
EP 0 572 921 B1 Description This invention relates to a separator for an
alkaline battery using zinc as a negative electrode active substance such
as an alkaline manganese battery or a silver oxide battery, and further
relates to a separator for an alkaline battery which enhances battery
performances such as the lifetime or prevention of internal short circuit
of an alkaline battery wherein mercury is not added to the zinc negative
electrode. Prior Art 10      As performances requested for a separatorfor
alkaline batteries, there can be mentioned alkali resistance, electro-
lytic solution absorptivity, separability, etc. Alkali resistance means
that the separator is not deteriorated or eluted by an alkali such as an
aqueous potassium hydroxide solution used as an electrolytic solution, and
the lack of alkali resistance causes problems to have a bad influence on
cell reaction and cause internal short circuit between the both electrodes
of the battery. 15      Electrolytic solution absorptivity is that the
separator is sufficiently impregnated with an electrolytic solution neces-
sary for cell reaction, and the lack thereof causes problems that cell
reaction is impeded and it becomes impossible to take out a large amount of
electric currents which are a characteristic of alkaline batteries.
Separability is to have fine pores, and the lack thereof causes problems
that needle crystals (i.e. dendrite) of con- ductive zinc oxide formed by
cell reaction penetrate the separator and cause internal short circuit. 20
Various investigations have been made on conventional separators for
alkaline manganese batteries so as to satisfy the above performances. For
example, as a separator for enhancing electrolytic solution absorptivity,
there is a wet method nonwoven fabric wherein a polyvinyl alcohol fiber and
a hydrophilic fiber are combined, as disclosed in Japanese Patent
Publication No. 11059/1978, and for example as a separator for enhancing
separability, there is one wherein a polyvinyl alcohol fiber of 25   0.8
denier or less and a cellulose fiber are combined, as disclosed in Japanese
Laid-Open Patent Publication No. 154559/1987. However recently, it is
required for the purpose of the protection of environments to lower the
amount of mercury which is added to the negative electrode for the
restraint of the self-discharge reaction of zinc, and although the mercury
addition amount was 9.0 wt. % based on zinc in or before 1985, it become
1.5 wt. % in 1987, and further it is decided 30  to make the mercury amount
zero in 1992. In proportion to the lowering of the rate of mercury
addition, needle crystals of zinc oxide become fine, and therefore internal
short circuit in the batterytends to take place easily. Further, the amount
of zinc oxide dissolved in the electrolytic solution becomes large, and
thereby cell reaction is inhibited, and as a result the lifetime of the
battery up to the end voltage tends to lower. 



35      Therefore, before the mercury addition rate of the status quo
became 1.5 wt. % based on zinc, various investigations had been made for
development of separators having further higher separability and higher
electrolytic solution absorp- tivity. For example, there is a separator
mainly comprising a polyvinyl alcohol fiber of 0.5 denier or less, as
disclosed in Japanese Laid-Open Patent Publication No. 146249/1989.
However, in this case, although extremely good separability 40   can be
attained and internal short circuit does not occur even when the mercury
addition rate is 1.5 wt. % based on zinc, electrolytic solution
absorptivity lowers because of heightening of the density of the separator,
and thus the amount of the electrolytic solution becomes insufficient even
when the swelling of the combined cellulose fibers is taken into account.
As a means for solving the problem, a separator obtained by making paper
from a mixture of a alkali-resistant 45   cellulose fiber capable of being
beaten and a synthetic fiber was investigated, as disclosed in Japanese
Laid-Open Patent Publication No. 119049/1990. In this case, the cellulose
fiber was beated and made fine, and thereby the density of the separator
was made higher, and the resultant separator had, even when the mercury
addition rate was 1.5 wt. % based on zinc, excellent separability, and
excellent electrolytic solution absorptivity because of the swelling of the
cel- lulose fiber itself. 50      However, when a zinc negative electrode
wherein no mercury had been added was used, the tendency of the needle
crystals of zinc oxide becoming fine becomes further larger compared to the
case of the mercury addition rate being 1.5 wt. %, and therefore, even in
case of the above separator, separability and electrolytic solution
absorptivity were insuf- ficient. As apparent from the foregoing,
aseparatorfor alkaline batteries satisfying both separability and
electrolytic solution 55   absorptivity has not so far been obtained in
alkaline batteries using a zinc negative electrode with no addition of
mercury. This invention aims to provide a separator for alkaline batteries
which is excellent in both separability and electrolytic absorptivity, low
in the swelling degree, and capable of lowering the internal resistance of
the battery, for obtaining of an alkaline battery, among alkaline batteries
wherein no mercury is added to the zinc negative electrode, which causes 2
EP 0 572 921  B1 no internal circuit, increases the lifetime of the battery
up to the end voltage, and further does not lower the electric capacity.
Summary of the Invention 



