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Cad be particularly described in and by the
following statement:—

‘The present invention relates to improved
electrodes for use primarily in secondary bat-
teries of the alkaline type, and to a pro-
cess for producing the same.

In the manufacture of alkaline secondary
batteries, it has recently become the prac-
tice to employ electrodes in cylindrical form
wherein elongated strips of porous electrode
material are wound into cylindrical bodies.
Such electrode structures are characterized

" by the provision of high capacities per unit
-volume of active material,

Presently, electrodes of the aforementioned
- type are made from porous sintered metal
plaques impregnated with a solution of an
““active faterial. The main disadvantage of
“these electrodes is that they are difficult and
expenslve to manufacture. For instance, it
‘18 generally necessary in manufacturing the
elecrrodes to impregnate the plaques several
or more times, followed by washing and dry-
Ting the plaques, in order to achieve a desired
“electrode capacity. Such procedures are time-

~¢onsuming, costly and require expensive equlp-
ment. Another disadvantage resides in the
brittleness and consequent inability of the
sintered plaques to be shaped into cylindri-
cal form without cracking, spalling and the
resultant loss of active material.

It is therefore the principal object of the
present invention to provide an improved
electrode for use primarily in secondary bat-

[Price 4s. 64]
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adapted to a single, continuous operation.

Accordingly, the present invention provides
a flexible electrode comprising dry powders
of active material embedded within, and
pressure bonded to, a conductive carrier grid,
wherein the grid is a continuous web of
expanded metal composed of a plurality of
metal strands interconmected at bond joints
and defining a network of open pockets with-
i which the dry powders of active material
are embedded, the grid traversing the cross
section of the electrode from one surface to
the other such ‘that edge portions of the
bond joints are exposed at the electrode sur-
faces, the carrier grid and the powder being
compressed along the plane of the electrode
surface so as to physically bond the dry
powders of active material within the open
pockets of the grid. The term ‘dry powder’
as used herein and in the appended claims
is meant to include powders containing up
to 10 per cent of moisture or liquid, although
it is preferred to employ essentially dry
powders of an active material in the prac-
tice of the present invention.

The present invention also provides a pro-
cess for producing a flexible electrode, which
comprises continuously feeding a conductive
carrier grid together with a dry powder
of an active material to ‘a pair of hori-

zontal rollers, spaced from each other at .

a distance less that the thickness of the
grid to define a pressure gap therebetween
and provided with roll covers extending in

tion, i
nuous
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120 10 is provided for oontmuously feeding a

dry powder 12 of an active material 1o a
pair of horizontal rollers 14, 16, suitably
composed of steel. The pair of honzontal
rollers 14, 16 are oppos1te1y driven by a
suitable gear mechanism, not shown, and are
spaced apart so as to provide a pressure
gap 18 therebetween ‘ie. the gap between
the rollers wherée pressure is applied to the
dry powder and the gnd as shown in Fig.

40

45

The dry powder 12 is fed between roll
covers 20, 22 mounted over the pair of hori-
zontal rollers 14, 16. These roll covers 20,
22 terminate a short distance above the
pressure gap 18 as shown in Figs. 2 and
3, and define a zone of compression in close
proximity thereto. The compression zone is
the unshielded area (not protected by the
roll cover) of the pressure rollers where the
dry powders are compacted or forced under
high pressures into the expanded metal grid.
To vary the depth of the compression zone,
the roll covers 20, 22 are mounted to ad-
justable supports as at 24, 26, respectively.
The roll covers 20, 22 are preferably com-
posed of a corrosion-resistant material, as for
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of horizontal rollers 14, 16. Furthermore,

the powder gradient or denmsity may vary

across the width of the grid 28 depending 105

on other factors, ie., the grid feed rate,..

powder size, the uniformity and nature of

the grid structure, the diameter of the hori-

zontal rollers 14, 16 and the thickness of

the grid 28, - 110
For the purpose of umfonnly dxstnbutmg

the dry powder 12 across the width of the™

grid 28, adjustable shim means may be pro: .

vided underneath the. roll covers 20, 22, The

adjustable shim means is composed of g, 15

metal sheet 32, the leading edge of which .

is contoured to control the flow of. dry

powder 12 into different portions .of - )

grid 28, Preferably, the metal sheet 32.is..

