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Development of High Capacity Positive Active Material
for Ni-MH Battery
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Abstract

Novel Ni(OH), with high capacity and high density was developed as positive active materials for Ni-MH battery.
The Ni(OH), was synthesized in the state that both @ and 8 type Ni(OH), coexisted. It was turned out that the syn-
thesized Ni(OH), showed about 1.2 times in the reaction electron number in comparison with conventional f3 type
Ni(OH), in the flooded type cell. Furthermore, it was turned out that the reaction electron number was increased
about 1.3 times by substituting a part of Ni of the synthesized Ni(OH), for Zn and Co. In addition, it was clarified
that the reaction electron number was increased by the addition of the rare earth material to Ni(OH),. These effects
could be observed only when o and 8 type Ni(OH), coexisted, and it was assume that the reaction electron number

is shown about 1.4 times by these effects.
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fRIR G BT, 2y TEEDKEE B L EBERR

a R IRAIREETHKT A2 2 L TRBEENDEGRR
TRIERYEE OBFEICHKII LTz, 51, Ni(OH),
DInBRY, HBWVE, CoEfiaZRELT S
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HIXRZC LT, MObETEDMETZCEERIEL
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2 KERAE

2.1 EREMEDER
2.1.1 Al Zn KT Co BiE%ZZ{t LI-IEARENE

Ni, AL, Zn 58X U Co DIKAEMEZEEOEEGTED
o, &Ft1 moldm™® OKEHExB KA A4
ZHIKICTAIRE BTz, T DIKVAHE% 6 mol dm™ D
NaOH /K& 7z FIVT 45 °C, pH 11.0ICHAEEL =7
WAV IKERICHEIE U O N L. AR LTfR
Bz AN pH 7 L7225 X T/KEAB L. 186N
e AR E 2 80 C, 12 Kefll§z/E LI d 52 LT
MAIRD Ni(OH), K72 FE L 7z.
212 HrExFREE#HRLUCEEEE

Ni, Al B X UER T HITEROKBEEZEREOEIS
TEOED, ARf1 mol dm™® DKIAHKE 5% XS

VRREIKICTARE B, 2.1.1 HD 51k L FREIC

Ni(OH), bi F72/F8 L 7z.
2.2 XRD HIFEIC KX BiEaiEEmET

TEYVE DR EAEERTM & L C CuK a i@z VWEE
it 15 mA, J#EEE 30 kV, #lEM 5°H5 85°, 10°
min' DZ&MFTXRD HIEZ BT 5o fz. HIEEEE I
MiniFlex T (VA 78 7ZHz.
2.3 BAAREFIESTE

AR U T BB E R 7R O B AR M L AT FH B =R
Wz AW CREM L 7. IEMAkid REdiE Y E 89.5
mass% (Z, PTFE 0.5 mass%, o —-Co(OH), 10 mass%
BXUBERIZINA T, "—=ZX MR, 320 m*g

FEiol Ni B TeE « 52020, OB L TERIL 2.
X7z, mHECREORMIROBEEHEMRE LT, £
HEOEED Al ZZ@E# U 7z Ni(OH), 1<% U T5EITR
DAL EEDEIAFICZR D K OMARIEG LTzD B,
PTFE 0.5 mass%, a—-Co(OH), 10 mass% 5 & U Bgkk
KlZhA T, LRdEAMOTETCEmZFRE L.
LaNi5 SR D/K R W & B2z It & L C, 6.8 mol
dm™ KOH 7K & BRI FI W C R A B AR FEith
ZVEELUTz. 20 °C, 0.1 7A T 15 FReffi7eE, 1 KERY
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fkiL, 0.2 /A T Hg/HgO B H LT OV ETD
MEZREOIRL 5 VA7 IVEBTE-> T,

547 )IVHOREFELD A (1) ITRIT NiD 1
EH IO B T ROMERA RN b KGEF 27
L7z

Ni(OH), + OH — NiOOH + H,0 + e (1)

