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1
ALKALINE BATTERY SEPARATORS
HAVING CONTROLLED PORE SIZE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application, filed under
35 U.S.C. § 371, of International Patent Application No.
PCT/IB2018/057465, filed on Sep. 26, 2018, which claims
the benefit of U.S. Provisional Application No. 62/563,291,
filed on Sep. 26, 2017, both of which are incorporated by
reference herein in their entirety.

TECHNICAL FIELD

This disclosure relates generally to an alkaline battery
separator comprising a blend of polyvinyl alcohol and
cellulose or cellulose derivatives having controlled pore size
and methods of making such separators.

BACKGROUND

Separator papers for alkaline batteries serve as a mechani-
cal barrier between the electrodes to prevent shorting while
allowing for ionic transport through the electrolyte in the
pores. Separators should have good mechanical integrity,
chemical inertness, well-defined and consistent porosity and
tortuosity in order to uniformly transport the ions between
the electrodes. Separator papers used in alkaline batteries
often comprise blends of polyvinyl alcohol (PVA) fibers and
cellulose or cellulose derivatives such as rayon or Tencel.
Generally, PVA fibers promote dimensional stability in the
potassium hydroxide electrolyte, while cellulose and its
derivatives support absorption properties.

In addition to fiber composition, separators are designed
at various levels of basis weight. The availability of low
count PVA, as well as rayon fibers, has enabled a trend
toward lighter material, targeting space savings in the cells
to permit higher amounts of active material and enhance
discharge performance. However, low levels of basis weight
are no longer considered the ultimate target in view of
technical and economic concerns. Technical issues include
processability causing stiffness, as well as mechanical char-
acteristics in batteries leading to poor drop resistance. Inclu-
sion of low count fibers contribute significantly to costs.
New types of anodes with higher performance have been
developed; however, these anodes also have a higher ten-
dency to generate dendrites which cause short circuits,
leading battery manufacturers to seek barrier property rein-
forcement.

There is a need for a separator that has a controlled,
predetermined pore size, i.e., mean and maximum size and
volume can be preselected.

SUMMARY

The disclosure generally relates to an alkaline battery
separator comprising a blend of PVA and a cellulose deriva-
tive having controlled pore size of less than about 4.0 pum.

In one embodiment, the separator comprises about 30% to
about 60% of PVA and about 40% to about 60% of lyocell
fibers such as Tencel. In another embodiment, the separator
comprises at least 55% of PVA and at least 45% of Tencel.

In one embodiment, the alkaline battery is a Zn/MnO,
battery.

In another aspect, the disclosure relates to a method of
making an alkaline battery separator having a controlled
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pore size comprising highly fibrillating a cellulose derivative
and, optionally, cellulose and combining with PVA.

The recitation herein of desirable objects which are met
by various embodiments of the present disclosure is not
meant to imply or suggest that any or all of these objects are
present as essential features, either individually or collec-
tively, in the most general embodiment of the present
disclosure or in any of its more specific embodiments.

DETAILED DESCRIPTION

Except as otherwise noted, any quantitative values are
approximate whether the word “about” or “approximately”
or the like are stated or not. The materials, methods, and
examples described herein are illustrative only and not
intended to be limiting. Any molecular weight or molecular
mass values are approximate and are provided only for
description.

Disclosed herein is an alkaline battery separator compris-
ing a blend of polyvinyl alcohol and a cellulose derivative.
The separator has a controlled pore size, i.e., the pore size
can be predetermined or preselected. In some embodiments,
the alkaline battery separator comprises a blend of polyvinyl
alcohol, a cellulose derivative, and cellulose. The separator
can be used in various alkaline batteries such as a Zn/MnO,
battery.

The cellulose and cellulose derivatives can include but are
not limited to natural cellulose (wood fiber and pulp, cotton,
hemp, etc.) and regenerated cellulose (e.g., rayon and Ten-
cel).

The separator can comprise PVA in a ratio (by weight) of
at least about 20%, at least about 30%, and at least about
55%. The separator can comprise lyocell fibers such as
Tencel in a ratio (by weight) of at least about 25%, at least
about 35%, and at least about 45%. In one embodiment, the
separator comprises PVA of at least 55% and lyocell fibers
such as Tencel of at least 45%. The separator can comprise
about 0% to about 30% of cellulose.

