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34) MATERIAU A ELECTRODES A BASE DE NICKEL POREUX
34) POROUS NICKEL ELECTRODE SUBSTRATE

(57) Support poreux d’¢lectrode de nickel comprenant un
noyau central a haute conductivite pris en sandwich entre
deux couches de mateériau conducteur poreux, par
exemple de la mousse de nickel ou du feutre de nickel.
Du nickel est dépose sur le materiau conducteur poreux,
qu est ensuite fritt€¢. En contrdolant de maniere s€lective
la deposition de nickel sur le matériau poreux, on peut
donner au support diverses caracteéristiques de
conductivite.
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(57) A porous nickel electrode substrate having a central
high conductivity core sandwiched between two layers
of porous conductive material such as nickel foam or
nickel felt. The porous conductive maternal 1s plated with
nickel and then sintered. By selectively controlling the
plating of nickel on the porous material, variable
conductivities may be designed into the substrate.




2189100  pca1s

ABSTRACT

POROUS NICKEL ELECTRODE SUBSTRATE

A porous nickel electrode substrate having a central high conductivity
core sandwiched between two layers of porous conductive material such as nickel foam
or nickel felt. The porous conductive material is plated with nickel and then sintered.
By selectively controlling the plating of nickel on the porous material, variable

conductivities may be designed into the substrate.
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POROUS NICKEL ELECTRODE SUBSTRATE

TECHNICAL FIELD

The instant invention relates to battery electrodes in general, and more

particularly, to a porous nickel electrode substrate having variable conductivity and
S reduced weight.

BACKGROUND ART

Due to increasing political and environmental pressures, electric vehicles
("EV’s"™) are being championed as a means for reducing vehicle borne pollutants. The
main recognized weakness of EV’s are their battery systems. Much research is being

10 conducted to raise the energy density and reduce the weight of existing and promising
battery systems.

An EV battery must allow sufficient driving range between recharges,
have low maintenance, give adequate acceleration and permit safe rapid recharging,
both when needed by the user and during regenerative braking. The cost of the battery

15 énd any replacement(s) that may be required during the life of the vehicle must also be

low enough to make the non-polluting EV an attractive choice for the consumer.
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For example, in 1991 an attempt to define the above criteria was made
by the United States Advanced Battery Consortium (USABC):

Mid Term Long Term
Specific Energy, Wh/kg 80-100 200
Specific Power, W/kg 150-200 400
Cycle Life, 80% DOD cycles 600 ' 1000
Ultimate Price, $/kWh <$150 <$100
Recharge Time <6 hrs 3-6 hrs
Fast Recharge 40-80% SOC 40-80% SOC
in <15 min. In <15 min.
Operating Environment -30 to 65°C -40 to 85°C

A better touchstone than the separate cost of kWh and cycle life criteria
s the combination thereof. That is, the battery cost per distance (mile or kilometer)

over the life of the vehicle. It is ultimately a long battery life that will drive the

economics of EV’s.

Many batteries today meet or excel in some of the above criteria but fail
or are marginal in others. For example, lead acid batteries excel in cost per kWh, are
marginal in the cycle life criterion, and are insufficient in energy density which affects
driving range.

Nickel cadmium and nickel metal hydride batteries offer fair to good
energy density and other performance properties, but currently fail to meet the cost per

kWh criteria because of their high manufacturing costs. Cost of primary materials is

not unacceptably high. For example, the traditional design of a NiCd battery with a

5.5 pounds (2.5 kg) in the current distributing plaque. Ten pounds (4.5 kg) of nickel
metal corresponds to around $40 per kWh. Eight pounds (3.7 kg) of cadmium per
kWh corresponds to only $17 per kWh. Yet the price of a manufactured NiCd battery
is over $500 per kWh, as compared to the price of comparable lead acid battery of only
$150/kWh.

The difference between the cost of these batteries ($350/kWh) is much

more than the difference in the cost of materials because it reflects the complicated,
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Labor intensive process of making NiCd batteries incorporating
sintered electrodes as compared to the simple, high speed grid

production and pasting of lead acid batteries.

Similar high speed pasting of nickel batteries is possible

5> when using nickel foam or similar substrates developed for this
specific purpose and manufactured in large volume to reduce
cost. Large cost savings may be realized by reducing the
number of operations required in electrode manufacture and/or
simplifying them.