The above object of this invention can be attained by a separator for
alkaline batteries containing as at least part of the main fibers a
fibrilated product of solvent-spun cellulose fiber obtained by dissolving
cellulose in a solvent and depositing cellulose directly. Further, as such
solvent-spun cellulose fibers, there can be mentioned preferably a fiber
having a wet Young's 10   modulus of 20 g/d or more and an orientation
degree An of 42 x [err]   or more, and particularly preferably a
solvent-spun cellulose fiber obtained by dry-jet wet spinning into water a
spinning solution obtained by dissolving cellulose in an amine oxide to
deposit cellulose. The dry-jet wet spinning method means jetting a spinning
solution from a spinneret into an inert atmosphere such as air and
introducing the jetted fibrous substance into a coagulating bath. Further
as such a separator, a separator for alkali batteries is preferred which
comprises as substantially main fibers 15    a fibrilated product of the
above solvent-spun cellulose fiber and a polyvinyl alcohol fiber of 1
denier or less wherein the weight ratio of the fibrilated product to the
polyvinyl alcohol fiber is 95:5 to 25:75, and further a polyvinyl alcohol
binder wherein the weight ratio of the binder to the main fibers is 3:97 to
30:70. In the separator of this invention, as at least part of the main
fibers is used a fibrilated product of solvent-spun cellulose fiber
obtained by dissolving cellulose in a solvent and depositing cellulose
directly, particularly a fibrilated 20   product of cellulose fiber whose
wet Young's modulus is 20 g/d or more and orientation degree An is 42 x
10-3 or more. The following are advantages obtained by using a fibrilated
product of cellulose fiber having such characteristics. Namely, because of
its high wet Young's modulus, there is only a small extent of setting (i.e.
increasing of flexibility) in waterand extremely long fibrils are formed by
beating. Therefore, such fibrils can be formed into a separator extremely
excellent in separator performance. Further, the formed fibrils also have a
high wet Young's modulus, and therefore, do 25   not set in an alkali
solution after formed into a separator, and is extremely excellent in an
electrolytic solution retention property, too. Further, because of the high
orientation degree, fibrils formed by beating also have a high orientation
degree and therefore have high alkali resistance, and are excellent in an
electrolytic solution retention property in view of this point, too.
Particularly when such cellulose fiber was highly fibrilated by higher
beating degree in this invention, a thin and long fibrilated product is
obtained and as a result a separator having particularly excellent
performance is 30   obtained. Solvent-spun cellulose fibers used in this
invention include, in view of the recycle of resources, too, one obtained
by solvent spinning cellulose 11 alone or a mixture of cellulose 11 with
cellulose I (wood pulp, cotton or the like) as a raw material, but
particularly preferable is solvent-spun cellulose fiber obtained by
depositing cellulose 11 directly from cel- lulose I alone used as a raw
material. 35      The solvent-spun cellulose fiber referred to in this
invention is different from a so-called regenerated cellulose fiber such as
usual viscose rayon or cuprammonium rayon obtained by chemically converting
cellulose once to a cellulose derivative and then converting the derivative
again to cellulose, and means a fiber obtained by depositing cellulose from



a solution obtained by simply dissolving cellulose in a solvent. Such
solvent-spun cellulose fibers have performances utterly different from
usual regenerated cellulose fibers such 40   as viscose rayon, polynosic
rayon, high tenacity rayon obtained by generating cellulose 11 through
viscose and cupram- monium rayon obtained by generating cellulose 11
through cellulose-cuprammonium complex. This solvent-spun cellu- lose fiber
is a cellulose fiber wherein fibrils inside the fiber developed extremely
well up to the inmost layer part of the fiber, and is known to have high
wet Young's modulus, crystallinity and orientation degree (Textile Research
Journal No. 2, p61, 1987). Such a solvent-spun cellulose fiber can be
beating treated using a later-described suitable method to 45   obtain a
desired fibrilated product. Any of solvents may be used as the solvent for
producing solvent-spun cellulose fibers in the present invention provided
that they are capable of dissolving cellulose without being accompanied
with any chemical reaction as exem- plified by solvents of inorganic type
such as an aqueous zinc chloride solution or solvents of organic type such
as amine oxides as typified by, e.g., N-methylmorpholine-N-oxide orsolvent
mixturesthereof with water with particular preferences 50  to amine oxides.
As a preferred example of cellulose fiber having the above characteristics,
there can be mentioned a solvent-spun fiber prepared by a process which
comprises dry-jet wet spinning a spinning solution obtained by dissolving
cellulose in an amine oxide into water to deposit cellulose, and then
stretching the resultant fiber, and a typical example of such a fiber is a
solvent-spun cellulose fiber sold from Courtaulds PLC, England under the
trade name of Tencel and sold 55  from Lenzing Co., Austria under the trade
mark of Solution. A solvent-spun cellulose fiber used in this invention has
a high wet Young's modulus and thus only a small extent of setting occurs
in water, and therefore, the fiber is effectively beaten by stress at the
time of beating using a beater or a refinertoform extremely longfibrils.
Since the crystallinity and orientation degree of the fiber are high,
fibrils themselves 3    EP 0 572 921 1 formed by beating have high
crystallinity and a high orientation degree, and have high alkali
resistance and have high fiber form retention power in an electrolytic
solution having a strong alkaline property. These long and highly
crystalline fibrils have a remarkable effect on the later-described
separability. Thus, the solvent-spun cellulose fiber is a fiber having a
high Young's modulus and wherein fibrils developed extremely well up to the
inmost layer part. The solvent-spun cellulose fiber is not a mere extra
fine fiber obtained by complete division of fiber by beating, has a form
wherein long external fibrils are partly bound mutually and each bond part
retains the original fiber diameter, and has a prescribed 



fibril diameter after beating. As described below, such a solvent-spun
cellulose fiber is extremely effective as a separator for alkaline
batteries with no addition of mercury. The first advantage of the separator
of this invention using the above solvent-spun cellulose fiber is that the
elec- 10  trolytic solution effective for the reaction is sufficiently
retained in the separator until the end voltage is reached. In a usual
separator, the greater part of the electrolytic solution is retained in the
voids between the fibers and there is a tendency that the electrolytic
solution easily moves to the negative electrode side during its use, and
thus there is a problem that the electrolytic solution necessary for the
reaction becomes insufficient in its amount and large electric current
discharge is inhibited. On the other hand, when the beaten solvent-spun
cellulose fiber of this invention is used, 15  the electrolytic solution is
firmly retained between the fibrils, and therefore, the electrolytic
solution is slow to move to the negative electrode side, a sufficient
amount of the electrolytic solution exists in the interfaces between both
electrodes and the separator until the end voltage is reached, and cell
reaction progresses smoothly. Although some of usual regenerated cellulose
such as viscose rayon, polynosic rayon, high tenacity rayon and
cuprammonium rayon arefibrilated by beating, these regenerated celluloses
have a lowwet Young's modulus in general, 20   at most of 18 g/d or so,
there is a large extent of setting in water, and they are extremely hard to
fibrilate even if the external stress at the time of beating is strong.
Moreover, fibrils obtained by beating such a regenerated cellulose are
short fibrils obtained by fibrilation of the outermost layer of the fiber
and have a form such that hairs grow thick on the fiber surface, and
therefore, even when the same beating degree as in the solvent-spun
cellulose fiber of this invention is adopted, it is impossible to retain
the electrolytic solution firmly between the fibrils and make it hard for
the electrolytic 25   solution to move to the negative electrode side.
Thus, the wet Young's modulus of the solvent-spun cellulose fiber used in
this invention is 20 g/d or more, preferably 25 g/d or more. However, one
having a wet Young's modulus of 150 g/d or more is hard to prepare by the
present industrial techniques. Further, when the beating degree of the
solvent-spun cellulose fiber used in this invention is larger than 700 ml
in terms of CSF, fibrils enough to retain the electrolytic solution are not
produced, and when it is below 25 30   ml, the internal resistance of the
battery described below increases and at the same time uniform formation
cannot be obtained. Therefore, the beating degree is preferably 25 to 700
ml, more preferably 25 to 500 ml, and further more preferably 50 to 200 ml
in terms of CSF. The second advantage of the separator of this invention
using a solvent-spun cellulose fiber is to inhibit the increase of the
internal resistance of the battery. In case of use of a cellulose fiber
capable of being beaten such as, for example, 35   hemp pulp, cotton linter
pulp or wood pulp, when such a cellulose fiber is beaten to a beating
degree of 25 to 700 ml in CSF as described above, it is possible to retain
the electrolytic solution firmly between the fine pulps and make it hard
for the electrolytic solution to move to the negative electrode side, as is
the case with the fibrils of the solvent-spun cellulose fiber of the same
beating degree, but since fibers are merely fractionized by beating of
these cellulose fibers, 



