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Abstract

A nickel mesh and an expanded nickel sheet were used as a current collector for supporting
active materials of cathode in rechargeable batteries, while a porous nickel substrate was extensive-
ly studied because of its 3-dimensional structure which has high capabilities for active materials

and current collection. Optimum coating conditions were studied by SEM and two step d. c. constant

current electrolysis for the graphite coating and electro-plated nickel on an urethane substance
which was highly porous and 3-dimensional structure. The density and the porosity of nickel sup-
port obtained by using two step current density and 80 ppi urethane substance were 0.38~0.40 g /cm®
and 94~96%, respectively. It was possible to fabricate a highly porous and good packable nickel sub-
strate using two step current density and surfactants at sulfamic acid nickel plating bath.
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Fig. 2. Schematic diagram of resistivity measuring
apparatus for carbon coated polyurethane.
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Table 1. Solution compositions and conditions for
electrochemical plating of nickel

Bath composition and conditions | Low pH Bath
Nickel Sulfate (g / ¢) 330
Nickel Chloride (g/ €) 45
Boric Acid (g/ ¢) 38

pH 1.5~4.5
Temperature (C) 45~60
Cathode Current Density (mA/cm®) 20~100

Table 2. Solution compositions and conditions for
continuous electrochemical plating of nickel

Nickel Sulfamic acid, [ 6505 /1. ]
Ni(NHS0;).-4H,0

Nickel Chloride, Nicl,-6H,0 15g /L
Boric acid, HsBO, 36g /L

pH 3.7~4.0
Temperature 60°C
Cathode current density 50~800 mA/cm®
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Fig. 3. Schematic diagram of nickel plating appara-
tus (a) and electrode configuration (b)
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Talbe. 3. Specific electric resistivity of poly urethane after coating graphite powders.

Ethanol . graphite specific resistivity(£2-cm), 27 ppi specific resistivity(£2-cm), 80 ppt
15 : 1(1st appl.) *1.3%x 107 *1.1x107 t4.9% 10¢ -
15 : 1(2nd appl.) 3.7x 10° 2.7%x10° © 1.0x107 *3.0x 107
10:1 4.3x 107 46x107 58x 107 50x107
: 3.8x10°¢ | 3.5x 10° -
5:1 1.2x10° 2.8%10° —

*[talic © bulk resistivity, *Gothic . sheet resistivity
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Fig. 4. S. E. M. photographs of carbon coated poly

-urethane(27ppi}foam.
(a) 151 (b)5:1
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. S. E. M. photographs of carbon coated poly

-urethane {80ppi) foam.
(a) 15:1 (b)5:1
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Fig. 6. S. E. M. photographs of nickel plated poly-
urethane foam (27ppi} with applied current
density.

(a) 2 A/dm? for 90min.
(b} BA/dm? for 60min,

Fig. 7. S. E. M. photographs of nickel plated poly-

urethane foam (27ppi} with applied current
density.

(a) 10A/dm? for 30min.
(b) 20A/dm? for 15min.
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Fig. 8. S. E. M. photographs of nickel plated poly-
urethane foam (27ppi) with 2-step applied
current density.

(a) 4 A/dm? for 30min. after 10A/dm? for
30min.

(b) 4A/dm? for 30min. after 14/dm?® for
15min.
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Table 4. Solution compositions and conditions for
electrochemical plating of nickel

Optimum
Standard
range
Nickel Sulfate (g/¢) 240~340 280
Nickel Chioride (g/ ¢) 40~50 45
Boric Acid (g/¢) 35~45 40
Surfactant, G, (mé/ ¢) 5~15 10
Surfactant, G, (mé/ ¢) 1~4 2~3
Cathode Current Density (A/dm?) 1~15 4
Anode Current Density (A/dm?) 1~3 2
Temperature c) 45~70 55
pH 4.0~4.6 4.2
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Fig. 9. S. E. M. photographs of nickel plated poly- Fig. 10. S. E. M. photographs of nicke! plated poly~
urethane foam at standard plating condi- urethane foam (27ppi) with amount of
tion. brightner G1 andG2.

standard amount of G1 and 3-fold
amount of standard G2
(b) standard amount of G1 and 5-fold
amount of standard G2.

(a) commercial foamed Ni (a)
{b) standard amount of G1 and G2.
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Table 5. Fabrication conditions and chractersitic of foamed nicke! support.

