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1. A sheet material for use in an alkaline battery system

comprising from 30 to 70 weight percent of the sheet
material of polyolefin synthetic pulp, from 15 to 65 weight
percent of the sheet material of an alkali resistant
inorganic filler, and from 1 to 35 weight percent of the
sheet material of long synthetic fibers having lengths of at
least 0.25 inch wherein at least some of the long synthetic
fibers are water swellable so as to bind at least some of
the remaining ingredients together.

16. A Dbattery separator for use in alkaline batteries
comprising a sheet of from 30 to 70 weight percent of the
sheet of polyolefin synthetic pulp, from 15 to 65 weight
percent of the sheet of an alkali resistant inorganic
filler, from 0.5 to 17.5 weight percent of the sheet of a
water swellable 1long fiber and from 0.5 to 17.5 weight
percent of the sheet of a nonwater swellable long fiber.

20. A method of producing a sheet material comprising the
steps of: mixing from 30 to 70 weight percent of the sheet

‘material of a polyolefin synthetic pulp with water, adding
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(10) 592178 :

from 15 to 65 weight percent of the sheet material of an

‘inorganic, alkali resistant filler and mixing thoroughly to

form a slurry, transferring the slurry to a chest of a
paper-making machine and adding from 1 to 35 weight percent
of the sheet material of 1long synthetic fibers wherein at
least some, if not all of the long synthetic fibers are
water swellable, heating the slurry to room temperature or
greater to allow the water swellable long synthetic fibers
to swell, diluting the slurry with water to a solids
concentration of less than 5 percent, transferring the
slurry onto a web forming device, forming a web and drying
the web to obtain the sheet material.

22. An alkaline battery comprising one or more positive
electrodes, one onr more negative electrodes, an alkaline
based electrolyte solution and a sheet material for use as a
separator or interseparator comprised of "from 30 to 70
weight percent of tmg,sheet material of synthetic polyolefin
pulp, from 15 to 65 weight percent of the sheet material of
inorganic alkali resistant filler, and from 1 to 35 weight
percent of the sheet material of a long synthetic fiber, at
least some of which is water swellable.
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This invention is directed to a sheet material suitable for use in an
alkaline battery system, preferably as a battery separator or inter-

separator and to a method of making the same.

BACKGROUND OF THE INVENTION

Alkaline batteries have become increasingly more popular because
of their high energy density. As such, these batteries are increasingly
used in applications normally reserved for the traditional lead-acid
battery systems.

In order to achieve extended battery life and efficiency in alkaline

systems, the use of battery separators is required and the use of
battery interseparators, as well, is preferred. The battery separators,
when used for example in a nickel-cadmium battery, are located between
the positive and negative plates so as to provide, 1) a separation
between the electrodes of opposite charge, 2) an electrolyte reservoir,
3) a uniform electrolyte distribution across the electrode surface so as
to permit uniform cu:rrent density amd 4) a space for electrode
expansion.
Interseparators are located between the separators and the plates and
provide the same properties as the separators except that
interseparatérs do not normally prevent dendrisatic growth. Separators
and interseparators in such systems must be porous, thin, chemically
inert to alkaline electrolytes and possess a high degree of wicking
properties.

By minimizing the thickness of the separator and/or interseparator
cne can minimize the amount of electrolyte required and maximize the
energy density of the battery. Further, by having.a high degree of
wicking properties, for example, 5cm/24 hours as determined by
industry standards, one can maintain the electrolyte over the entire
surface of the electrode, thereby further increasing the efficiency of
the battery.

=0~



Battery separators and interseparators used in alkaline batteries at
present are commonly formed of polypropylene, polyamide and/ar nylon
non-woven sheets.

