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Abstract : Intensive studies on the electrochemical characteristics of TiFe type alloy electrodes
have been carried out to clarify the mechanism of electrochemical hydrogen absorption and
desorption.

It was found that electrochemical activation of the TiFe type alloys is difficult and that
charge efficiencies are very low even after a decade of activation cycles. However, by the
pretreatment of the powders such as gas activation and/or Ni chemical plating, charge efficien-
cies fairly increased, especially for the TiFeosNip2 alloy.

It was considered that difficulties to activation and lower charge efficies of the alloys are
due to the presence of the passivation films, which prohibit inward diffusion of hydrogen
and promote the combination of adsorbed hydrogen atom to gas bubbles during the electroche-
mical charge. In addition, lower diffusivity of hydrogen in the alloys may be played an important
role lowering the charge efficiencies.

1. A B 3E)8 22X (storage celD= 71&9] Ni/Cd &
AR MM anode HAHEZ A CdE F2AR/LF
FA2AFTFE o] &3 N/MHMH=F&F4 o2 gAg Aeg FHAe LAF Ni/Cd &

-29-



AAZF oA - YA - A §

AA o) vl 3] 158 o] g o] E WAL FE A
Ney, 24 F -l EAE JRQ 9 $430.%
¥ E o] AAE wHAYe] 12~13VEAM A
W3 5oy 2l Ni/Cd AA S fFAFE7] w &l
71&€9 Ni/Cd AAE AH&3te A7|717]0) vtz
WA ALg-o] 7tEdtde FAol Sl

A&7-A Ni/MH &3X802 d7F=Hn e

¥2 LaNisZl, MmNisZA (Mm= mischmetal),
TiNiA|, TiCr. B ZrCr,9 Laves phaseAl $olt}. o]
ZolA LaNisAl, MmNizAl §8< 2§54
Hud g3 53 27] §43 540 $5317]
& 71 ol AFHZ o, 4 HL3tE
Ni/MH 3R 9 F#2AZHE 5= MmNisAl
gEoz ¢8A vk 23y MmNiAl Y 3
7tFol da ¥RL, £ g4 W E JEF
&S OF @32 U7 dEe Ro|F EAo]
vymoy olg /Aty AfA e dT94E
Beo] XN&sHA H9E FHEFo] A TAEA
g

ZRA8 FL2AFYFe] @9 ¥, 29
FATG HHEFE F7HA717] AHA & dRFo)
& JEF &L ¥ FH3e MmNigAdl &5
Bk Ti B ZrA §50] f88ch. 28 Ti ¥
A F2AZYEE 27 43T o4,
A7 GH FLFFFo] o]EX ) vl wg FH
o} H 2] 9A ZrA Laves phase 8 & Zr—
V-Ni, Zr—Ti—Ni 2 Zr—Ti—V—NiAl @0l
g A7t JFHeZ S99 v gled, 27
g4%e g oHY Ro|F FAo] 3t
HALEE MmNiAl R} £33 o459 g8
BIHAG TiA &5 FAAME TiNiAl &5
of gk @FW W7 Qled, AolE FEL &
T A EFo] vmA wr] uEd o]y 7
de] @asict

TiAl §3%5 A TiFes §39 Azxd7sl &
A FAG oA SHFY ZHANA W {-FS
Aol stdelth 2t o] 52 27 431
- of¥xm, AA W78 43 ¥HgA] =

a9 F4%0] wl¢ 7] & XF71R Ni/MH
ZAAY AFARRE & FEL 24 F39 ¢
A e FF -GS A 2¥AR o3}
W, TiFed] Y% & Mn,Ni, Cr, Co 522 @5 £ &
Y @AY Fhe FFFE IA A
A gz JHYHE L& 5 US ¥ o] 30
718t 8] 4G el A A2 4371 At st
g A Uk A ol E TiFe,- M, 839
A718%H AFL AAHoR o8 ¥ & Uohd
Ni/MH Z3X 9 HAFE22 08T & Y
TiFeAl §aMdo] 7158 Aoz HzZhdEd,
£ dFaXNe AF7nA 2 #73legs 540
Z g8z AR ¥ TiFed F42AFTFE Ni
/MH &Ax9 AFoz A4 o, H7|383
Fi FF5 32 HEAFE AAdFHeE Golny
A A TiFed ¥ F3td 712 249 TiFe-
M,(M=Mn, Ni, Co) &a& AF3HE, o8 &
9 24, dv|8A4ds 8, TAAE g AFg
HxAdd e HArsesy £35454 843
qe FABRPG. & F - wAdSE 22 € A
5ol F-wALFEd vAE FgS
Atste] ol §39 % - W3 mechanisme
staal st on, oluEd AAE FHIHo=
4718t Ni/MH & 73X & A3 AEZA TiFeA
a9 ol &7t EE BN B T A2E
ASZE F2AZESE MNLer] A% 712 RE

g 41 3

y

S ool P 2 4n ox
2
B
o%

S

n

21 M=H=

2 Ad7ddA NER AHEE TiFeAd #2433
B¢ TiFeE H|%39 TiFewMno, TiFesMngs,
TiFeosNioz, TiFeossMnoiNioes 2 TiFeysMngCoo,©]
Reow, vX37] Y8 LaNis= A3 2F
ol—2 Lalg Nge T24E tS T
A3t 107%torre] M FA A€ TU3A 1100
TolA 104 B¢ o3 FHAE e,

