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Nanosized a-LiFeO, cathode material for the Li-ion secondary battery using microporous carbon paper
or aluminum current collectors was investigated. The results show that nanosized a-LiFeO, electrode
using microporous carbon paper current collector exhibits much higher discharge capacity than that
using aluminum current collector although the cell reaction mechanism is not dependent on the current
collector. Moreover, the discharge capacity for the nanosized a-LiFeO, electrode using microporous
carbon paper current collector at different discharge rate is approximately close. This may be attributed
to the unique structure and electrochemical stability of microporous carbon paper.
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1. INTRODUCTION

Safe, low-cost and long-lasting rechargeable batteries are in high demand to address
environmental and energy needs for energy storage systems.[1, 2] Due to its low toxicity, abundant
resources, thermal safety and low cost, the lithium iron oxide (LiFeO;) cathode material is of great
potential for rechargeable lithium battery[3—7] although none of its compounds with various crystalline
structure have proven to be stable when used as cathode nor capable of supporting extended cycling[8—
12]. Therefore much more attention has recently been paid to the improvement on low capacity
retention during cycling tests of LiFeO, as alternate cathode material for lithium secondary battery.

It has been shown that all these improved LiFeO, cathode materials are ascribed to the smaller
size, which facilitates the contact between active materials and electrolyte and shorten lithium path.[7,
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8, 12-15] o-LiFeO, nanoparticles with ~50 nm in size prepared by solid state reaction at 250 °C
delivered a discharge capacity of 150 mAh g™ at 0.25 C in the range of 4.5-1.5 V after 50 cycles.[16]
a-LiFeO, nanoparticles with ~10 nm in size synthesized by a molten salt route at 120 °C exhibited an
initial discharge capacity of 71 mA h g™ at 2.0 C.[17] In our previous work, a-LiFeO, nanoparticle
with 10 nm exhibited around 55.2% capacity retention with the discharge capacity of 101.5 mA h g™
after 50 cycles at 2 C.[18]

In addition, current collector should be crucially important for considering the improvement of
cost, weight and performance of batteries. [19-21] Generally it is clear that the current collectors must
be electrochemically stable in contact with the cell components over the operating potential window of
the electrode. However, in practice, the typical current collectors, aluminum foil and copper foil, lead
to a gradual increase in internal resistance of the battery due to their continued corrosion, with
corresponding loss of the apparent capacity, at a given rate.[22, 23] Meantime, current collectors also
reduce the gravimetric and volumetric energy densities of the battery. Accordingly, the suitable choose
of current collector plays a crucial role on improvement of the performance of batteries.

In this study, microporous carbon paper and aluminum foil were employed as current collectors
for Li-ion rechargeable battery with nanosized a-LiFeO, as cathode material and compared their
electrochemical performance.

2. EXPERIMENTAL SECTION

Nanosized lithium iron oxide (o-LiFeO;) were synthesized from LiOH-H,O (Changzhou
Chenhua Chemicals, 95.0%), LiNO3z (Tianjin Kemiou Chemical Reagent, 99.0 %) and Fe
(NOs3)3-9H,0 (Tianjin Baishi Chemicals, 98.5%) by a simple molten salt method at room temperature.
Stoichiometric amounts of the starting materials were thoroughly ground in a mortar with a pestle for
40 min. The mixture was transferred into a beaker on a constant temperature magnetic stirrer and
stirred for 3 h at room temperature after drop-adding a certain amount of H202. The solid product was
washed repeatedly with distilled water, ethanol, and dried at 80°C for 12 h.

Powder X-ray diffraction (XRD-6000, Shimadzu, Japan) using Cu Ka radiation (A = 1.5418 A)
at a scanning step of 2° per minute was used to identify the crystalline phase of the as-prepared lithium
iron oxides. The particle size and morphology of the compound was observed with a field emission
scanning electron microscopy (FE-SEM, Hitachi, Japan) and high resolution transmission electron
microscope (HR-TEM, JEOL-2010, Japan) with an accelerating voltage of 200 kV.

The positive electrodes were fabricated by pasting the slurries of the as-prepared lithium iron
oxide powder (70 wt%), acetylene black (20 wt%), and polyvinylidene difluoride (PVDF, 10 wt%)
dissolved in N-methylpyrrolidone (NMP) on Al foil or microporous carbon paper strips by the doctor
blade technique. Then the strips were dried at 80°C for 24 h in an air oven to remove water molecules.
The electrolyte was 1 M LiPFg in a mixture of ethylene carbonate (EC)/diethyl carbonate (DEC) (1:1
by volume), the separator was CelgardR 2325. 2016 coin-type cells were assembled in an Ar-filled
glove box using lithium metal foil as the counter electrode. The measurements of electrochemical
performance were carried out on a program-controlled Battery Test System (Land®, Wuhan, China) at
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room temperature. The cyclic voltammetry (CV) was conducted in a three-electrode cell with lithium
foil as counter and reference electrodes by using a CHI660B Electrochemical Work-station (Chenghua,
Shanghai, China) at room temperature.

3. RESULTS AND DISCUSSION

In this work, we used traditional molten salt method at room temperature to synthesize the
nanosized a-LiFeO,.[16, 24] Fig. 1 shows the powder X-ray diffraction pattern of the as-prepared
sample. All diffraction peaks can be easily indexed to the pure cubic phase of a-LiFeO, (JCPDS 74-
2284). Compared to standard diffraction peaks, the broadening reflections of the XRD indicate the
small size of the products.
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Figure 1. The X-ray diffraction pattern of the as-prepared sample

Figure 2. The SEM image of the a-LiFeO, powders
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Based on the Debye—Scherrer equation[25], a-LiFeO, crystallite sizes could be calculated
approximately at the marked peak (2 0 0) to be ca. 10.0 nm. The SEM image (Fig. 2a) shows that o.-
LiFeO, powder consists of large agglomerated nanoparticles with shortage of isolated particles
adopting irregular morphology in this particular way. TEM investigation further reveals that a-LiFeO,
powder consists of tiny particles of less than 10 nm in diameter with a spheroidal shape (Fig. 2b) and
the particle size distribution is fairly narrow.