Examples of separators and interseparators in use in alkaline
systems today are shown in U.S. Patents 4,264,691 and 4,330,602. The
separator/interseparator is formed of synthetic pulp, alkali resistant
inorganic filler and a long fiber of polyester, polyacrylic, polyamide or
nolyolefin materials. The separator/interseparator can be formed by a
standard paper-making technique. The resultant material meets the
desired requirements of thickness and wicking properties. The material
however, often does not meet the required standards of tensile strength
and filler retention necessary for the rapid development and use of
alkaline batteries, especially for the automation of the manufacture of
the batterié's, particularly secondary alkaline systems, such as
nickel-cadmium batteries. !

The present invention overcomes the problems inherent in the
currently used separators and provides an inexpensive sheet material
with the desired tensile strength, chemical incrtness, thickness and
wicking properties and which is usable in automated assembly processes
for forming alkaline batteries.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide a fibrous, filled
sheet material useful as a separator. or interseparator in alkaline
batteries.

ft is another object of the present invention to provide a sheet
raterial having enhanced tensile strength and chemical inertness.

Another object of the present invention is to provide a sheet

2
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material suitable for use in alkaline battery systems comprised of
synthetic pulp, alkali resistant inorganic filler, a water swellable long
fiber and preferably a nonswellable long fiber, which has wicking

properties of at least scm/24 hours and a tensile strength exceeding 400

) Ibs/inz.

It is a further object of the present invention to provide a sheet
material suitable for use as a battery separator or an interseparator in
alkaline battt:eries.

An additional object of this invention is to provide a battery
separator or interseparator comprised of synthetic pulp, one or more
inorganic, alkali resistant fillers, and a water swellable long fiber.
The separator having excellent tensile strength, wicking properties and

alkaline resistance.

battery separator or intersepzrator is described which is forfmed from a

composition of from about 30 to about 70 percent polyolefin synthetic

pulp, from about 15 to about 65 percent aline resistant inorganic

filler, from about 1 to about 35 per t of one or more long fibers, a

first long fiber selected from~a water swellable homopolymer such as

polyvinyl - alcohol or copolymer of polyvinyl chloride and polyvinyl

alcohol, and optionally a second long fiber selected from a non-water

swellable~“polymer such as polyvinyl alcohol, polyester, polyamide,

v
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SUMMARY OF THE INVENTION
, one of

According to&Fhe present invention there is provided a
sheet material for wuse in an alkaline battery system
comprising from 30 to 70 weight percent of the sheet
material of polyolefin synthetic pulp, from 15 to 65 weight
percent of the sheet material of "an alkali resistant
inorganic filler, and from 1 to 35 weight percent of the
sheet material of long synthetic fibers having lengths of at
least 0.25 inch wherein at least some of the long synthetic
fibers are water swellable so as to bind at least some of
the remaining ingredients together.

The present invention further provides an -alkali
resistant sheet material comprising from 30 to 70 weight
percent polyolefih synthetic pulp, from 15 to 65 weight
percent of filler and from 1 to 35 weight percent of one or
more long synthetic fibers, wherein at least some or all of
the long synthetic fibers are water swellable.

The present invention further provides a battery
separator for use in alkaline batteries comprising a sheet
of from 30 to 70 weight percent of the sheet of polyolefin
synthetic pulp, from 15 to 65 weight percent of the sheet of
an alkali resistant inorganic filler, from 0.5 to 17.5
weight percent of the sheet of a water swellable long fiber
and from 0.5 to 17.5 weight percent of the sheet of a
nonwater swellable long fiber.

The present invention further provides a method of
producing a sheet material comprising the steps of: mixing
from 30 to 70 weight percent of the sheet material of a
polyolefin synthetic pulp with water, adding from 15 to 65
weight percent of the sheet material of an inorganic, alkali
resistant filler and mixing thoroughly to form a slﬁrry,
transferring the slurry to a chest of a paper-making machine
and adding from 1 to 35 weight percent of the sheet material
of long synthetic fibers wherein at least some, if not all
of the 1long synthetic fibers are water swellable, heating
the slurry to room temperature or greater to allow the water
swellable 1long synthetic fibers to swell, diluting the
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slurry with water to a solids concentration of 1less than 5
percent; transferring the slurry onto a web forming device,
forming a web and drying the web to obtain the sheet
material.

