DESCRI PTI ON SEPARATOR FOR ALKALI NE BATTERI ES AND BATTERY USI NG THE SEPARATOR
5 TECHNI CAL FI ELD The present invention relates to a separator for alkaline
batteries and an alkaline battery using the separator. Mre particularly,
the present invention relates to a separator for al kaline batteries which
10 exhibits an inproved discharging property (in particular, an inproved

di scharging property at high tenperatures) and an inproved di schargi ng
property under a great |oad and an al kaline battery equi pped with the
separator. 15 BACKGROUND ART RecepdarASriR! € i nformation instrunents
requiring the excellent discharging property under a great |oad such as
digital caneras are wdely used. Wien a conventional battery 4is used for
the portable information instrunents requiring the discharging property
under a or eaSpPAH QPOR FOR AMMRELIMEDBAINE RS AVD deeTeRses Udnvgshort (i me
since conventional batteries have short lives. The battery nust be repl aced
with a fresh battery every tinme THgE SBPARAPORf the battery decreases, and
it is difficult that the instrunents are utilized snoothly. Moreover, since
the appJication and the node of utilization of batteries diversify,
batteries 25 are frequently exposed to high tenperatures during storage,
during peTEISNMAIOBEIETDIDscharge and during periods with di scharge (during
the 1 use of the instrunents). Conventional batteries exhibit rapid

det erioration i Theheredest havagitigh pelapes ty anbeparater fat 4lkules edtedsposed

and an alkaline battery using the separator. More particularly, the
present invention relates to a separator for alkaline batteries which
10  exhibits an improved discharging property (in particular, an improved
discharging property at high temperatures) and an improved discharging
property under a great load and an alkaline battery equipped with the

separator.

15 BACKGROUND ART

Recently, portable information instruments requiring the excellent
discharging property under a great load such as digital cameras are
widely used. When a conventional battery is used for the portable
information instruments requiring the discharging property under a great

20 load, the capacity of the battery decreases in a short time since
conventional batteries have short lives. The battery must be replaced
with a fresh battery every time the capacity of the battery decreases, and
it is difficult that the instruments are utilized smoothly. Moreover, since
the application and the mode of utilization of batteries diversify, batteries

25 are frequently exposed to high temperatures during storage, during

periods without discharge and during periods with discharge (during the



to high tenperatures. As the neans for inproving the discharging property of
al kaline 5 batteries under a great load, it is proposed that an active
substance for the positive el ectrode prepared by addi ng nickel oxyhydroxide
to manganese dioxide is used in an al kaline battery having a positive
etectrode m x, a negative el ectrode nade of zinc and an al kali ne

el ectrolyte (an al kal i ne aqueous sol ution) and the proposed neans has 10
been used for practical applications (for exanple, Japanese Patent

Appl i cat i ofgd-aid- Qpgn i %trﬁﬂ@ﬂ%ﬁu 188RVeftIABH) - bR ribEPTWIRG iy 1d

di schargi ng property under a great |oad, the storage property an

resist ancedét%rio@aheaemoihé H@schhﬂgih\%dpfotpek@ %Qﬁotf'rédbaﬁtﬁﬁtesaar@éx‘%b@d
prepared by adding pol yet hyl ene powder to the 15 conbination of “manganese

di oxi de ang Rigtkgdmpeatuespxi de is used as the positive electrode mx (for
exanpl e, Japanese Patent Application Laid-Open Nos. 2001-32250 and

2001- 332249) . | Ascv aidarenér BhisedvinfatleediseBardiap-pyesty abrilkslihor med by
using a synthetic fiber such as a polyvinyl alcohol-based fiber, a

pol yol &f i nbdiasads R dri Hagreandoad,pivl igapogesdd bleat an activexedbétiabee fobt ai ned
by adding a cellulose fiber to the synthetic fiber as the main fiber are
used as t héhesepevititvor .elechnadey plepaabdvéynantding emidladdr iogxghydroddeven fabrics
formed by wusing an aliphatic polyam de fiber such as nylon 6 and nylon 66
have advambagenese dioaide he psebent ynf atkdloledibagtedriye halvieg rol pasétive
excel l ent and 25 the capacity of discharge is great due to the excellent
resi stant ¢lectolal insix, and nepating delpohiodec npadspentt yintomedenn tallealabove
non-woven fabrics 2 have a drawback in_that, when the fabrics are used as

t he separ atleetrpbyte @lrkaﬂkal@leampuwolw@n)r apdi de pepposed bwadsghasied by

oxidation with
10 been used for practical applications (for example, Japanese Patent

Application Laid-Open No. Showa 57(1982)-49468).

For improving the discharging property under a great load, the
storage property and the resistance to leakage of the liquid, it is proposed
that a material prepared by adding polyethylene powder to the

15 combination of manganese dioxide and nickel oxyhydroxide is used as the
positive electrode mix (for example, Japanese Patent Application
Laid-Open Nos. 2001-32250 and 2001-332249). |

In conventional alkali batteries, non-woven fabrics formed by using

a synthetic fiber such as a polyvinyl alcohol-based fiber, a polyolefin-based
20 fiber and a polyamide fiber or a mixed fiber obtained by adding a cellulose
fiber to the synthetic fiber as the main fiber are used as the separator.

Among the above non-woven fabrics, non-woven fabrics formed by
using an aliphatic polyamide fiber such as nylon 6 and nylon 66 have
advantages in that the property for holding the electrolyte is excellent and

25 the capacity of discharge is great due to the excellent resistant to alkalis

and the hydrophilic property. However, the above non-woven fabrics



oxygen gas generated during charging due to poor resistance to degradation
by oxidation at high tenperatures. In particular, the fabrics 5 tend to be
degraded nore easily by oxidation when the fabrics are used for secondary
batteries which are repeatedly charged and di scharged at high tenperatures.
To i nprove the resistance of the polyam de fiber to degradation by
oxidation, it is proposed that a separator for batteries is formed with a
10 m xture or a conposite of a polyam de fiber and a polyolefin fiber (for

exanpl e, Japanes@rfebedit idihht, cahbAntheafaliridseireNased SHAWR sepald@8Ghr 25921
and Showa 55(1980)-66864). The degradation by oxidation can be decreased to

sonme degr eglkdiliet datteeiabe s €albricsd hend canbentle gfadelde bpobyidaitide fitier .
However, the inprovenent is not 15 sufficient and the problemis not
overcome fomydmiengad | gendriatéd pduopesechdrhatg adnontowopeor f edsistanter n@d with
an aromatic polyam de fiber or an entirely aromatic polyam de fiber in
pl ace of t&egragdaitipmaby oxplalticanatibiglstamsperaftorest hdnsepdicat ar, therfabats eri es
(for exanple, Japanese Patent Application Laid-Open Nos. Showa
58(1983) - 17956 baide2mddal moire 86399 By -axaddticr) whdmvheefabridseraomseddoen f abric
constituting this separator for batteries has poor strength since the fiber
const i t ut i srgontery dapieriasowhicds aze hepgatedlyt ¢haygpdiand dirghexgadat dighvor
adhesion with a thernoplastic binder fiber although the separator exhibits
excel | ent temypeuIHres.c property, resistance to alkalis and resistance to
degradation 25 by oxidation. Fromthe above standpoint, the present
i nventors have BedmByo¥Ee &bﬁ%@l%n%re&)ﬁr}eﬁppaly gﬁzf? r ffegyadagioneky whi ch
exhi bits excell ent . hydrophiljc property, resistance t | kal i's,. propert
for hol di n@xi RESM; Ak isy proIF))osed thePt apsepa¥ator orsbattereies ?s Z%orme w1tﬁ a P y
10 mixture or a composite of a polyamidé fiber and a polyolefin fiber (for
example, Japanese Patent Application Laid-Open Nos. Showa
55(1980)-25921 and Showa 55(1980)-66864). The degradation by
oxidation can be decreased to some degree due to the decease in the
content of the polyamide fiber. However, the improvement is not
15  sufficient and the problem is not overcome fundamentally.

It is proposed that a non-woven fabric formed with an aromatic
polyamide fiber or an entirely aromatic polyamide fiber in place of the
aliphatic polyamide is used for the separator for batteries (for example,
Japanese Patent Application Laid-Open Nos. Showa 58(1983)-147956 and

20 Heisei 5(1993)-289054). However, the non-woven fabric constituting this
separator for batteries has poor strength since the fiber constituting the
separator has a high melting point and exhibits poor adhesion with a
thermoplastic binder fiber although the separator exhibits excellent
hydrophilic property, resistance to alkalis and resistance to degradation

25 by oxidation.