Fig. 3 shows the initial discharge curves of nanosized a-LiFeO, electrode using microporous
carbon paper or aluminum current collector at different discharge current of 0.1, 1, 2 C. The initial
discharge capacity of nanosized a-LiFeO, electrode using microporous carbon paper current collector
(Fig. 3a) is 273.7, 269.6 and 276.3 mAh g™ at 0.1, 1 and 2 C, respectively, while the initial discharge
capacity of sized a-LiFeO, electrode using aluminum current collector (Fig. 3b) is 197.6, 129.2 and
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Figure 3. The initial discharge curves of nanosized a-LiFeO; electrode (a: microporous carbon paper ;
b: aluminum current collector)

97 mAh g™t at 0.1, 1 and 2 C, respectively. As such, the discharge capacity of nanosized a-
LiFeO, using microporous carbon paper current collector is much higher than that using aluminum
current collector. This may be due to the favorable electron conduction when using microporous
carbon paper current collector.[22] As shown as Fig. 4 for the electrochemical impedance spectra after
charge/discharge for 4 cycles, the charge transfer resistance (R using microporous carbon paper
current collector is significantly smaller than that using aluminum current collector by comparing the
diameters of the semicircles. It is worth noting that the discharge capacities of nanosized a-LiFeO,
using microporous carbon paper current collector at different current rate are very approximate while
those using aluminum current collector are big different, indicating the high discharge capacity even at
high current rate. This may due to easy creasing and tearing of aluminum current collector at high
current rate[26] while the microporous carbon paper is electrochemically stable.
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Figure 4. The electrochemical impedance spectra of nanosized o-LiFeO, on the different current
collector

However, the charge-discharge curves of nanosized a-LiFeO; electrode using different current
collectors exhibit approximate profile (Fig. 5a and Fig. 5b). As reported in previous work for the
charge-discharge behavior of nanosized a-LiFeO; electrode, it has been persuaded strongly that
orthorhombic LiFeO, underwent a structural change to spinel phase LiFesOg during the
charge/discharge process, which resulted in the capacity fading of the Li/LiFeO, system, as similar in
the orthorhombic Li/LiMnO; system for the capacity loss mechanism of the Li/LiMnO; cell due to the
conversion from the orthorhombic to spinel structure. For the first four cycles of discharge curves of
nanosized a-LiFeO, electrode using different current collector, cell voltage rapidly decreases to 3.4 V
and then decreases slowly to the cut-off voltage of 1.5 V, a voltage plateau is displayed in 1.8-2.0 V.
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Figure 5. The charge-discharge curves and cyclic voltammograms of nanosized o-LiFeO, electrode on
different current. a,c carbon paper ; b,d Al current collector
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As such, current collector in electrode has no appreciable effect on the electrochemical reaction
mechanism of electroactive materials. This could be further confirmed by cyclic voltammetry analysis
for the first four cycles (Fig. 5¢ and Fig. 5d). The anodic peak at 3.0 V corresponds to the charge
process while the cathodic peak at 1.75 V shows the subsequent discharge process. The unique
difference in the charge-discharge curves of nanosized a-LiFeO, electrode using different current
collectors lies in the discharge efficiency, resulting in the different discharge capacity. This also is
identified in Fig.5 for the remarkable change in anodic peak at 3.0 V. The microporous carbon paper
current collector facilitates the electron conduction in electrode, resulting in the higher discharge
capacity.

Fig. 6 shows the capacity retention of the nanosized a-LiFeO, electrode using microporous
carbon paper current collector at different discharge current of 1, 2C. The discharge capacity at
different current rate decreases continuously upon cycling and the decreasing tendency becomes
gradually slow to attain the cycling stability. It is 144.1 and 140.6 mAh g ' at 1 and 2 C, respectively,
for the 100nd cycle, which is around 55.04% and 49.70% of the initial discharge capacity. More
importantly, the discharge capacity tends to be close at different current rate. As mentioned above, this
may result from the electrochemical stability of microporous carbon paper, exhibiting the potential in
developing the nanosized a-LiFeO,-based battery with the high discharge capacity at high current rate.
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Figure 6. The cyclic stability of nanosized a-LiFeO; electrode

4. CONCLUSION

Electrochemical activity of nanosized a-LiFeO, cathode material for the Li-ion secondary
battery using microporous carbon paper or aluminum current collectors was compared systematically.



Int. J. Electrochem. Sci., Vol. 9, 2014 3967

It was found that the electrochemical activity is dependent on current collector. The nanosized a-
LiFeO, cathode material for the Li-ion secondary battery using microporous carbon paper current
collector exhibits much higher discharge capacity than that using common aluminum current collector,
but current collector does not change electrochemical reaction mechanism. This is mainly due to the
unique structure and electrochemical stability of microporous carbon paper compared to the common
aluminum. More interestingly, the discharge capacity using microporous carbon paper is
approximately close at different discharge rate, showing the favorable charge-discharge behavior using
microporous carbon paper at high rate. Therefore, microporous carbon paper current collector exhibits
the potential in developing the nanosized a-LiFeO,-based battery with the high discharge capacity at
high current rate.
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