The present invention further provides an alkaline
battery comprising one or more positive electrodes, one or
more negative electrodes, an alkaline based electralyte
solution and a sheet material for use as a separator or
interseparator comprised of from 30 to 70 weight percent of
the sheet material of synthetic polyolefin pulp, from 15 to
65 weight percent of the sheet material of inorganic alkali
resistant filler, &and from 1 to 35 weight percent of the
sheet material of a long synthetic fiber, at least some of
which is water swellable.
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';DETAILED DESCRIPTION OF THE INVENTION

All measurements stated in percent in this application, unless
otherwise stated, are measured by weight based upon 100% of the
finished p;'oduct weight. Thqs, for example 30% represents 30 weight
parts out of every 100 weight parts of the finished product.

The present invention is a sheet material, such as a separator or
interseparator for alkaline batteries, comprising a mixture of from about
30 to -abeut~ 70% polyolefin synthetic pulp, from abeut 15 to 2beut 65%
percent of an alkali resistant inorganic filler or fillers, and from abewt
1 to abewt 35% of long fibers, wherein some or all of which is water
sweilable.

The synthetic pulp useful in the p‘resent invention is a polyolefin
of short fibers having a fiber size and éhape similar to that of cellulose
pulp. Such synthetic pulps are described in U.S. Patents 4,264,691
and 4,330,602, the teachings of which are incorporated herein by
refererce.

The fiber length of the synthetic pulp is preferably from about 1
to 4 millimeters. The preferred pulp is a polyethylene based pulp.
Other pulps are equally useful and may be made of other polyolefins
such as polypropylene. Pulp fibers with a high degree of branching or
fibrillation are most preferred in the present invention.

The alkali rgsistant inorganic filler can be any particulate material

which is chemically inert to alkaline electrolytes. Alkali resistant

et
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inorganic fillers suitable for use in the present invention include for
example, titanium dioxide, alumina, calcium oxide, calcium hydroxide,
calcium titanate, potassium titanite, magnesium hydroxide, magnesium
oxide or zirconium hydroxide and admixtures thereof. Of course, any
other alkali resistant filler, which is compatible with the other
ingredients used in the sheet of the present invention and known to
one skilled in the art can be used as well. A preferred filler is
potassium titanite. Another preferred filler is titanium dioxide. The
filler preferably has a particle size of from abeut 0.001 to abewt 1
microns, a surface area of from abewt 5 to abewt 200 square meters per
gram and a pore volume of from abeut 0.01 to abewt 1 cc per gram.

The long fibers used in the present invention arz formed of
synthetic polymers, at least some or all of which are water swellable.
The present invention may contain only one long fiber which is water
swellable, Preferably, two types of lond fibers are used in the present
invention. The first type is of a water swellable material such as
a vinyl alcohol polymer or a copolymer of a polyvinyl chloride (PVC)
and a polyvinyl alcohol or a grafted copolymer comprising a vinyl
chloride backbone grafted with a vinyl alcohol polymer. Such fibers
are commercially available. A commercially available example of a viny!
alcohol polymer water swellable fiber is MEWLON SML by Unitika Kasei,
l.td. An example of a3  commercially available polyvinyl
chloride/polyvinyl alcohol copolymer is sold by Kohjin Co.

The optional, though preferred second long fiber is preferably a
nonwater swellable PVA, such as MEWLON F, by Unitika Kasei, Ltd.,
although other nonwater swellable fibers such as polyester, polyacrylic,
polyamide, polyolefin or mixtures thereof, could be used.

pre,Ce;r-ab\ud

The long fibers, swellable gnd nonsweliable, -ehou-bd»&have a denier

of from abewt 1 to abewt- 12 and a length of at least .25 to abews 1
5
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inches. The total amount of long fibers can equal the amount of pulp
used. Preferably, the total amount of long fibers is approximately 50%
of the amount of synthetic pulp. Also the amount of water swellable
fiber is|equal to or less than the amount of nonwater swellable fibers,