Material electrolysis condition density (g /cn®) (%)
aterials ensi cm rosi
. d. (A/dm® | time (mim) V8 porostyt
Sumitomo — — 0.38~0.4 94~96
27—1 6 120 0.72~0.98 89~91
‘ 12 30
27 ppi 27—2 0.72~0.88 91~92
: 6 30
poty 14 15
urethane 27-3 0.53~0.69 92~94
6 10
27—4 12 30 0.57~0.77 91~94
6 40
80—1 0.38~0.40 94~96
80 opi 2 10
1
lpp 80—2 8 25
oly- — ” ”
poly 4 15
urethane
10 25
80—-3 » »
4 10




ZALLE o8 I UAAAA o] Az FF AT 287

Tx 0.53~0.88g/cn’2 F7IEHAT, HdZe] o
Yz 950 BAHE 7FEL 91~94% 2 Al®
otz UAd v o 2 & bR 89
80 ppio] $-HEE AMg3le] ojdHRLEZ Ax
g o34 v U= 713 &g Table 59 1
et 238 UEE 0.38~0.45g /en’goH,
ZEE 94~96% 8 2uEXALY tEA A
7 2L B4 Bo Fon Uxe HAE A
AT L eI AT

4.2 E

2E AAE g3 U—AAAE A=z 9
3t LE SEEriAd FdE AEF oF HY)
EFE AAstd, H39 =32 # Axd o3
4 HAAA A tiste A7 I oS3 2L
ZEE I

1) ZQEge] HEE ¥ eI A7)
Azt ZX{9] 47 €389 4R F
NgrE Fadgen, 7|F3Er E4F ] ¥
Aol 2A yehgen, FH3 YAxFH U
Felge] 10°~10™ o]3e] && A7) A%
€ YEhdh

2) ¥4 ¥E LX fue &2 A7) ¥AY
&l 54AA YAAr] =3 oA, 271
T B2 AREAN, Lrlde B2 FFEEI
A =gt 28 TEEE AEs o g

3) FHAe Frlel 9dtd, 3xUA FANE
BF YT 7|} e YAHIEF| 7t
sen, ot Haizdd F4E 34 A
o o] UE, 71FE ¥ EHY FIY &9
AN 7 FL Aoz Yyt

4) 80 ppig] TE SHEE AMEst] ojRtAF
952 =8¢ 39 A ot34d YA 4=
712&e 247 0.38~0.40 g /cm®e} 94~96% 9

713&& Jehych

% 7

£ AFE 19939s @AY FAL AGAFo2
AR e gArd e Vet A% F 9dRde
Easic 2

dnE2H

1. % If, MILE—, B8 4, /MIEE © Denki
Kagaku, 54 (1986) 159
2. MABUE SRHIER, WA BR, tAAHEK | Ibid,
57 (1989) 480
3. H. H. Law and J. Sapjeta : J. Electrochem.
Soc., 135 (1988) 2418
4. M. Oshitani, H. Yuhu, K. Takashima, and
Y. Matsumaru : Ibid., 136 (1989) 1590
5. M. J. Avena, M. V. Vazquez, R. E. Carbo-
nio, C. P. De Pauli, and V. A. Macagno : J.
Appl. Electrochem., 24 (1994) 256
6. A. H. Zimmerman and P. K. Effa : J. Elec-
trochem. Soc., 131 (1984) 709
7. F. Porter, A. Delahaye-Vidal, and M. Figl-
arz . Ibid., 139 (1992) 671
8. 54 I, #ILiE—, B W, MRRZ, PNIHE
3@ . Denki, Kagaku, 54 (1986) 247
9. ALEM | HXBT (%), HARRFOR, 857
—123942 (1982)
10. HBHES, FA &, BHEE  ATESRMR),
BASEEFAR, SF 3-336969 (1991) 395
11. J. Babjak, V. A. Ettel, and V. Paserin : Inco
Lid., U. S. Patent 4, 957, 543 (1990)
12. A5, 29Y, ¥AF, =44, 2, £734,
PTHBFEE R, 28 (1995) 123
13. A2 &, “Hr- HEEBIR ORBREM", v —
&y —, (1988) 66
14. O. D. Trapp, R. A. Blanchard, L. J. Lopp,
and T. I. Kamins, “Semiconductor Technolo-
gy Handbook”,
(1985) 616

Technology Associates,



15. bigit, SwA, BA NBRESEFAsR 8853~ 17. J. K. Dennis and T. E. Such, “Nickel and
128544 (1978) Chromium Plating”, Butterworth & Co.
16. fMeZE, “Pheb B REEE", gt (1985) Ltd. London, (1972) 115
237



