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Abstract: The floatation behaviors of Co-enriched crushed products and commercialized electrode materials were
compared, and the mechanism caused different floatation behavior was analyzed. The results show that, because of a
huge floatability difference between commercialized electrode materials, the flotation of simulation material, a mixture of
LiCoO, and graphite, achieve good enrichment, the product grade of Co increases from 15.66% to 50.71%. The organic
impurity containing C, F, P and O covers on rough surface of recovered material obtained from disassembled spent
lithium-ion batteries. The impurity leads to different surface properties including the content decrease of related elements,
similar surface chemical composition of LiCoO, with graphite, and cause the change of materials surface wettability.
After the flotation of Co-enriched crushed products, the grade of Co increases from 24.21% to 28.08%. Therefore, the
surface modification must be conducted to the recovered Co-enriched crushed products to enlarge the wettability
differences before floatation. As a result, the efficient effect of floatation separation can be achieved.
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Sample code

Property

Use

A-LiCoO, Anode: without commercial LiCoO, powder
A-Graphite Cathode: without commercial graphite powder
B-LiCo0, LiCoO, enrichment: after spent LiBs being disassembled, selecting anode Property characterization
be broken and screened
B-Graphite Graphite enrichment: after spent LiBs being disassembled, selecting cathode
be broken and screened
Actual material Co-enriched crushed products
Flotation
Simulation material Mixture: A-LiCoO, and A-Graphite, mass ration 1:1
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Fig. 1 Mineral floatation flowsheet
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Fig. 2 Floatation results of actual and simulation materials
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Table 3 Contact angle of experimental materials

Contact angle/(°)

Material
1 2 3 4 5 6

A-LiCoO, 165 16.8 183 172 17.5 179 17.4
B-LiCoO, 53.4 54.6 53.1 54.1 53.7 547 539
A-Graphite 62.3 629 60.6 603 632 612 618
B-Graphite 57.2 55.6 54.3 56.5 55.7 552  55.8

Average
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Fig. 3 SEM images of commercialized electrode and recovered materials of LIBs: (a) A-LiCoO,; (b) A-Graphite; (c) B-LiCoO,;

(d) B-Graphite
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Fig. 4 XPS survey spectra of A-LiCoO,(a) and B-LiCoO,(b)
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Table 4 Surface elements component of A-LiCoO, and B-LiCoO,
Mole fraction/%
Material
Co (0] C Ti S Li F P
A-LiCoO, 10.86 50.15 25.51 1.63 1.71 10.14 - -
B-LiCo0O, 5.5 27.23 42.74 - - 0.14 2.81




5524 5 10 ES

20, S5 PRI T R R B O I

2535

(2) Cls
O1ls
1 1 1 1 1 1 - 1
1300 1100 900 700 500 300 100
Binding energy/eV
(b) Cls
P2
: gp Lils
I I L L L L bk
1300 1100 900 700 500 300 100
Binding energy/eV

BS A8 B-£i By XPS 94l
Fig. 5 XPS survey spectra of A-Graphite(a) and B-Graphite(b)
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Table 5 Surface element components of A-Graphite and
B-Graphite

Mole fraction/%
Material
C (0] F P Cu Li
A-Graphite  98.1 1.9 - - - -
B-Graphite 83.7 7.54 517 1.14 039 2.07
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Fig. 6 Cls peak fitting curves of XP spectra: (a)B-LiCoO,; (b) B-graphite
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Table 6 Binding energy (BE), full-width at half-maximum (FWHM) and content of C 1s peaks for B-LiCoO, and B-Graphite

B-LiCoO, B-Graphite
Peak Component BE/  FWHM/  Mole Peak Component BE/ FWHM/  Mole
eV eV fraction/% eV eV  fraction/%
Clsa Carbon black 28427  0.77 18.51 Clsa Graphite 28440 0.53 49.44
Clsg c—C 284.64 1.54 27.16 Clsp c—C 284.78 1.38 30.39
Clsc C—COOR 286.01  1.35 25.60 Clsc C—COOR 28592  0.83 2.98
Clsp —(CF,—CH,),/C—0 28693 1.15 5.07 Clspp —(CF,—CH,),/C—0O 286.70 1.01 5.71
Clsg C=0 28796 1.22 5.15 Clsg C=0 28777 1.13 2.71
Clsp O0—C=0 289.13  1.27 3.75 Clsp 0—C=0 289.18  1.67 4.23
Clsg O—COOR 29038  1.01 12.43 Clsg O—COOR 29047 1.02 1.54
Clsy —(CF,—CH,), 291.13  0.93 2.33 Clsy —(CF,—CHy,), 29144  1.40 3.00
@ L L: LiCoO, b G G: Graphite
] B-LiCoO, i
| B-Graphite
_JL A-LiCa0, ]:_ _j \__ A-Graphite
18 22 26 30 34 38 24 28 32 36 40 44
260/(°) 26/(°)

7 LiBs i i A -ARAS R EIOR BT XRD i
Fig. 7 XRD patterns of commercialized electrode and recovered materials of LIBs: (a) LiCoO,; (b) Graphite
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