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3D-structured Cathode Electrode for High Capacity Lithium-ion Battery
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A study was made of 3D structuring applied to
electrode collectors for the purpose of heightening
lithium-ion battery performance.

It was confirmed that loading, which is the
electrolyte composite coating amount per unit area,
could be increased to 150 mg/cm’ on the cathode. The
results from the calculation of energy density when
that electrode was applied clearly showed that energy
density could be increased 10% with respect to the
foil-coated cathode.

The results from comparison of the foil-coated
cathode and 3D-structured cathode with the cathode
loading fixed at 90 mg/cm’ confirmed that increasing
the contact area of the active material and the collector
can reduce the initial resistance by 17% with respect
to the foil-coated cathode. It was also confirmed that,
while the resistance increase during cycle testing was
149% for the foil-coated cathode, this amount was
held to 29% for the 3D-structured cathode because of
the suppression of structural change.

It was verified that application of the 3D-structured
cathode in a lithium-ion battery could achieve a
balance between enhancing energy density and
addressing the issue of suppressing the increase in
resistance and the decrease in durability.
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Fig. 1 Schematic section drawing of lithium-ion
battery

©: active material
e : conductive agent
o: b|nder

5o ¢@¢@

(a) Slurry mixing (b) Slurry coating  (c) Roll-pressing (d) Electrode

Fig. 2 Schematic view of lithium-ion battery electrode
processes
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Fig. 3 Images of 3D-structured collector
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Table 1 Calculation conditions of electrode
Cathode active material LiNiy,;3Mn;,5C04,50,
Cathode active material content 94 wt%
Cathode collector foil Al 15 pm
Cathode 3D-structured collector porosity 97%
Anode active material Graphite
Anode active material content 96.5 wt%
Anode 3D-structured collector porosity 97%
Element ratio 83 vol%
Anode collector foil Cu 8 um
Separator 15 pm
Negative/Positive ratio 1.05
Cell volume 360 mL

Table 2 List of cell components

Cathode | Cathode |Number of . Energy

loading | thickness |electrodes Ca&i(;ny density

(mg/em?) | (um) () (Wh/L)
Foil collector 90 250 40 57 581
3D-structured collector 150 469 24 61 641
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Fig. 4 Comparison between foil coated cathode and
3D-structured cathode
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Fig. 5 Relationship between 3D-structured collector
porosity and cell energy density
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Table 3 Physical property values of Celmet

Aluminum-Celmet

Porosity (%) 97
Average pore size (um) 550
Specific surface area (m%m?3) 5500
Thickness (pm) 1000

Area density (g/m?3) 100
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Table 4 Test cell components

Cathode active material LiNiy,3Mn;,5C04/50,
Cathode active material content 94 wt%
Cathode loading 90 mg/cm?
Cathode density 3.2 g/lcm3
Anode active material Graphite
Anode active material content 96.5 wt%
Anode loading 45 mg/cm?
Anode density 1.5 g/cm®
Electrolyte 1.2mol LiPFe
EC/DMC/EMC = 30/40/30 wt%
Separator 15 pm
Negative/Positive ratio 1.2
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Fig. 6 Schematic processes of production method of Aluminum-Celmet
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Fig. 7 3D-structured cathode loading
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Fig. 8 Discharge curves at 0.3 C
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Fig. 9 Results of 10-sec DCR

Table 5 List of particle sizes

Dy (Um) Dsp (Um) Dgo (UM)
(a) d50 =5 pm 2.5 5.0 7.5
(b) d50 =7 pm 2.7 7.0 8.1
(c) d50 = 10 pm 6.1 10.1 16.9
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Fig. 10 Cross-section SEM images of 3D-structured
cathode
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