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Continuous Manufacturing Technology of Nickel-Cobalt Alloy Plating Steel Sheet

for Alkaline Manganese Battery Cathode Case

Yuji Nakano, Eiji OkaMarsu, Daisuke MATSUSHIGE

Synopsis :

Keywords :

The nickel-cobalt alloy plating material has battery characteristics comparable to the pure cobalt
plating material at an initial stage and after a long-term preservation. In addition, the material has
function to reduce the elution amount of metal ions to a strong alkaline electrolyte by controlling
the composition ratio of cobalt in the nickel-cobalt alloy plating layer. However, the ratio is
influenced by a processing conditions of the nickel-cobalt alloy plating such as plating bath
composition, current density, pH, plating bath temperature and stirring rate. Also, it is estimated
that the concentration ratio of nickel ion and cobalt ion in the nickel-cobalt alloy plating bath is
varied depending on the balance between consumption on the cathode and supplement on the
anode.

Therefore, we investigated the suitable processing conditions to obtain the target composition
ratio of cobalt in the plating layer and developed the manufacturing method to control the
supplement balance of each ion from the anode at laboratory. Furthermore, we executed an
examination on a continuous manufacturing line to evaluate the stability of the composition ratio of
cobalt in the plating layer and the concentration ratio of nickel ion and cobalt ion in the plating
bath.

nickel-cobalt alloy plating ; processing condition ; anode ; continuous manufacturing ; ion supply balance
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Table 1 Chemical compositions for plated materials

Chemical compositions [wt.%]
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Table 2 Processing conditions

Ni-Co alloy plating bath compositions Current Bath
densi pH Air flow rate
No. | NiSO,4-6H,0 | NiCl,-6H,0 | CoSO,4-7H,0 H3;BO, Surfactant Mole concentration ratio of Co ensity temperature
g/dm® g/dm® g/dm® g/dm® vol%b % A/dm? - c dm®/sec

1 250 0 0.0

2 233 16 5.1

3 218 32 10.2

4 200 50 16.1

40 30 0.1 5~30 4.0+0.2 60 0.14

5 188 64 20.5

[§ 174 79 250

7 157 96 30.8

8 105 153 48.9




TIH Y 2 VAR FNI-Cotr4: & > & il o i Sd Bt

ZLETCREA A VEMBGT I AERD S, UL, 0K
BIIMAT 2 RFENL L, A BT — P2
270 EET /= Foao 7t 2k L ciliga 2
FOSEL B T LA I NS,

7, &Rk EzZznEhgit L7/ —F; 2 &
EZ0bDEMGHLLET /—F) tweokuiEE? / —F
ERHOTEEA A v OGN T v 22 HIlT 2 kb H 5
Y L L, Ni-Cordrid > EFCNi7 / — F & Co7 / —
FoznznsodFEs 4 v 2+ 28546, HEL T2
CoaHlERIZHIEL T, 7/ — FOKREY A X% %
T 23D 5 7= DI 2 HIR %2 521) 5 & & ki
WICEBEOBRE BB L R 2 HEERH Y, £-Col
WERIDIG U 7 0 AT L 72 2,

Z 25, <Ly MRONi7 /—=FECo7 /—F
BRELTFI VAN Y MCREEL, ZORAT 24
BrRETLZEICKD, ®EA A VO NT v A Z
W¥2zzermatLz®, 22 NiZ7/—FECo7 /) —
FEIBAT 2HA13, 2NFhoRBHOHE E LTk
HLNFEDH B, L L, AR 8 I 2 8hERE T
DEMEZER LT, ZNENRESLTBIROT 7 — F &2l
AT 2L CHERELHLDDERAMMBIZIFTELRLILIC
HHL, Ni7/ —F &Co7 / — FoAiEREIZHNT 2 Co
7/ —RFoEEHE (LT, Cov/— FiREGHXR) 23
BB LT