3 BREEE

3.1 Al Zn $&T Co BIEDIRET

Ni O—7% 0, 10 BX T 20 mol% D Al TEH LT
Ni(OH), ® XRD /8% —>/7 Fig. 1 liRd. Kb, O,
20mol% DE DI ZFNFNB, aBHEICAZD L
Nhha, Fi, 10molDEDIFaBXT B IE
KIREENA R Y= DTN, ZDDENMEE
LTWaZ eMbh%. Fig 212, 05 20 mol% D
HFA D Al THEHE L7 Ni(OH), © 5 41 2 )V H O KE
ARSI U7 N 4720 ORISEF B2 Rd.
AIEMRICE > T, RICEFRIBRELEITSC
EMDND. FHS, 10 BXT 15 mol% D Al D & &,
ZNEh, 1.19, 139 EFHRISL, KIGE O
KRB BN, Fig. 312 ALEA 15 mol% O Ni(OH),
DRy TEER 100 & UTzBED &2y TEE 2 RT.
Al 87V 15 mol% TH 2 & KIGEFHIIRKELZS M
2oy TEEMERT ST LD, Al&EIE 10 mol% 12
ENRETHZEEADBNS. Fig 41, AlBXT
In BE & OOE TR E OBIRZ/RT. Al&ED 5 H
5 15 mol% OFE, Zn&%Z 5 mol% &35 & T
JISEFEN 006 /T B Lhbhsd. £k, AlE
Z10mol% ICEHEL T, CoBXU Zn EE KISET

N v a-Ni(OH),
e B-Ni(OH),

Intensity / -
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Fig. 1 XRD patterns of (a) 0
Al substituted Ni(OH),.

, (b) 10 and (c) 20 mol%
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B e OBIFE Fig 5 10RT. Zn BBXU Co EZh
ZMNn5mol%, 3mol% &9 % & TRIGETFHEMN
004MT AT ENbLhD. ThbDT b,
Ni(OH), ® Ni O—&% Al, Zn, Co TEMT 2 & T,
X0 2L ORIBETEZE EDNI(OH), 255 T LN T
Tz

—fEHIIC Al BHEIEDIEING 5 2 & T a TEOERE
BN URISEFREIENT 5. LAMLENS, Ni
OEALENMDAEMNICS 7 L TWE, BEREEBNIC
FEHEL TN T ENEBMEFAERICE NI OBELK IS
MFHFIICH D, REBNEMETTS. 0055
mol% ® Zn B KT 10 mol% D Al Z{&#: L 7z Ni(OH),
WDV, FHAIRE 20 °C, 0.1 /A T 15 K7 E
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Fig. 2 Relation between various Al content in Ni(OH),
and the reaction electron number.
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Fig.3 Dependence of the tapping density on Al con-
tent in Ni(OH),.
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L7z ZORBHBND, Zn BEOHEINC & &RV
FEREEMHDEANCS T Mg R ehbhol. ZD
728, In BEL TGS, Ni OFREHENUE S NK
ICETFEAmLELZEDEEZENS. £z, 0D
5mol% @ Co B & T 10 mol% D Al % & #2 L 7z
Ni(OH), I DWT, FAMEMEN D Zn GO ED &
WEZD, CoBEMINEE 2T & T Ni OBIEENA
BANC T F BT b ol. FDics, BBEHK
AN E Ni OBBLBEN & DENKELARD, Ni DO
LM HCETTZBDEEZEND. KIGE D
BInE BIEHIE DL G o BEREEOLGICIEA DN
BN END, afbl BIEMNIERDIRETHEELE
EEDHRDOENDIHRTHSHEEZONS.
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Fig. 4 Zn substitutional effect on the reaction elec-
tron number in ()0, (1) 3, (@)5, (A)10, (C1)15
and (O) 20 mol% Al substituted Ni(OH),.
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Fig. 5 Co substitutional effect on the reaction elec-
tron number in 10 mol% Al substituted Ni(OH),.
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32 HIFTEROMR
Fig. 6 IC Ni(OH), D& M RFIC Yb Tl ?ﬁ'& LiziGa

Ni(OH), & Yb,0; & ZkHMAIRG L7cHEIC I % Ehi
o Yb B E (REHRE) ERISET yﬂwwﬁ%ﬁa’:

RY. Yo EAEZEMEEZ T E TN DORILNET
BEINT 22 &ehbh 5. iz, Yb THRFFICHE
L7z D EMAREA LIS DL O TRIGE 7D
KERZZRENE. Fig 712 Yb,0, % Yb D%
JEHUE T 1.8 mass% MH{AIE S L 7285 @ Ni(OH), H
O Al EfE & KINE TR EOBGRERT. K, Z
D & EDRISEFHROENEZ Fig. 8 II/RT. AED
Co P Zn EHe L [AAEIC, Al BHEN 555 15 mol%
DT Yb,03 ZIRINT % T & TRIGETFHMNEINT
BT ENDLMND. iz, ZTOWEINET Al OEHLEN

" Yb,O, addition
Yb-substitution

Reaction electron number/ -
—
N
(0]

Yb content / mass%

Fig. 6 Yb effect on the reaction electron number in
10 mol% Al substituted Ni(OH),.

1451 Yb,0, addition of 1.8 mass%
in term of Yb metal

No addition
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Fig. 7 Dependence of the reaction electron number
on Al content in Ni(OH),.