From the above standpoint, the present inventors have been



el ectrolytes, resistance to degradation by oxidation and adhesion to binder
fibers. It was found that a separator for batteries exhibiting the 5
excel l ent hydrophilic property, resistance to alkalis, property for holding
al kaline electrolytes, resistance to degradation by oxidati on and adhesi on
witt h binder fibers could be obtained when a separator for batteries was
formed by using a fiber fornmed, as the main fiber conponent, with a

pol yam de whi ch was synt hesi zed from a di carboxylic acid conponent 10

cont ai ni ngstRAYERY tFOHEvEIopNRI Serffraddty ds10MRticicdi GAiEIRXHHiBitaCEbeBRdt @

di am ne conponent containing 60% by nole or nore of an aliphatic

al kyl enedi laydrop iRy iprgpériyp ré2iscandeoto alloutss, guopety forSholdnenedkahhoe and 2
-methyl- 1, 8 -octane dianm ne. Patents have been applied based on the above
findi ng (JepatrebaecPateaidtaApplto dapiraiation bly OrelatNesandeidhesionlth binder
9(1997)-259856 and 2002-151041). The present inventors conducted further

st udi es bafkerson fThewas nframtd dihatdhseépmedor nfod apattesiesPakkititiAgpkheat i on
Lai d- Open Nos. Heisei 9(1997)-259856 and 2002-151041 descri bed above, and
it was 5 r ecaghlenéhytdraphilioprepersy kedsistenomte edalisi puppeaty fdrehpldsing i ve

el ectrode 20 m x, nmanganese di oxi de added with an agent having a great

oxi di zi ng alkalliniet glettyplygabarasistignet éo degeidatyimby prapeiney anddethesien eat | oad
such as nickel oxyhydroxide, it was urgently necessary that a separator for
al kal i ne bwthebnyiaermfgb@w extidobe chtaped whewr|a sppaneder semhakteties Weyr adat i on
by oxidation at high tenperatures than that of the battery 25 descri bed
above, wasionBredddyr HelaE Byﬁg%‘ darmef, @St Menmeai@ Dogy Hpmrpnesd, "HHaed to the
positive el ectraode m x .even when the ar at or,. was eﬁpose_ 4 to high

onper at urRRYABRAS UG (YA, STPSReuzethyiten ayRisARpRIY 1oh a0 SHRPARBRE vias

r hi gh. t. res, I i in [ . )
sto Edloat con alrgl?lgpgéﬁt gy SRole St n?orremo ztau?i1 aroma 1ce%carboxyhc acid and a

diamine component containing 60% by mole or more of an aliphatic

alkylenediamine having 6 to 12 carbon atoms such as 1,9-nonanediamine

and 2-methyl-1,8-octanediamine. Patents have been applied based on

the above finding (Japanese Patent Application Laid-Open Nos. Heisei
15 9(1997)-259856 and 2002-151041).

The present inventors conducted further studies based on the
inventions disclosed in Japanese Patent Application Laid-Open Nos.
Heisei 9(1997)-259856 and 2002-151041 described above, and it was
recognized that, for an alkaline battery using, as the positive electrode

20 mix, manganese dioxide added with an agent having a great oxidizing
ability for enhancing the discharging property under a great load such as
nickel oxyhydroxide, it was urgently necessary that a separator for
alkaline Dbatteries which exhibited more excellent resistance to
degradation by oxidation at high temperatures than that of the battery

25  described above, was not degraded by oxidation with nickel oxyhydroxide

added to the positive electrode mix even when the separator was exposed



capacity of the positive electrode (the capacity of the battery) for a |ong
time and, therefore, could maintain the excellent discharging property 5
under-a great |oad, be devel oped. The present invention has an object of
providing a separator for alkaline batteries which, when the separator is
used for an alkaline battery using, as the positive el ectrode m X,
manganese di oxi de added w th an agent having a great oxidizing ability for
enhancing the 10 di scharging property under a great |oad such as nickel
oxyhydr oxige,hikh té@pedgaagdetbrby dxheaimen foht BxMingke! ey hydeaxitHe added
to the positive electrode m x even en the separator is exposed to high

t enper at ur&parator avhOngorédreat fiiphexanpbmtuessncodidn ndigtaRpa ah@ati S
stored at high tenperatures, can naintain a great capacity of the positive
el ectrode ¢dpweitibof ahaqidsitivd eldverdaet fthe yapheityaofl drgbhttaey)afod, a lees ef or e,
can maintain the excellent discharging property under a great |oad. The
present i niient aod, therefoirer toveld algiatdinotheraveldéntg disthakgialg peopdiag t ery
equi pped with the separator for al kaline batteries described above. 20

DI SCLOSURE1 e rTadigré Ab/EET, O dasetdpedr esul t of i ntensive studies by the
present inventors to achieve the above objects, it was found that, when a
speci fic cellul 'tbe pidsent invertipn shasohueshjesipah previdihgse sepsmtoprfoduced by
using a spinning solution 25 prepared by dissolving cellulose into a

non- r eact i al&adiglev batterigss V‘dslég, ivher dhi srrdreorils useds foreanc adprling ng a

pol yam de constituted with a 5 djcarboxylic acid unit mainly containing the
t er epht hal hattersi dsimgt aaridieaPositiygi plecdirile max.nmangsmese ripkidenadded

1, 9- nonanedi am ne unit or the Cye . .
Wlt% an agent having a great oxidizing ability for enhancing the

10  discharging property under a great load such as nickel oxyhydroxide, is
not degraded by oxidation with nickel oxyhydroxide added to the positive
electrode mix even when the separator is exposed to high temperatures for
a long time, for example, even when the separator is stored at high
temperatures, can maintain a great capacity of the positive electrode (the

15 capacity of the battery) for a long time and, therefore, can maintain the
excellent discharging property under a great load.

The present invention has a further object of providing an alkaline
battery equipped with the separator for alkaline batteries described
above.

20
DISCLOSURE OF THE INVENTION

As the result of intensive studies by the present inventors to

achieve the above objects, it was found that, when a specific cellulose fiber,

i.e., a solvent-spun cellulose fiber produced by using a spinning solution

25 prepared by dissolving cellulose into a non-reactive solvent, was used in

combination with a fiber comprising a polyamide constituted with a



1, 9-nonanedi am ne unit and the 2-nethyl-1, 8-octanediam ne unit, such as the
fibers described in Japanese Patent Application Laid-Open Nos. 5 Heisei
9(1997) - 259856 and 2002- 151041 descri bed above, and a separator for

al kaline batteries was fornmed by using the above fibers as the main
conponent fibers, the obtained separator for batteries showed | ess
degradation of the polyamde fiber in the separator with the positive

el ectrode m x than that in conventional separators for batteries even 10

when the sgparled:elid scidxparadatdyhiogbairenpehattet@shthalicaadi®Rthit iafd a f or
exanpl e, even when the separator is stored at high tenperatures, and that,
due to thigiaghinectunit henalaty easgaining hehe ap@endnamfdidmendatihgr wrwake furt her
suppressed when an al kaline battery was prepared by using the separator for
al kal i ne bhtesnamsedinthinheirdt aadahgi 21gngthpb @& gctahedizeninkSunit kehdlnas bat t ery
under a great |oad was further inproved. It was also found by the present
i nvent or s theatfijbersedesdrebedany dapdee$d HRatendndpplivatioy Lasl-Oppar Maw in the
above separator for alkaline batteries was formed with a pol yam de havi ng
seal ed SchaHeisen@1997 259316 anil 02 bek04dxdedsiribed dhovehendi ansepsedooxi dat i on
resi stance, 20 hﬁgrolysis resi stance, water resistance and heat resistance,
and the stopaalkediner battariea wae formed byeasiagribsi alever fiberrens ithervad
oxi dation resistance, hydrolysis resistance, water resistance and heat
resi st ancecomponewrt afilkersf othed dhipained mepaeniori frehadteriehathowgtenleshe nain
conponent fibers are gdhered togeth using a fiber-shaped binder .in the 25
separ at or degragpgion ﬁg ther palyagar sﬁh%r tlﬁegﬁoﬁﬁa%éiwt@ ¢ \ROFIAEe f i ber
and a cellul ose fiber gs t mai n conpaonent fibers, a.separator exhibiting 6
xcel | ent  Serange HmaRUEHbRBAE I GrT SRRl SHPACBUPS BY JBHATHEIS The
pr esenfy | Nyt 41, 185, BSSPC QUBLE L RARSTe Rt 1L L KR BIR° for

example, even when the separator is stored at high temperatures, and

that, due to this effect, the decrease in the capacity of the battery was

further suppressed when an alkaline battery was prepared by using the

separator for alkaline batteries and the discharging property of the

15 alkaline battery under a great load was further improved.

It was also found by the present inventors that, when the
polyamide fiber constituting the separator in the above separator for
alkaline batteries was formed with a polyamide having sealed chain ends,
the polyamide fiber exhibited further improved oxidation resistance,

20 hydrolysis resistance, water resistance and heat resistance, and the
separator for alkaline batteries exhibited further improved oxidation
resistance, hydrolysis resistance, water resistance and heat resistance.

It was also found by the present inventors that, when the main
component fibers are adhered together using a fiber-shaped binder in the

25 separator for alkaline batteries using the above specific polyamide fiber

and a cellulose fiber as the main component fibers, a separator exhibiting



The present invention provides: (1) A separator for alkaline batteries (i)
whi ch conprises a non-woven 5 fiber structural material conprising a

pol yam de fiber and a cellulose fiber as nain conponent fibers, wherein
(ii) the polyam de fiber is a fiber forned with a polyam de constituted
with a dicarboxylic acid unit and a diamne unit, the dicarboxylic acid
unit conprising 60% by nole or nore and 100% by nole 10 or less of a
tereplithalic acid unit and the diam ne unit conprising 40% by nole or nore

and 99% byexRiRNe! str88StIPTand BréhedOnFoe Gepitft®ontitotld bel bBtaliRel cethel ose
fiber is a solvent-spun cellulose fiber produced by wusing a spinning