77— FiclE, £Y7avEL vy ) — RNy 7l
INfF ANy PRI A DCoT /) — A
KTNi7/—FeCor/ —FZERELALLDEMAL,
Hi VN T—ERM O BRI Z T > 72, YrhERE L
LR L 72, Ni-Cofd o - EEFEhoCog Al
GBI L X CRMERIEO B R 5T 2 L50wt. %2
JEicd 22 e LY ©T, WFEMEIZCoEA HFE
ME0WL% & 72 % & 9 RSB L, £/, AV —F
M8l D FE L 255 B VX TR e 7 4~ TOERZEEME L T10A/
dmzt L7, Y — FlloAME#IE]. 2dm2, 5 & 4l
NAT Y OV A R OHE T170mm=x90mm, JE&4
F30mmTdH 5., —E RO BRI A IF AT U THE
MaERHT 5 &z, pHIZ4.0+0.2, BHEEI1Z60°C & 7
BEIICHEL, =7 =TV I EEREHE L2 i
Iz > Z %2 L EEIL, NikConA & itk % il
LCZoMBE2MERT 3 LIz, CoaGHEDHR I
WTHPEL . F7, EMOHEEIHTNI? 2 —F &Co
7/ —FOEBEZMET LI LT, ZNFThOAEMRELEZ
DNT VY AETRL 7=,

2.2.3 FHEEEET A Y TORAET / — FOREOMGEE
Co7 / — FiRAWEZ I L LRE T / — N & i
FeoA oL, @A Aot s v 22T 3
LT IR DEEA TV IEERRET 23R AR

19

GEL7-. 7/ —=Ficix, Ry 7eELr vy ) —RFRy s
MEEFINTFEETGE 7 A Y HOF ¥ vEZry P
FiEDCo7 / — FIRAWETNI? /=N ECo7 / —F %
FIEL 72 b DR L, MRS v 7 Olj S A IZEE L

TEMWI AT 72, B L T 2Co& A LR D )t
55 LI, T4 HEHIERRETNIC O - ZIRIRE &S

P2 g L 7o, dEpEiEh I, EHINico - iz e
HL, NitCon A # ViREZME L T2 DOHER 2 iR
2 L, CoaHHRDOHERIC O W THIHAE L 72, HIg,
BREA T VIRE L Cof D LR a2 A L
7.

2.3 FHAEiAE

2.3.1 ®»oz&®
FEERESCUEBL L 7= 3 13, SOEXE O HTEEE  (XRF,
By A7 8 Simultix 12) & #EEOHIC X DNi-Cotr 4
Do ZFEPHDONIECond > EEZEREL . XRFTIX
Ni-Kofit & Co-Kafpz i L2, %7, okl
ERNROEMEMZ R Y T A7 VB — )L THE L 72812,
10vol.% HNOs/KiFEKRH I2=iE L TNi-Cotr o - & JE
RS TR EF-L 2. ZOMEBERIZOWT,
RSO 77 A FO e irE (ICP-AES,  (#R)5 L
fERrSL ICPE-9000) 12 X YNik Cod A A v ilfE % E &
L, 2O r o 0o TREZHH L. WEKE TS,
Ni=231.604 nm, Co=228.616 nm% {i J§ L 7z. 7 &,
XRFIZ & % MIERS S & U iric X 2 BfsRiE, oo
HICHBREOENEON D Z L 2R L7, ZofRX
D, FEET A v TER L 2541k, XRFOATDODH > &
wEEME L7

728, Ni-Cofrd:d - &EEhoCogaEIZ (1) K
WX DL 72,
Q=Qco /" (Qni+Qco) X100 (1)

22T, QECosALE [wt%], QuiliNivw - & [g/
mz], QcoldCoh o & [g/m2] Z#RT.

2.3.2 o IHEE

Ni-Cor & ® - EMHDONiE Con 4 A v ) 1%, ICP-
AESIC X Dot L7z, MIERIEIL, FERETomRIC,
(S B (T LICPE-9000 % fH L, B 7 A ~ TD
MEEAB Tl 4 23— 4 » AV L% SPS7800% fiiff L
7o, BB, WEKE VI NogE b Ni=231. 604 nm,
C0=228.616 nmZ{diJ L 7-.