there arises a problem that the density of the separator increases and the
internal resistance of the battery increases. 40   On the other hand, when
the beaten solvent-spun cellulose fiber of this invention is used, the main
skeleton of the fiber constitutes the separator and is a form having
moderate voids, and therefore the density of the separator does not
increase and the internal resistance of the battery does not increase.
Further, when a usual regenerated cellulose fiber such as viscose rayon,
polynosic rayon, high tenacity rayon or cuprammonium rayon is fibrilated by
beating, the main skeleton of the fiber constitutes the separator and has
moderate 45   voids, and therefore there is a tendency that the internal
resistance of the battery does not increase, as is the case with the
solvent-spun cellulose fiber, but these fibrils lack alkali resistance, and
therefore do not contribute to the later-de- scribed separability and are
not preferable for use as a separator. When the single fiber denier before
beating of the solvent-spun cellulose fiber of this invention is below 0.4
denier, there arises a problem that the density of the separator increases
and the internal resistance of the battery increases, 50   and thus the
single fiber denier is preferably 0.4 denier or more, more preferably 1.0
denier or more. The third advantage is that extremely good separability can
be obtained. As already described, some of usual regenerated cellulose
fibers such as viscose rayon, polynosic rayon, high tenacity rayon and
cuprammonium rayon are fibrilated by beating, but they generally have, as
regenerated cellulose, only low crystallinity and orientation degree, at
most a crystallinity of 50% or so and an orientation degree An below
40x[err] Therefore, these regenerated cellulose 55  fibers lack alkali
resistance as a fiber and cannot retain the form of fiber, for example, by
dissolution into the electrolytic solution, and thus it is impossible to
use an extra fine regenerated cellulose fiber. Particularly, fibrils formed
by beating are extremely extra fine and further liable to dissolve into the
electrolytic solution, and thus it is impossible to obtain separability by
use of these fibrils. Further, the crystallinity of the fibrous inner layer
part of such a regenerated cellulose 4    EP 0 572 921 B1 fiber is further
lower than that of the fibrous outer layer part, and therefore  by the
fibrilation of the fibrous outer layer part the fibrous inner layer part
lacking alkali resistance is exposed and according to the progress of
beating the fibrous components become liable to dissolve intothe
electrolytic solution, and thus use thereof as a separator is not
preferable. As against these regenerated cellulose fibers, when a cellulose
fiber whose crystallinity is 50% or more, more pref- erably 55% or more,
and orientation degree[err] is 42x[err] or more, more preferably [err]
namely a solvent-spun cellulose fiber of this invention is used,
sufficiently crystallized fibrils grow up to the fibrous inner layer part
and thus the fibrils after beating is extremely excellent in alkali
resistance, and the inside of the fiber exposed by beating is excellent 



in alkali resistance. Thus by uniformly filling the voids constituted by
the main skeleton of the fiber with entangled long fibers formed by
beating, extremely good separability is maintained over a long term while
the increase of the internal 10  resistance of the battery is inhibited.
When the diameter of fibrils after beating of the solvent-spun cellulose
fiber of this invention is about 5[err] effective separability cannot be
obtained, and the diameter is preferably 5 [err] or less, more preferably
3[err] or less. Further when the single fiber denier before beating of the
solvent-spun cellulose fiber of this invention is above 3.0 deniers,
separability is inhibited, and the single fiber denier is preferably 3.0
deniers or less, more preferably 2.0 deniers or less. As already 15
described, fibrils obtained by beating a usual regenerated cellulose fiber
such as viscose rayon, polynosic rayon high tenacity rayon or cuprammonium
rayon are short fibrils obtained by fibrilation of the outermost layer of
the fiber and have a form such that hairs grow thick on the fiber surface,
and therefore even in such a state that the fibrous form at the initial
stage of integration into a battery, the voids constituted by the main
skeleton of the fiber cannot be uniformly filled with the fibrils and a
state such that short circuit is liable to occur is brought about, and thus
the fibrils cannot be 20   used as a separator. It is difficult to obtain
cellulose fiber having an orientation degree of 55x[err] or more by the
present industrial techniques. Further, the merit of the separator of this
invention is that the swelling degree of the separator is small and it is
possible to pack a large amount of a negative electrode active substance.
When a usual cellulose fiber is used for a separator, the fibers swell by
the electrolytic solution and thus the swelling degree of the separator
enlarges, too, and 25  in preparation of a battery there arises a problem
that the packing amount of a negative electrode active substance
decreasesandthus the electric capacity decreases. When a cellulose fiber
capable of being beaten such as, for example, hemp pulp, cotton linter pulp
or wood pulp is used, fibers are merely fractionized by its beating, and
the swelling of the separator cannot be inhibited even if they are
entangled. On the other hand, when the beaten solvent-spun cellulose fiber
of this invention is used, fibrils are entangled with the main skeleton of
the fiber constituting a separator and support 30  the main skeleton of the
fiber, and therefore the fibrils swell as fiber, but as a separator the
swelling degree tends to be controlled in a low level. As stated above,
when a usual regenerated cellulose fiber such as viscose rayon, polynosic
rayon, high tenacity rayon or cuprammonium rayon is beaten, fibrils formed
are extremely short and cannot be entangled with the main skeleton of the
fiber constituting the separator to support the main skeleton of the fiber,
and as a result the swelling degree of the separator becomes undesirably
high. 35      As a binder used in this invention, a polyvinyl alcohol
binder is used in view of electrolytic solution resistance. As the forms of
the binder, there can be mentioned a fibrous form, a powder form and a
solution form, but when a separator is prepared by a wet paper making
method, it is preferable to use a fibrous binder. When the polyvinyl
alcohol binder is a powdery state or a solution state, it is necessary to
dissolve it for manifestation of the strength of the separator, and at that
time, the polyvinyl alcohol forms a film and plugs up the voids between the
fibers of the separator, and as a result 



