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Effects of F-treatment on the Degradation of Mg.Ni type Hydrogen Storage Alloy Electrode
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Abstract Effects of the surface fluorination on the electrochemical charge-discharge properties of Mg:Ni electrode in
Ni-MH batteries fabricated by mechanical alloying were investigated. After 20h ball milling, Mg and Ni powder
formed nanocrystalline Mg:Ni. Discharge capacity of this alloy increased greatly at first one cycle, but due to the forma-
tion of Mg(OH). passive layer, it showed a rapid degradation in alkaline solution within 10cycles. In case of 6N KOH +
xN KF electrolyte (x = 0.5, 1, 2), a continuous and stable fluorinated layer formed by adding excess F~ ion, increased
durability of Mg:Ni electrode greatly and high rate discharge capability(90-100mAh/g). 2N KF addition led to the
highest durability of all tested here. The reason of the improvement is due to thin MgF,, which can prevent the Mg.Ni

electrode from forming Mg(OH), layer that is the main cause of degradation.
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Fig. 1. X-ray diffraction patterns of ball milled Mg.Ni for (a)
Ohr and (b) 20hr,
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Fig. 2. TEM images of 20h ball milled Mg.Ni (a: bright field image, b: dark field image, c: diffraction pattern image)
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Fig. 3. Discharge capacities of (a)arc- melted and (b)20hr ball-
milled Mg:Ni electrode.
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Fig. 4. The AES depth profile of 10 cycled electrode in K elec-
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Fig. 5. Discharge capacities of 20h ball milled Mg.Ni electrode
for 10mA/g; (a) K electralyte, (b) 0.5F electrolyte, (c) 1F elec-
trolyte, (d) 2F electrolyte
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Fig. 6. Discharge capacities of 20h ball milled Mg:Ni electrode
for 20mA/g; (a) K electrolyte, (b} 0.5F electrolyte, (c) 1F elec-
trolyte, (d) 2F electrolyte

100 4 ~__
—

80 \ (b

"
‘°'_ \\

20 -

C/lek%

Number of cvcles

Fig. 7. Ratio of capacity/maximum capacity of 20h ball milled
Mg:Ni electrode in different electrolyte; (a) K electrolyte and
(b) 2F electrolyte
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Fig. 8. Discharge capacities of (a) K electrolyte and (b) 2F elec-
trolyte for 100mA/g.

ol FAste] AgstA Hi, o) A Mg.Nig39 whd
%L A2 "ok £ A7 E 2HERIP) o8B
L& A9 3t AF v 9% ATEY) 35l
B} AFE 100mA/go2 & - WA 49 AAS .
Fig. 82 K ¥ 2F iAo AT 2) 28 A9 cycle
EA4& debd Fojot, E3HEe] A Folde A4
TEYHYNE 78 FL& HTAHE M E R
@ T 9kt

ity e 2 Mg (OH) .9 ¥4 W 4 AFe) K
ol A WA o) ul$- oFste] Mg NiDFZF ) Mg7h A
A=A EHSo 2 Habso] OH ol hiA ® #,
Mg (OH) . & JAsHA ®He}®

Anodic reaction: Mg — Mg* + 2e” (1)

Cathodic reaction: 2HO + 2e~ — 20H™ + H, (2)

Overall reaction: Mg + 2H,0 — Mg (OH), + H,
(3)

°l2i¥ Mg (OH) .9} 4L S AR 25
A ARE T k. AR A Y2 MgH7H Bl o8l
A EEA ohgat 2 el a4 Mg (OH) .2 A4
57|= g},

MgH,— Mg (act) + 2H* + 2e” (4)
l
Mg (act) — Mg* + 2e” (5)
2HL0 + 2 —20H™ + H:. (6)
MgH, + 2H,0 — Mg (OH) . (7)

22} FE 742 Qldle] Zriol ¥318¢ Y48
Hed A AL o] HEAdo] Agak 2h4 '8 Hut 53}
$EE ¥A8] FAENAC ol ¥ - WA HAA Mgrh
A el x259& o KOH Had el £33 Fof
2% MgF, ¥4uk-go] Mg(OH), 34§ o= A=
AAEHF7] g Ao B o F doggtye s
A B Table 1*3} 3},



298

AR A11d A4E (2001)

Table 1. Standard formation enthalpy and equilibrium constant of the compounds.

Compounds Enthalpy of Formation(4H®, kJ/mol) Temp.(K) Equilibrium Const.(logK,)
MgH. -79.099~-76.149 298.15~600 -0.413~6.432
MgO -706.844~-601.241 298~3105 99.677~1.677
Mg(OH). -924.664~-923.070 298~542.2 73.156~146.051
MgF, -1124.241~-1244 556 298~ 1536 28.612~187.653
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Fig. 9. XRD pattern of Mg,Ni in K electrolyte.
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Fig. 10. XRD pattern of Mg.Ni in 2F electrolyte.
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Fig. 11. SEM morphologies of 20h ball milled Mg:Ni electrode at
(a) 0 cycle(X2,000), (b) 10 cycles in 2F electrolyte(X10,000), (c)
10 cycles in K electrolyte (X10,000)
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Fig. 12. ICP- AES data for electrolyte of 1, 3, 5, 7, 10 cycle.
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