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Fig. 1 Unit of foam plastic structure
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Fig.2 KATAYAMA stock company s
vacuum vapor deposition equipment
(3, 3a—Foam tape;

51 —Vapor deposition vacuum container;

52 —Coiled sheet feeding vacuum container;
53 —Sheet winding vacuum container;

54 —Sheet guiding vacuum container;

55 —Sheet cooling vacuum container;

56, 57 —Vacuum path; 59, 63 —Guide roll;
61 —M ain body; 62 —Cooling tank;
64A, 64B, 64C, 64D —Guiding and cooling roll;
65 —Crucible; 66A, 66B —Container;
67A, 67B —Electron beam generator)
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Table 1 Comparison of different conductive
treatment

Conductive Operation Pollution ~ Cost Resistance

treatment
- - Complex and ; :
Electroless nickel & . Heavy High  Minute

1scontmuous
C(.)nductiv.e Simple and No Low Lasge
collide coating continuous
Vacuum Simple and No High Minute

vapor deposition continuous
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55 = 385), BJRRE DT 1a) B 28 5] ViR 8, R
S HIRE ) I () B R SR, e SR R IR R A R
RL20. 2123 B NS0, 6H,0 200 ~ 300 g/ L,
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Table 2 Current and voltage at

different bath zones

Zone Current/ A Voltage/ V
1 125 17~ 18
2 150 10
3 150 7~ 8
4 175 7~ 8
5 175 7~ 8
6 200 7~ 8
7 200 7~ 8
8 175 7~ 8

WAL LI 5) o B YUR R R A B A v 7K ST 1) AT 3L,
HAKIRG L 5 A/NERE . e AR, B R
MR, Al H R E W B b, B B AME R 13
APV L VAR I R R SN 12, AT B TE Y
ST AZER IAEH, FLBRARTE /N . f6 it 9% il e
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Fig.3 SOMITOMO stock company s electrodeposition equipment of continuous nickel foam
(1, 15, 15, 16, 16, 17, 17, 18, 18 —Feed roll; 2, 11, 12, 13 —Plating bath;
3, 3A, 3B, 10 —Porous tape; 4 —Roll shaft; 5 —Slip ring; 6, 19, 19, 20, 20', 21, 21" —Anode;

14 —Porous metal sheet; 22, 23, 24 —Middle point of zone)
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Fig.4 ELTECH company s electrodeposition equipment of continuous nickel foam production
(12 —Foam tape; 14 —Supply roll; 16 —Feed roll; 18 —T ank; 20 —Lever of bath;
22 —Electroplating bath; 24, 62, 90, 92, 94 —Idler roll; 26, 66, 74, 80, 86 —Cathode roll;
28, 68, 70, 72, 76, 78, 82, 84 —Anode; 44 —Rectangular mask;
96 —T ake = up roll; 98 —Cycle pipe)
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Fig. 5 KATAYAMA stock company s
production process of continuous nickel foam( a)
and single electrodeposition bath(b)
(3a—Deliver roll; 3 —Foam tape; 4 —Plating tank;
4a —Upper side wall; 4b —Lower center opening;
4c —Lower wall; 4d —Introducing opening;
4e —Discharge opening; 10 —Conductive treatment;
11 —Hot air dryness; 12 —Support conveyor;
13 —Roll; 20 —Nozzle;
20a —Outlet; 21 —Nozzle; 22 —Pump;
23A, 23B, 23C, 23D —Conductor roll;
21 —Storing tank; 24 —Round ball;
25A, 25B —Respective case; 26 —M ain supply pipe;
27 —Receive pipe; 28 —Supply tube;
29A, 29B —Sealing; 30A, 30B —Receive tank)
TR, ¢ ABRIHEAE SR .
5 I R R T 20 A A 5, RESRI IR
A B AT T AU v S PR AR AR A,
BCERIME ALE; HHERE BT R P R
P, I A 1 H A BRI O A5 R IR R Y
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JEH AR IR B RIS AT B, AT B2 i YL IR B
PR R AN e U
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Fig. 6

continuous nickel foam by nickel carbonyl method

INCO company s production of

(10 —Carbon monoxide supply;
12 —Nickel carbonyl supply autoclave;
14 —Coating chamber; 15 —Foam;
16, 18 —Window; 20, 22 —Infrared source;
23 —Nickel plated foam; 24 —Furnace;
26 —Reducing gas; 27 —Nickel foam;
28 —Collection spool; 29 —Supply spool;
30 —Condenser autoclave; 32 —Secondary decomposer;

34 —Burner; 36 —Nitrogen supply; 38 —Exit)