40  the lowering of electrolytic solution absorptivity and the increase of
the internal resistance of the battery take place. On the other hand, in
case of use of a fibrous binder, when the fibrous binder is completely
dissolved, the same phenomenon as above occurs undesirably, but when, by a
means, for example, of lowering the moisture percentage carried in before
drying or lowering the drying temperature, point adhesion at the
intersection of the binder fiber with the fibrous form being left and the
main fiber is solely made, the strength of the separator can be increased
without bringing 45   about the lowering of electrolytic solution
absorptivity and the rise of the internal resistance of the battery. Thus
when the temperature for dissolution of the polyvinyl alcohol binder fiber
in water is below [err] the binder, undesirably, completely dissolves even
when the above use method is adopted, and when the temperature is higher
than [err] the functions as a binder are not manifested, and thusthe
temperature is preferably 60 to 98 C, more preferably 70 to [err] and as
adrying temperature at the time of making paper is adopted atemperature in
the range of 70 to [err] preferably 50   80 to [err] as the dryer
temperature. As for the amount of addition of the binder, when the weight
ratio of the polyvinyl alcohol binder to the total main fiber is smaller
than 3/97, a necessary strength of the separator cannot be obtained, and
when the weight ratio is larger than 30/70, the amount of the main fiber
effective for the performance of the battery becomes small, and therefore,
it is preferable to make the weight ratio 3/97 to 30/70. 55       Although,
as stated above, as a main fiber constituting the separator of this
invention, a beaten solvent-spun cel- lulose fiber is fundamentally used in
view of separability, electrolytic solution absorptivity, lowering of the
internal resist- ance of the battery and lower swelling degree, it is
preferable for enhancement of the formation to use as the main fiber a
combination of a beaten solvent-spun cellulose fiber with another synthetic
fiber or other synthetic fibers. When the 5    EP 0 572 921 B1 beating
degree of a solvent-spun cellulose fiber progresses, the formation of the
separator generally tends to get worse due to the aggregation of the
cellulose fiber, but the aggregation can be prevented by compounding the
synthetic fiber. As already described, it is necessaryforthe retention of
the electrolytic solution and the lowering of the internal resistance and
further the enhancement of the formation that the beating degree is in the
range of 700 to 25 ml, but even when a solvent-spun cellulose fiber having
CSF of 700 ml is used, it is preferable that the content of the synthetic
fiber is 5 wt. % or more of the main fiber. As synthetic fibers used in
this invention, there can be mentioned polyvinyl alcohol fibers, polyamide
fibers, polyolefin fibers, etc. in view of electrolytic solution
resistance. Particularly preferable, are polyvinyl alcohol fibers. 



Further another cellulose fiber can be incorporated in paper making in such
a range that the above performance is 10   not largely spoiled. However, a
most preferred separator is one containing as main fibers a beaten
solvent-spun cellulose fiber and a polyvinyl alcohol fiber alone. As
reasons for using a polyvinyl alcohol fiber as part of the main fibers, it
can first be mentioned that the polyvinyl alcohol fiber is extremely
excellent in electrolytic solution resistance among various fibers, and
excellent in electrolytic solution absorptivity, but further as a big
reason it can be mentioned that the polyvinyl alcohol fiber has an effect
of 15  lowering the swelling degree of the separator. As stated above, a
polyvinyl alcohol binder is used as a binder in the separator of this
invention, and between this and a polyvinyl alcohol fiber the power of
hydrogen bond effectively works and therefore adhesive strength is high.
Thus both of the polyvinyl alcohol binder and the polyvinyl alcohol fiber
form the skeleton of the separator, and work as a support of other main
fibers containing a beaten solvent-spun cellulose fiber, and as a whole it
is possible to control the swelling of the separator low. When a polyvinyl
alcohol fiber is not used, 20  the adhesive strength between the other main
fiber and the polyvinyl alcohol binder is weak and it is difficult to
inhibit swelling. As stated above, when a beaten solvent-spun cellulose
fiber is used, swelling tends to be inhibited by the i      entangling
power of its fibrils, but when a polyvinyl alcohol binder and a polyvinyl
alcohol fiber are combined, a further lower swelling degree is obtained and
such a combination is extremely effective. As for preferred denier of the
polyvinyl alcohol fiber, as stated above, when no mercury is added to the
zinc cathode, 25   extremely high separability is required compared to the
case where 1.5 wt. % of mercury is added, it is preferable to use a
polyvinyl alcohol fiber of 1 denier or less, preferably 0.5 denier or less,
more preferably 0.3 denier or less. However, merely making the fiber thin
is not preferable because of bringing about the lowering of electrolytic
solution absorptivity and the increase of the internal resistance of the
battery. In this connection, as stated above, there arises, for the first
time, sense to use a fiber of thin denier by combination 30   with a beaten
solvent-spun cellulose fiber. Namely, since the requirement of the
enhancing of electrolytic solution ab- sorptivity and the lowering of the
internal resistance of the battery is satisfied by the beaten solvent-spun
cellulose fiber, the lowering of electrolytic solution absorptivity and the
increase of the internal resistance of the battery are not caused even by
making the denier of the polyvinyl alcohol fiber 1 denier or less, and in
combination with the effect of fibrils of the beaten solvent-spun cellulose
fiber, further high separability is obtained and internal short circuit is
not caused even 35  in case of no addition of mercury. Particularly, in
case of a polyvinyl alcohol fiber of a thick denier having so far been
used, the effects are small since the number of fibers becomes small in the
same incorporation rate, and by making fibers thin the effects enlarge with
a small incorporation rate and furtherthereby it is possible to increase
the incorporation rate of the beaten solvent-spun cellulose fiber as an
electrolytic solution-retaining material. Therefore, the denier of the
polyvinyl alcohol fiber used in this invention is preferably 1 denier or
less. However, it is difficult to obtain a polyvinyl 40   alcohol fiber
below 0.01 denier directly from the present industrial techniques, but it
is possible to obtain such extra fine 