Generally, a method of making the separator comprises
highly fibrillating a cellulose derivative, for example, lyocell
fibers such as Tencel, and optionally, cellulose, before
combining with PVA. Cellulose fibrillation can be achieved
using mechanical refiners such as a single disc refiner, a
double disc refiner, a conical refiner, a rotating cylinder
refiner, or other types of refiners used to mechanically grind
or process cellulose or cellulose derivatives to produce
individual fibers and smaller fibrillar elements. The feed
material for this process may be previously treated cellulosic
material (such as wood chips, annual plants, etc.) formed
into pulp. The previous treatment of the cellulosic material
to produce pulp used as the feed material can be a result of
chemical digestion, such as Kraft cooking, sulfite cooking,
soda cooking, etc., mechanical refining, a combination of
chemical digestion and refining, or other known processes.

Fibrillation can be of various duration and energy levels,
such as 125 min. to 200 min. at 185 KW to 200 KW of total
energy corresponding to a Specific Edge Loading (SEL) of
0.65 to0 0.75 J/m. The fibrillation process is performed on 30
g/1 fiber suspensions. Generally, fibrillation occurs over a
long period of time at a low energy, the goal being to
introduce a given amount of energy such as 1200 to 1500
KWH/T of total energy (700 to 1150 kWh/T of specific
energy) to the cellulose to reach a fibrillation level in the
range of 140 and 100 Canadian Standard Freeness (CSF)
and even between 37 and 25 CSF. Resultant fibrillated fibers
typically have a width of 16-20 microns and a length of 1000
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to 1150 microns. In the fibrillation process, the long duration
is preferred to the high level of energy in order to avoid fiber
cutting.

Once the fibrillation process has been performed and
controlled, the cellulose and/or cellulose derivative is
diluted with cold water to cool down the temperature below
40° C. in anticipation of the addition of both water soluble
and subject PVA fibers in the pulper. Both types of PVA
fibers typically have cut lengths of 2 to 4 mm. When thinner
fibers (e.g., lower denier (d) or dTex) are used, fibers of
shorter length are necessary to avoid unexpected fiber
entanglement. The fiber blend is thoroughly mixed in the
pulper before being transferred into the papermachine chest.

When tested on a PMI sizer, typical separators weighing
between 20 and 40 g/m® have mean pore sizes ranging
between 1.6 to 12 microns and max pore sizes ranging
between 6 to 40 microns. The highly fibrillated fibers
described herein have a smaller mean pore size, a smaller
max pore size, and a smaller difference between mean and
maximum pore size.

The mean pore size of the separator described herein can
be less than about 5 microns, less than about 4 microns, less
than about 3 microns, and less than about 2.0 microns. The
max pore size can be less than about 16 microns, e.g., about
4 microns to about 25 microns, about 5 microns to about 20
microns and about 9 microns to about 16 microns. In one
embodiment, the mean pore size is about 1.5 microns to
about 3 microns.

EXAMPLES

Example 1: PVA (0.5 d) (VPB 0.53) and soluble PVA
(VPB 105-2) were purchased from Kuraray Co. Tencel
(Lenzing Co.), cut in 3 mm length, was subjected to fibril-
lation using a 24" double disc refiner for 115 minutes under
a SEL of 0.65 J/m to reach a CSF of 117 and a final fiber
length of 1.1 mm. Once the fibrillation process was per-
formed and controlled, the fibrillated Tencel fibers were
diluted with cold water to cool down the temperature below
40° C. before proceeding to the addition of both water
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soluble and subject PVA fibers in the pulper. The fiber blend
was thoroughly mixed in the pulper for 10 min. before being
transferred into the papermachine chest. The slurry was
processed on an inclined wire papermachine at a speed of 90
m/min to produce a porous sheet having the parameter
described in Table 1. Thickness and MD and CD tensile
strength were measured in compliance with respectively ISO
534 and ISO 1924-2. Thickness was measured by applying
pressure at 100 kPa and 20 kPa. KOH absorption capacity
and speed were measured by standard methods of the
industry from 34% KOH solutions. Mean and max pore size
was measured in compliance with ASTM 316.

Example 2 was prepared as described for Example 1,
except subject PVA fiber was selected at 0.3 d (VPB 033;
Kurary Co.) and Tencel fibrillated to 120 CSF after fibril-
lation during 155' under a SEL of 0.69 J/m. The PVA and
Tencel were combined at a ratio of 55%:45% by weight
before being processed on the papermachine.

Example 3 was prepared as described for Example 2,
using 0.3 d PVA VPB 033. A first batch of 1.7 dTex Tencel
was fibrillated at 250° CSF through 20' of refining under a
SEL of 0.52 J/m. A second batch of Tencel, brought to a
fibrillation degree of 30 CSF through 34 hours of refining
under a SEL of 0.08 J/m was prepared. A fiber blend made
of 55% of PVA, 33% of Tencel from the first batch and 12%
of Tencel from the second batch was then processed on the
paper machine.