It has unexpectedly been found that the use of the trwo long
fibers, one of which is water swellable, results in a sheet material
which has superior tensile strength and filler retention, even without
the use of traditional retention aids. It is believed that these results
are directly caused by the use of the two different but compatible
fibers, especially the use of a water swellable fiber,

While applicant does not wish to be bound to any one theory of
invention, applicant submits the following explanation as to the
operation of the present invention. It is possible that other
explanations could be found to shgw why and how the present invention
operates. {

At least the surface of the water swellable long fiber becomes
gel-like and sticky when in- contact with water during the formation of

the sheet of the present invention. This gel-like phase of the fiber

acts as a binder or an adhesive, binding all of the remaining

ingredients of the sheet together. Further the gel-like phase binds the
filler to its surface thereby retaining an increased amount of filler that

would normally be lost during the dewatering of the sheet material.

Upon drying, the water swellable material returns to its previous state

but is now intermeshed and bonded to the other components which
increases the tensile strength of the finished sheet. It is also believed
that additional bondirng between the swellable fiber and the other

components occurs where the optional second fiber and the water
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swellable fiber are both PVA fibers, due to their compatability,
although this belief has not been confirmed.
P’QQ&,\"O&A:}

Sheet material formed in accordance with the present invention ar?
porous materials having a median pore diameter of less than 10 microns
and a maximum pore diameter of no more than about 35 microns.

The process by which the sheet of the present invention is formed
is similar to that described in U.S. Patents 4,264,691 and 4,330,602
which are incorporated by reference herein. The process is carried out
on normal paper-making machinery, such as a rotoformer or Fourdinier
paper machine. A slurry is formed in a conventional paper-making
pulper first by charging the synthetic pulp with water and pulping the
material until it is thoroughly dispersed. Various dispersants may be
added if necessary or desired, or more preferably the pulp may
optionally contain a dispersant. One or more fillers are then added and
mixed in the pulper until thoroughly disﬂersed. The pulper content is
then discharged into the chest of a rotoformer or a Fourdinier paper
machine. A water swellable long fiber is added to the chest and mixed
for a sufficient amount of time so as to allow the fiber to swell.
Preferably the slurry is warmed to room temperature or greater to aid
in the swelling of the fiber. Next a nonwater swellable fiber if used is
mixed into the chest. After thoroughly mixing the components in the
chest, ground alum, (aluminum sulphate) preferably iron free, is
added. .The aqueous slurry is then transferred from the chest to a
dilution box upstream of & web forming headbox. There, the mixture is
diluted with water until the solids concentration is less than 5 percent
preferably less than 1 percent. The mixture is then transferred to the

headbox and a web is formed on the rotoformer or Fourdinier machine.
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A lump breaker operating at 20 to 80 psi. smoothes the upper surface
of the web. The web is transferred from the rotoformer or Fourdinier
machine to an oven and/or one or more drying cans where the web is
dried. During the drying or subsequent thereto, the web may optionally
be heated to a temperature of from about 125°C to 150°C to allow for
the partial fusing of the synthetic pulp fibers.

The thickness of the resultant web is directly related to the rate
at which the slurry is deposited onto the web forming apparatus, the
solids concentration at that moment and the speed of the web forming
apparatus. The sheet material should have a thickness of less than 20
mils. Preferably the resultant sheet material should be less than 12
mils, requiring therefore that the deposition of the slurry be at a
grammage of less than about 120 grams per square meter (gm/mz),
preferably 50 to 120 gm/mz. Of course, shoutld a thicker sheet material
be desired, one could easily increase the{ deposition grammége until a
sheet of desired thickness is achieved.

The dried web may bhe calendered at sufficient pressure and
temperature to form a sheet having a thickness of less than 12 mils,
preferably 5 to 10 mils.