fibers by a method such as fibrilation. As forthe incorporation rate of the
beaten solvent-spun cellulose fiber used in this invention to the whole
main fibers, when the rate is 95 wt. % or more, the swelling degree gets
large, and when the rate is 25 wt. % or less, the electrolytic solution
absorptivity tends to lower and the internal resistance tends to increase,
and thus the rate is preferably 95 to 45   25 wt. %, more preferably 90 to
30 wt. %, most preferably 75 to 40 wt. %. A separator of this invention can
be prepared by beating a solvent-spun cellulose fiber to a prescribed CSF,
mixing it with a synthetic fiber of 1 denier or less and if necessary
another cellulose fiber or synthetic fiber, adding a binder and dispersing
it in water, and then subjecting the mixture to usual wetting paper making.
When the beating of the solvent-spun cellulose fiber used in this invention
is carried out by a beater, double disk 50   refiner or the like usually
used, the main skeleton of the fiber is sometimes cut off because the fiber
is intensely rubbed by the metal. In this occasion, since although CSF is
lowered, only apparent beating progresses, effective fibrils are not
actually formed. Accordingly to the investigation of the present inventors,
it is preferable that the beating is carried out by using in combination a
pulperwhose blade is made blunt and afiberizer (high speed disaggregating
machine) wherein the tooth interval was adjusted to the fiber length of the
solvent-spun cellulose fiber. It revealed that the method using 55   such a
combination is an extremely effective beating method compared to beating by
a beater, a double disk refiner or the like because, in the former method,
by carrying out beating by internal turbulent flow and shearing action with
avoid- ance of contact among the metals, long fibrils are formed by peeling
of the fiber from the surface in the axial direction without causing the
cutting of the fibrous main skeleton. 6    EP 0 572 921 B1 Examples The
embodiments and effects of this invention are described in more detail by
the following examples. The orientation degree An of a fiber was determined
by measuring the retardation of the fiber using a compensator and measuring
the thickness of the fiber at the part irradiated with light, and applying
the resultant values to the following equation An = retardation /thickness
of the fiber A beating degree CSF was measured according to the method
described in JIS P8121. Further according to observation by an optical
microscope, a solvent-spun cellulose fiber after beating has a form 10
such that the main skeleton of the fiber remains and long fibrils are
formed using the main skeleton as a binding part, 



and thus the diameter of fibrils after beating was determined by measuring
the thickness of each of 10 fibrils by obser- vation using an optical
microscope and calculating their average value as the diameter. A wet
Young's modulus was measured by the method according to JIS L-1 073.
Further, crystallinity was determined by obtaining an X-ray diffraction
strength curve, separating it into the crystalline part and the
non-crystalline part, meas- 15   uring each area, and applying the
resultant values to the following equation. Crystallinity =  100 x (area of
the crystalline part) / (area of the crystalline part + area of the
non-crystalline part) Example 1 20 A solvent-spun cellulose fiber having a
wet Young's modulus of 26 g/d, an orientation degree An of [err] a
crystallinity of 58.5%, a size of 1.5 deniers and a length of 2 mm (made of
Courtaulds PLC, Tencel) was beaten by a pulper and a fiberizer to obtain a
fibrilated product having a CSF of 150 ml. The fibril diameter of this
fiber after beating was 0.5 [err] and the cutting of the fibrous main
skeleton was scarcely observed. 59 wt. % of this fiber based on the 25
whole main fiber was mixed with 41 wt. % of a polyvinyl alcohol fiber
having a size of 0.3 denier and a length of 2 mm based on the whole main
fiber, andtothe main fibercomprising this mixture was furtheradded a
polyvinyl alcohol fibrous binder having a dissolution-in-water temperature
of [err] a size of 1.0 denier and a length of 3 mm in an amount such that
the weight ratio of the whole main fiber to the binder is 85:15 to prepare
a slurry. Paperwas made from this slurry using acylinder paper machine and
dried at a dryer temperature of [err] to obtain 30   a separator having a
weighing of 32.3 [err] and a thickness of 0.107 mm. In this separator, the
polyvinyl alcohol fibrous binder existed in a semi-dissolved state, and the
form of fiber remained. Example 2 35      The same operation as in Example
1 was made except that the composition ratio of the main fiber was changed
to the solvent-spun cellulose fiber: polyvinyl alcohol fiber = 80:20
(weight ratio) in Example 1, to obtain a separator having a weighing of
34.2 [err] and a thickness of 0.108 mm. In this separator, the polyvinyl
alcohol fibrous binder existed in a semi-dissolved state, and the form of
fiber remained. 40   Example 3 The same operation as in Example 1 was made
to prepare a separator except that a fibrilated product was used obtained
by making the beating degree of the solvent-spun cellulose fiber (CSF
value) 200 ml and making the fibril diameter 0.8 [err] (however, the
cutting of the fibrous main skeleton was scarcely observed) in Example 1.
The resultant 45   separator had a weighing of 33.5 g/m2 and a thickness of
0.108 mm. In this separator, the polyvinyl alcohol fibrous binder existed
in a semi-dissolved state, and the form of fiber remained. Example 4 50
The same operation as in Example 1 was made to prepare a separator except
that a fibrilated product was used 



