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Abstract : A macroporous Sn thick film as a high capacity negative electrode for a lithium
ion secondary battery was prepared by using a chemical etching method using nitric acid for
a Sn film having a thickness of 52 um. The porous Sn thick film greatly reduced the over-
voltage for the alloying reaction with lithium by the increased reaction area. At the same time.
The porous structure of active Sn film plays a part in the buffer and reduces the damage by
the volume change during cycles. Since the porous Sn thick film electrode does not require
the use of the binder and the conductive carbon black, it has substantially larger energy density.
As the concentration of nitric acid in
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etching solution increased, the degree of the etching increased. The etching of the Sn film
effectively proceeded with nitric acid of 3 M concentration or more. The porous Sn film could
not be recovered because the most of Sn was eluted within 60 seconds by the rapid etching
rate in the 5 M nitric acid. In the case of etching with 4 M nitric acid for 60 seconds, the
appropriate porous Sn film was formed with 48.9% of weight loss and 40.3% of thickness
change during chemical acid etching process. As the degree of etching of Sn film increased,
the electrochemical activity and the reversible capacity for the lithium storage of the Sn film
electrode were increased. The highest reversible specific capacity of 650 mAh/g was achieved
at the etching condition with 4 M nitric acid. The porous Sn film electrode showed better cycle
performance than the conventional electrode using a Sn powder.
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Fig. 1. (a) The weight loss ratio and (b) thickness change
of thick Sn film after chemical etching according to the
concentration of nitric acid.
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Fig. 2. Optical microscope images of the chemically-
etched Sn foils for 60 seconds: (a) pristine, (b) 2 M HNO;,
(¢) 3 M HNO3, and (d) 4 M HNO:s.
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Fig. 3. FE-SEM images of the chemically-etched Sn foils
for 60 seconds: (a) pristine, (b) 2 M HNO;, (c) 3 M HNO;,
and (d) 4 M HNO;.
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Fig. 4. 3D-profiles from optical microscope of the
chemically-etched Sn foils for 60 seconds: (a) 2 M HNO;,
(b) 3 M HNOs, and (c) 4 M HNO;.

52 umE FALH vt wkgHA o] FEIA| &7
ujZol| & wkso] HAYsH7] oHTt. Fig. Sadl
YERE AeaS BA =9, A HA SHI A
25| =3} vkS-(alloying reaction)ol] 2|3+ &3
°] 90 mAh/g Hell YERFA] erom, Wz oA
H] 33} WkS-(dealloying reaction)® 2 UER}= 71
2O 22 mAWgOE A §Zo] BHEZR PSS
lstnt. A gAel AL ot 7Kl ek
7180] WAL Zojx)7] wjie REEHA o] Frtst
Al HHA A7sstg oz ghgo] fol3hA EHo] &
dol F7IslHA &o] FrtetA Ert HAke] vE
7t Z42E 2, 3, 4 MR EoiAM Azste] Alxd A=
o] 7ol 71983 7}z 51, 519, 650 mAh/gS
2 22 FrreA Boh B A 9 Il



40 J. Korean Electrochem. Soc., Vol. 22, No. 1, 2019

(@)
1.2 4 l|
.
~ 10 !
- ] 1
< |
3 08+ //’
5 /
0.6 pristine
R B 2M
g 3M
2 04
8 os iy
°
> o021
0.0
0 200 400 600 800
Specific capacity / mAh g
(b)

pristine
2M
3IM
4M

Differential capacity / Ah (gV)"

0.2 0‘.4 0?6 UTB 1‘.0 12
Voltage / V (vs. LilLi")
Fig. 5. (a) The galvanostatic charge/discharge voltage

profiles and (b) the differential discharge capacity plots at
first cycle obtained from Li/Sn-film half-cells.
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