The use of a retention aid is not required in the present invention
as it has been found that the water swellable long fiber attracts and
retains the filler to its surface so that the amount of filler lost during
drying is substantially reduced. One could use retention aids in the
process to further reduce the loss of filler during drying. |If used,
preterably th; slurry is treated with an ionic retention aid such as a
cationic polyacrylamide and then an anionic polyacrylamide retention aid.

Cv 1okered krade wmark)
An example of a cationic acrylamide useful in this invention is RETEQ

8
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210, a product of Hercules, Inc. A suitable anionic retention aid is
RETEN 421 or 521, an anionic acrylamide copolymer of Hercules, Inc.
Typical concentrations are 0.04% in water at 600 to 800mi/minute for the
cationic retention aid and .025% in water at 600 to 800ml/minute for the
anionic retention aid.

Other aids, such as surfactants to improve the electrical resistance
of the sheet material, and wetting agents are also useable in the
present invention, so long as they do not have an adverse effect on
battery performance or life.

The following examples are given for illustrative purposes only and
are not meant to be a limitation on the present invention. All
percentages are by weight of the finished product unless otherwise
stated.

EXAMPLE |
30 percent of a commercially avaéilable short fibered synthetic
[Veg\s\:c,reév rede M&r\a

polyethylene pulp (PULPEX,(Grade EA, by Hercules, Inc.) was charged
into a papermaking pulper with water. After the pulp is thoroughly
dispersed, 45 percent of titanium dioxide is added and pulped for 10
minutes. The pulper contents are then discharged into the chest of a
rotoformer machine and 10 percent of a waterswellable long fiber, here
a polyvinyl .alcohol fibper (MEWLON SML by Unitika Kasei, Ltd.) of 1.0
denier is mixed into the chest. The water temperatuie is maintained
between 20°C and 30°C until the fibers have swelled and have formed a
gel-like surface. Then 15 percent of a nonwater swellable polyvinyi
alcoho! fiber (MEWLOM F by Unitika Kasei, Ltd.) was added. After
thoroughly mixing the chest, 2 percent of ground alum (aluminum
sulfate, preferably iron-free) was added. The slurry was then

9
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transferred to a dilution box upstream from the rotoformer headbox.
The mixture is diluted with water until the solid concentration is less
than 0.1 percent. The dilute mixture is then transferred to the
headbox and a web is formed on the rotoformer. A Ilump breaker
operating at 80psi smoothes the top surface of the web. The web is
then transferred from the rotoformer to one or more drying cans and
after drying is wound onto a take up reel,
The resultant web had the following properties:

A) Tensile strength (machine direction) - 1363 psi

B) Grammage - (grams/mz) - 90

C) Maximum pore size - 25 microns

D) Percent porosity - 65

E) Thickness - 8 mils

F) Wick rate (cm/24hr.) - greater than 16

Comparative Exanple |

A sheet material was made in accordance with Example | of U.S.
Patent 4,330,602, containing 47.5 percent polyethylene pulp, 47.5
percent titanium dioxide, 5 percent nonwater swellable long fiber of
polyethylene terephthalate, 2 percent alum and ionic retention aids.

The resultant sheet had the following properties:

A) Tensile strength - 470 psi

B) Grammage (gm/mz) - 90

C) Maximum Pore Size - 15 microns
D) Percent Porosity - 62

E) Thickness - 8 mils

F) Wick Rate (cm/24 hr.) - greater than 16

10




As one can see from the examples above, the present invention has

a 'tens'i.le strength which greatly exceeds that previously available in a

‘sheet material for alkaline battery systems.

Example Il

The procedure of Example | was carried out except as follows: a
cationic acrylamide containing retention aid (RETEN 210 by Hercules,
Inc.) was added to the dilution box at a concentration of 0,05 percent
in water at 600 ml/minute. An anionic acrylamide retention aid (RETEN
521, by Hercules, Inc.) was added in the dilution box three feet
downstream of the first retention aid at a concentration of 0.025 percent
in water at 800 mi/minute.

The resultant sheet had properties similar to those of Example 1
and was found to have retained approximately 3% more filler than the
sheet of Example 1.