positioned beneath only the roll cover .20 120

on the corresponding roller 14 and opposite

the roll cover 22 against which the grid

28 is fed tangentially as shown in. Figs, -

2 and 3. It will also be seen that the lead-

ing edge of the metal sheet 32 extends slightly 125

beyond the roll cover 20 and determines

the bite point between the dry powder 12

and the roller 14. The metal sheet 32 may

be adjusted by any suitable means, as for
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gapt &3 \frompwnderneath] the
metal sheet 32 and the roll cover 22 in
order to-aid the.compression of the dry
powder 12, ie, the paper strips 34, 36
provide a rough surface which increases the
coefficient of friction of the pair of hori-
zontal rollers 14, 16, The presence of the
paper strips 34, 36 also prevents the sur-

- faces of the resulting electrode from be-

coming polished or glazed by the pair of
rollers 14, 16. In addmon, the compara-
tively - soft .paper strips 34, 36 serve to re-
cess the dry powder 12 into the grid open-
ings and: to ensure that substantially all
of - the : dry .powders are contained within
the :grid. Furthermore, the paper strips 34,
36 shicld the surfaces of the rollers 14,
16 so as to keep them clean, and also are
sufficiently porous to permit egress of some
ait. as the .dry powder 12 is compressed.
A~ soft porous paper having a thickness of
approximately . 0.003 inch has ‘been found
suitable ‘in. the process of the present in-
vention,

The - finished. electrode strip 38 emerges
from the pressure gap 18 between the -pair
of-_horizontal rollers 14, 16 together with
the. contifivous strips of paper 34 36 which

.are- then withdrawn therefrom. Sultably, the
‘electrode strip 38 'is cut into individual lengths

or”is fed-to. a take-up roll, not shown,

' "far‘“storage or’ subsequent treatment.

55

-~Preferably -the continuous strips of paper

- 34*"36 are maintained under slight -tension

. in order- 1o prevent buckling as they are
.+ fed into the pair of rollers 14, 16. Although
. not -shown, ‘the paper strips 34, 36 are suit-

60

ably fed from a supply roll and similarly
wourid” on. take-up rolls for disposal or pos-
sible reuse. In a similar manner, the con-

. tinuous strip of conductive carrier grid 28

65

is fed from the supply roll and is main-
tained -under substantially constant tension
by any suitable means desired.
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Aenpdi- epnfiustive  eaaties - grid dgyprss
the invention is shown. The preferred grid
comprises a continuous web of expanded
metal having a plurality of strands 40 in-
tegrally joined as at 42. In the direction
of the arrows indicated, ie., the direction
of feed of the grid, the strands 40 are
'jomed atop one another at the junctures
42 in a somewhat co-linear fashion as best
shown in Fig. 7.
In comparison to.conventional expanded
metal wherein the grid openings are elongated
or “diamond” shaped, the preferred :grid
structuure of the presemt invention is com-
posed of a plurality of substantially square
openings or “pockets” 44, these openings
providing larger regions bound by the grid
to contain the dry powder 12 with a:mini-
mum of grid material per unit volume. To
achieve this structure, it is necessary to
stretch ‘the grid to a greater amount “than
in the manufacture of the conventional ex-
panded metal, i.e., an amount generally suffi-
cient to form co-lmear junctures 42, It should

qn_
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also be noted in Fig. 7 that the junctures : -

42 are disposed at an angle to the direc-
tion of feed (approx. 45 to 90 degrees) so
that as ‘the grid passes into :the compres-
sion zome, the grid openings 44 -are “up
and open” to receive the dry powders 12
and to actually draw them into the grid as
before . described.

- It will of course be understood that almost
any conductive carrier grid may be used
in the practice of the present invention so
long as it can be compressed a sufficient
amount to lock the dry powder 12 in grid
openings. ‘In addition to the preferred grid
structure, - other suitable - conductive carrier
grids include conventional expanded -metal.

The thickness of the conductive carrier
grid shoild be sufficient to provide elec-
trodes which are strong and at the same
time highly flexible. Generally, a grid ‘thick-
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cribed. Tt will be noted that the grid open-
ings 44 ‘are substantially entirely filled with
the «dry powder 12.of active material, and
that ‘the grid strands 40 and junctures 42
are. compressed and flattened ‘out along the
lonilgudmal direction of the gnd as indicated
at