sol ution ppeEeheinbyntdss hak\besd coalpletedsSitadedion the Algdve eadliedgesol vent; and
15 Qv) a ratio of an anount by nass of the polyanm de fiber to an anount by
mass of the cel Theqreséntmventohh&onateswoven fiber structural nmaterial is
in a range of 20:80 to 80:20. The present invention further provides: (2) A
separ at or €10r Aldeplaratorbfirt eikiadimedestteribedi)i whid) comipeises m tmva-wadempol yani de
form ng the polyam de fiber conprises a 2-nethyl-1,8- octanediam ne unit in
conbi n&t i ofibew tshrudtaradl gnaiemalecinapiismeuni pelyamuideafibert isamdor eellaloseint by
mol e of the 1,9-nonanedianm ne unit to an anount by nole of the
2- et hyl - 1fiBenas anwigi compenatifibera, wherginl yanide is in a range of 99:1 to
40: 60. 25 The present invention further provides: (3) A separator for
al kal i ne batt er{i)s thesmolyamiden fthey dmeaofiben) fampd 2yithy ayrelgamidae
pol yam de form ng the polyanide fiher has a fraction of sealed chain ends
of 10% or epnshitated with a dicarboxylic acid umt and a diamine unit, the
dicarboxylic acid unit comprising 60% by mole or more and 100% by mole
10  or less of a terephthalic acid unit and the diamine unit comprising 40% by
mole or more and 99% by mole or less of a 1,9-nonanediamine unit;
(iii) the cellulose fiber is a solvent-spun cellulose fiber produced by
using a spinning solution prepared by dissolving cellulose into a
non-reactive solvent; and
15 (iv) a ratio of an amount by mass of the polyamide fiber to an
amount by mass of the cellulose fiber in the non-woven fiber structural
material is in a range of 20:80 to 80:20.
The present invention further provides:
(2) A separator for alkaline batteries described in (1), wherein the
20 polyamide forming the polyamide fiber comprises a 2-methyl-1,8-
octanediamine unit in combination with the 1,9-nonanediamine unit, and
a ratio of an amount by mole of the 1,9-nonanediamine unit to an amount
by mole of the 2-methyl-1,8-octanediamine unit in the polyamide is in a
range of 99:1 to 40:60.

25 The present invention further provides:

(3) A separator for alkaline batteries described in any one of (1) and (2),



The present invention further provides: (4) A separator for alkaline
batteries described in any one of (1) to (3), 5 wherein a size of a single
fiber-in the polyam de fiber is in a range of 0.01 to 1.0 dtex. The present
invention further provides: (5) A separator for alkaline batteries described
ih any one of (1) to (4), wherein the cellulose fiber is a solvent-spun
cellul ose fiber obtained by 10 dry-wet spinning in water of a spinning

sol ution prepared by dissolving cellulose into an am ne oxi de. The present

invention {Wet&ier tREoydlgaaiidé 6lorAifigpiieaipolydmideakibal i ngs katftfitiqs odescri bed
in any one of (1) to (5), wherein the main conponent fibers are adhered

t oget her widdled chin thbenf 30%padatvianeier . The present invention further
provides: (7) A separator for alkaline batteries described in (6), wherein
an anount of tMaefiresentshapadioni fudtrerifsrovideas: range of 3 to 30% by nass
based on a total of an anpbunt by mass of the main conponent fibers and an
20 armount 6 nhsepabatdri foeralkhbipedditerdes desthibasr asemy omeyefif Loto £3); t her
provides: (8) An alkaline battery which is equipped with a separator for

al kal i rfe  Wherein 2 siztesfca sbegle ifbeany thaepadyarnide fibex & in 25-aneE A0Sl
PREFERRED EMBCODI MENT TO CARRY QUT THE | NVENTI ON 8 The present invention wl|
descri bed tml@edt&xt in the following. The separator for alkaline batteries

of the present invention  conprises a non-woven fiber structural nateri al
conprising a polgrArgeent invention further provides:

(5) A separator for alkaline batteries described in any one of (1) to (4),
wherein the cellulose fiber is a solvent-spun cellulose fiber obtained by
10 dry-wet spinning in water of a spinning solution prepared by dissolving
cellulose into an amine oxide.
The present invention further provides:
(6) A separator for alkaline batteries described in any one of (1) to (5),
wherein the main component fibers are adhered together with a
15 fiber-shaped binder.
The present invention further provides:
(7) A separator for alkaline batteries described in (6), wherein an
amount of the fiber-shaped binder is in a range of 3 to 30% by mass based
on a total of an amount by mass of the main component fibers and an
20 amount by mass the fiber-shaped binder.
The present invention further provides:
(8) An alkaline battery which is equipped with a separator for alkaline

batteries described in any one of (1) to (7).

25 THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE

INVENTION




fiber and a cellulose fiber as main conponent fibers. 5 The "non-woven fi ber
structural material" neans a fiber structural material forned not by

weavi ng or knitting the above main conponent fibers but by adhesi on and/ or
ent angl enent of the above nmain conponent fibers with each other and

i ncl udes non-woven fabrics having a flat sheet shape, materials having a
shape of paper, materials having a shape of a 10 cylinder, materials having
a shape of a cylinder with a bottomand non-woven fiber structural

mat eri al s havi n§hethreseshapesitiohheilpdeyaibedeinf ddtail inhihehfollswimg of the main
conponent fibers constituting the separator for alkaline batteries is
formed with a dheasepaydtioc &uoi dilkaline abattarids aod rtdreumpiresentts ihventgsomecessary
t hat the pol yam de conprise 60% by nole or nore, preferably 75% by nole or
nmore and neerappises er abhyweoem By ensteictnratome teraldcamovisbye aopdyasmilless of
the tereplithalic acid unit _based on the entire anount of the dicarboxylic
acid unit Gbasendw reldulope fiber pamaia coppeonentfbesfount of the tereplithalic
acid unit in the_polyamde is,_|less than 60% 2Q b e, the properties such

as the oxi dat i o Deediofr wAren fihes sérehieal maﬁ@@iﬂs”%llagglés Anfdbehetrietiral
resi stance of th ol yam de fiber beco inferior ~and such an anount is not
br of er abl eMAFREALPYRRAGROY BY VA R BRYAMEIERe iABSe HaJITE SABHEODENDL her
e e 0 A PR oA
25 Xl 2ok U R0R0 ThRIHPOE Heu P b BRI SRR ©
o i LG ASh PSR 35 o L AL SIS Bl 8
trimetfyl a&’};lﬁ’ﬁ&er, materials having a shape of a cylinder with a bottom and
non-woven fiber structural materials having other shapes.
The polyamide fiber which is one of the main component fibers
constituting the separator for alkaline batteries is formed with a
dicarboxylic acid unit and a diamine unit.
15 It is necessary that the polyamide comprise 60% by mole or more,
preferably 756% by mole or more and more preferably 90% by mole or more
and 100% by mole or less of the terephthalic acid unit based on the entire
amount of the dicarboxylic acid unit constituting the polyamide. When
the amount of the terephthalic acid unit in the polyamide is less than 60%
20 by mole, the properties such as the oxidation resistance, the chemical
resistance and the heat resistance of the polyamide fiber become inferior
and such an amount is not preferable.
The polyamide forming the polyamide fiber may comprise other
dicarboxylic acid units in combination with the terephthalic acid unit as

25 long as the amount of the other dicarboxylic acid units is 40% by mole or

less. Examples of the other dicarboxylic acid unit include structural



acid, pinellic acid, azelaic acid, sebacic acid and suberic acid; structural
5 units derived fromalicyclic dicarboxylic acids such as 1, 3-cycl opent ane-
di carboxylic acid and 1, 4-cycl ohexanedi carboxylic acid; and structural

units derived fromaromatic dicarboxylic acids such as isophthalic acid,

2,6 -naphthal ene di carboxylic acid, 1,4-phenyl enedi oxane- diacetic acid,

1, 3- phenyl enedi oxanedi aceti ¢ acid, diphenic acid, 4,4'-oxydibenzoic acid, 10
di p henyl met hane - 4,4'- dicarboxylic acid,

di phenyl subihiteedérided diroat baxyhatic dearboantc dacdds biveheny! diadenieoxyid, c aci d.
The pol yam de may conprise the dicarboxylic acid unit described above
singly or dmedpiiimdonemnad, sweinc acodri;3-dididryl4dreimpolacadyi glatdrac acnlg t he

pol yam de fiber conprises the 15 other dicarboxylic acid units in

conbi nat i of, 2Mlirhethydghdaeisrachd| ddipmciaid 2rimethyladipichiady troxgthydadgiid unit,
it is preferable that the polyam de conprises aromatic dicarboxylic acid
uni ts ot heacidhgpimehlec reid pinehaici arid agghdcinacidf amdnsuherist amdipstirnctwfal t he

oxi dation resistance, the chem cal resistance and_ the heat resistance. 20
The polyaniaisn@grived then ebeyslicsdicahrsyéicreuds sach, as tlJeyelppentamsr t s
derived from pol ybasi c.carboxylic ids having a_functjonality of three or
greater suékagRokyliGracid ¢apd 5 ,iﬁycf(ﬁle%éﬁl? 1caEhQRyAISd agifh ofdl | stepeturati d as

o hecossanplEHITIYHE oy BIERF (Ber DRy Eh A0 DR HEP R Bponent |
nventi on ediprpbBREREAFRAPETE, atthe Lok DRREY SRegiaREn o AR et based
on_the ent | e, ou 8loabliEadl AN M She,SRNREA 414 My bR Gl A0 O
10  diphenylmethane-4,4-dicarboxylic acid, diphenylsulfone-4,4’-dicarboxylic
acid and 4,4 -biphenyldicarboxylic acid. The polyamide may comprise the
dicarboxylic acid unit described above singly or in combination or two or
more.
When the polyamide forming the polyamide fiber comprises the
15 other dicarboxylic acid units in combination with the terephthalic acid
unit as the dicarboxylic acid unit, it is preferable that the polyamide
comprises aromatic dicarboxylic acid units other than the terephthalic
acid unit from the standpoint of the oxidation resistance, the chemical
resistance and the heat resistance.
20 The polyamide may further comprise, where necessary, structural
units derived from polybasic carboxylic acids having a functionality of
three or greater such as trimellitic acid, trimesic acid and pyromellitic
acid as long as the amount is small and the melt spinning can be
conducted.

