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Abstract
In order to investigate the relationship between dendrite formation observed

during the charging process and the passive film formed on the lithium, Ni
substrates on which hydrogen and carbon dioxide were chemisorbed were used in
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an attempt to control the lithium passive film. The electrolytes were used 1 M
LiCIO4EC-2MeTHF and 1 M LiPF{EC-2MeTHF. In 1 M LiClO4/EC-2MeTHF
electrolyte, typical dendrite formation was observed regardless of chemisorbed
gases, while for the 1 M LiPFsEC-2MeTHF electrolyte a uniform and mossy
lithium deposit was obtained instead of a dendritic one. On the CO; chemisorbed
Ni substrate in LiClO,4 electrolyte and also on the H, chemisorbed Ni substrate
in LiPFs electrolyte highly stable solid electrolyte interface were formed. It is
seemed that lithium dendrite formation is dependent on the electrolytes and not

on the composition of the passive film itself, which in turn governs the stability
of the lithium.
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LiPFs + H,O = LiF + 2HF + POF; ( £94% ) 5)
Li,0 + 2HF = 2LiF + H,0 ( & EAZ T HuE ) (6)
LiOH + HF = LiF + H,0 ( g Ed=2EHu-g ) (7)

39 H, F3439) A% AF3L oz #IYY
= 849 AFFARG W
Takehara S¢] HFH7 1o 23] &
= w9 yoto] LiFE A
o] 7“51 Ao 2 AZr=Ew e 24L& Fig. 79 XPS ZRE & # LiF <l
Ro= #HAHITH 1 M LiPFJEC2MeTHF Asi Aol H, F3H83 o] 2
Bg PFL A4 2FAF Fur oo Fol AsjALA v o
A% o3 Uz EABT 92 4 4R Ao ) Aol 4Pe £
813t} Table.lo] VERA ule} o] o] AL Alo]E A &o| /M4 Euch
A4 FA3t Sty Rae) BAE FolrsgE £2A4 B4l 4¥ UAx
E9o) LiFYdto] vf$ F P50 e g F 5 IM LiPFJEC-2MeTHF A
Aolol A H,FHS UAAZe] AZH blue lithiume A4 IS YA
LiCIO, Aalolo] A5t 25E ARFANSE SEMeZ EHL BFY
t}. Fig. 8] B ulsh Zo] AZg AFL FITEZF YARYo] ol

Fig. 2049 2gae 47t =Xt dFFQA A4 F4e £ & Uk
olRAozRE FFol FILvidA HFF o HIAd FxR= THIATI 9
3= @AAo] olUxm Ao &I Aoz vx YR FAFY

AFAH & BAY T3 BAH I

4. 4 &

BERH AEE AR UA|Ro] Hst COE SFFHANNA =4
g4 gen LiCIost e Asdors A= @Al A4 34
BHPor COAFE LixCOsol o3 £& F5d L AP E & F
AR A LiPFe7t €0 e AsjdolMe A= BAflel #2443 3

ox

88



A 18 AA JE AEAY

& Holz gsith ¥kl CO, FHHFY Af FFH 94L& IH 1A
723 24 UAn H, A3 A 44 4= L FFH H9e o
ge 283 e JES L5 AN GA] AlojE A&E FSHh 1
I =AY Aol gle FEAZTE AdAE v HES AFAY FF
#24 PAo] YRHE ROoE HA FA4 AL D3R EA &
3t Aoz A"

71

B dFE 19959 a{HE AAAREor AFAY( Ministry of Education
Research Fund for Advanced Materials in 1995 Yol &J3] o]F o] A

173

uz]_(‘

[1] D. Aurbach, A. Zaban, Y. Gofer, Y. Ein Ely, I. Weissman, O. Chusid and
O. Abramson, J. Power Source, 54, 76(1995).

[2] Z. Takehara, in “8th International Meeting on Lithium Batteries”, Extended
Abstracts, 64(1996).

[3] K. Kanamura, S. Shiraishi, H. Tamura and Z. Takehara, J. Electrochem. Soc.,
141, 2379(1994).

[4] D. Aurbach, Y. Gofer, M. Ben-Zion and P. Aped, J. Electranal. Chem., 339,
451(1992).

