
Compared with the capacity of available electrode materials
(urchin-like CuO, >560mAhg"; graphite <372mAhg™;
LisTisO42, 161.9 mA h g="; NiSi,, 600 mA h g™"), iron oxides have
been becoming the most promising candidates for Li batteries
because of their high theoretical capacity (Fes04, ~928 mAh
g~"; Fe,05, 1005 mA h g™"), resulting in the formation of a Li,0
buffering matrix on electrochemical reaction or favorable
crystal structure for lithium insertion [5-8].

Hematite (Fe,03) is an n-type semiconductor (band gap of
2.1eV) and has antiferromagnetic properties [9]. As for
anode materials of LIBs, lithium storage mechanism of Fe,05
is attributed to a redox conversion reaction (Fe,0Os+
6Li*+6e <2Fe+3Li,0), where the hematite is reduced to
Fe nanograins dispersed in Li,O matrix upon lithiation and
then reversibly restored to their initial oxidation states
during delithiation. Generally, the capacity of transition
metal oxides (MO, M=Fe, Co, Ni, Mn or Cu) is not only
related with their natural properties but also related to
their structures. [10,11,29] Therefore, designing and tailor-
ing the architectures of iron oxides with desired shapes have
attracted considerable interests in the scientific and indus-
trial fields. For the past several years, intensive research
has been devoted to the controllable synthesis of iron
oxides nanomaterials with different shapes. Muraliganth
et al. [12] reported the microwave-hydrothermal method
for synthesis of Fe304 nanowires. Nuli and co-workers [13]
reported a hydrothermal method for the synthesis of
a-Fe,03 with different morphologies (e.g., cubic, spherical,
sheet-like and rod-like). Mitra et al. [14] reported a
solvothermal route for synthesis of nanospindle, nanorhom-
bohedron and nanocube structured o-Fe,03. According to
the diffusion equation t=L?/2D (t, diffusion time;
L, diffusion distance; D, diffusion coefficient), it can be
deduced that decreasing the particles sizes could shorten
the diffusion time of Li in iron oxides and significantly
improve the powder electrochemical performance [15].
Therefore, iron oxides with hollow nanostructures or thin
sheets structures are the promising candidates for anode
materials of LIBs [16,17]. Such structures could provide
large contact area for higher Li* diffusion between the
electrode and electrolyte, and absorb and store numerous
lithium ions. Furthermore, such structures could offer faster
diffusion for Li* uptake/removal as compared with solid
nanoparticles and better tolerate for the volume variation
and severe particles aggregation during the repeated
charge-discharge cycling. Here, «-Fe;,0; microdisks
(1.1 pm in diameter, ~150nm in thickness) have been
successfully synthesized by a novel hydrothermal process
using a novel NaNOs-Na,SO, crystal salts solution (CSS)
containing CNTs fragments as template. The small-sized
CNTs fragments in a-Fe,03 microdisks could act as a robust
framework for such assemblies and endow them the axial
compressive property. The a-Fe,03 microdisks have a thin
sheet structure that (1) allows the electrolyte to penetrate
inside the substrates, resulting in high accessibility of the

active materials, (2) promotes the fast lithium diffusion
because of the short lithium pathway within the microdisks,
and (3) improves the electron conductivity and enhances
cyclic stability/rate capability. Although, disk-like a-Fe,05
has been synthesized by a top-down strategy, however, to
the best of our knowledge, as of yet there has been no
report on using CSS as the template to synthesize a-Fe,05
microdisks with such special axial compressive property as
anode materials for lithium ions batteries.

Material and methods
Synthesis of NaNO3-Na,SO, crystal salts solution

The NaNO3-Na,S0, crystal salts solution (CSS) was obtained
by the following procedure: (1) double helix carbon nano-
tubes (CNTs) were synthesized according to our previous
reported procedure [26]. (2) 0.3 g CNTs were then oxidized
by nitric acid and sulfuric acid in the ratio of 1:3 in a Teflon
cell at 105 °C for 30 min. (3) After oxidation reaction, the
pH value of mixed solution was adjusted to 7.5-8.5 using
sodium hydroxide. Then, the obtained solution was centri-
fuged at 9500 r/m for 15 min. The upper clean solution was
the NaNO;-Na,SO,4 crystal salts solution. The samples for
SEM images were prepared via dropping 2 uL CSS solution on
a silica surface, and dried naturally at room temperature.