25 It is necessary that the polyamide fiber which is one of the main

component fibers constituting the separator for alkaline batteries of the
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resi stance, the hydrolysis resistance and the di nmensional stability of the 5
pol yam de fiber are inproved and, as the result, these properties of the
separator for alkaline batteries using the polyam de are inproved. It is
preferable that the polyam de fiber conprises 50% by nole or nore and 99%
by nole or less of the 1,9-nonanediamne unit. In particular, it is
preferable that the polyam de formng the 10 polyam de fiber conprises the
2-met hyl -1, 8-octanedianmine unit as the diamne unit in conbination with the
1, 9- nonaneg@ireésunte unvéntsomcecdrprisoxi 48%i obyr eshdtanoe, mbee chefii ¢ak
resi stance, the heat resistance and the hydrolysis resistance of the
pol yami de fli%eapnanedfamideeunitnprsederh thhentirbenpolytaof tde demimreguhite
pol yam de fiber conprises both of 15 the 1,9-nonanedi am ne unit and the
2- net hyl - 1c@agetuimegli thei pelyamide so that phefoxidatien tieatstanee, t Btealheat t he
amounts of the both units is in the range of. 60 to 100% by nol e and
pr ef er abl yresistaneer dhgdusirobsis tesigonrepndotke diasasionnl stabikifit iof éhampunt of
the diamne units cgnstituting tgg pol yam de. In this case, it is
pr ef er abl ePplyamideclipay jage gmuroned amsh fssthyy relhpthesgiproparties of the
1, 9-nonanedi am ne ynit], to he amount by nole of the | .
2- met hyl - [ SepREtahdeR 4 fﬂ@%hﬁ%ﬁerlﬁeé ysing e r%i@%mé#e gte impgovast 6dt ifor e
preferably in,t ragnge,.of 99:1 to 50:50 and no eferably in the,range
bt o8- 5 1t oPrbiestber B HE BELARR Do Bt ioRs aaeh bR Tal of e Aie
chem cal regghstance, the heat resistance. the hydrolysis resistance and the
25 pr opertggt/"z#’y ﬁlé(felF 059??1%1?%&6 ﬁ%éhOQ%gaﬁa&P%W%g& formng the pol yam de
fi ber conprisestth . 1., 9- nonanedi an i d nat %mri t he
2-met hyl -1, 8- p%%aﬁ%é‘ijl%%%agéqgnﬁt gg%%%@gp?% tFertg1 I gggﬁz?lﬁghg&amffnt%ﬁ%f t he
1, 9- nofgne g AtihRlcU Hivler | GorhPribbe thaN9sn&hy?q 8 0cRM MM Aibarednen the
diamine unit in combination with the 1,9-nonanediamine unit since the
oxidation resistance, the chemical resistance, the heat resistance and the
hydrolysis resistance of the polyamide fiber are further improved.
When the polyamide forming the polyamide fiber comprises both of
15 the 1,9-nonanediamine unit and the 2-methyl-1,8-octanediamine unit, it is
preferable that the total of the amounts of the both units is in the range of
60 to 100% by mole and preferably in the range of 80 to 100% by mole
based on the entire amount of the diamine units constituting the
polyamide. In this case, it is preferable that the ratio of [the amounts by
20 mole of the 1,9-nonanediamine unit] to [the amount by mole of the
2-methyl-1,8-octanediamine unit] is in the range of 99:1 to 40:60, more
preferably in the range of 99:1 to 50:50 and most preferably in the range
of 9556 to 70:30 from the standpoint of the oxidation resistance, the
chemical resistance, the heat resistance, the hydrolysis resistance and the

25  property for melt spinning.

When the polyamide forming the polyamide fiber comprises the

11



amount of the entire diamne units constituting the polyamde fromthe 5

st andpoi nt of the oxidation resistance, the chem cal resistance, the heat
resi stance, the hydrolysis resistance and the property for nelt spinning.
The pol yam de form ng the pol yam de fiber may further conprise, where
necessary, diamne units other than the 1, 9-nonanediam ne unit and the
2-nmet hyl -1, 8-octanediamine units as long as the objects of the 10 present
invention are not adversely affected. Exanples of the other diam ne unit

whi ch may b®-aenphédiathing teitpeindandsts i nel ugtenpiise fBe Wanlesh@leligved from
al i phatic di am nes such as ethyl ene diamne, propyl enedi am ne,

1, 4- but anedétamedgamind- havigneiti ais npreférdbloctdne- ieanmanmunt of the

1, 10- decanedi am ne, 1, 12-dodecanedi am ne, 2-nethyl-1,5 15 pentanedi am ne,
3-met hyl - 1,%npeatediadiiariuret 12i2{He tangestfB0 td160%Hpxaokdbasdden the
2,4,4-trinmethyl -1, 6- hexanedi am ne, 2-nethyl -1, 8-octane- di am ne and

5. et hyl - Lasrovoriaofethicannbize d[hmlpe)lwatﬁ d@la‘tdmmrxggthmeolmmhmnfrdm thoer may
conprise the diamne unit described above singly or in conbination or two
or nore 28tandpoinppéithe ecbql@attlwmresuséarpm yhei dentioahrergstiamee pthe heptle fi ber
has an intrinsic VISCOSIt [.g] in the range of O. 6 0 2.0dl/g, nore

pr ef er abl yresistamge, thinped my@sge@@tapog BN heaprpresit %rfé‘?]érSQb‘ll@nign the range

of 0.8 to 1.6 ed.in conc ntr sul furi cid at 300C since
the property f&hlen%‘i’ yagﬁﬁﬁﬁ%ﬂa%ah% ROl R ﬁ]t&n{j ey Hmy()bévrtﬁ%gomrf%
obt ai ned polyam de 25 fiéfer are excel referabl.e that 10% or

more, mor ewﬁlreé? eri%{"ﬁfs?/aré’?) Bpl%r‘éma%d’t grnﬁi%@? t;.}y’xee} rABIAPerdGPe dHE of the
St andpoi nt 2B o 2BRsHa §SasPemdtmibe e 6l 8t JR6BETEnObE0E he 11 ber
and thﬁ) Ox] geaste'n I’]mrv% L RLANGE: n&/h%dversely affected. Examples of the other

diamine unit which may be comprised in the polyamide include diamine

units derived from aliphatic diamines such as ethylenediamine,

propylenediamine, 1,4-butanediamine, 1,6-hexanediamine, 1,8-octane-

diamine, 1,10-decanediamine, 1,12-dodecanediamine, 2-methyl-1,5-

15 pentanediamine, 3-methyl-1,5-pentanediamine, 2,2,4-trimethyl-1,6-
hexanediamine, 2,4,4-trimethyl-1,6-hexanediamine, 2-methyl-1,8-octane-
diamine and 5-methyl-1,9-nonanediamine. The polyamide forming the
polyamide fiber may comprise the diamine unit described above singly or
in combination or two or more.

20 It is preferable that the polyamide forming the polyamide fiber has
an intrinsic viscosity [n] in the range of 0.6 to 2.0 dl/g, more preferably in
the range of 0.6 to 1.9 dl/g and most preferable in the range of 0.8 to 1.6
dl/g as measured in concentrated sulfuric acid at 30°C since the property
for melt spinning and the mechanical properties of the obtained polyamide

25 fiber are excellent.

It 1s preferable that 10% or more, more preferably 35% or more and
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chem cal resistance, the heat resistance and the hydrol ysis resistance of 5
t he obt ai ned pol yam de fiber. For obtaining the fraction of sealed chain

ends in the polyam de, the nunbers of the chain ends of the carboxyl group
and the am no group and the chain end sealed with a chain end sealing agent
present in the polyam de are neasured and the fraction of sealed chain ends
can be 10 obtained fromthe obtained nunbers in accordance with mat hemati cal
equation (2) described in EXAMPLES. It is preferable that the nunmbers of

the chai n gnft GrefIabd 09PbAMKE dTthebilaiini difist RethdpeFaahidéatorrsnef the
characteristic signals assigned to the chain end groups in accordance wth

the 1H NVRthd pblyaueidebibatirai selahgl froen thardrirsipointtdfehe habopeeydol mmalt oups
fromthe obtal ned val ues by cal culation fromthe standpoint of the accuracy
and the easpimesfg ihhthe basductivth sféhé Mibeagant theoxideiqolydsiaee] sheot
particularly limted as |long as the agent is a nonofunctional conpound
reacti ve wehédmiddlereamtancayrihepheat tdsestaacband thy bygroysisardsistantdef chai n
ends of the 20 pol yam de nol ecul es. Fromthe standpoint of the reactivity
and the stlebobiaipedipolyamulediilat. chai n ends, nonocarboxylic acids and
nonoam nes are_preferable as the chain end_ sealing agent. Anpng these
conpounds, nondearddrining thei fractipr ofr egadedishain eodstinetha Rabipaniste, of t he
easi ness of  handling. 25 The nonocarboxyljic acid which _can be used as the
chai n end Beaanumpersgdifhe;chappengsof ithacarbqxyligrpue @andstheopping srewer agent
can react with amno 13 group. Exanples .of the nocar boxyl i ¢ aci d, i ncl ude
al i phati c 2RBrideasinyen S&afea’svvéﬁbﬁ ‘g@lac%’t ée%ﬁmgﬂ,&gﬁ%mr%ﬁr& Heithe butyric

acid, wvalerjc id, caproic acid a lj.c acid, laurie acid, tridecylic
aci d Wrig@#y@n% e are Theasured and the fraction®t séaled Chain‘ends can' be Y

10 obtained from the obtained numbers in accordance with mathematical
equation (2) described in EXAMPLES. It is preferable that the numbers
of the chain end groups are obtained by obtaining the integral values of
the characteristic signals assigned to the chain end groups in accordance
with the 1H-NMR, followed by obtaining the numbers of the chain end

15 groups from the obtained values by calculation from the standpoint of the
accuracy and the easiness.

