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Abstract : Ni-rich system Li[Ni.,.,Co,Mn,]O, of lithium secondary battery cathode material
keep a high discharge capacity. However, by the Ni content increases, there is a problem that
the electrochemical properties and stability of the structure are reduced. In order to solve these
problems, research for positive ion doping is performed. The one of the cathode material, bar-
ium-doped Li(Nig¢.xBa,Cop1Mng3)0, (x=0.01), was synthesized by the precursor, NiysCoy
Mny3(OH),, from the co-precipitation method. The barium doped materials have studied the
structural and electrochemical properties. The analysis of structural properties, results of X-ray
diffraction analysis, and those results confirmed the change of the lattice from the binding
energy in the structure by barium doping. Increased stability of the layered structure was
observed by IgosH102/I101(R-factor) ratio decrease. we expected that the electrochemical char-
acteristics are improved. 23 mAh/g discharge capacity of barium-doped Li[Nig.
«Ba,Cop 1 Mny;3]0, (x=0.01) electrode is higher than discharge capacity of Li[NigsCo1Mng;]O,
due to decrease overvoltage. And, through the structural stability was confirmed that improved
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the cycle characteristics. We caused a reduction in charge transfer resistance between the elec-
trolyte and the electrode was confirmed that the C-rate characteristics are improved.

Keywords : Lithium ion battery, Cathode material, Barium doping, Co-precipitation
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Fig. 1. Experimental apparatus for continuous co-precipitation of NiyCo,;Mn,3(OH), precursor.
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Fig. 3. Particle size analysis of Nij¢Co;Mng3(OH),
precursor.
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Fig. 2. Video scope images of NijCo0yMng3(OH),.
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Fi ig. 4. SEM image of a) Ni i0.6C00.1MIlo 3(0H)2 s b) Li[N i0.6C00_1Mn0.3] 02 (NCM), c) Li[Nio.G_xBaxCO().ano .3]02 (X=0.01)(NBCM).
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Fig. 5. X-ray diffraction pattern of Li[NipsCoy.;Mn3]O,
(NCM) and Li[Nij¢.Ba,Cop1Mng 3]0, (x=0.01)(NBCM).
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Table 1. Lattice parameter of Li[Niy¢Co0y1Mng3]O, (NCM) and Li[Niy.Ba,CoyMng 3]0, (x=0.01)(NBCM)

Lattice parameter

Composition & & V3 R-factor
al c
J— 2.8758 14.2293
Li[NipCop,1Mng 3]0, (£0.0001) (£0.0008) 101.9128 0.5357
. 2.8721 14.2326
Li[Nig .BaCop,1Mng 3]0, (x=0.01) (£0.0000) (£0.0004) 101.6784 0.4732
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Table 3. The data of cycling performance of Li[Niyg
C00‘1Ml'l0,3]02 (NCM) and Li[NiM_XBaxCoo.1Mn0_3]02(x=0.01)
(NBCM) at room temperature(298 K)

Charge Discharge Ist 50th Effici
(mAhg)  (mAhg1) (mAhg ™) (mAhg ™) Y
Li[Niy¢Co0p,1Mng3]O, 177.37 132.82 Li[NigCo0.1Mng3]O, 116.06 109.28  94.16%
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Table 4. Rate capabilities efficiency of Li[NiysCo0y.;Mn3]O, (NCM) and Li|Niy¢Ba,Coy1Mng 3]0, (x=0.01)(NBCM)

0.1C 02C 0.5C 1C 2C 5C 0.1C
Li[Nig6Co0p,1Mng3]O, 100 96.89 90.77 84.83 78.39 65.86 100
Li[Nig6..Ba,Coy 1 Mng3]0, (x=0.01) 100 97.45 92.69 88.01 82.63 70.56 101
Table 5. The data of impedance of Li[Nij¢Coy;Mng3]O, o x|&e] HWA 0-Ni-09] Addo|7t 7hAsi)
(NCM) and Li[Nio,g.xBaxCOQ.ano_ﬂOz(XZO.OI)(NBCM) O]EQ_OH ‘:413“/] O]E—ﬁi7]— ﬂZ]'Q@i ]1] 9/] }]\:}'/Fé]'
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Fig. 10. Nyquist plot of Li[NiyCoy.;Mng3]O, (NCM) and
Li[Niy.¢xBa,Cop1Mn, 3]0, (x=0.01)(NBCM).
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