Synthesis of a-Fe,03 microdisks

Monodisperse «-Fe,0; microdisks were synthesized by
a hydrothermal process in the presence of NaNO;-Na,SO4
crystal salts solution. In a typical synthesis procedure,
1.11g FeSO47H,0 was dissolved in 20mL above-
mentioned crystal salts solution. Then 15 mL NaOH solution
(0.2 M) was gradually added. After stirring for 20 min, the
mixed solution was transferred into a Teflon-lined autoclave
and heated to 200 °C for 10 h. After reaction, brick red
uniform a-Fe,05; microdisks can be obtained in a large scale.

Characterization of a-Fe,03; microdisks

The crystal structure and sizes were characterized by
scanning electron microscopy (SEM, FEI-Sirion 200), trans-
mission electron microscopy (TEM, JEM-2010), high-
resolution transmission microscopy (HRTEM) and selected
area electron diffraction (SAED). Samples compositions
were characterized by an X-ray diffractometer (XRD,
Rigaku, Japan) using Cu Ko radiation at 1.5418 A at
a scanning rate of 5°/min. The axial compressive property
of a-Fe,03 microdisks has been investigated by atomic force
microscopy (AFM, E-Sweep) using magnetic tip.

Lithium storage performance measurements

a-Fe,05 microdisks were evaluated as anode materials for
lithium ion cells by galvanostatic charge-discharge technique.
The electrode was prepared by mixing the active materials,
acetylene black and polyvinylidene fluoride (PVDF) with
weight ratios of 80:10:10 in N-methyl-2-pyrrolidone solvent,
which was then coated on a copper foil, pressed and dried at
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120 °C for 12 h in a vacuum drying oven. Coin cells were
assembled in an argon-filled glovebox in the presence of
oxygen scavenger and sodium drying agent. lron oxides
composites act as test electrode, metallic lithium as coun-
ter/reference electrode, 1 M LiPF6 in ethylene carbonate,
diethyl carbonate and ethylmethyl carbonate (EC/DMC/EMC,
1:1:1 vol) electrolyte, and Celgard 2400 polypropylene as
separator. Charge-discharge tests were carried out at various
densities at the voltage range of 0.002-3.0 V (vs Li/Li*) using a
battery test system (BTSDA 7.0).

Results and discussion
Characterization of a-Fe,03; microdisks

Fig. 1a shows that the synthesized a-Fe,O; microdisks are
monodispersed. The shape of a-Fe,0s is disk-like structure.
The diameter of microdisks is about 1.1 pm, and the thickness is
about ~150 nm (Fig. 1b). In fact, the a-Fe,O; microdisks were
built by a lot of thin nanosheets, and these nanosheets fused
together, forming the microdisk architecture with multi-layer
structure (Fig. 1c). In our experiment, the a-Fe,O3; microdisks
can be obtained in a large quantity (Fig. 1d). The TEM image in
Fig. 2a shows the regular microdisks shape of the a-Fe,0;
powders. The edge of microdisks is constructed by numerous
thin sheets (Fig. 2b). Clear and continuous lattice-fringe images
can be observed in Fig. 2c. The distance of neighboring fringes
was measured to be 0.253 nm, close to that of (110) lattice
spacing (0.251 nm) in a-Fe,05 structure. From the high resolu-
tion TEM image, it is clearly seen that the synthesized a-Fe,03
microdisks have high crystalline. The selected area electron
diffraction (SAED) in Fig. 2d also reveals that the microdisks
have high crystalline. The X-ray diffraction (XRD, D8 Advance,
Bruker-Axs) pattern (Fig. S1) of the synthesized a-Fe,03 micro-
disks shows a typical reflection pattern of the rhombohedral
hematite Fe,03 structure (JCPDS No.1-1053).

