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NONWOVEN SEPARATOR FOR ELECTROCHEMICAL CELL

The invention pertains to an alkaline cell or battery with at least one
positive and one negative electrode which are separated by a separator and located
together with an alkaline electrolyte in a housing. The invention pertains in
particular to a nonwoven separator and its use in an alkaline cell or battery.

Alkaline electrochemical cells usually consist of a steel can that contains
the positive electrode, also referred to as a cathode, a negative electrode, here
called an anode, and an electrolyte solution. In mass cells of the round cell type,
the cathode, which typically contains manganese dioxide as its active material, 1s
typically formed rotationally symmetricaily against the inside of the steel can. The
anode, which typically has zinc powder as its active material is generally placed 1n
a central anode space formed by the cathode and has the same axis of rotation.
The separator is situated between the anode and cathode. The alkaline electroiyte
is simultaneously in contact with the cathode, anode and separator. An electric
current collector is typically introduced into the anode. A seal, usually a
polymeric seal, guarantees the closure of the open end of the steel can 1n order to
enclose the electrochemically active material in the can.

In conventional round cells, the separator usually consists of an 10n-
permeable, multilayer textile nonwoven fabric that separates the positive electrode
material from the negative one and permits transport of 10ns between the electrode
materials. The separator also serves as a storage medium for the potassium
hydroxide (KOH) solution and as a collar to prevent the anode gel from falling out
of the anode space. Examples of conventional separators comprise two- and three-
layer nonwoven papers, which generally result in thicknesses of the over all
separator of 0.28 — 0.46 mm in the dry state. Many conventional nonwoven
separators have large pores and tend to a considerable expansion of thickness
when theyv are saturated with electrolyte solution. Consequently, such separators
require a large volume. =

Separators in common use are generally preformed in a can-shaped basket
and then introduced into the cathode cavity during assembly, or a basket 1s formed
during assembly by introducing several rectangular, overlapping sheets, mutually
offset with respect to one another. The preformed separators in common use are

typically produced from sheets of nonwoven textile, which are rolled into a
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cylindrical shape and cover the inside walls of the cathode, in addition to having a -
closed bottom. Alternatively, the closed end can be made by introducing an
electrically nonconductive closure in the form of a plug that 1s located on the
bottom of the steel can and adjoins a cylindrical convolute separator.

Conventional separators consist of a fibrous, porous paper maternial that
cenerally requires multiple overlaps of the layers in order to guarantee sufficient
electrical insulation and the avoidance cf short circuits between anode and
cathode. The use of thinner paper materials for a conventional separator suffers
from the fact that the pores (openings, for instance) that are present in
conventional papers permit a conductive path to form between anode and cathode.
It 1s also possible for cathode components to penetrate the separator and form a
conductive path to the anode, which leads to a short circuit 1n the cell.
FFurthermore the buildup of zinc oxide in the pores of conventional paper
separators can lead to a conductive path that causes a short circuit and undesired
discharge of the cell. '

Many conventional separators have a relatively large thickness. Such a
relatively thick separator, however, generally causes an increase 1n ionic
resistance, with the result that ion diffusion through the separator s reduced and
thereby the high discharge rate of the cell 1s limited. In consequence, many
conventional separators also use up a large volume 1n the cell which could
otherwise be available for electrochemically active matenal.

From the document EP 0572921, alkaline battenes and, particularly,
separators are known in which at least part of the main fibers consists of
fibrillated cellulose fibers and which additionally contain synthetic fibers. In
regard to requirements for separators for alkaline cells or batteries, such separators
meet the requirements with respect to alkali resistance and electrolyte adsorption.
However, it 1s desirable in regard to maximal deployment of active materials in an

alkaline cell or battery for a predetermined overall size to minimize the volume

‘occupied by inert materials. The reduction of the thickness and weight of the

separator that 1s used is one possibility in this regard. A limit 1s placed on the
reduction of separator thickness, however, in that active matenals, such as zinc
gel 1in low-mercury or mercury-free cells, tend to form dendnites, which can
penetrate the separator and thereby cause short circuits of the cell or battery. A

standard test for this is the 3.9 QQ GPI (General Purpose Intermittent) test, which
2
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consists in discharging via a 3.9 Q resistor for S min, followed by a pause for
23 h, 55 min, and another discharge. This stress test is used to test potential new
separator materials with respect to their resistance to zinc dendrites.

