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S WPHeE s sl Wz FEiElE 2 YA f2elielEe] 27] st 8
& 747} 333 B 340mAhg'e] $F& YEpfiolon, Baet RS pAIshd 747t 433
9 387 mAh g'2 719E7F0] SUIEIE MRk ol 271 8T oF 10% = =T
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MnO¢} BIW3l S o, Sol&e] Arko] F7] wiol] FAT S5 EUAT, HAdFAe] 71&
718 AYE FES Jeh WA S4 (lithiationyAHS 051914 0.57 V (vs. LI/LIHE FolAAL,
WA (delithiation) A - 1.15914 1.01 V (vs. LILi)E Yolxith. wabs, 243 w9
Adztel7t 0.64 SlX 0.44 VE FA] AR R X0 AdEgo] M=, wdzgdoa &
S 7F Rolx Al FHol A9 FFAYS =Y F AUrh
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Abstract : Transition metal oxide, which undergoes a conversion reaction in the negative
electrode material for a lithium-ion batteries, has a high specific capacity, but still has several
critical problems. In this study, manganese pyrophosphate (Mn,P,0), nickel pyrophosphate
(NipP,0O5), and carbon composite materials with pyrophosphates as novel negative electrode
materials instead of transition metal oxide, are synthesized through simple solid-state reaction.
The initial reversible capacity of Mn,P,0; and Ni,P,0; are 333 and 340 mAh g, and when
the composite materials are composed with carbon, the reversible capacity increases to 433
and 387 mAh g, respectively. The initial Coulombic efficiency is also improved by about
10%. The Mn,P,0; and carbon composite material has the highest initial capacity and effi-
ciency, and has the best cycle performance. Mn,P,O; containing polyanion, has a lower spe-
cific capacity due to the large mass of polyanion compared to MnO (manganese oxide).
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However, since Mn,P,0O7 shows a voltage curve with a slope, the charging (lithiation) voltage
increases from 0.51 to 0.57 V (vs. Li/Li"), and the discharge (delithiation) voltage decreases
from 1.15 to 1.01 V (vs. Li/Li"). Therefore, the voltage efficiency of the cell is improved
because the voltage difference between charging and discharging is greatly reduced from 0.64
to 0.44 V, and the operating voltage of the full cell increases because the negative electrode
potential is lowered during the discharging process.

Keywords : Lithium-lon Batteries, Manganese Pyrophosphate, Nickel Pyrophosphate, Voltage
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Fig. 1. X-ray diffraction patterns of (a) Mn,P,0; and (b)
Ni,P,O; powders prepared by solid-state synthesis.
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Fig. 2. X-ray diffraction patterns of (a) Mn,P,0,-carbon
composite and (b) Ni,P,0,-carbon composite powders
prepared by solid-state synthesis.

Fig. 3. SEM images of (a) Mn,P,0,, (b) Ni,P,07, (c)
Mn,P,07-carbon composite, and (d) Ni,P,O;-carbon
composite powders.
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Fig. 4. The galvanostatic charge/discharge voltage profiles
from Li/Mn,P,0; and Li/Ni,P,O; half-cells at (a) first
cycle and (b) second cycle.
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