200 nm

100 nm

Fig. 1

Electrochemical performance for LIBs

To assess the potential of a-Fe,0; microdisks for anode
materials of LIBs, we conducted electrochemical tests using
coin cells (CR 2025). Fig. 3a shows the discharge-charge
profiles of the a-Fe,05; microdisks electrode for the 1st, 2nd,
10th, 40th and 50th cycle at a rate of 85 mA g~ in the voltage
range from 0.002 to 3.0 V (vs Li/Li*). As for the 1st cycle, the
discharge curve reached a voltage plateau at about 1.68 V and
then a 0.86V plateau followed by a long slope. The two
voltage plateau can be attributed to the formation of solid
electrolyte interphase (SEI) film on the surface of electrode
and the insertion of lithium ions into the a-Fe,05; microdisks
electrode. The discharge capacity of a-Fe,O; microdisks
electrode in the 1st, 2nd, 10th, 40th and 50th cycle is 1284,
901, 844, 899 and 910 mA h g™", respectively. For the prepared
a-Fe,03 microdisks, the first discharge capacity was found to
be around 1284 mAh g™', corresponding to the insertion of
about 11 Li per a-Fe,05 formula. In the second discharge, the
capacity decreases to 901 mA h g™, This is attributed to the
formation of SEl film and further lithium consumption via
interfacial reactions due to the charge separation at the
metal/Li,O phase boundary. [18] During the following cycles,
the average voltage plateau of discharge process maintains
about 0.95V. The voltage plateau at 0.95V in the following
cycle is different with the first cycle at 0.86 V, suggesting that
irreversible reactions occurred in the first cycle. In the charge
process, the charge capacity of a-Fe,O; microdisks electrode
in the 1st, 2nd, 10th, 40th and 50th cycle is 847, 822, 805, 857
and 874mAh g™, respectively. For the first charge process,
only 7 Li could be removed reversibly owing to the charge
capacity of 847 mAh g~'. After the 40th cycle, the discharge
and charge curves nearly overlap, indicating that the a-Fe,05
microdisks electrode has a good cyclic stability. It is known
that commercial graphite has the risk of high-surface-area Li
plating at the end of recharge, which is related to the safety
problems [19]. As for the synthesized «-Fe,0; microdisks

100 nm

SEM images of the synthesized «-Fe,0; microdisks (a-d).
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Fig. 3 Discharge-charge curves (a), and cycling stability (b) of the synthesized a-Fe,0; microdisks.

electrode, it will reduce the risk because of its higher voltage
plateau. The cyclic performance of «-Fe;0; microdisks in
0.002-3.0 V (vs Li/Li*) is shown in Fig. 3b. The results indicate
that the discharge capacity of a-Fe,03; microdisks electrode in
the first cycle is as high as 1284 mAh g™ and corresponding
charge capacity is 847 mAhg™" at a 85 mAg™" rate, which
exceed the theoretical value of Fe,05 (1005 mA h g™"). This is
possibly attributed to the electrolyte decomposition, lithium
storage on the surface of polymeric layer or interfacial storage
[20]. More importantly, we note that the discharge capacity
and charge capacity have an increase trend after the 10th
cycle. This phenomenon might be attributed to the activation
and stabilization of electrode materials. After 10th cycle, the
discharge capacity increases from 844 mAh g~ to 860 (20th),
878 (30th), 899 (40th) and 910 (50th) mA h g™, respectively.
High discharge capacity of 910 mA hg™" and charge capacity
of 874mAh g‘1 can be retained for the a-Fe,03; microdisks
electrode after 50 cycles. This means that the o-Fe,O3
microdisks could promote the fast lithium diffusion and

enhance cyclic stability because of the short lithium pathway
within the microdisks.

Besides their high capacity, the synthesized a-Fe,;03 micro-
disks also exhibit good rate capability. Fig. 4a shows the
cycling of a-Fe,03 microdisks electrode at continuously
various rates for the same battery. At a rate of 100 mA g™,
a capacity of 859 mAhg™" is obtained. At 200, 400 and
600 mA g™, the capacity drops to 815, 755 and 702 mAh g™,
respectively. Though the capacity drops, it remains stable
after 11 cycles. Clearly, the electrode delivers a reversible
specific capacity of 632mAhg™" even at a high rate of
800 mA g~'. When returning to the initial rate of 100 mA g™,
the a-Fe,03 microdisks electrode returns to a higher capacity
(968 mAhg™") than the original capacity (859 mAhg™).
The results confirm that the a-Fe,0; microdisks electrode
can keep its integrity during the discharge-charge process,
which exhibit the good dynamic performance. Fig. 4b shows
the first discharge-charge curves at different rates for the
a-Fe,05 microdisks electrode. Clearly, the capacity gradually
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100 kHz after three CV cycles (b) for the a-Fe,0; microdisks. Note that the initial three cycles at a scan rate of 0.1 mVs™".

degrades with the increase of current density. At rate of
100 mA g™, the first discharge capacity is around 833 mAh
g~", corresponding to the insertion of almost 7 Li per Fe,0s.
At higher rate of 800 mA g™, the insertion of 5 Li per Fe,0;
formula is found.

