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Abstract  Effects of the fluorination in the K,TiF; solution and iz-sits KF + KOH electrolyte on the electrochemical
charge-discharge properties of CaNis and the MG-CaNis electrodes were investigated. J- situ fluorination in the KF +
KOH electrolyte compared with pre-fluorination in the K, TiFs solution could improve the electrochemical cycling du-
rability of CaNis and MG-CaNis electrodes. The fluorinated layer on the alloy surface by the pre-fluorination to im-
prove the activity and anti-corrosion of the electrodes was dissolved in the pure KOH electrolyte during the cycling.
The fluorinated layer was formed continuously on the surface of the electrode by the 2N KF addition in the 6N KOH
electrolyte. The excess F~ ion addition in KOH electrolyte could improve the electrochemical cycling durability of
CaNis and Mg-CaNis electrode. But, in case of MG-CaNi; electrode, the discharge capacity of the electrode was re-
duced and the poor cycling property was shown with increasing of the MG process times.
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Fig. 1. SEM morphology of CaNis and 30hr. MG-CaNi; for dif-
ferent F-treatment times.
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Fig. 2. Distribution map of elements in 1 hr. F-treated CaNis by EDS analysis.
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Fig. 3. XRD patterns of F-treated 30hr-MG-CaNis; for
differnet treating times.
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Table 1. Standard formation enthalpy and equilibrium constant of the compounds.
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Compounds Enthalpies of Formation Temperature Equilibrium Constants Surface Energy
(4H°, k]/mol) (K) (log K) (J/m?)
Ca 049
CaH, - 176.983 ~ -180.497 298~700 24.180 ~ 6.227
Ca0 - 635.089 ~ -633.449 298~700 105.731 ~ 41915
Ca(OH), - 986.085 ~ -980.702 298~700 157.400 ~ 58.386
CaF, -1225.912 ~ -1220.577 205.600 ~ 82.509 7
Ni 245
NiO ~ 239.701 ~ -236.425 298~700 37.061_"~' 13.072
NiF - 657.725 ~ -655.239 298~700 106.922 ~ 40.873 ,
Ti 7 205
P Ti0, - 944.747 ~ -941.718 298~700 155.820 ~ 60.885
YTi0, - 938.722 ~ -935.364 298~1700 154.745 ~ 60.426
TiF, - 1689.277~-1640.193 298~560 273.162 ~ 138.791
a) Rutile Type b) Anatase Type
Table 2. Variation of pH during F-treatment.
Specimen CaNis MG=CaNis
Initial pH 3.8
l1hr 423 511
3hr 4.35 531
Shr 4.56 558
Table 3. ICP- AES Analysis of K-Solution for Different Treating Time.
(ppm)
Elements N Ca 0 - s
Ave Sd. Ave. Sd. Ave. Sd.
K solution 8.742 0.03 0.992 0 2849 17.7
CaNi; lhr 158.6 2.75 9.82 0.02 2480 4.56
CaNis 3hr 179.2 1.98 9.168 0.05 2608 325
CaNi; 5hr 288.0 4.40 15.28 0.11 2736 7.90
MG 1lhr 119.7 1.46 2.449 0.12 1810 12.3
MG 3hr 73.47 0.68 1.023 0 787.4 9.18
MG 5hr 29.05 0.28 1.023 0 520.8 344
Remark: Samples were analyzed three times and averaged.(“Ave”)
SD: Standard deviation
Table 4. Elemental Composition Changes of MG(10hr)-CaNi; during F-treatment in K solution.
(at%)
Elements 0] Ti F Ca Ni
MG 10hr K1 30.16 1.745 11.53 6.625 49045
MG 10hr+K3 32.885 2.265 12.52 6.88 45.45
MG 10hr K5 31.115 2.372 13.545 7.847 45.045
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Fig. 4. Discharge capacity curve of F-treated CaNis in K-solu-
tion.
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Fig. 5. XRD pattern of CaNis and fluorinated-CaNis electrodes
after 9 cycles.