Example 4 was prepared as described for Example 3,
using 0.3 d PVA VPB 033. A batch of 1.4 dTex Tencel was
fibrillated at 95 CSF through 135' of refining under a SEL of
0.52 J/m. The PVA and Tencel were combined at a ratio of
40%:60% by weight before being processed at 30 g/m* on
the papermachine.

Example 5 was prepared as described for Example 4,
using 0.3 d PVA VPB 033. A batch of 1.4 dTex Tencel was
fibrillated at 95 CSF through 135' of refining under a SEL of
0.52 J/m. The PVA and Tencel were combined at a ratio of
55%:45% by weight before being processed at 20 g/m* on
the papermachine.

TABLE 1
Example 1  Example 2  Example 3  Example 4  Example 5

Fiber blend  Subject PVA  43% - 0.5d  43% - 0.3d  43% - 0.3d 26% - 0.3d 41% - 0.3d

Soluble PVA 12% 12% 12% 14% 14

Tencel 45% - 117 45% - 120 33% - 248 60% - 95 45% - 95

CSF CSF CSF CSF CSF
12% - 37
CSF

Basis g/m? 33.0 30.1 30.0 30 19.5
weight
Thickness pm 101 91 89.2 83.5 60
100 kPa
Thickness pm 110 101 99.3 89.8 70
20 kPa
MD Tensile ¢N/15 mm 3600 2900 2555 3700 2200
strength
CD Tensile  ¢N/15 mm 2200 1250 1345 1175 790
strength
KOH g/m? 160 155 155.8 152 120
Absorption
Capillary mm/5 mn 18.0 11 6.2 4.0 4.0
rise in KOH
Air cm3/cm? mn 1100 1250 756.0 275 850

Permeability

(1 kPa)
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TABLE 1-continued
Example 1  Example 2  Example 3 ~ Example 4  Example 5

R Index 0.975 0.999 1.0 1.0 0.97
MEAN pm 2.9 2.5 1.6 1.2 1.85
PORE SIZE

MAX 19.7 14.0 9.2 52 14.0
PORE SIZE

10

While the invention has been described in detail herein in
accordance with certain preferred embodiments thereof,
many modifications and changes therein may be effected by
those skilled in the art. Accordingly, the foregoing disclosure
should not be construed to be limited thereby but should be
construed to include such aforementioned obvious varia-
tions and be limited only by the spirit and scope of the
following claims.

What is claimed is:

1. An alkaline battery separator comprising a blend of
about 40% polyvinyl alcohol and about 60% lyocell fibers
and wherein the separator has a max pore size of about 5.2
microns or less.

2. The alkaline battery separator of claim 1, wherein the
separator has a mean pore size of less than about 4.0 pm.

3. The alkaline battery separator of claim 1, wherein a
thickness of the alkaline battery separator is from about 60
pm to about 100 um when under 100 kPa of pressure.

4. The alkaline battery separator of claim 2, wherein the
separator has an MD tensile strength from about 2200 cN/15
mm to about 3600 cN/15 mm.

5. The alkaline battery separator of claim 4, wherein the
MD tensile strength of the alkaline battery separator is from
about 2500 cN/15 mm to about 2900 cN/15 mm.

6. The alkaline battery separator of claim 1, wherein an
the amount of soluble polyvinyl alcohol in the blend is from
about 12% to about 14%.
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7. The alkaline battery separator of claim 1, wherein the
capillary rise in KOH of the alkaline battery separator is
from about 4 mnY/5 mn to about 18 mny/5 mn.

8. An alkaline battery comprising:

first and second electrodes; and

a separator positioned between the first and second elec-

trodes, the separator made from a blend of about 60%
polyvinyl alcohol and about 40% lyocell fibers,
wherein the separator has a max pore size of about 5.2
microns or less.

9. The alkaline battery of claim 8, wherein the separator
has a mean pore size of less than about 4.0 um.

10. The alkaline battery of claim 8, wherein a thickness of
the separator is from about 60 um to about 100 um when
under 100 kPa of pressure.

11. The alkaline battery of claim 9, wherein the separator
has an MD tensile strength from about 2200 cN/15 mm to
about 3600 cN/15 mm.

12. The alkaline battery of claim 11, wherein the MD
tensile strength of the separator is from about 2500 c¢N/15
mm to about 2900 cN/15 mm.

13. The alkaline battery of claim 8, wherein an amount of
soluble polyvinyl alcohol in the blend is from about 12% to
about 14%.

14. The alkaline battery of claim 8, wherein the capillary
rise in KOH of the separator is from about 4 mm/5 mn to
about 18 mm/5 mn.