Fig. 5a shows the cyclic voltammogram (CV) curves of the
a-Fe,03 microdisks electrode for the initial three cycles at a
rate of 0.1mVs™'. It is clear that there is a substantial
difference between the first and the subsequent cycles. In
the cathodic process of the 1st cycle, two peaks, a bulky peak
and a tiny peak, are observed at about 0.72 and 1.66 V. This
can be attributed to the lithium intercalation in the crystal
structure of Fe,05; microdisks, the chemical reduction reaction
of Fe** or Fe* to Fe® and the irreversible reaction with the
electrolyte [21,22]. In this step, the conversion of Fe,05 to Fe
and the formation of amorphous Li,O are the main cause of
the irreversible capacity during the discharge step [23]. In the
anodic process, two broad peaks located at 1.61 and 1.86 V
are observed, corresponding to the oxidation reaction of Fe°
to Fe?* and Fe?* to Fe>* [24]. In the 2nd and 3rd cycles, only
one peak located at 0.78 V is observed in the cathodic process,
suggesting an irreversible phase transformation occurred dur-
ing lithium ion intercalation and extraction in the 1st cycle [25].
During the subsequent cycles, the intensity of cathodic and
anodic peaks compared to the first cycle decreases gradually.
This implies that the capacity decreases during the cycling. In
addition we note that the reduction peak is shifted from 0.72 V
to a higher potential of 0.78V, whereas the oxidation peak

position and integrated area remain nearly unchanged, reveal-
ing the good reversibility reaction from the Fe® to Fe** and a
low capacity loss of lithium insertion and extraction after the
first cycle. Fig. 5b shows the Nyquist plots of cell after
three cyclic voltammetry cycles. The Nyquist plots at high
frequency have a semicircle in the complex plane, with the
center under the real axis, which is a typical behavior for solid
electrodes with the frequency dispersion of impedance
data [30,31]. The impedance complex plane plots are similar
to a depressed semicircular shape, suggesting that a homo-
geneous film is formed on the surface of electrode. In the high
frequency range, the electrochemical process can be described
for the film capacitance and film resistance. In the low
frequency range, the electrochemical process is related to
the charge transfer resistance and the double layer capacitance
in the electrode/electrolyte interface. Generally, a constant
phase element was used instead of an ideal capacitance,
revealing all the non-ideal frequency-dependent electrochemi-
cal phenomena.

Formation mechanism of a-Fe,03 microdisks

The electrochemical measurements show that the a-Fe,0;
microdisks exhibit good cyclic stability. The a-Fe,05; microdisks
have a thin sheet structure, which may easily shorten the
diffusion time of Li in iron oxides. Also, the small amounts of
CNTs fragments in a-Fe,03 microdisks will significantly improve
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the powder electrochemical performance. As for the formation
mechanism of «a-Fe,0; microdisks, their growth process at
different stages has been investigated. In our experiment, the
NaNOs-Na,SO, crystal salts solution (CSS) was obtained by firstly
oxidizing double helix CNTs, and then centrifuging the solution
at 9500 r/m. The morphology of the synthesized CNTs can be
seen in Fig. S2. As for a-Fe,03; microdisks, the CSS must play an
important role through this process. During the addition of
sodium hydroxide, the temperature of initial solution nearly
reached to 80 °C. When the pH value was adjusted to 7.5-8.5,
the solution was then gradually cooled to room temperature.
At this stage, some crystalline salts are evolved and precipi-
tated. Therefore the CSS was, in fact, a supersaturated
solution. When the CSS solution was dropped on a silica surface,
and dried naturally at room temperature, the NaNOs-Na,SO,
crystal salts solution have a tendency to form numerous
dispersed snow-like aggregates (Fig. S3, S4) via crystallization
through the evaporation of solvent, and each aggregate was
constructed by some tree-structured branches. These branches
are aggregated together at a common center, forming a snow-
like architecture. The diameter of NaNOs-Na,SO, crystal salts
can reach ~100 pm. The evolved crystal salts in CSS solution was
identified to the mixed compositions of NaNO3-Na,SO, (Fig. S5).
In the CSS system, there is a negative charge on the surface of
CNTs fragments. When Fe?* ions were added, these Fe?* ions
are easily adsorbed on the surface of CNTs fragments by the
charge interaction. These CNTs fragments could act as ‘in situ’
soft templates for accepting Fe?* ions. Because Fe?* ions are all
captured by CNTs fragments, they can effectively prevent the
agglomeration tendency of Fe?* precipitates during the nuclea-
tion process. Because the CSS solution is a supersaturated
solution, the crystallization process will rapidly occur when
there are ample Fe?* precipitates nuclei. CSS is homogeneous
system, and it has a tendency to form a snow-like architecture
during crystallization process. These special properties of CSS
may promote the formation of disk-like precursors for a-Fe,03
microdisks. The precursors were composed of CNTs fragments,
NaNO;-Na,S0, crystal salts and Fe?* precipitates. With the
increase of reaction temperature, Fe?* precipitates are gradu-
ally converted into the growing Fe,0; nanoparticles. At the
same time, crystal salts in the precursors were gradually
dissolved. To minimize the overall energy of system, the crystal
salts will dissolve from the outer surface to inner part, leaving
some void spaces in the precursors. Owing to the existence of
small-sized CNTs fragments, the decomposition and dissolution
process of precursors will not lead to the disassembly of
framework structure. After reacting at 200 °C for 10 h, axial
compressive a-Fe,03 microdisks were formed.