obtained by making the beating degree of the solvent-spun cellulose fiber
(CSF value) 50 ml and making the fibril diameter 0.1 [err] (some cutting of
the fibrous main skeleton was observed) in Example 1. The obtained
separator had a weighing of 35.2 [err] and a thickness of 0.108 mm. In this
separator, the polyvinyl alcohol fibrous binder existed in a semi-dissolved
state, and the form of fiber remained. 55 Example 5 The same operation as
in Example 1 was made to prepare a separator except that the polyvinyl
alcohol fibrous 7    EP 0 572 921 1 binder in Example 1 was replaced by a
polyvinyl alcohol fibrous binder having a dissolution-in-water temperature
of [err] a size of 1.0 denier and a length of 3 mm. The resultant separator
had a weighing of 35.4 [err] and a thickness of 0.107 mm. In this
separator, the polyvinyl alcohol fibrous binder dissolved completely and
existed in a film-like state. Example 6 The same operation as in Example 1
was made to prepare a separator except that a fibrilated product (fibril
diameter was about 0.5 [err] and the cutting of the fibrous main skeleton
was observed in almost half the number of fibers) was used obtained by
using as the solvent-spun cellulose fiber in Example 1 a solvent-spun
cellulose fiber having a wet 10   Young's modulus of 24 g/d, an orientation
degree An of 42x[err] a crystallinity of 53.5%, a size of 4.0 deniers and a
length of 5 mm and beating it in the same manner as in Example 1 to make
the CSF value of 150 ml. The resultant separator had a weighing of 32.4
[err] and a thickness of 0.108 mm. In this separator, the polyvinyl alcohol
fibrous binder existed in a semi-dissolved state and the form of fiber
remained. 15   Example 7 The same preparation as in Example 1 was made to
prepare a separator except that a fibrilated product was used obtained by
making the beating degree (CSF value) of the solvent-spun cellulose fiber
20 ml and making the fibril diameter 0.05 [err] (it was observed that the
greater part of the fibrous main skeleton was cut) in Example 1. The
obtained 20  separator had a weighing of 35.8 [err] and a thickness of
0.107 mm. In this separator, the polyvinyl alcohol fibrous binder existed
in a semi-dissolved state and the form of fiber remained Example 8 26
The same operation as in Example 1 was made to prepare a separator except
that a fibrilated product was used by making the beating degree (CSF value)
of the solvent-spun cellulose fiber 750 ml and making the fibril diameter 4



[err] in Example 1 (cutting of the fibrous main skeleton was not observed).
The obtained separator had a weighing of 32.6 [err] and a thickness of
0.107 mm. In this separator, the polyvinyl alcohol fibrous binder existed
in a semi-dissolved state and the form of fiber remained. 30 Example 9 The
same operation as in Example 1 was made to obtain a separator having a
weighing of 33.2 [err] and a thickness of 0.107 mm except that in Example 1
the composition ratio of the main fiber was changed to the solvent-spun
cellulose 35  fiber: polyvinyl alcohol fiber = 40:60 (weight ratio). In
this separator, the polyvinyl alcohol fibrous binder existed in a
semi-dissolved state and the form of fiber remained. Example 10 40      The
same operation as in Example 1 was madetoobtain aseparator having
aweighingof 34.9 [err] and athickness of 0.106 mm except that in Example 1
the composition ratio of the main fiber was changed to the solvent-spun
cellulose fiber: polyvinyl alcohol fiber = 97:3 (weight ratio). In this
separator, the polyvinyl alcohol fibrous binder existed in a semi-dissolved
state and the form of fiber remained. 45   Example 11 The same operation as
in Example 1 was made to prepare a separator having a weighing of 33.9
[err] and a thickness of 0.106 mm except that the polyvinyl alcohol fiber
used as part of the main fibers in Example 1 was replaced by a polyvinyl
alcohol fiber having a size of 0.5 denier and a length of 3 mm. In this
separator, the polyvinyl alcohol 50  fibrous binder existed in a
semi-dissolved state and the form of fiber remained. Example 12 The same
operation as in Example 1 was made to prepare a separator having a weighing
of 34.3 [err] and a 55  thickness of 0.106 mm except that the polyvinyl
alcohol fiber used as part of the main fibers in Example 1 was replaced by
a polyvinyl alcohol fiber having a size of 1.0 denier and a length of 5 mm.
In this separator, the polyvinyl alcohol fibrous binder existed in a
semi-dissolved state and the form of fiber remained. 8    EP 0 572 921 B1
Example 13 The same operation as in Example 1 was made to prepare a
separator having a weighing of 32.9 [err] and a thickness of 0.106 mm
except that the polyvinyl alcohol fiber used as part of the main fiber in
Example 1 was replaced 



by a polypropylene fiber having a size of 1.0 denier and a length of 5 mm.
In this separator, the polyvinyl alcohol fibrous binder existed in a
semi-dissolved state and the form of fiber remained. Example 14 10      The
same operation as in Example 1 was made to prepare a separator having a
weighing of 35.3 [err] and a thickness of 0.108 mm except that 37 wt. % of
the polyvinyl alcohol fiber used as part of the main fiber in Example 1 was
replaced by a marcerized cotton linter pulp (orientation degree: 30x 0-3 or
less). In this separator, the polyvinyl alcohol fibrous binder existed in a
semi-dissolved state and the form of fiber remained. 15   Comparative
example 1 The same operation as in Example 1 was made to prepare a
separator having a weighing of 37.5 [err] and a thickness of 0.105 mm
except that the fibrilated product of the solvent-spun cellulose fiber was
replaced by a fibrilated product obtained by beating in Example 1 a
marcerized cotton linter pulp having orientation degree of 30x[err] or less
20   by a pulper and a fiberizer to make the CSF value 150 ml. In this
separator, the polyvinyl alcohol fibrous binder existed in a semi-dissolved
state and the form of fiber remained. Comparative example 2 25      The
same operation as in Example 1 was made to prepare a separator having a
weighing of 32.7 [err] and a thickness of 0.105 mm except that the
fibrilated product of the solvent-spun cellulose fiber was replaced by a
fibrilated product obtained by beating, in Example 1, a viscose rayon
having a wet Young's modulus of 6 g/d, an orientation degree An of [err]
acrystallinityof 32.1%, asizeof 1.5 deniers (dr)anda length of 2 mmto
makethe CSFvalue of 720 ml (when this viscose rayon was further continued
to be beaten, the CSF value did not become less than 720 ml). In this 30
separator, the polyvinyl alcohol fibrous binder existed in a semi-dissolved
state and the form of fiber remained. Comparative example 3 The same
operation as in Example 1 was made to prepare a separator having a weighing
of 35.9 [err] and a 35  thickness of 0.104 mm except that the fibrilated
product of the solvent-spun cellulose fiber was replaced by a fibrilated
product obtained by beating, in Example 1, a polynosic rayon having a wet
Young's modulus of 18 g/d, an orientation degree An of [err] a
crystallinity of 46.1%, a size of 0.5 denier (dr) and a length of 2 mm to
make the CSF value of 150 ml. In this separator, the polyvinyl alcohol
fibrous binder existed in a semi-dissolved state and the form of fiber
remained. 40 Comparative example 4 The same operation as in Example 1 was
made to prepare a separator having a weighing of 33.8 [err] and a thickness
of 0.107 mm except that the polyvinyl alcohol fiber having a size of 0.3
denier and a length of 2 mm was 45  substituted, in Example 1, for the
whole amount of the main fiber without using the fibrilated product of the
solvent-spun 