The chain end sealing agent for the polyamide is not particularly
limited as long as the agent is a monofunctional compound reactive with
the amino group or the carboxyl group present at the chain ends of the

20 polyamide molecules. From the standpoint of the reactivity and the
stability of the sealed chain ends, monocarboxylic acids and monoamines
are preferable as the chain end sealing agent. Among these compounds,
monocarboxylic acids are preferable from the standpoint of the easiness of
handling.

25 The monocarboxylic acid which can be used as the chain end sealing

agent is not particularly limited as long as the agent can react with amino
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acid, palmtic acid, stearie acid, pivalie acid and isobutyric acid;
alicyclie 5 nonocarboxylic acids such as cycl ohexanecarboxylic acid; and
aromati ¢ nonocar boxylic acids such as benzoic acid, toluic acid, (x-
napht hal ene carboxylic acid, P-naphthal enecarboxylic acid, nethyl-
napht hal ene carboxylic acid and phenyl acetic acid. The above carboxylic
acids can be used singly or in conbination or two or nore. Anong the 10
above carboxylic acids, acetic acid, propionic acid, caproic acid, caprylic
acid, |aurgrowti d, Exddplygl i af athied, motrocathaxydici dacigalinchide aslighatitearic
acid and benzoic acid are preferable fromthe standpoint of the reactivity,
the st abi hdanpcafbdxdydicsealdedsedinias ecetsc actl,t heopponiceacitly metglrict heidghai n
ends of the polyam de with the nonocarboxylic 15 acid, the anount by nole
of the di andlegicacigoeaois scidecapylighacid, lgneigtasid, triteeylihacuboaytistiy nol e of
t he di carboxylic _acid conponent in_the preparation of the polyam de so that
bot h chai naeiddPadmitipeacyd| stantigeacitaniyyalisi aradd gmduiseb ubyide wgel rdiryele boxyl i ¢
acid is added to the thus . obtained polyam de to seal the amino group at the
chai n ehdsMONPCHHRFKeagiHg| $1Con a8 %?qh?éaasp@r wlc jacidie gnd dargraptia

Tonoan ne. EMROCREBEO G { nAGdF boxHehgr o, XM es B4 heldBRoanHS. i ncl ude
oI TRRBARRS U0 TR AL SRS P oRY
mono-  am neesbiERegs Sanbe Rl g MRl PRI AR B AR ST EheRTar ne. 14
ihe monoar e dGESELIRA ABRNC 5 MiygRRteR ASLIGCl, Hh-EoTRLAgH fRe0r v
decyl af ne,,§{ERYDAPICaciQ¥ChOREX WA NSpiflc aRid,| 8% 1B acid, caprylic
acid, lauric acid, tridecylic acid, myristic acid, palmitic acid, stearic acid
and benzoic acid are preferable from the standpoint of the reactivity, the
stability of the sealed chain ends and the price.
To seal the chain ends of the polyamide with the monocarboxylic
15 acid, the amount by mole of the diamine component is set slightly greater
than the amount by mole of the dicarboxylic acid component in the
preparation of the polyamide so that both chain ends of the polyamide
have amino groups, and the monocarboxylic acid is added to the thus
obtained polyamide to seal the amino group at the chain ends.
20 When the chain ends of the polyamide is sealed with a monoamine,
the monoamine is not particularly limited as long as the monoamine can
react with carboxyl group. Examples of the monoamine include aliphatic
monoamines such as methylamine, ethylamine, propylamine, butylamine,
hexylamine, octylamine, decylamine, stearylamine, dimethylamine,

25 diethylamine, dipropylamine and dibutylamine; and aromatic mono-

amines such as aniline, toluidine, diphenylamine and naphthylamine.
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preferable fromthe standpoint of the reactivity with carboxyl group, the 5
boiling point, the stability of the sealed chain ends and the price. To seal
the chain ends of the polyam de with the nonoam ne, the anount by nole of

t he di am ne conponent is set slightly smaller than the anount by nole of

t he di carboxylic acid conponent in the preparation of the polyanm de so that
both chain ends of the pol yam de have carboxyl 10 groups, and the nonoam ne
is added to the thus obtained polyam de to seal the carboxyl group at the

chai n endsThktmbfoRmehes abd@idiabbéhecaibynisedfsihfle Ghai Boabthaeal bpg agent
used in the preparation of the polyamde is adjusted in accordance with the

intrinsic wweaasmore] TIAméhgHeheohlbewd atonsainghey, blitilaenipe) hariennle ai ned at
15 the end of the process, the fraction of sealed chain ends, the reactivity
and the boitlylawgipni decyddmihe, steairplagmiches eytiohgxplpenineanddt Aviloendireé i ons of
the reaction. In general, it is preferable that the chain end sealing agent
is used iprefaraneuitom the keanrdneget of the geactdvity math esebyxydgreupatkee on t he
total of the anount by nole of the dicarboxylic acid and the anbunt by 20
nol e of5 t hboidingnpeiat, ﬁyhe stabditarafithplsealadathainendp aadothet piacssi ngl e fiber in
the polyam de fjiber constituting the separator for alkaline batteries of
the present inx’!@rﬁqaérfhieschaanteﬁéig%%&@ oplyanpderith, thegymopogmingpthe

preferably in th range.of Q,1 to 0.8 dtex fromt{he standpoint of the
property { amoa mle pf lee?ir?énm@o%ewwtd@ Slehéhﬂgﬂyvm ex thyr the r uct ur al

T 0 S00S5BS 00 AL BBt LT IR ReaR o e o
DT DB i PSR! oI5 SRR SRS OAEL 1 e
constifgyiti Eﬁ)ups, and the monoamine is added to the thus obtained polyamide to
seal the carboxyl group at the chain ends.
It is preferable that the amount of the chain end sealing agent used
in the preparation of the polyamide is adjusted in accordance with the
intrinsic viscosity [n] (the molecular weight) of the polyamide obtained at
15 the end of the process, the fraction of sealed chain ends, the reactivity and
the boiling point of the chain end sealing agent and the conditions of the
reaction. In general, it is preferable that the chain end sealing agent is
used in an amount in the range of about 0.5 to 10% by mole based on the
total of the amount by mole of the dicarboxylic acid and the amount by
20 mole of the diamine.
It is preferable that the size of the single fiber in the polyamide
fiber constituting the separator for alkaline batteries of the present
invention is in the range of 0.01 to 1.0 dtex and more preferably in the
range of 0.1 to 0.8 dtex from the standpoint of the property for handling in
25 the production of the non-woven fiber structural material for the

separator for alkaline batteries using a paper machine and the property
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t he separator for alkaline batteries of the present invention is in the
range 5 of about 0.5 to 5 mmand nore preferably in the range of | to 4 nm
fromthe standpoint of the property for dispersion of the polyan de fiber in
wat er and the property for formng the texture in the production of the
ndén-woven fiber structural material for the separator for alkaline

batteries using a paper machi ne. 10 The processes for producing the

pol yam de and the fiber conprising the polyam de used in the present

i nvention fyrehsldingahei sldadinleyeletttolyed, tlandraportproeaspasatian Ll yred as

| ong as the polyam de and the pol yam de fiber having the conposition of the
st ruct ur al interhsl sesaanbe df tiwvietataed bep anptadioe edkakne baxt@rjdse, t he

pol yam de can be produced in accordance 15 with the sol ution polynerization
process or the Iniepfelerablepdiagribeilzagtlont the podssmidd fihenronstitutihg ori de
and the diamne as the raw materials or in accordance with the nelt

pol yrrer i zatheosemaratestr alkelise bagtepiessd the prgsentiinaentianps ve ébe range he el t
extrusion pol ynerization process usin t he di carboxylic acid and the

di anmi né asof akowrtadnter 8rnEl and TAereoprederddy 20 therpage @ 1 to Aenm &un and
drawn in accordance with a conventiqpal, process 1i§t into . a prescribed

| engt h andthestaedneint of theosropaity the digeqysion of therpelyrmridadiben iri es can
be obtai ned. The polyani de and. the fjber, conprisi.ng.the | yam dg used in
the . pr eseM@tehouA ?%pé%pﬁ%ﬁé‘*%?%%ﬁ&fs PSrBe dlckte, Drituckiompl &6 n | 25
accordance with the ocess described i.n. the follow ng, However, the
processes P%'%ch?dhcji% t%@uﬁ%ﬁr9grﬂn@ge%ﬂ]d {g’ﬁetﬁ‘? b&FP i%’?n@hfﬂén‘iG

pol yam de giﬁg t he gresent invent.ion are not limted to the process

. i
descri bed & H&sé %Pé’.ap[eﬁxrgﬁp 138‘0f preparation of a polyam de and a
pol yanidje fiber ]I‘he processes for producing the polyamide and the fiber comprising

the polyamide used in the present invention are not particularly limited

and any processes can be used as long as the polyamide and the polyamide

fiber having the composition of the structural units described above can be

produced. For example, the polyamide can be produced in accordance

15  with the solution polymerization process or the interfacial polymerization

process using an acid chloride and the diamine as the raw materials or in

accordance with the melt polymerization process, the solid phase

polymerization process or the melt extrusion polymerization process using

the dicarboxylic acid and the diamine as the raw materials. The obtained

20 polyamide is melt spun and drawn in accordance with a conventional

process, cut into a prescribed length and the polyamide fiber for the
separator for alkaline batteries can be obtained.