In fact, the oxidation process of CNTs is very important for
the synthesis of a-Fe,0; microdisks because CNTs may provide
some small-sized CNTs fragments which are acting as the
framework for a-Fe,0; microdisks. Since CSS was centrifuged
at 9500 r/m for 15 min, bigger CNTs fragments were completely
removed. There are still some remanet CNTs fragments in the
crystal salts solution. No XRD diffraction peaks at 28.93° and
41.16° were observed, confirming the amount of CNTs frag-
ments in the o-Fe,0; microdisks are low. Fourier transform
infrared (FTIR, Nicolet 6700, ThermoFisher) analysis (Fig. S6) of
a-Fe,0; microdisks was carried out at 4000-400 cm™". In the
range of 400-700 cm™", it can be seen that a-Fe,0; microdisks
have two characteristic peaks at 476.7 cm™" and 547.1 cm™.
The absorption peak at 476.7cm™' was attributed to the

perpendicular modes of the Fe-O stretching vibrations in the
corundum structure [27]. Other absorption peaks at 3446.2,
1640, 1389 and 1125.7 cm™" confirm the presence of a few CNTs
fragments in the o-Fe,O3; microdisks. In order to confirm the
presence of CNTs in the a-Fe,05 microdisks, we carried out the
X-ray photoelectron spectra (XPS) analysis (Fig. S7). The C1s
binding energies (Fig. S8) are 284.7 eV, 288.4 eV and 289.5 eV,
which correspond to C-C/C-H, carbonyl groups and carboxyl
groups, respectively, clearly indicate that the presence of a few
remanet CNTs oxidation fragments in the a-Fe,0; microdisks.
The O1s spectra (Fig. S9) show the presence of three states of
oxygen in the samples. The peak at 529.9 eV was assigned to
0% in the iron oxide lattice. The binding energies located
at 531.8 eV and 532.9eV can be attributed to the OH™
or adsorption oxygen. The characteristic peaks of Fe2p
(Fig. S10) at 710.8 eV and, 720.6 eV and 724.5 eV well agreed
with the Fe3* state for iron oxides [28]. The presence of
small-sized CNTs fragments in «-Fe,0; microdisks hints that
these CNTs fragments act as the initial framework role for the
formation of disk-like Fe,0s5.

