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Abstract

While a nickel mesh and an expanded nickel sheet are used as current collectors for supporting active
anode materials in rechargeable batteries, a porous nickel substrate is studied extensively for its 3-dimen-
sional structure which has high capabilities for active materials and current collection. Optimum plating
conditions were studied by polarization measurement. Scanning Electron Microscopy (SEM) showed that
both electroless-and electro-plated nickel on an urethane substrate were highly porous and consisted of
nearly spherical pores. The diameter and the channel size of the pores were found to be 300~500 /m and
50 ~200um, respectively. The shape of skeleton resembled a triangular prism with length extending about

50~100 um.
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Specimen

Fig. 1. Schematic diagram of apparatus for elect-
roless plating of nickel.
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Fig. 2. Schematic diagram of (a) nickel plating ap-

paratus and (b) electrode configuration.
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Table 1. Solution compositions and conditions for electroless plating of nickel

Nickel Sulfate ( NiSO,-6H,0)

22.7g /L (Ni5 g L)

Sodium Citric Acid ( Na,CH:0,-2H.0) 33.0g /L
Sodium Hypo-Phosphate ( NaH,PO,-H;0) 17.1g /L
Sodium Hydroxide ( NaOH) 4.0g /L

pH 8.0~9.0
Temperature 30~40°C

pH 8.95
40°C

Plating conditions

38+ 3 cmHg (0.5 atm)

Flow rate : 600 mf/hr for 30 X 30 mm (54 sec/cm)
1400 mé/hr for 70X 40 mm {72 sec/cm)

Plating time : 30, 60 min
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Table 2. Solution compositions and conditions for
electro-plating of nickel

Bath composition

and conditions Low pH Bath | High pH Bath

Nickel Sulfate (g/¢) 330 240
Nickel Chloride (g/ ¢ ) 45 45
Boric Acid 38 30
pH 1.5~4.5 4.5~6.0
Temperature (C) 35~60 45~70
Cathode Current Den- 20~100 90~100

sity (mA/cn?)
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Table 3. Optimized conditions for electroless nickel

plating
Initial pH 8.95
Temperature | 40C
Pressure —38+3 cnHg (0.5 atm)
Flow Rate 600 ml/hr for size of 30x30x 1
(54 sec/cm)
Time 30min
Final pH 6.85 % 0.10 for size of 30 x30 x 1

Foam (30x30x1)
Urethane, wt. 28.2 mg/sheet (31.3 mg/cm?)
Urethane +EL, wt. 46.2 ng/sheet(51.3 mg/cn?)
Ni Loaded 18.0 mg/sheet (20.0 mg/cn?)
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Fig. 3. Potentiodynamic curves of nickel plating on
poly-urethane foam at different potential
sweep rate.
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Table 4. Current density and potential in various
methods for nickel plating

Potential |Current
Density
(mV vs. SCE) (mA/cm?)
777 20.8
Potentiodynamic method —811 29.9
(scan rate : 0.1 mV/sec) —841 40.0
—869 50.2
—777 20.0
. —811 30.0
Galvanostatic method
—841 40.0
—876 50.0
-
—777 20.4
. . —8l11 30.2
Potentiostatic method
—841 39.5
—876 50.7
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Fig. 4. Current vs. time plots of nickel plating on
poly-urethane foam at different potential
changes.
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Table 5. Nickel plating characteristics of porous Ni substrate at potentiostatic method

Potential 1 Imax Area Coulomb Weight (ng)

(mV vs. SCE) (mA/cm?) (mA) (cm?) ©) Ur+EL+ED| Ni(ED)
=777 20.4 285 14.0 1010 362.1 315.9
—811 30.2 387 12.8 1304 443.2 397.0

L~ 841 395 510 | 129 1762 593.0 546.8

Ur, EL and ED stand for urethane, electroless-and electro-plated nickel, respectively.
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Table 6. Weight and porosity changes of porous nickel substrate

i Potential Weight (mg/sheet) Ni-(&igiled Porous Ni {(30x30x% 1)
(mVvs. SCEV | UrgEL | UHELHED | EL+ED | mg/sheet | mgfen® | porosity
-777 282 462 362.1 3339 330.7 3675 95.9
~811 28.2 46.2 443.2 4150 4150 4613 948
- 841 282 46.2 593.0 564 8 5480 608.9 93.2

Ur, EL and ED stand for urethane, electroless-and electro~plated, respectively,

Fig. 5. S.E.M. photographs of electroless plated
nickel poly-urethane foam.
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Fig. 6. S.E.M. photographs of nickel plated poly- Fig. 7. S.E.M. photographs of porous nickel foam.
urethane foam,



132 friAsl

Z33)#] A28 A35 1995

.48 B

2445 AAE B UAAAAE AxE] 9
3t $H"7|A] o B YAxT ¥ V=SS
AAst, Ao 2821 3 Az o34 YA
AXA A et d7E A e 2L FES
LAt

D $d271A A H3e FA8 JA=F

Z3L &% 40C, %7] pH 8.95, 600 mf/sece]
fd&z 2 057199 Agtellen, FF pHE
6.85 %t}

2) EL 7] JARF UM, YA 4
A= pH 2.1, 50°CAA -600 mV vs SCEoA]
AR, 228 e JUd.

A =FE UATREAY 37 UAET
o doiM, AFH =F WYL BAS P,
TLE =39EE 47l AfME 2rlde ve
AFLEAA, L7lde e ARL=AN =73
< 224 =S Aol ¥

4) ARYEY} F7t @45 UARIHE 37
39T, A9 VITEE Badtged, Ay AT
TE 95.9% 2 et

5) Azd FA4 UAAAAE ¢ §2 7F
& Z3n gled, 2 gL A9 FY9 s,
7] 300~500 maA ¥nEy FIFE IA7E
Za glom, 713e dAZFs= B2 =7 50
~200 .

6) clT FEHFe JFEHR FRES YA
< gAY FFL A JITESeRA 3
A7l & 50~100 pmoj™, HZKd] H)5ie] AR
Bo| 244 =2Ho| 2B 2FE Ho|n Ytk

B AT 1992dx FHHFA ALdAF L
Al ZleNEAE S Tl 2 F dRdEE

7

=

Wy

10.

11.

12.

. AZIEM I EREI(R),

= U

ra

ARA I, MMIE—, & 4, /NI  Denki

Kagaku, 54(2) (1986) 159

RHE, SEIER, W7 B, MUK © ibid,,

57(6) (1989) 480

. H. H, Law and J. Sapjeta : J. Electrochem.

Soc., 135(10) (1988) 2418

. M. Oshitani, H. Yuhu, K. Takashima, and

Y. Matsumaru : ibid., 136(6) (1989) 1590

. M. J. Avena, M. V. Vazquez, R. E. Carbonio,

C. P. De Pauli, and V. A. Macagno : J. Appl.
Electrochem., 24 (1994) 256

. A. H. Zimmerman and P. K. Effa : J. Elect-

rochem. Soc., 131(4) (1984) 709

. F. Porter, A. Delahaye—Vidal, and M. Figlarz

*ibid., 139(3) (1992) 671

LR I, MILIE—, S8 8 MERZ, NI

1438 : Denki Kagaku, 54(2) (1986)
HARFEFLR, 1B
57-123942 (1982) 247

WHER, HK # FHEE BTER
(#), BARFL®, F 3-336969 (1991)
395

J. Babjak, V.A. Ettel, and V. Paserin : Inco
Ltd,, US. Patent 4, 957, 543 (1990)

J. K. Dennis and T. E. Such : Nickel and
Chromium Plating, Butterworth & Co. Ltd,
London (1972) 92