10 mol% D & ERAKLED, KISEFEMN 0.1 Hhn
9 %. Fig. 91C Al T 10 mol% B X UBEHEICTH
Y & CEF L7 Ni(OH), OFMHFD Y ZH & & RIGE
THEOMBEERT. YTBEBRLEGAIIBOLTE
Yb & FRIC R ISETFENENT 5 2 Wb %, Fig
10 I T TR TREHEIC T 0.8 massh %?53 L
TG B DRIGEFEZRT. Ce TEELIZIGAICIE
RISETEOEMEA S NIxV. £z, Dy L/{KEFU)J?:
FH SO T THEICBOTHICRENRE N N
D%, Table 1 IC& THTRTERLZHAED N
OLEN B X UEEEREEN & OMFRZ/RT. Fig
101ICBWVT, RIGEFROEMMA LD ENTILHR
&, Ni OFgfbEN L BRFEEMEDENKE KR
STN57S, EBRZANENM ELILEEZBNS.
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Fig. 8 Increment of the reaction electron number by
adding 1.8 mass% Yb to Al substituted Ni(OH),.
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Fig. 9 Dependence of the reaction electron number
on (M) Yb and (A) Y content in 10 mol% Al substi-
tuted Ni(OH),.
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Table 1 Effect of rare earth material substituted in
10 mol% Al substituted Ni(OH), on the potential dif-
ference between Ni(OH), oxidation potential and oxy-
gen evolution potential.
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Rare earth material A V¥ / mV
No substitution 60
Ce 63
Sm 70
Dy 80
Er 81
Yb 82
Lu 83

* The potential difference between oxygen evolution po-
tential and Ni(OH), oxidation potential.

1.24
1.23
1.22+
1.21+¢
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119+
118+
117 ¢+
1.16
1.15

Reaction electron number/ -

Blank* Ce
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Fig. 10 Comparison between the reaction electron
number and the species of rare earth material substi-
tuted in 10 mol% Al substituted Ni(OH),.

*10 mol% Al substituted Ni(OH), without substitution
of rare earth material.
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Fig. 11 Dependence of the calculated reaction elec-
tron number on Al content in Ni(OH),. Triangle sym-
bols (&) mean 3 mol% Co, 5 mol% Zn and Al substi-
tuted Ni(OH), with 1.8 mass% Yb additive. Square
symbols (M) mean Al substituted Ni(OH),.

RIGE TG/ LB ROGTER L L HICHEINT %
W, mtETR2ZRICEAETH5G, NigfAaED
WO UNBEREMETL, £z, EnEmdsc e
Mo, WmIFEOTHERICLREMEND L. Fig 6
MOHTHEICREOETHED 1.8 massh HD Al DiEH
2= 10 mol% I BT, KISEFEIL, I 1.3151C
BHTENDOMNB.

chucmz, #idD ZnBXT, HB\E CoDiE
PUCE > T, MISETHZRATHN 14BETEDS
TEMTE. Fig 11IC& AIEHBEDTAIC Co 3
mol%, Zn 5 mol% T L 7z Ni(OH), I Yb,0; 7 Yb
D EHE T 1.8 massh MRS L2 G DO KIGE
TEHOTHERRL, Fiz, Fig 12 1CKISETEE
HEEOMEZ/RT. COME, NEFORENRNTZ5E
FRVHERNR AT RV F—EHEO RN RS ET
H5H. TOEE, AIEHENS5 M5 15 mol% FEED
a B & BIEMREDIREEIC BT, ARETDOUL %
BIAES TETHRMEHEN TS BB EDARS
IRV F—EFEEZRT T EMNRBENT.
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ARRRFORE R, Ni(OH), EfaHIic AlZz 5705 15
mol% B E ¥ 5 L TRIGETFHRNM ETHT L%
HSMI L, Zv TEEOBSMND Al EAEE 10
mol% MREETH B EMbhoiz. iz, AlE5
A5 15 mol% EH#1L 7z Ni(OH), 1< Co BXT, HBHW
& Zn ZE#T 2 TRIGEFEDESICm LT 2
TEERBALGMCLE. AL COoBXUZInkZhEhn
10 mol%, 3 mol%, 5 mol% &L 7z Ni(OH), ¢, =
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Fig. 12 Relation between Al content in Ni(OH), and
the product of reaction electron number and true
density.
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(1) D 1 BRI, 1.29 BORISEFEERL
Te. THUTMAT, Ce MO T uHEZEMNIC
BHET S & TRICETEITRAK 1.4 f5F cnd
LT eEELMILE. i, TOMER, alBl
BIEMIREAE L T3 Ni(OH), TOHFEIHT % T &M
S ERS Tz,
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