The 1invention has taken on the problem of specifying an alkaline cell or
battery which contains a separator that efficiently separates the negative and
positive electrodes, requires minimum volume and thereby permits the
maximization of the space for electrochemically active material and which
permits improved 10on diffusion.

The problem is solved according to the invention by an alkaline cell or
pattery of the type mentioned initially in which the separator has a basis weight of
20-30 g/m?, a thickness of less than 0.15 mm in the dry state and an average pore
size less than 14 um. Despite a thickness of the separator 1n the dry state of less
than 0.15 mm, no short circuits ware found in the GPI (General Purpose
Intermittent) test. In the GPI test cells of size LR 03 are discharged viaa 5.1 QQ
resistor for 5 min, followed by a pause of 23 h, 55 min. Discharging 1s continued
until the closed cell voltage has dropped to 2 value of 0.9 V. Formation of internal
short circuits can be recognized 1f the open cell voltage drops more than G.010 V
during the pause time for the cells.

The alkaline cell or battery 1s preferably one 1n which the separator has a
basis weight of 20-28 g/cm?, a thickness in the dry state of 0.05-0.09 mm and an
average pore size of 8-14 um. The separator advantageously contains 25-96 wt%
fibrillated cellulose fibers and a synthetic fiber constituting the remainder to
100 wt%. It is particularly preferred for the separator to consist of at least 45 wt%
fibrillated cellulose fibers.

Alkaline cells or batteries in which the fibrillated cellulose fibers exhibit a
Shopper Riegler degree of 30-65 are especially preferred. Shopper Riegler degree
in the sense of the present invention is understood as a measure for the drainage
rate of a diluted paper fiber suspension according to DIN EN 25264-3 and
equipment standard ZELLCHEMING V/7/61 of July 1, 1961. The drainage
behavior is dependent on the surface condition and the swelling state of the fibers.

The alkaline cell or battery preferably also has a separator in which
polyvinyl alcohol fibers are contained as the synthetic fibers. It is also preferable
for polyvinyl alcohol fibers with a melting range of 60°C and water-insoluble

polyvinyl alcohol fibers with a titer of less than or equal to 1.1 dtex each to be
3
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contained. The use of two different polyvinyl alcohol fibers permits a favorable
distribution of the pores in the separator as well as the production of a separator
with the required stability.

It has proven particularly favorable for security against short circuits that
the alkaline cells or batteries of the invention contain a double layer as the
separator. Thereby both the storage capacity for electrolyte and the short circuit
resistance are additionally improved.

The alkaline cells or batteries of the invention preferably have the si1zes
LR61 (AAAA), LR0O3 (AAA) or LR6(AA). The reduction of the installation
thickness and thus the reduction of the space not available for the active chemical
elements is particularly advantageous for these small sizes, because their energy
content is increased disproportionately in regard to the amount of extractable
power. In relation to a cell size of LR0O3 (AAA), a comparable matenal occupies a
volume of 0.0674 cm’, while the material of the invention occupies a volume of
only 0.0528 cm”. This means that in a cell of this size of the invention, 22% more
internal volume is available for the active components.

In the alkaline cells or batteries of the invention a separator that 1s
produced by a paper laying method or a wet laying method 1s used.

In the alkaline cells or batteries of the invention a separator is preferably
employed whose solvent-spun cellulose fibers with a titer of 0.5-3 dtex are cut to
a length of 3-6 mm and fibrillated in wet gnnding process, where a Shopper
Riegler degree of 30-36 serves as the target measure for the fibrillation.

The invention is described in greater detail below on the basis of Figure 1
which is a longitudinal section of an electrochemical cell.