10 Another expensive operation that raises the cost of NiCd
batteries 1s attaching electrode tabs to the porous sheets by
welding. This 1s usually done after pasting the electrode
strip and cutting 1t 1nto individual electrodes. To
successfully weld a tab to the porous sheet, the weld area must

15 Dbe cleaned of active mass. Furthermore, the weld joint is a
point of weakness and the unavoidable vibrations during vehicle
use may result 1n weld break and premature electrode failure.

A similar undesirable task is welding porous sheets to the
non-porous central foil in manufacturing of bipolar electrodes.

20 SUMMARY OF THE INVENTION

Accordingly, there 1s provided a porous nickel electrode
substrate especially suited for electric vehicle battery

plates. The substrate comprises a central high conductivity

core laminated on both sides with a porous layer consisting of
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nickel foam or nickel felt. The design results in enhanced
performance with a concomitant reduction in weight when
compared to conventional electrodes made with plated porous
central sheets.

Thus, the 1nvention provides an electrode substrate
comprising a central eletrically conductive core, a porous
electically conductive material attached to the core, the
porous electrically conductive material selected from the group
conslsting of nickel foam and nickel felt formed by the
decomposition of nickel tetracarbonyl, and the electrical
conductivity of the substrate varying from the top of the
substrate to the bottom of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a plan view of an embodiment of the invention.
Figure 2 1s a side view of an embodiment of the invention.
Figure 3 is a plan view of an embodiment of the invention.
Figure 4 1s a representative view taken along lines 4-4 of

Figure 2.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

The instant invention relates to a porous nickel substrate
with engineered variable conductivity suitable for

manufacturing EV battery plates with enhanced performance and

minimlzed welght.
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Figure 1 shows a porous electrode substrate 10 consisting of a high
conductivity core 12 laminated on both sides with a layer of porous conductive material
14 such as nickel plated foam or nickel plated felt.

The central core 12 provides mechanical strength and electrical
conductivity whereas the two porous layers 14 distribute the electrical current
throughout the active mass to be embedded therein.

By separating mechanical strength and electrical conductivity into two
discrete yet related functions, it is possible to use a central core 12 with lower nickel
density and lower cost without compromising the cbnductivity and strength of the
electrode. The requisite strength and conductivity is provided by the central core 12
which can be manufactured more economically than the conventional porous sheets
produced by plating pure nickel. The core 12 can be a sheet of reticulated expanded
mesh 16, a solid or perforated plate 18 (See Figure 3), or a conductive plastic such as
polypropylene/carbon black composite. More particularly, the electrically conductive
core 12 may be made from nickel plated steel, nickel, or copper.

The central core 12 may incorporate one or more solid sections 20 to
permit cutting out electrodes (transversely or longitudinally) with tabs 22 formed from
these sections 20. The central core 12 may also have variable conductivity to provide
high conductivity at the top section of the electrode substrate 10 which carries most of
the electrode current and with reduced material density at the bottom part, which carries
very little current and where high conductivity is not needed.

The composite substrate 10 can be produced by laminating two sheets of
a porous organic material 14 (polyurethane foam, polyester felt, etc.) over the central
expanded or perforated strip 16 followed by nickel plating and sintering of the plated
composite. Another method of producing such a structure is to produce the two porous
nickel structures first, sandwiching them about the central core 12 and sintering the
combination together.

Electrolytic (e.g. U.S. patents 4,978,431; 5,098,544 and 5,374,491),
carbonyl (US patent 4,957,543), or physical vapor deposition ("PVD") plating

processes may be used to coat the porous material 14. In addition, a mechanical

joining method such as gluing, resistance welding, etc. may be used to bond the
material 14 to the central core 12.

An object of this invention is an efficient method of manufacturing a



be used to further increase electrode conductivity and performance under high drain
(acceleration) or rapid charge.

This process can also be used to produce bipolar electrodes with a solid

sheet in the middle and porous sheets such as nickel foam or nickel felt on both sides,
10 or a sandwich of solid sheet and porous nickel felt or foam.

It has been determined that gluing porous substrate layers 14 (e.g.
polyurethane foam or suitable felts) to a central core 12 made from a strip of expanded
metal grid attached to a continuous solid section 20, followed by plating using the
carbonyl method and annealing, produces an Integral structure which permits pasting

15 and cutting into finished electrodes.

Similarly, gluing sheets of polymeric foam (or suitable polymeric, carbon
or other felt 14) to the opposite sides of a center core sheet 12 permits producing, after
plating and annealing, an integral substrate for a bipolar electrode.

It is also possible to join certain foams and felts to the core 12 mesh by

20 processes other than gluing, e.g. needling or thermal bonding.

