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Synthesize of negative electrode inclined Sn-Cu based material for sodium ion
secondary battery
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Na-ion batteries have much attention as a replacement of Li-ion batteries.

They have relatively low redox potential (0.3 V larger than that of Li/Li+), and use miner metal
free members.We focused Sn has high theoretical capacity (847 mAh/g) which is more than three times
larger than hard carbon.
There still remains the issue as regards the discharge capacity is decreased with increasing the
number of charge-discharge cycles by volume expansion of electrode due to the formation of Sn-Na
alloy. In case of using Sn electrode as negative electrode, Nat+ is intercalated in Sn and form Na-Sn
alloy in charging process.We made inclined Sn-Cu alloy which has nano-sized or amorphous grain to
alleviation volume expansion with using electrodeposition and pulse deposition method. Sn-Cu
electrode showed good cycle characteristic (>50 cycles) and discharge capacity (> 120 mAh/g) at a
SOC of 50 %.
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Fig. 1 Cycle performances of Sn-Cu
electrodes.



SEM Fig.2

0.2-1.0 pm
X F|g 2 Surface morphology of Sn Cu electrodeﬁ €)
Fig.3 Sulfate bath (b) Pyrophosphate bath.
Fig.4 Fig.3
Sn Cu6Sn5
Sn(301)(321) Fig.4
CubSn5(211) Sn(200)
50 mA/cm2 Sn  (400)
CubSn5  (442) Fig.1
Sn CubSn5 CubSn5 Sn
S
i :Cu:Sn5 Q
A CuzSn
g Cu (200)
= @301 lmn = (217)
) A9 4 < — ;
2" S-80 mA/om? g |‘ ‘ P-100 mA/cm~
‘@ ‘B f 423)
b= I ¢ = . ‘ (
8 A RJL..___ \Mw 8 ﬂ| I r (400)
S S-50 mA/em?|[ & T N P50 mA/em? |
L_ ﬁﬂ x P-10 mA/cm?
S-10 mA/cm?
25 3550 60 70 25 3550 60 70
26/degree 20/degree
Fig.3 XRD pattern of Sn-Cu electrodes made from  Fig.4 XRD pattern of Sn-Cu electrodes made from
sulfate bath. Pyrophosphate bath.
Sn-Cu SnEEES Snj&
CueB%E= Sn-CuB & &
£8kcuss  KEKRCE
fERHEEEE “EBEEEE
Fig.5 Fig. 5 Schematic model of Sn-Cu inclined/double
layer electrode.
Fig. 5
Sn-Cu Sn Sn Sn-Cu
Fig.5
SEM EDX Fig.6 (a)(b),Table 1
SEM EDX . .
- Table 1 Cross section EDS analysis of Sn-Cu
F19-6 g ectrod
(c),Table 1 ectrodes.
Point | 1 2 3
Sn

55.6 61.8 066.6|64.1 62.9 65.0]063.3 874
[wi%%]

Cu

[Wt%] 444 382 334|359 37.1 350|337 126




Fig.6 (c) Sn-Cu
Sn
Fig.7 Fig.7
Sn Sn-Cu
50 120 mAh/g
(a) Inclined electrode (b) Constant 50 mA/em? 400 K] ¥ 5-5n electrode
350 |g AS-50 mA/em’
3 P A 5-80 mA/em?
X..e’ . @ P-50 mA/fem?
= 300 |2 OP-100 mA/em?
éo OJ .0’ ¢ P-Inclined electrodes
- o & > s O
EZﬁO - A ﬂ‘o ‘g @ P-Sn/Sn-Cu
2 LS
2200 |
2
=
S 150
o
=
:—;, 100
2
50
0

Fig.6 Cross section morphology of (a) Inclined
electrode (b) Constant 50 mA/cm? (¢) Sn/Sn-Cu
electrode.
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Fig.8 Charge-Discharge curves of Sn-Cu inclined
electrode made from pyrophosphate bath.
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Fig. 7 Cycle performances of Sn-Cu electrodes.
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Fig.9 Charge-Discharge curves of Sn/Sn-Cu
double layer electrode made from pyrophosphate
bath.
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