[5] T. Osaka, T. Momma, T. Tajima and Y. Matsumoto, J. Electroanal. Soc.,
142, 1057(1995).

[6] T. Fujieda, N. Yamamoto, K. Saito, T. Ishibashi, M. Honjor, S. Koike, N.
Wakabayashi and S.Higuchi, J. Power Source, 52, 197(1994).

[7] S. Shiraish, K. Kanamura and Z. Takehara, J. Applied Electrochem., 25,
584(1995).

[8] Z. Takehara, Z. Ogumi, K. Kanamura and Y. Uchimoto, in
“The Electrochemical Society Proceedings Volume 94-4”, 13(1994).

[9] S. Yoshitake, M. Ishikawa, M. Morita and Y. Matsuda, in “The 34th Battery
Symposium in Japan”, 27(1993).

89



Proceedings of the First Battery Technology Symposium

[10] S.V. Sazhin, A.V. Gorodyskii and M. Khimchenko, J. Power Source, 47,
57(1994).

[11] J. R. Anderson, in ” Chemisorption and Reaction on Metallic Films”,
Academic Press, London and Newyork, 259(1971).

[12] J. L. Goldman, R. M. Mank, J. H. Young and V. R. Koch, J. Electrochem.
Soc. 127, 1461(1980).

[13] E. Peled, in ” Lithium Batteries”, Ed. J. P. Gavano, Academic Press,
London, 43(1983).

[14] J. Yamaki, K. Hayashi, K. Saito, T. Shodai, M. Arakawa and S. Tobishima,
in "#36[0] EithitimE", Tokyo, 153(1995).

[
[ab]
w

2% T

tungsten wire
nickel wire
teflon

lithium metal
1 working electrode

2 reference electrode

3 counter electrode

BRI AL LEGGELIGIUUI AL AL LRLR G B LBRRRTRR

electrolyte

Figure 1. Schematic of half cell
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Figure 2. SEM micrographs of the electrodeposited lithium (2C/cm2, lmA/cmz)
in IM LiCiO4EC-2MeTHF, (a) stored 1 hour on H, adsorbed Ni substrate, (b)
stored 3 days on H, adsorbed Ni substrate, (c) stored 1 hour on CO, adsorbed
Ni substrate, (d) stored 3 days on CO; adsorbed Ni substrate
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Figure 3. Ac impedance spectra at OCV of the electrodeposited lithium (2
C/cmz, 1 mA/cmz) in 1 M LiClIO4/EC-2MeTHF (a) on H, adsorbed Ni substrate,
(b) on CO, adsorbed Ni substrate.
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Figure 4. XPS spectra of (a) Li»CO; powder as standard, (b) electrodeposited
lithium on CO- adsotbed Ni substrate in LiClOs electrolyte.
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Figure 5. Potential profiles of clectrodeposition of lithium on different substrate

with 1 mA/cm2

Tablel. Cycle Efficiency obtained by galvanostatic discharge and charge.

Electrode
Electrolyte

H: chemisorbed Ni Substrate

CO, chemisorbed Ni Substrate

after 1 hour(%)

after 3 days(%)

after 1 hour(%)

after 3 days(%)

1 M LiCIO4EC-2MeTHF

81.8

50.0

80.6

73.3

1 M LiPF¢/EC-2MeTHF

88.2

84.6

63.6
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Figure 6. SEM micrographs of the electrodeposited lithium (2C/cm®, 1mA/cm?)
in 1M LiPF¢EC-2MeTHF, (a) stored 1 hour on H, adsorbed Ni substrate, (b)
stored 3 days on H, adsorbed Ni substrate, (c) stored 1 hour on CO, adsorbed
Ni substrate, (d) stored 3 days on CO, adsorbed Ni substrate
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Figure 7. XPS spectra of (a) LiF powder as standard,
(b) electrodeposited lithium on H» substrate in LiPFs electrolyte.
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Figure 8. SEM micrographs of the electrodeposited lithium (2C/em?, 1mA/cm’)
(@ on H; substrate in 1M LiPF§EC-2MeTHF, (b) on the (a) in IM
LiCIO4/EC-2MeTHF (c) same to (b) but different magnification
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