-30-



FZ25 e A g5 A A4P A2E (19939 129)

o] & F71F oA 43t —325mesh EZE THE
T AZAY £ 7)A 43 w4 AER
ALsAT £ AIAZE BEARe] dEE
10~Aol g9 oy 71H) F43 g FHA
BA43 2 mAg Ao, d¥zxAd ot §
gAge B Cu EE NiE F3F=F35h

Cu¢t Nigl 3= 2 484 de g%
£2 g3l AAFFPon® FEF qudd
& B3t =3 Fol FF F 20%7 HEE =
At o7tA A ARET 0125 2
$AQl PTFEEZ 10%2E L4384 3¢ F
AAQ FE AR A4Y3Hd dton/em®e A
g3l A 27 8mm, FA 06~08mme AFHAY
o2 A¥ela, o] E 340T, F& 97 58T
2239 AES AT £ 38 A%,
A gA43xE g%, &0 € A=AZA Cu
Z+ Ni(Raney NDETe EF 4% Foz2 7
2o Azsgoed, ol 7 AT A3

EML et ZAVEH.

22 fEey

E dydA AzE 4 §F AR diAM 2
48 SievertFAPE o] &3t FL& 4Y-ZA

1g 24383, o) R £23E4A Hd
FFE 739 Fig 12 ¥8 A39 &
TAEAASN E3EHLE 2487 A celld B
Ax2 A A ujx] 9 F= 4 F (reference elect-
rode)d] WA FAE JeEE ot} Celld]
anoded &} cathoded & I3 - WAl EAdeE
Ao a7t e & AT W 4L v
A FEE }FA glass filter2 EHAHTG. A
Yo 2 @713 KOHS AL AHg3tgden, &
gR2e FHas A (NOOH)S, Fx2H3e &
A A2 Hy/HgoA 3¢ Agstgch & #83
29| A Ate] BE FHAEES TS}
N FFAZT A FRE YA FtER
g FAsd BAstE Fa7IAY FIAE &3
g 5 UA=F g

4
% proex
o o o

\:

Gas burette

filter

Fig. 1 Schematic diagram of single cell assembly
for electrochemical measurement of hydro-
gen storage alloy electrodes.
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Table 1. Desorption plateau pressure and maxi-
mum capacity of the alloy samples.

Alloy Pamlatm), 30°C Maximum capacity (H/F)
TiFe 58 1.40
TiFeasMnu 32 165
TiFensMnoz 21(5C) 160
TiFensNioz 04 12
TiFepssMnasNiaos 11 130
TiFeqsMna:Couy 19 130
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Fig. 2 Changes of electrode potential with time du-
ring the charge and discharge for the indica-
ted samples and cycle number. (25C, cha-
rge : 10mA, discharge : 5mA)
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Fig. 3 Capacity changes with the number of cha-
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rge/discharge cycles for the nonactivated
TiFe electrodes. (25C, charge : 10mA, 80
min, discharge : 5mA and —0.7V vs. Hg/
HgO cut off)

-]
T

-]
T

TiFeesNipa(gas activated)
O bare powde
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-
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Capacity changes with the number of cha-
rge/discharge cycles for the activated TiFeos
Nioz electrodes. (25C, charge : 10mA, 80
min, discharge : 5mA and —0.7V vs. Hg/
HgO cut off)
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Table 2. Maximum discharge capacity of various
alloy electrodes(25C).

Alloy Fabrication condition Cmndw( AR

- 060

+20wt96 Ni powder 026

+20wt¥6 Cu powder 020

TiFe

Ni-coated 183"

- 220

activated

e Ni-coated 272

- 180

+20wt9 Raney Ni 280

Ni~coated 534

TiFeu Cu-~coated 310

og
- 280
+20wt96 Raney Ni 340
as activated

¥ Ni-coated 1330

Cu-coated 570

¥ con nonactivated 035
gas activatad 068

nonactivated 050

TiFessMmo:Niaos

gas activated 150

nonactivated 024

TiFexsMna;

gas activated 1.60

nonactivated 040

TiFeasMnoz

gas activated 0%

» : the 1st cycle capacity
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Fig. 5 Variation of charge efficiencies with the cha-
rging time of some electrodes for the 10th
cycle. (charge : 10mA, 25C)
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LaNis© TiFeAl &3l s A7587F £49]
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Fig. 6 Comparison of cyclic voltammograms of va-
rious electrodes in 6M KOH. (scan rate : 10
mA/sec)
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Table 3& 71 A543 ¥-g-of 23] B3 A
TiFe$} TiFeosNio: ¥ LaNis §8 A3 9] cyclic pote-
ntio-dynamic ¥+ 3 F40 2 5 &3¢ £4H9

o @e EIMolEe ¥H2A vehd Aotk

Table 3. Variation of corrosion potentials of the
alloy electrodes with the number of cycles
during the cyclic potentio— dynamic pola-

rization.
" - Carrosion potential (V' vs. Hg/HgO)
Alloy
1st 2d d 4h 5th
TiFe om 073 07 085 065
TiFeusNias 074 066 083 061 o8
LaNis 069 073 a2 073 07