Interestingly, we observed that the magnetic force (magnetic
tip was used in the AFM tests) of atomic force microscopy (AFM)
could significantly influence the thickness of the synthesized
a-Fe,03 microdisks. This means that the synthesized o-Fe, 05
microdisks have an axial compressive property which can
provide a cushion space for the volume changes for LIBs during
charges-discharges process. This special property of «-Fe, 03
microdisks may be hopefully applied in the LIBs, medical
diagnosis and biological area. Fig. 6a shows the AFM image of
a-Fe,03 microdisks in the use of common tip. The samples are
smooth and have a well-defined edge, presenting a typical disk-
like structure. The a-Fe,03 microdisks evenly covered the mica
thin slip surface. The diameter of a-Fe,03 microdisks is ~1 um,
and height is ~200 nm. When the magnetic tip was used (the
first scan for a-Fe,0O3 microdisk), the height of microdisks
decreases significantly (Fig. 6b). The maximum height is
~20nm and the minimum height is ~4nm, whereas the
diameter is still -1 pm. The corresponding planar image in
Fig. 6¢ clearly shows that the maximum height for a given
a-Fe,0; microdisk only takes about half area. In order to
monitor the height variation between the microdisk and scan
times, we carried out a real-time observation study (Fig. S11).
As for the 2nd, 3rd, 6th, 8th, 10th and 16th scan for a fixed-
area image (Fig. 6d-i), the area for maximum height of a-Fe,05
microdisks decreases with the scan times. The area of max-
imum height decreases very quickly before the 8th scan, and
becomes slowly after that (Fig. 7). This evolution indicates that
the synthesized o-Fe,03; microdisks have an axial compressive
property. In order to verify the stability of a-Fe,05; microdisks as
anode materials originated from this effect, SEM images
(Fig. S12) of a-Fe,O; microdisks electrode after cycling at a
rate of 100 mA g~' indicate that the a-Fe,0; microdisks main-
tain their shapes well. Although, the sizes of «-Fe,0s microdisks
are relatively bigger to use as anode materials, they were in
fact not broken into small pieces which reacted with lithium
due to their axial compressive property. When magnetic force
was applied, the a-Fe,0; microdisks could be compressed 10-50
times than the original thickness. This unique axial compressive
property of a-Fe,05; microdisks endows that they could alleviate
the pulverization and structural destruction of electrodes
during the lithium ion insertion and extraction process, and
exhibit good cyclic stability and rate performance. Therefore,
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Fig. 6 AFM image of a-Fe,05; microdisks without the use of magnetic tip (a), 1st scan 3-D image (b), and planar image (c) using the
magnetic tip, the 2nd (d), 3rd (e), 6th (f), 8th (g), 10th (h), and 16th (i) planar scan image at a fixed-area using the magnetic tip.

the electrochemical properties of a-Fe,O; microdisks can be promotes the electron/lithium ions conduction. Finally, small
explained as follows: first, a-Fe,O; microdisks have high amount of CNTs fragments in the a-Fe,O; microdisks may
reactivity with lithium ion insertion and extraction process, catalyze the reversible transfer of Li;0 and improve the
and at the same time alleviate the absolute volume changes. electron and ions conduction networks. Our thermogravimetric
Second, the disk-like structure of a-Fe,03 provide large contact analysis (TGA) shows that the small amount of CNTs fragments
area and good adherence between Fe,0; and carbon matrix, accounts to about 1.2 wt% in the samples of a-Fe,03 microdisks
which decreases the diffusion distance of lithium ions and (Fig. S13). The existence of spaces in a-Fe,O3; microdisks was
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Fig. 7 The relationship between the area percentage of
maximum height and scan times based on the AFM images.
Area percentage (%)=100xthe area of maximum height/total
area for a given microdisk (arrow). The area was calculated by
an Image-Pro Plus software.

identified by our SEM images (Fig. S14) after the samples were
washed with small amounts of dilute sulfuric acid. In order to
verify the existence of short CNTs in the a-Fe,05; microdisks, we
have carefully observed the boundary edge of microdisks and
found the existence of short CNTs fragments (Fig. 515). When
the «-Fe,0; microdisks were thoroughly dissolved by dilute
sulfuric acid, the existence of trace amount of CNTs fragments
was confirmed (Fig. 516).

Conclusions

In conclusion, axial compressive a-Fe,05 microdisks (~1.1 pm in
diameter, ~150 nm in thickness) with good electrochemical
properties have been successfully synthesized by a novel
hydrothermal method. The a-Fe,0; microdisks electrode deli-
vers a reversible specific capacity of 632mAhg™" even at a
high rate of 800 mA g~'. When returning to the initial rate of
100 mA g‘1, the o-Fe,03 microdisks electrode returns to a
higher capacity (968 mAhg™"). The unique axial compressive
property of a-Fe,05; microdisks endows that they could alleviate
the pulverization and structural destruction of electrodes
during the lithium ion insertion and extraction process. We
believe that further optimization of the size and morphology of
a-Fe,03 microdisks can further improve the electrochemical
performance.
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