An alternate method for producing the substrates 10 involves sintering
separately produced porous nickel structures together with a central sheet of expanded
or perforated metal, or other suitable material, optionally equipped with solid strip to
form the tabs 22 after punching out the finished electrodes.

25 Bipolar electrodes can also be produced by sintering or otherwise
attaching porous structures to both sides of a solid sheet

In both cases, the strength of the laminated structures can be improved
by applying a layer of easily sinterable powder (such as INCO® type T-110) to the
future interface. .‘ '

30 | A custom electrode structure may be obtained by controlled density
variation of the nickel foam or nickel felt using the carbonyl plating process. In this
process, nickel deposition is achieved by thermal decomposition of nickel tetracarbonyl

On a porous substrate such as polyurethane foam or polyester felt 14. Because the
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deposition rate is a function of temperature, it is possible to program the plating process
so that it produces a controlled variation in temperature of the substrate 10 as it passes
through the plating zone and hence controlled variation in nickel density and
concomitantly conductivity. Electrodes with controlled and variable conductivity can be
manufactured from the continuous strip of the substrate material.
Figure 2 is a cross-sectional view of an electrode substrate 10 having a
sandwiched sintered layer 14 enveloping an expanded mesh 16 core 12. Figure 4 is a
representative view taken along lines 4-4 of Figure 2.
Figure 3 depicts a core 12 made from a solid nicke] plate 18 enveloped
by a porous conductive layer 14 prior to plating and sintering.
A number of examples were made in accordance with the teachings of
the instant invention:
1. Foam-mesh sandwich was prepared using nickel mesh from
Expanded Metal Corp., 0.006 inch (0.15 mm) thick, density 490
g/m’, and two layers of polyurethane foam (each approx. 1.7 mm
thick, 80 pores per inch [31.5 pores per cm]) glued to the mesh
using Halltech™ 7191 temperature glue. The foam-mesh
composite was plated with nickel by the carbonyl process, then
sintered at 1000°C in a reducing atmosphere.
2. Expanded metal foil from Delker Corp., with solid metal section
(0.010 inch [0.25 mm] thick, 250 g/m ), was used to prepare
another sample. Polyurethane foam was again glued to both sides
and the composite substrate was plated with nickel, then sintered
at 1000°C.
3. A layer of carbon pitch fiber felt (1.7 mm thick, sheet density 2
oz/yd® [67.5 g/m?]) was glued to both sides of Expanded Metal
Corp. nickel mesh, carbonyl plated with nickel and sintered at
1000°C.
4. 0.005 inch (0.12 mm) thick nickel foil was used to prepare a
composite substrate by gluing a 1.7 mm thick sheet of 110 ppi

polyurethane foam to both sides, plating with nickel and sintering
at 1000°C.,
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While in accordance with the provisions of the statute, there are

illustrated and described herein specific embodiments of the Invention, those skilled in

advantage without a corresponding use of the other features.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An electrode substrate comprising a central electrically conductive core, a porous
electrically conductive material attached to the core, the porous electrically conductive
matenal selected from the group consisting of nickel foam and nickel felt formed by the
decomposition of nickel tetracarbonyl, and the electrical conductivity of the substrate varying
from the top of the substrate to the bottom of the substrate.

2. The substrate according to claim 1 wherein the core 1s expended metal.

3. The substrate according to claim | wherein the core is a plate.

4. The substrate according to claim 1 wherein the core is perforated.

5. The substrate according to claim 1 including a tab connected to the core.

6. The substrate according to claim 1 wherein the core is selected from the group

consisting of steel, nickel plated steel nickel, copper and conductive plastic.
7. The substrate according to claim 1 wherein the substrate is sintered.
8. The substrate according to claim | including nickel powder.

9. The substrate according to claim 1 wherein the porous material is glued to the

COre.

10. A process for varying the conductivity of an electrode substrate, the process

comprising:
1) providing an electrically conductive core having opposing sides,

2) affixing at least one porous layer to each side of the core, the porous layer

selected from the group consisting of foam and felt,
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3) depositing nickel from the decomposition of nickel tetracarbonyl directly

onto each porous layer,

4)  causing the concentration of the nickel deposit from step 3) to vary along

the substrate, and

5) sintering the nickel deposit.

I1.  The process according to claim 10 wherein nickel powder is added to the

substrate prior to sintering.

12.  The process according to claim 10 wherein a tab is formed from the core.

I3. The process according to claim 10 wherein the core is selected from the group

consisting of plate, foil, mesh and expanded metal.
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