In the practice of the present mvenuon,
the dry powder 12 may be of any conveni-
ent particle size or shape so long as it can
be uniformly fed, compacted and compressed
into the conductive carrier grid.. The par-
ticle size is not critical, anywhere from sub-
micron ‘mp to 35 mesh screen - sizes: (U.S.
standard sieve) having been used successfully.
The dry powder 12 may consist of -metallic
or. nonmetallic materials or mixture of both,
such :as .a mixture -of Ni(OH), Ni -and Cd
metal powders for producing the  positive
electrodes of nickel-cadmium batteries. It
may also- be desirable to employ-a binder
in powdeéred form or in the form of relatively
short fibers  (1/16 inch or less), as for ex-
ample :Dynel fibers, {(DYNEL is a Trade
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powders of active material embedded within,
and pressure bonded to,- a conductive carrier
grid, wherein the grid is 'a continuous web
of expanded metal composed of a plurality
of - metal strands interconnected at ‘bond
joints and defining a network of open pockets
within which the dry powders of active

.material are embedded, the grid traversing

the cross section of the electrode from.- one

" surface to the other such that edge portions |

of the bond joints are exposed at the “elec-

trode surfaces, the: carrier grid and the powder

being compressed along the plane of the elec-
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trode surface so as to physically bond-the

dry powders of active material within the
open pockets of the grid. -

2, An ‘electrode as claimed in claim 1,
in' which the gnid pockets are square shaped

3. Anelectmdeasdlaxmedmdannl
or 2, in which the grid contains one hundred
openings per square inch ‘of wsaid grid.

4. An electrode as: claimed in any one
of claims 1 to 3, in which the gnd ‘has
a thickness of from 0.02 to 0.1 inch..
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tively soft serve to re-
cess the dry powder 12 into the grid open-
ings and to ensure that substamtially all
of the dry powders are contained within
the grid. Furthermore, the paper strips 34,
36 shield the surfaces of the rollers 14,
16 so as to keep them clean, and also are
sufficiently porous to permit egress of some
air as the dry powder 12 is compressed.
A soft porous paper having a thickness of
approximately 0.003 inch has been found
suitable in the process of the present in-
vention.

The finished electrode strip 38 emerges
from the pressure gap 18 between the pair
of horizontal rollers 14, 16 together with
the continuous strips of paper 34, 36 which
are then withdrawn therefrom. Suitably, the
electrode strip 38 is cut into individual lengths
or is fed to a take-up roil, not shown,
for storage or subsequent treatment, .

Preferably the continuous strips .of paper
34, 36 are maintained under slight tension
in order to prevent buckling as they are
fed into the pair of rollers 14, 16. Although
not shown, the paper strips 34, 36 are suit-
ably fed from a supply roll and similarly
wound on take-up rolls for disposal or pos-
sible reuse. In a similar manner, the con-
tinuous strip of conductive carrier grid 28
is fed from the supply roll and is main-
tained under substantially constant temsion
by any suitable means desired.
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In comparison to conventional expanded
metal wherein the grid openings are elongated
or “diamond” shaped, the preferred grid
structure of the present invention is com-
posed of a plurality of substantially square
openings or “pockets” 44, these openings
providing larger regions bound by the grid
to contain the dry powder 12 with a mini-
mum of grid material per unit volume, To
achieve this structure, it is necessary to
stretch the grid to a greater amount than
in. the manufacture of the conventional ex-
panded metal, ie., an amount generally suffi-
cient to form co-linear junctures 42, It should
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also be noted in Fig. 7 that the junctures -

42 are disposed at an angle to the direc-
tion of feed (approx. 45 to 90 degrees) so
that as the ‘grid passes mto the compres-
sion zone, the grid openings 44 are “up
and open” to receive the dry powders 12
and to actually draw them into the grid as
before described,

It will of course be understood that almost
any conductive carrier grid may be used
in the practice of the present invention so
long as it can be compressed a sufficient
amount to lock the dry powder 12 in grid
openings. In addition to the preferred grid
structure, other suitable conductive carrier
grids include conventional expanded metal.

The thickness of the conductive carrier
grid should be sufficient to provide elec-
trodes which are strong and at the same
time highly flexible. Generally, a grid tlnck—
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I S manganese di oxide, silver oxide or zinc, the grid openings, pulling
the filled grid or a mxture of nickel hydroxide, nickel and through the
pressure gap and conpressing cadm um

'said grid to between 5 per cent and 60 30 6. An el ectrode as
claimed in claim 5, per cent- of its original thickness. i n which
the active material contains a 9. A process as clainmed in claim 8, in
bi nder, or a conductive material. which the grid is fed along the
surface of _ 7. A flexibl e,O‘BI,Z%trode substantially as orfe of the
“rol | covers at a tangent W T h res- her el nbef or € descrl bed and shown
in Figs: Wﬁ%é” PW!‘geeﬁ“‘dgndthr"“gh compres 6 to 9 of
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