The polyamide and the fiber comprising the polyamide used in the

present invention can be advantageously produced, for example, in

25 accordance with the process described in the following. However, the

processes for producing the polyamide and the fiber comprising the
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(1) Preparation of a polyam de 5 A chain end sealing agent and a catal yst
are added together to the diamne and the dicarboxylic: acid at the

begi nning of the reaction and a nylon salt is formed. The forned nylon salt
is polynerized at a tenperature of 280" C or |lower and a prepol yner having
ah intrinsic viscosity Fgl in the range of 0.15 to 0.25 dl/g (in
concentrated sulfuric acid, 10 at 30'C) is prepared. The obtai ned prepol yner
is polynerized in accordance with the solid phase pol ynerization process or

the procesgolytfiiflg asdte!theeyiddether invdhitiont Bee I Bt limsited VicS¢Rs| pybclas a val ue
in the range of 0.6 to 2.0 dl/g. The polyam de for the pol yam de fiber can
be producetkscedesid a5 the econpitance with t he above process. 15 In the above
process, when the chain end sealing agent and the catalyst are not added at
t he begi nnliBxnoplet dfeprepadation ofi agolydreideparpalpokeamids fiher]a st age after the
formation of the nylon salt, problens tend to arise in that the suitable
bal ance be(tl\)\eé.?replaeaaﬂn@lﬁtam#yarmﬂée of the carboxyl group and the anount by
nol e of the am no group is |l ost 20 during the polynerization and crosslinked
struct ¥res are fcthped endrsralaiopgent and @ ¢atelyst ayk eaddedt togatherht theend

seal ing agent and the catalyst_are added at the beginning. By adjusting the
intrinsic Yesas agd the|digarboxslipasgbeyibe hegiamag ¢hhperegctymand g 0. 25

0178 oSO RIS KOSbE T Bl e bR o 2 S A S A
group can e Sreyent o a%ATc SSFLenta LroLBIM ROLTRLY 8 on ot 1
e T BT B e PSR Rl i P11

10 at 30°C) is prepared. The obtained prepolymer is polymerized in
accordance with the solid phase polymerization process or the process
using a melt extruder until the intrinsic viscosity has a value in the range
of 0.6 to 2.0 dl/g. The polyamide for the polyamide fiber can be produced
easily in accordance with the above process.

15 In the above process, when the chain end sealing agent and the
catalyst are not added at the beginning of the production of the
prepolymer but at a stage after the formation of the nylon salt, problems
tend to arise in that the suitable balance between the amount by mole of
the carboxyl group and the amount by mole of the amino group is lost

20 during the polymerization and crosslinked structures are formed.
Therefore, it is preferable that the chain end sealing agent and the
catalyst are added at the beginning.

By adjusting the intrinsic viscosity [n] of the prepolymer in the
range of 0.15 to 0.25 dl/g described above, the loss of the suitable balance

25 between the amount by mole of the carboxyl group and the amount by

mole of the amino group can be prevented and the decrease in the
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and property for nelt spinning can be obtained. 5 In the above process, when
t he post-polynerization step for increasing the nolecular weight is
conducted in accordance with the solid phase polynerization, it is
preferable that the polynerization is conducted under a reduced pressure or
under a streamof an inert gas. Wien the polynerization tenperature in the
post -polynerization step is adjusted in 10 the range of 200 to 250'C, the
pol yam de having no color and containing no gel can be produced with

excel I ent poBawetipatidy Mkl & bhﬁprd@ab&nﬁf ithat pet-pAy MekrfzakRpl stdp Hogr eat
val ue. When the final step of the polynerization is conducted using a nelt
extruder, aldreatingotiteamipadai mavighf. tHieufahgapolgeniidk dmviphg@ce napebw he 15
pol yam de can be obtained w thout degradation by adjusting the

pol ymer i zanmdeculenperightidstebusio@0d dexhibieng eExalighteghyficalheropatrtby st
descri bed above used for producing the polyam de include phosphoric acid,
phosphor ousnd@rdpettyfop hed p apimoung canibe, okdamedi. um sal ts of these acids,
salts of these acids with netals such 20 as potassium sodium magnesi um
vanadi tm cal ci Ui the naboveeiioeess, nwhgandbe, pestipolymeydzation gefepardPtim
titanium and antinony, and esters_  of these acids such as ethyl esters,

i sopropyl B¥rersingfifieymolacularswerghtyis copdpgted In pefeEdancesy ?/heb@@l ecyl

kot T SO LTI L5 W1 S
ol yarm de, "WAGH & TrabuBlatiyssdic Bt MnAEr & SHRATRAL PBAPHEREE ey I BiGed
during t hepgglﬂ&‘%ét%grg itglgpgltat%frg $h t}lg Ei‘)os -%lo ynlr?élii%z%i(i)r? rétep is adjusted in
10 the range of 200 to 250°C, the polyamide having no color and containing
no gel can be produced with excellent productivity while the
polymerization rate is kept at a great value.
When the final step of the polymerization is conducted using a melt
extruder, almost no decomposition of the polyamide takes place and the
15 polyamide can be obtained without degradation by adjusting the
polymerization temperature at 370°C or lower.
Examples of the catalyst described above used for producing the
polyamide include phosphoric acid, phosphorous acid, hypophosphorous
acid, ammonium salts of these acids, salts of these acids with metals such
20 as potassium, sodium, magnesium, vanadium, calcium, zinc, cobalt,
manganese, tin, tungsten, germanium, titanium and antimony, and esters
of these acids such as ethyl esters, isopropyl esters, butyl esters, hexyl
esters, undecyl esters, octadecyl esters, decyl esters, stearyl esters and
phenyl esters. Among these compounds, sodium hypophosphite is

25 preferable from the standpoint of the availability and the property for

handling.
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(2) Preparation of the polyamde fiber 5 The polyam de fiber is prepared by
melt spinning the pol yam de obtained above. It is preferable that the nelt
spinming is conducted wusing a nmelt extruder and nore preferably using a
melt extruder of the screw type. The pol yam de obtai ned above is nelted
pteferably at a tenperature in the range of the nelting point to 360' C and
extruded from 10 nozzles of a die in a fiber shape wwth a nelt residence
time of 30 mnutes or shorter. The heat deconposition during the spinning

IS suppressed a derth 1Fh‘-ﬁﬂ' exsel ' can be
obt ai ned when t%th&éﬁr@??&%@l@r at u:te@g? thied%?revfllti@eresi dg%\%g’tiggrrgmsztaeﬁsfy t he

above conghdiHNSoxillanidendphkanided fdlﬂﬁ;ﬁ] th8epd1PrRaPatRRUDY | dFtdhehabove is
drawn by a wnding roller or the |ike. ere necessary, a zone for heating

or keepi ngolyReerigimei.at ure may be disposed directly under the nozzles or a
cooling zone using a bl ow ng chanber or the |like may be di sposed. An oi

may be app(2)ed®Pieparhtiohlvfehd pbbramidlelfybdrhe spinning. It is preferable 20
that the nelt spinning is conducted in a manner such that the drawn fi ber
has a W& r ef ri ng€heepdfadisé dil@rors praddred. byBynadjapshnigg the pailyefidegence
at 20xI O3 or smaller, the polyam de fiber can be drawn sufficiently in the
drawi ng st@paamed tateovpol Janisderefetadile htdnait nthea ngelé aspinnimen gs heazuuched

obt ai ned. 25 The pol yam de fi ber obtained above is drawn. The drawi ng can be
conduct ed byingsa ngeld evnuéent poAanorng paelaralslyf esingrawely estirideasof blee 19
heated oil bath, the apparatus for blowng with heated steam_ the roller
heat er, th@rpWachpqneaEFge polyamdde oohtatred yphevarid miedted) arefenahlyent ot t he

non-contact type. It is preferable that the tenperature of the drawing is
temperature in the range of the melting point to 360°C and extruded from

10 nozzles of a die in a fiber shape with a melt residence time of 30 minutes
or shorter. The heat decomposition during the spinning is suppressed
and the polyamide fiber having the excellent quality can be obtained when
the melt temperature and the melt residence time satisfy the above
conditions.

15 The polyamide fiber (the thread) spun in the above is drawn by a
winding roller or the like. Where necessary, a zone for heating or
keeping the temperature may be disposed directly under the nozzles or a
cooling zone using a blowing chamber or the like may be disposed. An oil
may be applied to the thread formed by the spinning. It is preferable

20 that the melt spinning is conducted in a manner such that the drawn fiber
has a birefringence of 20x10-3 or smaller. By adjusting the birefringence
at 20x10-3 or smaller, the polyamide fiber can be drawn sufficiently in the
drawing step and the polyamide fiber having a great strength can be
obtained.