Example IlI
The procedure of Example 1 was carr‘ied out except as follows: the
nonwater swellable polyvinyl alcohol fiber was replaced with 15 percent
eqpétered rode mark
of a nonwater swellable polypropylene long fiber (HERCULONL153, by
Hercules, Inc.)
The resultant sheet had the following properties:
A) Tensile strength 812.5 psi
B) Grammage (gm/mz) - 90
C) Maximum poure size - 25 microns
D) Percent Porosity - 65
E) Thickness - 8 mils

F) Wick rate (cm/24 hr.) - greater than 16

1
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While this invention has been described with reference to its
preferred embodiment in the alkaline battery industry, other
embodiments of the present invention can be used in other battery
systems or other industries where the need for a thin, porous, alkaline
resistant sheet with high tensile strength is desired.

Further, while this invention has been described with reference to
its pr.eferred embodiments, other embodiments can achieve the same
result. Variations and modifications of the present invention will be
obvious to those skilled in the art and it is intended to cover in the
appended claims all such modifications and equivalents as fall within the

true spirit and scope of this invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A sheet material for use in an alkaline battery system
comprising from 30 to 70 weight percent of the sheet
material of polyolefin synthetic pulp, from 15 to 65 weight
percent of the sheet material of an alkali resistant
inorganic filler, and from 1 to 35 weight percent of the
sheet material of long synthetic fibers having lengths of at
least 0.25 inch wherein at least some of the long synthetic
fibers are water swellable so as to bind at least some of
the remaining ingredients together.

2. A sheet material of Claim 1 wherein the polyolefin
synthetic pulp is selected from polyethylene, polypropylene,
or a combination thereof; the filler is selected from
titanium dioxide, alumina, magnesia, potassium titanite,
zirconium hydroxide, magnesium = hydroxide or mixtures
thereof; the water swellable 1long synthetic fibers are
comprised of a polymer of vinyl alcohol and any remaining
long synthetic fibers are selected from nonwater swellable
polyvinyl alcohol, polyester, polyacrylic, polyamide,
polyolefin and mixtures thereof.

3. The sheet material of Claim 1 wherein the 1long
synthetic fibers are a first water swellable polyvinyl
alcohol fiber and a second nonwater swellable polyvinyl
alcohol fiber.

4, The sheet material of Claim 3 wherein the amount of
water swellable fiber is equal to or less than the amount of
nonwater swellable fiber.

5. The sheet material of any one of claims 1 to 4 wherein
the amount of long synthetic fiber is equal to or less than
the amount of synthetic pulp.

6. The sheet material of any one of claims 1 to 5 wherein
the tensile strength of the sheet material is at least 400
pounds per square inch.

7. The sheet material of Claim 2 whérein said vinyl
alcohol polymer is a copolymer.

8. The sheet material of Claim 7, wherein said vinyl
alcohol polymer is a copolymer of vinyl alcohol and vinyl
chloride.
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9. The sheei material of Claim 8 wherein said copolymer
comprises a graft copolymer having a vinyl chloride backbone
grafted with a water swellable vinyl alcohol.

10. The sheet material of any one of claims 1 to 9 wherein
the long synthetic fibers have a denier of 1 to 12 and a
length of from .25 to about 1.5 inches,.

11. An alkali resistant sheet material comprising from 30
to 70 weight percent polyolefin synthetic pulp, from 15 to
65 weight percent of filler and from 1 to 35 weight percent
of one or more long synthetic fibers, wherein at least some
or all of the long synthetic fibers are water swellable.

12. The alkali resistant sheet material of Claim 11
wherein the water swellable 1long synthetic fibers are
selected from polyvinyl alcohol fibers, a copolymer fiber
comprising a polyvinyl chloride and a water swellable
polyvinyl alcohol, and mixtures thereof.

13. The alkali resistant sheet material of Claim 11
wherein the 1long synthetic fibers are comprised of water
swellable fibers and a nonwater swellable fibers in
approximately equal proportions.