Figure 1 shows a cylindrical alkaline electrochemical cell 10,
Electrochemical cell 10 consists of a cylindrical steel can 12 with a closed bottom
end 14 and an open top end 16. Welded or otherwise affixed to the bottom end ot
cylinder 12 is a positive steel layer 18, with an extension piece 1n its center which
represents the positive contact element of cell 10. A closure unit with an outer
negative layer 30 that constitutes the negative contact element of cell 10 1s placed
at the upper open end 16 of steel cylinder 12. A metallized plastic film 20 covers
the outer wall of cylinder 12 except for its outer ends. Film 20 extends over the
outer edge of positive layer 18 and may, as illustrated, extend over part of
negative layer 30.
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A tubular cathode 22 is located on the inside of cylinder 12. Cathode 22
consists of a mixture of manganese dioxide, graphite, potassium hydroxide
solutions and additives. A spiral shaped nonwoven fabric separator 24 1s arranged
on the inside of cathode 22. In the anode 26, an alkaline electrolyte 1s arranged
inside the cylindrical interior of separator 24 and in contact with a collector
electrode 28, in which a conductiive elongated rod is arranged. Anode 26 consists
of zinc powder, a gelling agent and additives. Accordingly, cathode 22 1s
configured as the positive electrode and anode 26 as the negative electrode.

Current collector 28 contacts outer negative layer 30, which forms the
negative contact element of cell 10. Outer negative layer 30 preferably consists of
coated steel in contact with current collector 28 by contact pressure or a weld
seam. An annular polymer seal 32 (e.g., polyamide 6.6) is placed 1n the open end
16 of steel can 12 in order to prevent the escape of electrochemically active cell
material from can 12. An inner layer 34, preferably consisting of hard metal, 1s
intended to increase stability and to improve the radial compression of 32 and 1ts
cffect. The inner layer 34 contacts the central hub and the outer edge of seal 32.
Collector electrode 28, seal 32 and inner layer 34 jointly form 2 closure unit that is
arranged in the open end 16 of cylinder 12 to seal off the active components
inside the cell. It is advantageous that outer negative layer 30 1s electrically
insulated against cylinder 12 by a polymer seal 32.

Thin nonwoven fabric separator 24 of electrochemical cell 10 has
according to the invention a high electrical resistance (1.e., low electncal
conductivity) and a high ion permeability, but is simultaneously of low volume, so
that more space is left for electrochemically active materials 1n cylinder 12.
Separator 24 has a cylindrical side wall 36 and a closed bottom end 38. Spiral-
shaped separator 24 consists of at least one ply of nonwoven fabric paper. It
preferably has at least two plies in order to form a double layer of separator
material between anode 26 and cathode 22. According to the invention, a two-ply
spiral-shaped separator 24 is described. Separator 24, however, can
advantageously also consist of one or more plies and thus achieve the desired
electrical resistance and ion-permeability in a separator with low volume without
deviating from the specifications of the invention.

Separator 24 of the present invention consists of a nonwoven fabric

separator material such as fiber paper with a basis weight between 20 and
5
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28 g/cm’. The separator material has a dry layer thickness of less than 0.15 mm,
preferably, however, more than 0.02 mm. The thickness 1s preferably between
0.05 and 0.09 mm. The separator material has an average pore size less thanl4
um, preferably between 8 and 14 um. The separator material contains at least

45 wt% fibrillated cellulose and at least 5 wt% synthetic fibers. Separator 24
preferably contains at least 45 wt% synthetic fibers. The synthetic fiber consists of
polyvinyl alcohol fibers. Separator 24 contains synthetic fibers in the form of
polyvinyl alcohol binder fibers, which are soluble in water at 60°C, and synthetic
fibers in the form of water-insoluble polyvinyl alcohol fibers. Both types of fiber
have a size less than or equal to 1.1 dtex. The use of two different types of
polyvinyl alcohol fibers permits the desired distribution of pore sizes and
sufficient stability in the separator matenal.

The ply of nonwoven fabric separator material contains solvent-spun
cellulose fibers, the size of which before fibrillation varies between 0.4 and
3.0 den, while their cut length is between 3 and 12 mm. The cellulose fibers are
fibrillated in a well known refinement and digestion process 1n paper
manufacturing. The degree of fibrillation is carried out to an extent that the
fiorillated cellulose fiters have a Shopper Riegler degree of 30 to 65. The
separator material with the cellulose fibers may contain lyocell pulp, which may
be obtained from paper manufacturers. A commercially available lyocell pulp is
Lyocell Pulp VZL from the firm STW (Schwarzwilder Textil-Werke).