600
. 2
& 550 USL: 550 g/m
500 e oo erm A
2 450
= ; 2
350

0 50 100150200 250
Longitude/m

7 INCO 2 W) 3% 22 R A7 10 T 4% BE 19 3 A
Fig. 7 Surface density distribution of INCO

company s continuous nickel foam
3 ELERUARRIERERRFR
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Fig.8 LYRUN Company s electrodeposition equipment of continuous nickel foam
(1 —Foam; 2, 3 —Cathode roll; 4 —Guide roll;
5, 6 —Anode; 7 —Press roll and baffle)
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Fig.9 GOLDEN CHAMPOWER company s

electroplating equipment of continuous nickel foam

(1 —Bath; 2 —Foam; 3 —Titanium tape;
4 —Cathode roll; 5 —Guide roll; 6 —Anode;
7 —Cathode)
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Tensile strength/MPa
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Fig. 10 Relationship between tensile strength
and surface density of nickel foam
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3.7 HEANEEE
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g/m?) (JLE 11 (a)) . FIBUI(HEDT) H 33 50 kL]
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Table 3 Values deduced for specific surface area

by BET method

Adsorbed specific

Specific surface area/

Foam surface /
l (meg ) (™)
G100 0.155 41 000
G60 0.125 30 000
G45 0. 095 19 000
550
a
¢5mﬁw
E 510 ks vt N
2 490
470t
450 T
02 1.8 34 S0 66 82 98 11.4 13.0
Length/m
550
?5WWMNWMMNW ﬁvwa\
éf 490 |
< 470t
450

Length/m

B 11 AR AR I A v A R T 2% FE 1) 5% i)
Fig. 11 Effect of different foam matrix on

surface density distribution of nickel foam

(a) —Horizontal splitting; (b) —Peeling

20 30 4.0 501111 1121 113.1

10

JE MH/Ni, Cd/Ni HbgAr=7sK .

3.8 RIFRIAEM

TARGEAE AR, BN —daE—
AE . R YRR R AT — s 1 ] S L R DU
HE 5 IR AR R 455 ol B /s JU P IRPE B B3, 5%
HMEARER R T, RS A EBEN A

3.9 EENHARAE

IR B 1 )5 B 5 A R 2L (DTR, distribution
thickness ratio) f&: ZEVIRER W EEJ7 ) b, RI0HE
EE5HEEZREE 2, BAMEN 1.0, WEER
DTR K, WHEIERBNE, 75 H AR A5 8 P s 1 2
o, o I RN W LS . IR DTR Bk
TR S AT VE R 4L S B E S 3
R S HAITIEREIREE ) DTR B 5% 00 WK 4,
45 AR R H S IR TS AR B B DT R oK .

FT 4 AFFHATEN LS DTR W
Table 4 Effect of different conductive treatment
on DTR of nickel foam

Electroless nickel Electro cor}ductive \% acuum vapor
adhesive deposition
1.37 1. 65 1.44

Brannan %5 ALVRI HI 1 ] 12 BT 7R i e B
WESE T LA S B IR EEDT R 1 3% Wi ( IR 5)
g R R W], H OB P 5l R R, n] LA 2
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Fig. 12 Electrodeposition equipment of continuous nickel foam
(1 —Deliver roll; 2 —Strip; 3 —Feed roll; 4, 8, 12 —Idler roll;
5, 7, 9, 11 —Anode; 6, 10, 13 —Cathode roll; 14 —T ake-up roll; 15 —T ank; 16 —Cycle pipe)
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Table 5 Effect of plating parameters on
DTR of nickel foam

Sample 1 Sample 2 Sample 3

Electroplating conditions

Ist zone plating current

DTR B/PHIARER . B 1 S5O 6 XMV 2
ABAAR, 22 PEXJEHE 10 X R 2 ANFAK .

il AT IR W 5T T DT R XS HE th 12 e 1 5% ), 4 2R
WK 6. g5 LW, WKL DTR 7£ 1. 1~ 3.5: 1
VLA, Bt ER . Hak .

AR AP B SR AR AR o T LR T

4 FiEEFEAR

KFESKBRFE R A, B o>
N RIR T HRE SRAG 1 R AR, il 9
IRERE defLRE T3 AN 20« U o JBE AN A fij
% AHAEE B A A B R S IR T %, H2HE
HPTRRRRE T, PUACECE R AR, JFII =k A4
PEE, BUEMEIRE, TRAMMWIEH, &2 b
PERESE 7 I, #RANE AL AP B AR IR T
IRHE R RN IERERRAR A, FFSEBL T w2,
BR T RORRI DAL .

B 13~ 15 AN [ HAR D5 v 3 IRV R B I
e . AR T AR5 I IR B PR RE LR 8 .