14. The alkali resistant sheet material of Claim 11
wherein the 1long synthetic fibers are a water swellable
fiber and a nonwater swellable fiber and wherein the water
swellable fiber is present in an amount equal to or less
than that of the nonwater swellable fiber.

15. The alkali resistant sheet material of any one of
claims 11 to 14 wherein the 1long synthetic fibers have
deniers of 1.0 to 12 and lengths of 0.25 to 1.5 inches.

16. A Dbattery separator for use in alkaline batteries
comprising a sheet of from 30 to 70 weight percent of the
sheet of polyolefin synthetic pulp, from 15 to 65 weight
percent of the sheet of an alkali resistant inorganic
filler, from 0.5 to 17.5 weight percent of the sheet of a
water swellable 1long fiber and from 0.5 to 17.5 weight
percent of the sheet of a nonwater swellable long fiber.

17. The Dbattery separator of Claim 16 wherein the
polyolefin pulp is selected from the group consisting of
polyethylene, polypropylene or a combination thereof; the
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filer 1is selected from the group consisting of titanium
dioxide, alumina, magnesia, potassium titanite, =zirconium
hydroxide, magnezium hydroxide or a mixture thereof; the
water swellable 1long fiber is selected from the group
consisting of polyvinyl alcohol, a copolymer of polyvinyl
chloride and polyvinyl alcohol or mixtures therof; and the
nonwater swellable 1long fiber is selected from the group
consisting of polyvinyl alcohol, polyester, polyacrylic,
polyamide, polyolefin oi mixtures thereof.

18. The battery separator of Claim 16 or Claim 17 wherein
the sheet material has a tensile strength of at least 400
psi.

19. The battery separator of any one of claims 16 to 18
wherein the water swellable 1long fiber and the nonwater
swellable 1long fiber have a denier of from 1 to 12 and
length from 0.25 to 1.5 inches.

20. A method of producing a sheet material comprising the
steps of: mixing from 30 to 70 weight percent of the sheet
material of a polyolefin synthetic pulp with water, adding
from 15 to 65 weight percent of the sheet material of an
inorganic, alkali resistant filler and mixing thoroughly to
form a slurry, transferring the slurry to a chest of a
paper-making machine and adding from 1 to 35 weight percent
of the sheet material of 1long synthetic fibers wherein at
least some, if not all of the 1long synthetic fibers are
water swellable, heating the slurry to room temperature or
greater to allow the water swellable long synthetic fibers
to swell, diluting the slurry with water to a solids
concentration of 1less than 5 percent, transferring the
slurry onto a web forming device, forming a web and drying
the web to cbtain the sheet material.

21. The method of Claim 20 wherein the polyolefin
synthetic pulp is selected from polyethylene, polypropylene
or mixtures thereof; the filler is selected from titanium
dioxide, alumina, magnesia, potassium titanite, zirconium
hydroxide, magnesium hydrozide or mixture thereof; the water

swellable long synthetic fibers are comprised of a polymer
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selected from nonwater swellable polyvinyl alcohol,
polyester, polyacrylic, polyamide, polyolefin and mixtures
thereof.

22. An alkaline battery comprising one or more positive
electrodes, one or more negative electrodes, an alkaline
based electrolyte solution and a sheet material for use as a
separator or interseparator comprised of "from 30 to 70
weight percent of the sheet material of synthetic polyolefin
pulp, from 15 to 65 weight percent of the sheet material of
inorganic alkali resistant filler, and from 1 to 35 weight
percent of the sheet material of a long synthetic fiber, at
least some of which is water swellable.

23. A sheet material substantially as hereinbefore
described with reference to any one of the Example.

24, A Dbattery separator substantially as hereinbefore
described with reference to any one of the Examples.

25, A method substantially as hereinbefore described with
reference to any one of the Examples.

DATED: 8th September 1989.
PHILLIPS ORMONDE AND FITZPATRICK

Patent Attorneys for:
W.R. GRACE & CO.
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