%8, Ni-Cohad:d-> T DCoe VIREHEIE (2)
REDHEHL 7.
C=Cco / (Cni+Cco) X100 (2)

2 2T, ClZCoe ViR [%], CrnildNIEIVIE [mol/
L], CcolxCoE LI4EE [mol/L] %57,



B Vol.39

3. MRBIUEE

3.1 EBRETONI-CoAZ o> & DLERHF DR
3.1.1 CoENEEILRDEE

Ni-Co&r 48 - Eirh D CoT )V IRIE LR % 8 L CHEfiR
UL 72 REIC 3 5 2 Ni-Coa o - & i o Coa A L
KOFER%ZFig. 1IRT, OB, Ay — FloEFH%E
135,108 X O20A/dm2E L7, ZOFEE1S, WInoE
MEEICBWTYH, CoBNVEELFED EFICIRL TCof
BHHES LAT 2HADHRTE, FFICCoT VIR
MR T3, CoE'NVIRIEEHHRDZIC N § 2 Cofr Hig
NDWENREIWI EDBDLDE, 2O ED5, CoEl
IREHEMO D - SIREHH L CRET 286, 208
HIZ X DBBIATORERH B L WA S, 1E, Hohk
Ni-Cofr4: @ - & KB DT = 0 BllimfE 1o x4 % HAEME D
e (DT, friiahsR) 2R L2 E 25, FrlziE#EiTve
FTNH5 ~100% & 72> T\ 7z

100
= 90
E. 80
S 70 |
[
(] 60 O
2
2 50
[
.5 40 g T e
*.i 30 Current density
2 99 4 5A/dm?
g 10 ® 104/dm?
Q ! W 20A/dm?
0 1 [ 1 1 | | 1
0 5 10 15 20 25 30 35 40 45 50
Mole concentration ratio of Co [%]

Fig.1 Relationship between composition ratio of cobalt in the

nickel-cobalt alloy plating layer and mole concentration
ratio of cobalt in the nickel-cobalt alloy plating bath
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Fig.2 Relationship between composition ratio of cobalt in the
nickel-cobalt alloy plating layer and current density
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Table 3 Difference in mole concentration ratio of cobalt with composition ratio of cobalt in range of 40-60 wt.%

Mole concentration ratio of Co [%]

Current density [A/dm?]

40 wt.% 60 wt.% Difference
(@) (@-®)

5 16.4 75

10 223 9.7

20 295 11.7
_ 35 70
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Fig.3 Difference in mole concentration ratio of cobalt with
composition ratio of cobalt in range of 40-60 wt.%
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Fig.4 Relationship between anode dissolution efficiency and
anode mixed ratio of cobalt in the nickel-cobalt mixed
anode
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Fig.5 Relationship between anode dissolution ratio of cobalt
and anode mixed ratio of cobalt in the nickel-cobalt
mixed anode
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Table 4 Total anode dissolution efficiency and Total plating efficiency

Anode mixed ratio of Co [wt.%]

0.0 376 443 497 61.9 100.0
Total anode dissolution efficiency [%] 96.5 93.0 92.8 921 91.6 949
Total plating efficiency [%] 94.6 97.2 99.8 96.6 96.0 92.8
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Fig.6 Variation of (a), (b), (c) and (d) as a function of plating area in the laboratory
(a) Concentration of nickel ion in the plating bath
(b) Concentration of cobalt ion in the plating bath
(c) Mole concentration ratio of cobalt in the plating bath
(d) Composition ratio of cobalt in the plating layer
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Fig.7 Variation of (a), (b), (c) and (d) as a function of plating area in the continuous manufacturing line
(a) Concentration of nickel ion in the plating bath
(b) Concentration of cobalt ion in the plating bath
(c) Mole concentration ratio of cobalt in the plating bath
(d) Composition ratio of cobalt in the plating layer
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