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Synopsis :

In recent years, the electrification of automobiles has been progressing worldwide, and
there is an urgent need to improve the performance of rechargeable batteries. However,
when high-capacity active materials such as Si-based materials are used, the volume
change accompanying charging and discharging is large, and conventional copper foil
has caused problems such as the breaking and wrinkling of the current collector.
Therefore, we focused on an Fe-Ni alloy foil obtained by the electrolytic method to
make the current collector thinner and stronger. By adjusting the composition of Fe and
Ni and adding Mn, we found that the foil could be used as a current collector for Si-based

negative electrodes even when made thin.
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Fig.1 Appearance of copper foil (10 #£m) current collector

after charge-discharge in a half cell made of 100%SiO and
lithium metal.
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Fig.3 Appearance of (A) Nickel foil (4 xm) and (B) Fe-Ni
alloy foil (4 pm) current collector after charge-discharge in a

half cell made of 100%SiO and lithium metal.
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Fig.5 Results of tensile test of (A) Copper foil and (B) Fe-80%Ni alloy foil.
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Fig.6 Energy Dispersive X-ray Spectroscopy (EDS) analysis result of Fe-60%Ni alloy foil after heat treatment for 1 hour at 600°C .

Table 1T Amount of Mn contained in Fe-Ni alloy foil when MnCl, was added to the plating solution.

Sample Amount of MnCl, added | Amount of Mn contained in foil
[g/L] [wt.ppm]

Fe—80%Ni 20 90

Fe—70%Ni 20 440

Fe—60%Ni 3 67

Fe—-60%Ni 20 390
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Fig.7 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-60%Ni alloy foil (6 xm) .

(A) Current collector after test, (B) Cycling performance.
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Fig.8 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-60%Ni alloy foil (6 xm) with

20g/L of MnCl, added. (A) Current collector after test, (B) Cycling performance.
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Fig.9 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-80%Ni alloy foil (6 «m) .
(A) Current collector after test, (B) Cycling performance.
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Fig.10 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-80%Ni alloy foil (6 xm) with

20g/L of MnCl, added. (A) Current collector after test, (B) Cycling performance.
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Fig.11 Results of tensile test of Fe-Ni alloy.

30kV x10,000 Crystallite size:89nm

Fig.12 Cross-sectional view of Fe-80%Ni alloy after heat
treatment for 12 hours at 300°C .
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Fig.13 Cross-sectional view of Fe-60%Ni alloy after heat
treatment for 12 hours at 300°C .
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Table 2 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal.

Amount of | Amount of Mn . SOC0-100% SOC20-70%
.. . ..|Thickness - :
No. [ Sample |MnCl, added|contained in foil Tim] Cycling |Current collector| Cycling |Current collector
[g/L] [wt.ppm] performance after test performance after test
1 | Fe—80%Ni 0 0 6 X X - -
2 | Fe—80%Ni 20 90 6 X X A X
3 | Fe-T0%Ni 0 0 6 s - @) X
4 | Fe-70%Ni 20 440 6 A A = —
5 [ Fe-T0%Ni 20 440 4 = = @) X
6 | Fe—60%Ni 0 0 6 A A @) @)
7 | Fe—60%Ni 0 0 4 - - O X
8 | Fe—60%Ni 20 390 6 O @) O O
9 [ Fe-60%Ni 20 390 4 VAN X O @)
10 | Fel00 0 0 6 X X @ A
1000
2800
2
B 600
$
[
E
S 400
Z
200
0
Amount of
MnCl, added ‘ 0g/L 3g/L 20g/L
Mn content in foil Owt.ppm 67wt.ppm 390wt.ppm
Fig.14 Results of MIT folding endurance test of Fe-60%Ni alloy before heat treatment.
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