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Abstract : The electrochemical properties using the cells assembled with the synthesized
LiCoO,(LCO) were evaluated in this study. The LCO was synthesized from high-purity cobalt
sulfate(CoSOy4) which is recovered from the cathode scrap in the wastes lithium ion secondary
battery(LIB). The leaching process for dissolving the metallic elements from the LCO scrap
was controlled by the quantities of the sulfuric acid and hydrogen peroxide. The metal pre-
cipitation to remove the impurities was controlled by the pH value using the caustic soda. And
also, D2EHPA and CYANEX®272 were used in the solvent extraction process in order to
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remove the impurities again. The high-purity CoSO, solution was recovered by the processes
mentioned above. We made the 6 wt.% CoSO, solution mixed with distilled water. And the
6 wt.% CoSO, solution was mixed with oxalic acid by the stirring method and dried in oven.
LiCoO, as a cathode material for LIB was formed by the calcination after the drying and syn-
thesis with the Li,CO; powder. We assembled the cells using the LiCoO, powders and eval-
uated the electrochemical properties. And then, we confirmed possibility of the recyclability

about the cathode materials for LIBs.

Keywords : LiCoO, recycling, Cathode material recyclability, High-purity CoSQO,, Cobalt recovery
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Fig. 2. a) LCO scrap from the waste LIBs and b) powder
made by the crushing and the vibration from the LCO
scrap.

Table 1. Element contents of the LCO(LiCo0O,) scrap analyzed by ICP (Inductively Coupled Plasma)

Elements Co(%)  Li(%) Ni Fe Mg

Al Zn Cu Cr Mn Ca

ppm 5581 751 6538 41 757

1077 4 0 0 157 228
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Table 2. The amount of sulfuric acid(H,SO,) for the
leaching of metallic oxides in LCO scrap 100 g calculated
by the chemical equations

No. Chemical Equations ppm H,SO4(g)
1 CoO+H,SO4—~>CoSO,+H,0 558100 94.705
2 LipO+H,SO,—~Li,SO,+H,0 75100 54.639
3 NiO+H,SO,—»NiSO,+H20 6538 1.136
4 3FeOOH+3H,SO0s—>Fex(SO,);H4H,0 41 0.011
5 MgO+H,SO—->MgSO,+H,0 757 0324
6 2AIOOH+3H,SO,—>AL(SO4)+4H,0 1077 0.419
7 ZnO+H,SO,—>ZnSO+H,O 4 0.0006
8 CuO+H,SO4—>CuSO,+H,0 0 0
9  Cr051t3H,SO4—>Cry(SO,);H3H0 0 0
10 MnO+H,SO;—>MnSO,+H,0 157 0.031
11 CaO+H,SO;—>CaSO,+H,0 228  0.062

Total 151.3
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oftt. el BB AEEA Bk, 9A Mg
S} N7k 23 AEEQOM, ofF W FagoloA
S8 Azl 43 JFE v1AA B A%

oftt. 4719l APEL Bl oFF 4w FUIY

s de Al

3.5. LiCoO, &M

F28 P TUE 9

Mo FTHTY Aol 6wt.%
TEZ U3 A4S Stk A8 WA Agd"
ok, Aze} skAE B EEFe IWE AR
Co;0, TS Axg}, Egh, Co0, B2 FE9
AE7F He LipCO; £2S Egsto] A £91719
A1 900°CE 10417+ 59 488 3l, LiCoO, &%
S A Fig. 98 ¥ AdolM A= Cos0,
D3t LiCoO, £% 2 HF FAEHY ¥=E ¢
AdE LiCo0, £2¢ XRD 2342 YeRlSich
Fig. 9@¢t (o= 22 JCPDSe] Co;0,2F LiCoO,
£ UERHAL, Fig. 9(b)ot (e)= 22 d3olM I
Co3;0,8 LiCo0,2] XRD ZA#E vephdt}h. T3 Fig,

Q

r AL



A73ekE|A], A 1748, A 23, 2014

a) Ref. of Co;0,

| ‘ | Lo
b) Synthesized C0304

i

¢) Ref. of LiCoO,

Ly ‘I L1l

d) Commercial LiCoO,

Ll
I

N |

Intensity (a.u.)

e) Synthesized LiCoO,

||

10 20 30 40 50
2 theta (degree)

Fig. 9. X-ray diffraction results of a) Co;04 of JCPDS
reference, b) synthesized Co;04 powder, ¢) LiCoO, of
JCPDS reference, d) commercial LiCoO, powder and e)
synthesized LiCoO, powder.

I T T

70 80 90

AccV Magn WD ——— 2m
150KV 800K 58

Fig. 10. FE-SEM morphologies of a) commercial LiCoO,
powder of Aldrich co. and b) LiCoO, powder synthesized
at this study.
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Fig. 11. a) The cycling behaviors and the galvanostatic charge-discharge profiles of the cells assembled with the b)

commercial LiCoO; and c) synthesized LiCoO, at 0.5 C-rate.
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Fig. 12. a) The cycling behaviors and b)c) the galvanostatic charge-discharge profiles of the cells assembled with the b)

commercial LiCoO, and c) synthesized LiCoO, at 1 C-rate.
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