Nonwoven fabric separator 24 is produced by processing lyocell pulp into
sheets/plies, as is known from paper manufacturing. Thus the cellulose fibers are
fibrillated in order to achieve the desired result. Individual separators are cut out
of the plies of separator material and formed 1nto a cylindrical basket with a
closed end. As described in US Patent No. 6,270,833, a ply of separator material
is formed into a cylinder and inserted into a cell. The above-cited patent describes
the production of a separator with a round closed end.

Each individually formed separator is introduced into the cathode located
in the steel can such that it separates the positive and negative electrodes from one
another. Filling with anode gel and electrolyte takes place subsequently to the
introduction of the separator. Thereafter, the current collector and the seal

arrangement are put in place and thus the open end of the steel can is closed oft
with them.
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Separator 24 can be employed 1n various types and sizes of
electrochemical cells. Separator 24 is employed, for instance, in cylindrical
electrochemical cells of size LR61 (AAAA), LR03 (AAA) and LR6 (AA).
Typical maximum dimensions of size LR03 (AAA) are 10.5 mm diameter and
40.5 mm height, of size LR6 (AA), 14.5 mm diameter and 50.5 mm height, and of
size LR61(AAAA), 8 mm diameter and 42 mm height. Due to the reduced
separator thickness, electrochemical cells in which separator 24 1s employed
achieve an increase in the volume available for electrocemically active
components.

Electrochemical cells in which separator 24 is employed additionally
achieve an improved performance. A well known standard test for the discharging
of electrochemical cells is the “General Purpose Intermittent” (GPI) test. The GPI
test demands that each cell be discharged via a known electrical resistance for
5 min at the beginning of a 24-hour period uatil the closed cell voltage talls below
0.9 V. That is, each cell is “icsted” for 5 min and has a “rest period” of 23 hours
and 55 minutes per test cycle. If the open cell voltage of the partially discharged
cell recovers (rises) immediately after the discharging has been ended, separator
24 has prevented the formation of a conductive path (short circuit). If, however,
the open cell voltage of the partially discharged cell falls by more than 0.05 V,
then the formation of a conductive path (short circuit) is indicated. The GPI test 1s
used to test separator materizl for the prevention of zinc dendrite short circuits.
For testing LR0O3 (AAA), a resistance of 5.1 Q is used, and for testing LR6 (AA),

‘aresistance of 3.9 Q is used.

The average pore diameter of the separator matenal 1s determined
according to the well-known industrial standard, ASTM (American Society for
Testing Materials) E-1294. The cited ASTM E-1294 is described in American
Society for Testing Materials E-1294-89 (confirmed 1999) under the title
“Standard Test Method for Pore Size Characteristics of Membrane Filters Using
Automated Liquid Porosimeter,” pp. 1-2. ASTM method E-1294 uses a filter that
is wetted with a fluid having comparable characteristics, as in a display with
liquid-filled capillaries. The test specimen is thoroughly wetted with a fluid with
low surface tension and inserted under low vapor pressure into a specimen holder
arrangement. By applying an increasing air pressure vertical to the test specimen,

smaller pores are revealed step by step. The airstream through the sample 1s
7
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specimen is the blister point (maximum pore size). The elevation of air pressure 1s
continued until the smallest measurable pore has been reached. The information 1s
compared to the flow rate as a function of applied pressure for dry specimens. The
pore size distributions are obtained from the curves of the dry and wet specimens
by the test method.

The invention will be explained further on the basis of four examples and
one comparative example. For this purpose, three LRO3 (AAA) cells were
manufactured in each case, for which the cathode nings were pressed from
manganese dioxide and graphite and inserted into the casing, a separator in the
form of a doubie-wound convolute separator was introduced, and was filled with a
zinc gel as anode, consisting of finely powdered zinc, potassium hydroxide as
electrolyte and a binder. Additional liquid electrolyte was added, and the cell was
closed off by inserting a current collector. As fibrillated cellulose fibers, a lyocell
pulp of tvpe VZL characterized by the indicated Shopper Riegler degree was
employed. The corresponding airstream screen analyses are collected m Table 1.
The mean pore diamecter was determined by a Coulter porosimeter and exhibited
an air permeabihity ot 35-100 L/sec/m*. The composition and characteristics of the
individual separators that were used are collected in Table 1, where the thickness
was determined by measurements on a specimen with a surface area of 10 cm’
and a contact pressure of 1.25 kPa with a contact time of 1 sec. For the GPI test
conducted with the cells, it was shown that none of the cells resulted 1n a short
circuit under the given discharging conditions, while one of the control cells had