cellulose fiber. In this separator, the polyvinyl alcohol fibrous binder
existed in a semi-dissolved state and the form of fiber remained. On the
foregoing 18 separators, the electrolytic solution absorption amount andthe
swelling degree were measured according to the following methods. 50 (1)
Electrolytic solution absorption amount A separator is sampled in a size of
5 cm x 5 cm and the specimen is weighed. The specimen is immersed in an
aqueous 35 wt. % potassium hydroxide solution at [err] for 30 minutes. The
specimen is subjected to drip of liquid for 55   15 seconds and then
weighed. The electrolytic solution absorption amount is calculated by the
following equation. Electrolytic solution absorption amount (g/g) = (weight
after immersion - Weight before immersion) / Weight before immersion 9
EP 0 572 921 B1 (2) Swelling degree A separator is sampled in a size of 5
cm x 5 cm and the specimen is measured for thickness by a thickness gage
having a load of 180 g/cm2. The specimen is immersed in an aqueous 35 wt. %
potassium hydroxide solution at 25C for 30 minutes. The specimen is
subjected to drip of liquid for 15 seconds and measured for thickness
according to the same method as above, and the swelling degree is
calculated by the following equation. Swelling degree (%) = (Thickness
after immersion - thickness before immersion) / Thickness before immersion
x 100 Then, using these separators were prepared unit 3alkali manganese
batteries wherein a zinc cathode of no addition 10  of mercury was used.
Fig. 1 shows the half cross section of the unit 3 alkali dry battery
wherein the separator of this invention was used. In Fig. 1, 1 is a
positive electrode can serving also as a positive terminal. Inside this
positive electrode can 1 there is a cylindrical positive electrode
composition 2, forced thereinto, comprising manganese dioxide and graphite.
3 is a bot- tom-possessing cylindrical separator  according to this
invention, and inside the separator is packed a zinc negative 15  electrode
4 obtained by dispersing zinc alloy powder with no addition of mercury in a
gel-like electrolytic solution and mixing them. 5 is a negative electrode
collector ring, 6 is a resin sealer blocking the opening part of positive
electrode can 1, and in contact with this resin sealer 6 are arranged a
bottom plate 7, serving also as a negative electrode terminal, 



welded to the head of the above negative electrode collector ring 5, and a
metal-made washer 8. The opening part of the above positive electrode can
is curved inside to seal the opening part. 20      The thus prepared
batteries were, based on the standard of ANSI in USA; subjected to
continuous discharge at 10 [err] and discharge at [err]  of one hour a day,
and time until the end voltage of 0.9 V was measured. The results of
electrolytic solution absorption amount, swelling degree and discharge time
are shown in Tables 1 to 5. In the tables, the symbols have the following
meanings. [err]: extremely good    O: good 25      A: a little bad     X:
extremely bad It is apparent from Tables 1 to 5 that the product of this
invention is excellent in separability, electrolytic solution absorptivity
and low swelling degree, and therefore on battery performance free of short
due to excellent separability and excellent in large current
dischargeability due to excellent electrolytic absorptivity, low swelling
degree and low internal resistance. 30 35 40 45 50 55 10    EP 0 72 921 B1
[err]    EP 0 572 921 B1 [err] [err] [err]  
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[err] 55    EP 0 572 921 B1 [err]    EP 0 572 921 B1 [err]    EP 0 572 921
B1 1. A separator for alkaline batteries containing as at least part of the
main fibers a fibrilated product of cellulose fiber obtained by dissolving
cellulose in a solvent and depositing cellulose directly. 2. The separator
for alkaline batteries according to claim 1 wherein the cellulose fiber has
a wet Young's modulus of 20 g/d or more and an orientation degree An of
42x10-3 or more. 3. The separator for alkaline batteries according to claim
1 wherein the cellulose fiber is solvent-spun cellulose fiber 10
obtained by dry-jet wet spinning in water a spinning solution obtained by
dissolving cellulose in an amine oxide to deposit cellulose. 4. The
separatorforalkaline batteries according to claim 1 wherein the
crystallinityof thecellulosefiber is 50% or more 15   5. The separator for
alkaline batteries according to claim 1 wherein the beating degree (CSF
value) of the fibrilated product is 700 to 25 ml. 6. The separator for
alkaline batteries according to claim 1 wherein the single fiber denier
before the fibrilation of the cellulose fiber is 0.4 to 3.0 deniers. 20 7.
The separator for alkaline batteries according to claim 1 wherein 5 wt. %
or more of the main fibers are a synthetic fiber of 1 denier or less. 8.
The separator for alkaline batteries according to claim 7 wherein the
synthetic fiber is a polyvinyl alcohol fiber. 