Fig. 6. Morphology Changes of CaNis Electrode after 9 cycles
(a) before cycle. (b) after 9 cycles. (c) magnification of (b)

o] W3] AeEE Ao Bes|gch

CaNi;+2H,0+2e~=CaH.+20H"™ +5Ni 4)

olgidt Ar|setd E g JAIEy] Hste] CaNis
= 9ol ZHAFE F ol¢ AT CaF.& Bl X
zuto @ FAA 7|2z} Felot 28 49 & - whA o]
2 EA7 23 59 XRD £4ZHE Bo}p E3HA ] 9
s 343 CaF.= KOH 4 WM A3 748 € =
71845 2A FFE FA d2E & F A o=
CaNis9] 499} whg&er) @) w2714 4%
B9 (oF 17%) 3 5% AFHEA v]EVEA &
g7} =54 e ¥F W2 A E9o] KOH =5
Hd4 Eedo)] B3ERo a7} AL FAkstE] 4



ol - 2 M - A AAF : CaNis ¥ MG-CaNis A3 =H3tAFo v B3y 4% 627

350 ~

| m (a)
R \ —=®— CaNi;
2 —o— MG 1hr
a
‘é 250 —v— MG 3hr
g —&— MG 5hr
g 200 7 :}o\ —o— MG 10hr
g AN\
s 150 \'\o
-::' 100 priemas \o\
Q ~m
2 o—o\o\o\o\ \%A\t' .~
°<3=n=a;§:
%0 | ‘E:R:Q:A
1 L 1
5 10 15 20 25
Cycle
240

— b
g 210 ®
i . —=— MG 1hr K1
E T ag —o0~ MG 3hr K1
2 1w a\, —a-— MG 5hr K1
[ —v— MG 10hr K1
S 120 ‘% ’
(5] Qo
L]
& Q\ N
E 60 vV —v—g
[ ~v.
2 TV I=f=p-
o 3 8=l p—p— g

0 o A L 1 1 1 I ! I J
2 4 8 8 10 12 14 16 18 20

Cycle

Fig. 7. Discharge capacity curves of MG-CaNis(a) and F-treat-
ed MG-CaNis(b) electrodes.

Q=R $FAS} dolutehx A2Hc. 4, Suda
59 sjel CaFo} 40 vlol 4] BkA5 Ho} Cat*ol
&3} £ 7je) Froleo RajsuA 2526 oja uja
o) ZrastRA F43) 557} Yoldehn voalT ok

CaF,=Ca* +2F~ 5)

MG-CaNis A=2 7ZA¥, £l #& 3 -4d 5
A #3229 73 2 AFAE 2 5 Aok E3AE
2 AT (b) o] w4k MG A=t & A2 () ¢ vlshe
oFY At sich. MG A7ke] $7H4 S whadg-ake) Zha
7} AAFA el ont,'? 3217, 5412 MG#F A=
7] WAg=Fo] 1217 MG R ATl AE g AT A
2 do} B3}zl o3l ] A5 ABE 2 v
A B AAHEA v EEe] FHA FVIE S
o] 27}k Reo 2 WetEgde}. 22t MG-CaNise] A
9] A= CaNis®} 73¢9} vla7iA 2 B8 A2l 27)
A5}t Exlolvt AvistetA A FF 3= dldch

MG-CaNis®] E3t42] A|2tell & SA3HsE Adsjn
7] A L] vA g7t A3 AP A ALk
dofu}r] Aal 10417 e MG ELE K oA 7
z+ 1217, 3412, A 8 AE & & wAdsss 53
g A3 29 8ol et itk &332l st MG}
Aol A A" CaO7F 18 34 &% 5 sle= 7Y

i
-

Pk

oft et lo fv

2

80

i

=)
£ —u8— MG 10hr
E 70 ~—0— MG 10hr K1
2z . —a— MG 10hr K3
§ wl /7 —v— MG 10hr K5
i} o
S s /‘/‘\\ S
g \\ ——o\.\l
g V/V\v\v\v e e,
8 —a
\\v— Aa
30 1 I " L L )

2 4 6 8 10 12 14 16
Cycle

Fig. 8. Discharge capacity curves of F-treated MG(10hr)- CaNis
in K-solution.
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Fig. 9. Discharge capacity curves of F-treated CaNi; in 6N
KOH + 2N KF solution.

—=— CaNi,
300 - —4— MG 3hr
e, O MG1ON
~ 20} .
Ky A -
;\‘\
: o —
E w0l \ A
& 0, ‘\\
8 \ L\A
g ®r °\
© 6N KOH + 2N KF LN
2 400} Charging: 100mA/g, 3hr °\°\
) . A
§ Discharging : 100mA/g °\°\o
8 sof o
1 1 1 1 1 1
2 4 [ [} 10 12
Cycle

Fig. 10. Discharge capacity curves of MG-CaNis in 6N KOH +
2N KF solution.
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