25 The polyamide fiber obtained above is drawn. The drawing can be

conducted by using a conventional apparatus for drawing such as the

19



270" C or |l ower and nore preferably in the range of 120 to 250'C, and the 5
draw ratio is 2 or greater and nore preferably 3 or greater. \Wen the
tenperature of drawing is higher than 270' C, degradation of the polyam de
and reorgani zation of the crystals take place and the strength of the fiber
tends to decrease. \Were necessary, follow ng the drawi ng, the heat
treatnent at a fixed length, the heat treatnent under tension or 10 the heat
treatment under relaxation may be conducted at a tenperature in the range

of 120 to RéAtdd oAAShahottheraya2a6ss forl PRwakE efithPiedatedi fteafi, kde Foderbe
prepared in the single step by the direct drawing after spinning w thout

usi ng the habhee theosless hebbeByf aHp uwshtaxg fype el ahdislaes dleadér ghBozZl € in
the nelt spinning, the anmount of spinning of the pol yam de and the draw

rati o i n t hensemntas typle. sieps pdefocalilbatiaalbby eeimperathiraiofithg difaevipgligam de
fiber, the polyam de fiber having a size of the single fiber in the range
of 0.01 to2700Cdenberr ashi more pmefeeablyviantlegemngsl of 1@ to R60°Chand éphar at or
for alkaline batteries 20 can be obtained. The pol yam de fi ber obtained as
descri bed dbawerdtio ¢at2 phigoeater errgl morerpiefierabdin geonvigreatert o Vehemmthad short
fibers of the polyamde for forming the separator for alkaline batteries of
t he presentempeeaftiren Oéadl‘mln&)rlédg%%@r 2hapn Z98Cpr degundaitipnernfi dhe it is
necessary that the so-called. "solvent-spun cell ulose fiber" which js

produced” bpolyaimileaansirapigagizaiian Pl the sryitalsatake placaiandthe streagthul ose

into a non-reactjve solvent .is use s the ot her n component fi ber
constituti A thadikeapiondsdio degreasg. k ayVingee @&@%S@@ffzés?ﬁiowmgnale drawing,

the heat treatment at a fixed length, the heat treatment under tension or

10 the heat treatment under relaxation may be conducted at a temperature
in the range of 120 to 270°C.

As another process, the object polyamide fiber may be prepared in
the single step by the direct drawing after spinning without using the
above process.

15 By adjusting the hole diameter of the nozzle in the melt spinning,
the amount of spinning of the polyamide and the draw ratio in the series
of steps described above for obtaining the polyamide fiber, the polyamide
fiber having a size of the single fiber in the range of 0.01 to 1.0 denier
which can be advantageously used for the separator for alkaline batteries

20  can be obtained.

The polyamide fiber obtained as described above is cut into a length
in the range of 0.5 to 5 mm and short fibers of the polyamide for forming
the separator for alkaline batteries of the present invention can be
produced.

25 In the present invention, it i1s necessary that the so-called

“solvent-spun cellulose fiber” which is produced by using a spinning
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The "sol vent-spun cellulose fiber" is different fromthe so-called 5
regenerated cellulose fiber which is prepared by chem cally converting
(rmodi fying) cellulose into a cellulose derivative, followed by regenerating
cellulose fromthe cellul ose derivative, such as the conventional viscose
rayon and the conventional copper ammoni a rayon. The present fiber is a

fi ber obtained by sinply dissolving cellulose into a solvent wthout 10
chem cal conversion (nodification), followed by coagul ati ng t he obtai ned

luti ' | | ' he fi h : hi dpoi.nt, th
Sol vent - spantRish aregardl BE olrbalife eBlosPoBRf  hOTk Rl LO0RRRIE,
di ff ' I i | ' i.zed) . which
are obt ai niachy AGC GBS Minfh EPfpoLeAs ik, Bl S I EfhkAGY ol ©

”ErceriZedaﬂﬁhhﬁ%Bﬁﬁe?ﬂ@?r and mercerized pul p. Physical properties of the
sol vent-spun cellul'ose fiber used in the present invention are greatly

different Trom fiRsesAloh ey GO Ther SIANAEALA A | 088 chlIRG" S

obt ai ned by regeneration fromce ose 11 (hy ose) via

Vi scoses SYUCH A5 aYiS CRARIIRY ABer REWYACH! FrdAXel. byg%h[é%geﬁlg%ﬁvwnggﬁn and

copper amonia rayon, and fibrils at the inside o er are

devel oped {#RbAif e AIRIORS Intd04 tbRAloRE debfaltiveetolldhed 13 ¥atheSRHAs
cellulose fiber used in the present invention is not particularly FI mted

as long ascélnglose Rom shé hkellatise Uddiseatived)educhr 89ahedednvendiomal dageReW th t he
sol vent -spinning process, in which a spinning 25 solution is prepared by

di ssol vi ngrgedi undsthd edriventionan-coppart avensdhvieryion. Theepresansdibeerit whi ch
di ssol ves cel | ul ose without causing reactions with 21 cellul ose (w thout
causi ng chentibat ohadirddd dtyi emply dédsbltingejellridsd hinto eelsblvens ewithoart i s
obt ai ned by using the prepared spinning solution. As the cellul ose materi al
for obtGi nthemide eoiveesipasuedifiehtiohbellowed by coagulating the obtained
solution to obtain cellulose in the fiber shape. From this standpoint, the
solvent-spun cellulose fiber used in the present invention is greatly
different from fiber and pulp modified with an alkali (mercerized) which
are obtained by the treatment with a concentrated alkali, such as
15  mercerized cellulose fiber and mercerized pulp.

Physical properties of the solvent-spun cellulose fiber used in the
present invention are greatly different from those of the conventional
regenerated cellulose fibers obtained by regeneration from cellulose II
(hydrated cellulose) via viscose, such as viscose rayon, polynodic rayon,

20 high tenacity rayon and copper ammonia rayon, and fibrils at the inside of
the fiber are well developed into the innermost portion of the fiber.

The solvent-spun cellulose fiber used in the present invention is not
particularly limited as long as the fiber is the cellulose fiber prepared in
accordance with the solvent-spinning process, in which a spinning

25 solution is prepared by dissolving cellulose into a “non-reactive solvent”,

i.e., a solvent which dissolves cellulose without causing reactions with
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fiber, cellulose I (natural cellulose without any nodification) alone, 5
cellulose Il (hydrated cellul ose) alone and m xtures of cellulose | and
cellulose Il can be used. Fromthe standpoint of the recycling of
resources, the cellulose fiber obtained by coagul ating the solution of the
cellulose material into the fiber shape using cellulose |I alone as the
cellulose material is preferable. 10 As the non-reactive sol vent used for
the preparation of the solvent-spun cellulose fiber, any solvent can be
used as | osedludssd Heridmlutecdusingnclimsial viaodifidations ef vielhdode) candi tige
reactions with cellul ose. Exanples of the non-reactive solvent include

i nor gani ¢ edlulese Bbetitiohigingd byuemgsthespepaired spinnihgsobien. de, organic
sol vents such as N—nethylnnrpholin 15 oxide as a typical exanple and m xed
sol vents of theAsrigantdlwese apatesiad fopabspiningoiily solent-spNpGelklosmi ne

oxi des such as N-pmet hyl pholin- oxjde is preferable as the pon-reactive
sol vent f r'glﬁ‘?lt’ h@elg'flaﬁ%pg? tgral; ellulose Wéﬂt?"tthéné(n\ﬂl‘?%iﬂﬁéﬂfm?@qﬁﬁﬁi es of
t he sol_vent -spun | L ul.ose fiher prieferably . used in th 0, present
i nvent i%on ?eﬁﬁﬂﬁ%ﬁiodl‘yéﬁ%teépﬁ‘ﬂ?‘&@%’)u? Pif/‘ﬂepgxmeéhoélc%ﬁblr"éﬁafédld in a
manner such at spinnj ng _so] ution i repared. b i ssolving,. cel}lulose in
an am ne Oggl]éﬂ?set ﬁ% g?lépié’\? e‘ds%i)i nh?ﬂ’é‘ 38?@%&@%‘1‘%’& iﬁ‘%‘ e’EFcthhn? h%Il dry- wet
spi nni ng i er, btal fiber is fun ra . Typd gal
exanpl es o&sﬁﬁ%cegbltgg%te ilggotf% %@‘%Irﬁﬁtg%% (fibgeroa%%%{rilﬁ%et ea%ggi\}télogﬁ ﬁhc ude
"TENCEL" ( '{hﬁ - 4r P8y d Hﬁ&&ﬁ@l in
Engl and an%m’g%_ %ﬁ;m}laﬁﬁggl ste%bggawﬁg%n%ﬁg)&; manuf glgtn%ggagg/le RENZI NG
Company i neoAMgbéd Mratdl Y Pref&lapPi NNing is the process in which the
spi nning solution 1s extruded Pron1a die into a gas, which is typically the
air, apd the Ag the non-reactive solvent used for the preparation of the
solvent-spun cellulose fiber, any solvent can be used as long as the solvent
can dissolve cellulose without causing reactions with cellulose. Examples
of the non-reactive solvent include inorganic solvents such as an aqueous
solution of zinc chloride, organic solvents such as N-methylmorpholin-
15 oxide as a typical example and mixed solvents of the organic solvent and
water. Among these solvents, amine oxides such as N-methylmorpholin-
oxide is preferable as the non-reactive solvent from the standpoint of the
cost and the environment.
Examples of the solvent-spun cellulose fiber preferably used in the
20 present invention include solvent-spun cellulose fibers which are prepared
in a manner such that a spinning solution is prepared by dissolving
cellulose in an amine oxide, the prepared spinning solution is subjected to
the dry-wet spinning in water, and the obtained fiber is further drawn.
Typical examples of the solvent-spun cellulose fiber described above

25 include “TENCEL” (a registered trade name) manufactured by ACORDIS

Company in England and “SOLUTION” (a registered trade name)
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extruded fluid is imrediately introduced into a coagulating fluid for 5

coagul ation. In general, the die is disposed in the gas at a position above

the surface of the coagulating fluid by 5 to 200 mm After the spinning
solution extruded fromthe die is passed through the gas,

t he spinning

solution is introduced into a coagul ating bath conprising water or the |ike
and is coagulated. 10 In the present invention, the reason why the oxidation
is suppressed remarkably even when the separator is exposed to high

t enper at ur
stored at

separ at or

ﬁ?&éﬁﬁﬁcﬁlﬂeaw REREZINGQICRXSAMY  ARMBHaWNEN the separator is

( tenperatures, and a gredt positive electrode capacity (the
capacity of theThatd:8-¥bt %?ihrﬁﬁgrf_@'tﬁb 3Jroeshsh i whidlofige kpitmhinBanlhiien 15

_ ( _ eries is forned using the specific polyan de
fiber descid beehalRAveom £hbiingd i0Baw WhitheisSgipiedly Shenaieldnd ege as
mai n conponent fibers is not fully elucidated but can be considered as

for al kali ne bat

t he

foll ows. Thetrededefluidpgnimalddidtede ihthrlucbdsintogseadag@atiggslontiubys under

20 the wet

condition, and flatting in water is small. The degree of

crystald i zaddgrlatiod. t ba geneeal| shé div Ardispoeat in tdgadet ngsisttienabotre al kal i

is excellent.