3R 6 DTR X Hiyth M RE Y 32 i

density / (mA*cm™ ?) L >0 >0
2nd zone plating current
density / (mA*cm™ %) G0 20 290
Plating time / s 326 595 697
Current amount /(_A*min) 3.26 3.37 3.02
Electroplating conditions Sample 4 Sample 5
Ist zone plating
current density/ (mA®cm™ ?) 240 00
2nd zone plating
current density/ (mA*cm” 2 118 13
Plating time / s 1 647 15 360
Current amount / (_A*min) 3.02 2.82
Nickel Sheet Sample 1 Sample 2 Sample 3
P/ (g*m 3 627 600 620
PP1 79 79 75
DTR 4.4. 1 2.5 1 2.0:1
Average surface pore
diameter/ bm 429 430 —
Nickel Sheet Sample 4 Sample 5
P/ (gem™?) 650 650
PPI 75 75
DTR 1.61 1.201
Average surface pore
diameter /Hm 320 i
Table 6

Effect of DTR on battery performance

Nickel sheet before
filling and after

Nickel electrode after paste

Capacity test at 0.2 C 500 cycle test

harmple DTR thickness adjustment Sl and pressing discharge battery 1 C discharge
No. :
Thickness/ Porosity/ T hickness/ Active material capaeity ./ §, i) (e Hy
mm % mm filling density
1 3.7 0. 960 94.2 0.557 2.51 683 481
2 1.7 0.958 94.3 0.539 2.60 680 519
3 1.6 0.954 94.3 0.536 2.63 713 533
4 1.4 0. 945 94.6 0.528 2.63 728 534
5 1.2 0. 945 94.2 0.530 2. 66 740 548
xT AR ZIK B L
Table 7 Performance figures of different companies nickel foam
M anufacturer Grade / PPI L ensilffwslt)zength/ Elon%/jtion/ jﬂ:}l?;s?:,aff Villlzf}tr/nr?lr:]n Le:;giilhrfer Number of welding
SOMITOMO 60~ 110 1.1~ 1.2 0.01~ 0.03
ELTECH 60~ 110 800
KATAYAMA 60~ 110 0.92
NITECH 60~ 110 1.25 (L) > 4 (L) 0. 095~ 0. 155 1140 300 2 per 100 m
1.00 (T) > 10 (T)
INCO 60~ 110 1.88 > 8 1 000 250
1.88 > 8
LYRUN 60~ 110 1.25 (L) > 5 (L) 900 200 4 per 200 m
1.00 (T) > 12 (T)
CHAMPOWER 60~ 110 1.50 (L) 5(L) 1 000 200 3 per 200 m
1.00 (T) 15 (T)

L —Longitudinal; T —T ransverse.
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Fig. 13 SEM images of nickel foam made by electroless plating

14 3 I % d v VR AR 1 R T TE S
Fig. 14 SEM images of nickel foam made by coating conductive colloid

15 JCAS AR YOBR T 2 v o B 1) 2 T T2 300

Fig. 15 SEM images of nickel foam made by vacuum vapor deposition
F 8 AN AL T kR R R 1 e 5 Q:E-ifgr

Table 8 Performances of nickel foam made by

different conductive treatments Her. S E S ME/Ni & Cd/Ni Huth ) 4
“m;?m’ Elongation/ % PRI, PRI, 3 S 3 4% 1A T ok
T echnology a

Longitudinal Transverse  Longitudinal Transverse

Eli‘;‘flfss 1.86 1.41 6.59 16. 48 i e ol ‘

kel S EE(HEV) (5 1B T
collide coating 151 13 200 6T b, R HEV bR e, 5] 2005 42, 4
Voamm WOt g6 138 9.39 15.49 R 4 vk R 10 T Sk ik 2 000~ 3 000 55

e, ELLIRBH TR E SR . MH/Ni
WA VR R AL R, V2 V4 3 i Al TR

m?/ a, 10 ¢ HLFT MBS0 « IR AAEA BT A71 45 2
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Production technology of continuous nickel foam

DAT Chang-song, WANG Diarlong, HU Xinguo, JIANG Zhao-hua, WU Ning, DING Fei
( Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, China)

Abstract Continuous nickel foam became the ideal material of electrode plate of MH/ Ni and Cd/ Ni battery, because of its excellent

three dimensional reticulated structure, high porosity, high specific surface area and uniform quality, and was widely used in many

other fields. This paper described the production technique of continuous nickel foam. It includes technique of conductive treatment

methods, nickel electrodesposition, pyrolysis and reduction. Through comparison of conductive colloid coating, vacuum vapor phase

deposition and electroless nickel, the advantages and disadvantages of different methods of conductive treatment were shown. More-

over, production methods and equipments of continuous nickel foam of main manufacturers were introduced. M eanw hile, performance

figures and evaluation means of continuous nickel foam used in MH/ Ni or Cd/ Ni were emphatic given, and spacious market outlook

and development direction was preview ed.

Key word: nickel foam; electrode; conductive treatment; electrodeposition
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