25 9. A separator for alkaline batteries comprising as substantial main
fibers a fibrilated product of cellulose fiber whose wet Young's modulus is
20 g/d or more and orientation degree An is [err] or more and a polyvinyl
alcohol fiber of 1 denier or less wherein the weight ratio of the
fibrilated product to the polyvinyl alcohol fiber is 95:5 to 25:75, and
further a polyvinyl alcohol binder wherein the weight ratio of the binder
to the main fibers is 3:97 to 30:70. 30 10. The separator for alkaline
batteries according to claim 9 wherein a fibrous binder is used as the
binder. 11. An alkaline battery wherein any of the separators according to
claims 1 to 10 is used. 35 Patentanspruche 1. Trennelement fOr
Alkalibatterien, das mindestens als Teil der Haupffasem ein fibrilliertes
Produkt aus Cellulosefaser, erhalten durch Auflbsen von Cellulose in einem
Lbsungsmittel und direktes Abscheiden von Cellulose, enthklt. 40 2.
Trennelement fOr Alkalibatterien nach Anspruch 1, dadurch gekennzelchnet,
daB die Cellulosefaser einen Young-NaBmodul von 20 glden odor mehr und
einen Orierltierungsgrad An von 42x1O-3 oder mehr aufweist. 3.
Trennelementffr Alkalibatterien nach Anspruch 1, dadurch gekennzelochnet,
daB die Cellulosefaser eine Lsungs- 45       mittel-gesponnene
Cellulosefaser ist, die durch Trockenstrahl-NaBspinnen in Wasser einerdurch
Auflasen von Cel- lulose in einem Aminoxid erhaltenen Spinnldsung, urn
Cellulose abzuscheiden, erhalten worden ist. 4. Trennelement fOr
Alkalibatterien nach Anspruch 1, dadurch gekennzelchnet, daB die
KristallinitAt der Cellulose- faser 50 % odor mehr ist. 50 5. Trennelement
fOr Alkalibatterien nach Anspruch 1, dadurch gskennzelchnet, daB der
Schlaggrad (CSF-Wert) des fibrillierten Produkts 700 bis 25 ml let. 6.
Trennelement fOr Alkalibatterien nach Anspruch 1, dadurch gekennzelchnot,
daB der Einzelfaser-Denier vor dem 55       Fibrillieren der Cellulosefaser
0,4 bis 3,0 Denier ist. 7. Trennelement fOr Alkalibatterien nach Anspruch
1, dadurch gekennzslchnet, da  emin Anteil von 5 Gew.-% oder mehr der
Hauptfasem eine synthetische Faser von 1 Denier odor weniger ist. 21    EP0
672 921 B1                           C 11c   L  M   S  ( 



8. Tronnelement fOr Alkalibatterien nach Anspruch 7, dadurch
gekennzolchnet, daB die synthetische Faser eine Polyvinylalkoholfaser ist.
9. TrennolementffOr Alkalibatterien, enthaltend ale wesentliche Hauptfasem
ein fibrilliertes Produkt aus Collulosefaser, deren Young-Nal3modul 20
g/den odor mehr betr&gt und deren Orientierungsgrad An 42x10-3 odor mehr
betragt, und eine Polyvinylalkoholfaser von 1 Denier odor weniger, wobel
das Gewichtsverhaltnis von dem fibrillierten Pro- dukt zu der
Polyvinylalkoholfaser 95:5 bis 25:75 ist, und welter ein
Polyvinylalkoholbindemittel, wobei das Gewichts- verhaltnis von dom
Bindemittel zu den Hauptiesern 3:97 bis 30:70 ist. 10  10. Trennelement fOr
Alkalibatterien nach Anspruch 9, dadurch gokennzniohnet, daB ein
faserformiges Bindemittel als das Bindemittel verwendet worden ist. 11.
Alkalibatterie, dadurch gekennzslchnet, daB eines der Trennelemento nach
AnsprOchen 1 bis 10 verwendet wor- don let. i5 Revendlcatlons 1. Un
siparateur pour piles alcalines contenant, comme constituent au moins
partiol des fibres principales, un produit 20      fibrill6 de fibre de
cellulose obtenu en dissolvant de la cellulose dans un solvant et en
d6posant directement la cellulose. ->   2. Le s6parateur pour piles
alcalines solon la revendication 1, dans lequel la fibre de cellulose a un
module de Young a l'etat humide de 20 g/d ou plus et un degre d'orientation
An de 42 X 10-3 ou plus. 25 3. Le separateur pile piles alcalines solon la
revendication 1, dans lequel la fibre de cellulose est une fibre de
cellulose filee au solvant obtenue en filant au mouille A jet sec dans
I'eau une solution de filage obtenue on dissolvant de la cellulose dans un
oxyde d'amine pour deposer la cellulose. 30   4. Le separateur pour piles
alcalines selon la revendication 1, dans lequol la cristallinite de la
fibre de cellulose est de 50 % ou plus. 5. Le separateur pour piles
alcalines solon la revendication 1, dans loquel la degr6 de raffinage
(indice CSF) du produit fibrille est de 700 a 25 ml. a5 6. Le separateur
pour piles alcalines solon la revendication 1, dans lequol le tero de fibre
simple avant la fibrillation de la fibre de cellulose est de 0,4 A 3,0
deniers. 7. Le s6parateur pour piles alcalines solon la revendication 1,
dans loquel 5 % en poids ou plus des fibres principales 40      sont
constitues d'une fibre synth6tique de 1 denier ou moins. 8. Le separateur
pour piles alcalines solon la revendication 7, dans loquel la fibre
synth6tique est une fibre d'alcool 



polyvinylique. 45   9. Un separateur pour piles alcalines comprenant, comme
fibres substantiellement principales, un produit fibrille de fibre
cellulose dont le module de Young A l'etat humide est de 20 g/d ou plus et
le degre d'orientation An ost de 42 x 10-3 ou plus at une fibre d'alcool
polyvinylique de 1 denier ou moins, le rapport en poids du produit fibrilld
a la fibre d'alcool polyvinylique 6tant de 95:5 A 25:75, et, de plus, un
liant du type alcool polyvinylique, le rapport en poids du liant aux fibres
principales etant de 3:97 a 30:70. 50 10. Le separateur pour piles
alcalines solon la revendication 9, dans loquel un liant fibreux est
utilise comme liant. 11. Une pile alcaline dens laquelle est utilise lun
quelconque des separateurs solon les revendications 1 a 10. 55 22    


