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Abstract Using a high pressure homonizer, we report on the electrochemical performance of LiyTisO,,(LTO) particles
manufactured as anode active material for lithium ion battery. High-pressure synthesis processing is performed under conditions
in which the mole fraction of Li/Ti is 0.9, the synthesis pressure is 2,000 bar and the numbers of passings-through are 5, 7
and 10. The observed X-ray diffraction patterns show that pure LTO is manufactured when the number of passings-through
is 10. It is found from scanning electron microscopy analysis that the average size of synthesized particles decreases as the
number of passings-through increases. LiCoO,-based active cathode materials are used to fabricate several coin half/full cells
and their battery characteristics such as lifetime, rate capability and charge transfer resistance are then estimated, revealing
quite good electrochemical performance of the LTO particles as an effective anode active material for lithium secondary

batteries.

Key words lithium ion battery, anode active material, metal oxide, high pressure homogenizer, continuous manufacturing
system.
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Fig. 1. Schematic diagram of the ultra-high pressure homogenizer
with reaction chamber.
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Fig. 2. XRD patterns of the LTO nanoparticles synthesized by high
pressure homogenization method under a pressure of 2,000 bar
with the number of passing through of (a) 5(P2000T05), (b) 7
(P2000T07) and (c) 10(P2000T10) with reference to (d) a
commercial LTO.

Table 1. Evaluation condition of cell properties of LTO nano-
particles.

Article Content Remark

Cell type CR2016 Half-cell
Cathode Li metal

EC:EMC =3:7
Electrolyte I M LiPF,
Separator 20 um PE
Voltage range 1.0~3.0 V
ATk HEZE P2000T05 Al &e] 7% 7] &7l 147.8

mANge 2 7P =& W ozt 303 01350 &
&L 7P 28 A7E AAT P2000T10 A1 82 7
ol 7] &3] vf$ By £ EAo] X Arh=

ol SR1ET,

Fig. 55 2,000 bare] 43 sl 23 53 35S
5,7, 103]2 WsA7|HA 43€ LTO We=dAF=el of
3 0.1C, 0.2C, 0.5C, 1C, 2C &L 10Ce] &34 &

2 349 4 2 FHAES vtk o714 0.1C
o] 10ce] W §o2 S LTO WeYdrEe]

nqo

Fig. 3. SEM images of the LTO nanoparticles synthesized under a pressure of 2,000 bar with the number of passing through of (a) 5,

(b) 7 and (c) 10.
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Fig. 4. Charge-discharge curves at 1C rate and 30 times cycles for the LTO nanoparticles synthesized under a pressure of 2,000 bar with

the number of passing through of (a) 5, (b) 7 and (c) 10.

Table 2. Evaluated cell performance of LTO particles synthesized under a pressure of 2,000 bar with the number of passing through of

5(P2000T05), 7(P2000T07) and 10(P2000T10).

Item Unit P2000T05 P2000T07 P2000T10
1™ charge capacity (0.1C) mAh/g 152.7 151.3 123.6
1** discharge capacity (0.1C) mAh/g 147.7 146.5 122.7
1™ efficiency % 96.7 96.8 99.2
Cycle retention (30 cycles) % 88.8 86.0 584
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Fig. 5. Charge-discharge curves at several rates for the LTO nanoparticles synthesized under a pressure of 2,000 bar with the number of

passing through of (a) 5, (b) 7 and (c) 10.
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Fig. 6. Impedance spectra of the LTO nanoparticles synthesized under a pressure of 2,000 bar with the number of passing through of (a)

5, (b) 7 and (c) 10.
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Fig. 7. The fitting equivalent circuit for analyzing the impedance
curves of the synthesized LTO nanoparticles.

Table 3. Parameters of the equivalent circuits for the impedance
spectra of LTO particles synthesized under a pressure of 2,000 bar
with the number of passing through of 5(P2000T05), 7(P2000T07)
and 10(P2000T10).

Sample P2000T05 P2000T07 P2000T10
R, 1.66 1.57 1.50
R 1.29 0.81 0.84
Ry 37.45 40.69 45.37
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Fig. 8. Charge-discharge curves for the LCO-LTO, (LCO+LNCO)-
LTO and (LCO+LMO)-LTO cells.
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1* charge capacity (0.1C) mAh/g 159.4 160.4 150.3
1** discharge capacity (0.1C) mAh/g 150.4 141.6 152.4
1™ efficiency % 94.1 88.3 95.4
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