Table 3& R4, TiFeAl 852 anode ¥ cathode
B3g uiEdo] npet BAd97 A3 pobledt
wako 2 WalAA AT gl =edte AE Y
# 9tk o]AL anode EFAd H7tdFHoE
ARHE 25y AguFolt) dntgoez 7y
Ao AAY F&e] FH FEejrF A=Y
BA A7} nobled WO 2 o] FJh= A &
g} 2 Apaolth ¥ LaNisel 4 A Y& 239
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Fig. 7 Changes of electrode potential with time of
gas activated and Ni coated TiFeosNio2 sho-
wing the effect of anodic polarization.
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Fig. 8 Electrode process of charge and discharge
on metal hydride electrode.
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dojvte FH 2 WAA Ay BALE
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HSEAE AN £A3E5E P4, WAHA
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g dAle A7|3EE F - ud ¥ &5
AZ 8 4 Utk X open celld]! FHE 71X
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A "o wroF A £49 o] AUixog
@A HYE A el BEd g3 A FA
g2 ZasA 2 Holt 2y FAIIEY
Aol w4 glA Fod FIWEZ it
b a9 o] FAEL FAEER FUHEHA
dr} gutde s B¢ #UjEd €& o #4235
e EFAHFL F ¢A Tafel TAHE o
2t & i TAAAC dd E5 @AM S
g g oz §HEEY.

47N ne 2, e ALz, pot
i 47 Tafel A4 2 ZFHFIERA &
Bz AZAQF, x50 o 2EdAe A
Folt}. o] B} iz FAATY BFHAYANA
A= n¢ log ie] BAR HH d¥FHoz 7
T 9em, 7t 23 g7t HEFE FATYTEI
B AT Fujgdol avtn T & YT

= ANEHZANA AEF oz FEHAE g
e #FE ol&AA FaARrEe 717 (mecha-
nism)& AWalE led 2 FAAM EHY B
7 A o8 g BY gy 2o (2@

(1) The slow discharge mechanism(by Volmer)
H*(ag) + e Hy
2H. e Hz(g)

(2) The slow combination(or the catalytic) me-
chanism(by Tafel)
H'(ag) + e @ Hu
2H., — Hz(g)

. slow
. fast

. fast

. slow

(3) The electrochemical{or atom+ion desorp-
tion) mechanism(by Heyrovsky)
H*(ag) + e Hy  fast
H., + H'(aq) + e Hy(g) : slow
219 7} mechanismEE #H fFEHe £242
AR a2y, gty RN Ar|Edz
A 53], A AFA 8 wel M2 T E me-
chanism® 2 A9 H < 471 9o, 28 oA
Vebd A7HA 8k Ee A ()92 ()9 me-
chanismol] ¥2= ZF9de FHUEE ST
ke A Fo] FulH oz F et Table 491
AFAA AAEHL e 8742 4224 e
7178 4 g7 T2 RE dE&HE F49 fuga-
cty R HE AFF45Y £/FE JeEhygew
F2AFNN F& E= FFEH] YA3H
FHTL RV 45 FFUE F29 FF
7t AU F o2 FE3H, 249 2 A
Zuj@do] I 238 FaVIE FA4o] £9
8t} Table 414 &4%F Ni, Mn, Fe 5& 7|4
el FaRAE 2333 Pd, Pt, NbEE &
£YE 29 F4E AV B F U A4S
FaARTgEE AL ddAd F£ 3PS
Fel2 Ho] 7] dEC 4 FALLY 9%
ad g Hrtatrle of@Aw Table 42 24 ¥F
Ao g F4e 24 T2 F5HHEER, A

Table 4. Equilibrium Fugacities(pressure) as a fu-
nction of the hydrogen evolution mecha-
nism and related metals.

Mechanism Pugacity(stm) Metal

Fast discharge/slow combination e(--Frn B Pl k. Pt
Stow L Ni, Mn, Cu, Ga, Cd,
smmmm 1 Sn W, Hg, T\ Pb

ww w(_ﬁ_“) Fe, Ag
Fast discherge/slow electrochemical _ Al Ti, Cu, Nb, Mo,

descrption (- Ag, Ta W, Au, Bi
Coupled discharge-combination lO“Xw(--ﬁ-n)

Fe
— ool

m w(--ﬁrvo
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Fig. 9 Capacity changes with the number of cha-
rge/discharge cycles showing the effect of
thiourea addition in electrolyte.
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Fig. 10 Temperature dependence of discharge ca-
pacity of gas activated and Ni coated TiFeqs
Nio. electrode. (charge : 10mA, 80min, dis-
charge : 5mA and —0.7V vs. Hg/HgO cut
off)
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Hg/HgO cut off)
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