an internal short circuit.
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TABLE 1
| B i 1 2 E 4
LYOCELL PULP | Dtex: N 1.7 1.7 1.7 ) 1.7
Pulp Type: - VZL VZL VZL VZL 1
l Shopper Riegler degree ] 50.00 48.50 52.00 | 50.00 |
| B Airstream screen analysis: B
Residue 100 um: ﬁ{ 97:80%_‘ 97.60% | 99.00%i " 97.80% |
| - Residue 200 um: ) 96.60% | 96.20% | 98.60% | 96.60%
B Residue 500 um: = 57,8095 | 93.40% | 95.§()—%. 92.80% |
Residue 1000 um: 92.20% | 91.40% | 71.20% | 92.20%
% v % of mixture as a whole: 45.00% | 44.10% | 45.00% | 45.00%
PVA Dtex: o 0.33 0.33 0.33 0.33
o %v % of mixture as a whole ~35.00 34.50 35.00 35.00
PVA BINDER FIBERS o B )
Dtex: - 1.10 1.10 (10 110
l o % v % of mixture as a whole |  20.00 21.30 20.00 20.00 l
NONWOVEN FABRIC (SEPARATOR)
I o Weight, g/m” ) } 2410 2450  26.00 i 23.50 |
|"‘ Thickness (12.5 mbar) 0.074 0.090 0070 | 0.069 |
"AIR PERMEARBILITY, Pm’/sec*m 51 60 | 46 | 52 ]
f KOH (ELECTROLYTE) UPTAKE (g/m’) 151 154 133 164 |
| KOH (ELECTROLYTE) RISE LEVELS (mm) o ) .
' Longitudinal - 1] 12 5] 12
Transverse - . 10 10 14 10
Longitudinal | 32 32 43 32
Transverse N —_j 271 29 38J 29
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Claims

1. Alkaline cell or battery with at least one positive and one negative
electfode, which are separated by a separator and situated together with an
alkaline electrolvte in a casing, characterized in that the separator has a basis

5 weight of 20-30 g/m’, a thickness in the dry state of less than 0.15 mm and an

average pore size less than 14 pm.

2. Alkaline cell or battery according to Claim 1, characterized 1n that
the separator has a basis weight of 20-28 g/m’, a thickness in the dry state of 0.05-

10 0.09 mm and an average pore size of 8 um to 14 pm.

3. Alkaline cell or battery according to Claim 1 or 2, characterized 1n
that the separator contains 25-95 wt% fibrillated cellulose fibers and, as the
remainder to 100 wt%, a synthetic fiber.

15
4. Alkaline cell or battery according to Claim 3, charactenized in that the
separator has at least 45 wt% fibrillated cellulose fibers.
5. Alkaline cell or battery according to Claim 3 or 4, characterized 1n
20 that the fibrillated celluiose fibers have a Shopper Riegler degree ot 30-65.

6. Alkaline cell or battery according to Claim 3 or 4, characterized in
that the separator contains polyvinyl alcohol fibers as synthetic fibers.

25 7. Alkaline cell or battery according to Claim 6, characterized 1in that
polyvinyl alcohol fibers with a melting range of 60°C as binder fibers and a water-
insoluble polyvinyl alcohol fiber with a titer less than or equal to 1.1 dtex 1n each

case, are contained in the separator.

30 8. Alkaline cell or battery according to one or more of Claims 1-7,

characterized in that the cell contains a double layer of the separator.

9. Alkaline cell or battery according to one or more of Claims 1-8,
characterized in that it has the sizes LR61 (AAAA), LR03 (AAA) or LR6 (AA).

10
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10.  Separator employed in an alkaline cell or battery according to one
or more of Claims 1-9, characterized in that it 1s produced by a paper-laying

method.

5 11. Separator according to Claim 10, characterized in that 1t 1s

produced by a wet laying method.

12.  Separator according to Claim 10 or 11, characterized in that

solvent-spun cellulose with a titer of 0.5-3 dtex 1s cut to a fiber length of 3-6 mm

10  and fibrillated by a wet-grinding method.
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