Therefore, when the solvent-spun cellulose fiber is treated
by wet beathaguifaceatfahebyoagsaiatong flvedtbgr 5 do 200 efmneAftear thel spiamdng ong

material having fibrils is formed, and the forned material having fibrils 25

has a greasolutpmeexpfudedyoml the ali¢ os rasdedrthaomngh ithe. gasheihet siEingeépar at or

for al kali
23 (in par

ne batteries is produced by using the soLvent-sFun cellul ose fi ber

solutioar is inbeodmnced apto alboagHetingfhath comepisiang wig

arr @atheehky in

conbination with the pol yam de fiber descri bed above, pores are forned.

Ther ef or e, and if goggHetetbr ed t hat t he separator for alkaline batteries which

10

15

20

25

In the present invention, the reason why the oxidation is
suppressed remarkably even when the separator is exposed to high
temperatures for a long time, for example, even when the separator is
stored at high temperatures, and a great positive electrode capacity (the
capacity of the battery) can be maintained for a long time when the
separator for alkaline batteries is formed using the specific polyamide
fiber described above in combination with the solvent-spun cellulose as
the main component fibers is not fully elucidated but can be considered as
follows.

The solvent-spun cellulose fiber has a great Young’s modulus under
the wet condition, and flatting in water is small. The degree of
crystallization and the orientation are great, and the resistance to alkali
is excellent. Therefore, when the solvent-spun cellulose fiber is treated
by wet beating in water by using a beater or a refiner, a thin and long
material having fibrils is formed, and the formed material having fibrils
has a great degree of crystallization and orientation. When the separator

for alkaline batteries is produced by using the solvent-spun cellulose fiber
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exhibits the inproved property for separation, the excellent resistance to 5
al kalis and the suppressed degradation by oxidation and maintains the great
positive el ectrode capacity (the capacity of the battery) for a long tine
can be obtained. In the present invention, cellulose fibers having Canadi an
standard freeness (CSF) in the range of 100 to 700 mMl are preferable from
the 10 standpoint of the prevention of the internal short circuit. Fromthe
st andpoi nt of the workability in the production of the separator for

al kal i ne béin edrsisutard thee pypdpetr optaimedabéierbthey hasding| trapimend) éet r ol yt e,
the property for separation and th roperty for _working by a paper nachine
of the sep&PmpsRaten “amatﬁp rﬂé’hﬁ%@f&r %@gr degcriked abgyef poLes| are; fpxmedhe

d t th Il ul fib is |,n th f..5,t0 .20 i

G et e LSRR chS: R B Pk LR T
fib IS i f 0.5 t i d f Ly, 1n.th f

[ S Bl ARk BB Ao TROF, PP LSEA A MG S ¢,
20, e B SOl OB PERIAATYN ook AESEARAN BB (1

the cellubpsg %bﬁ%e%k@d@o&é Raf&Sity i(bed céQQéﬁgv B¢ the baRefPN@Pe £flord: 80 to
80: 20, preferably in the range of 20:80 to 70:30 and noré€ preferably in the

range of 25ad8ah®eDtBhedVVhen the anmount of the polyamde fiber is |ess
than 25 20% by nmass, i.e., when the amount of the cellul ose fiber exceeds

80% by nass, baseHe preédint ihotationf cdlhdosnfibeishafinighCanadipanitdadhider and
the 24 mass, based on the total of the anmounts of the polyam de fiber and
the cell ufiesacks HESF)timetloxirdate wf 1€8itst A0C embfart herefepsdlatfoomf die al kal i ne
batteries decreases, and it becones difficult that the decrease in the

10  standpoint of the prevention of the internal short circuit.

From the standpoint of the workability in the production of the
separator for alkaline batteries and the property for absorbing the
alkaline electrolyte, the property for separation and the property for
working by a paper machine of the separator for alkaline batteries, it is

15 preferable that the diameter of the cellulose fiber is in the range of 5 to 20
um and more preferably in the range of 6 to 15 pm and the length of the
cellulose fiber is in the range of 0.5 to 5 mm and more preferably in the
range of 1.5 to 4 mm.

In the separator (the non-woven fiber structural material) for

20 alkaline batteries of the present invention, it is necessary that the ratio of
the amount by mass of the polyamide fiber to the amount by mass of the
cellulose fiber which are described above be in the range of 20:80 to 80:20,
preferably in the range of 20:80 to 70:30 and more preferably in the range
of 25:75 to 50:50. When the amount of the polyamide fiber is less than

25  20% by mass, i.e., when the amount of the cellulose fiber exceeds 80% by

mass, based on the total of the amounts of the polyamide fiber and the
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capacity of the battery and the decrease in the discharging property in 5
exposure to high tenperatures are suppressed. Wien the anount of the
pol yam de fiber exceeds 80% by nass, i.e., when the anbunt of the cellul ose
fiber is less than 20% by mass, the ability of the separator for alkaline
batteries absorbing the alkaline electrol yte decreases and the pore size
i ncreases. Therefore, obtaining a great anmount of the electric 10 current
beconmes difficult and the property for preventing the internal short
circuit dearsasbased ont tiee s@phrodtthe dmwouatkafl ithe podydidesibel 4dd ths esent
invention, it is preferable that the main conponent fibers conprising the
pol yam de télbeose afibler, hthe elxliddtose fesianer eofathersgatratet fier alkhhna bi nder
fromthe 15 standpoi nt of the easiness of producing the separator for
al kal i ne bhatterieesdeemdsesheand riénlogdoneasd dti&i@uhr that tthef decreakeli img théie shape
of the obtained separator for alkaline batteries. As the binder, any of
fi ber - shapeabasiitief $he duatitey- shdpde dedrdess in shapdisgharginguprdperiyders can be
used. The fi ber-shaped binder are 20 preferable _since_ the mai n conponent
fi bers Jar eexxaairedathighadgmnesatuigscarersunrressednd Whengdeexmpunt pé thepar at or
for alkaline batteries can b made finer. Any fiber-shaped binders can be
used as | oH@lyéémldﬁeﬁgﬂHer’@e%& 130k bwrmassoreiolhen the HpaveF ofsthel t ed,
softened or dissolyed at. th 25 to/g erat ur during the

t

product i onCQJfUIPﬁ% fﬁ?&ﬁ-\ﬁo‘x‘?%%fﬂ&o Yuttdita ‘(F)rfﬁtb. _e%talPPg]B‘?l&P? tioi‘igfo’_f he
cepar ot o {Rrutl RS SR ar on a0d 200 adbesion pelween Ui mRIn
i ber - shaned, DLOde! AR TRERIGNE orRUANR! £3x0fe LGRS alaRgtl;f! nder
10 current becomes difficult and the property for preventing the internal
short circuit decreases.
In the separator for alkaline batteries of the present invention, it is
preferable that the main component fibers comprising the polyamide fiber
and the cellulose fiber are adhered together with a binder from the
15 standpoint of the easiness of producing the separator for alkaline batteries
and the strength and the property for holding the shape of the obtained
separator for alkaline batteries.
As the binder, any of fiber-shaped binders, powder-shaped binders
shape and liquid binders can be used. The fiber-shaped binder are
20 preferable since the main component fibers are excellently adhered to
each other and the pores in the separator for alkaline batteries can be
made finer.
Any fiber-shaped binders can be used as long as the entire portion
or a portion of the binder is melted, softened or dissolved at the

25 temperature of heating during the production of the non-woven fiber

structural material constituting the separator for alkaline batteries and
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al cohol - based fibers, ethylene-vinyl alcohol-based copol yner fibers, 5

pol yet hyl ene fibers, polyam de fibers and vinyl chloride-vinyl

acet at e- based copol ynmer fibers. The fiber-shaped binder nmay be used singly
or in conbination of two or nore. Anpong the above fiber-shaped binders, the
pol yvi nyl al cohol - based fibers and the ethyl ene-vinyl alcohol-based
copolynmer fibers are preferable due to the great affinity 10 with the

al kaline electrolyte. As the polyvinyl alcohol-based bi nder preferable as

the fiber-ghapathestdsdtweral ¥Hé NiaiA! @&ﬁﬁbn&ﬁs Fthekk NERAS th@Vaditesion

tenperature of dissolution in water in the range of 50 to 90'C and nore

pr ef er abl yhétwddie the ange edmpontat &dets and fHetideakhapedsbinder @bhybene- vi nyl
al cohol 15 copol yner-based bi nder, ethylene-vinyl al cohol copolyner-based

bi nders hastiaged neBxiangplpoi of the t fiber-ahgeedf bhlletro ih3Ride grudyvimse
preferably in the range of 60 to 1100C are preferable. It is preferable
t hat t he salwehoFbadwl f fibers, sdbglkbneindgl akcohonl-bhsed r anpayaferO. ldertsp 1. 5
dtex and nore preferably in the range of '0.04 to 1.2 20 dtex. Wen the size
of the i bpolystladede bi filers, expebdsnite5 fibers tdmd suvingde ehlomidefvingd fi ber
decreases and the efficiency of adhesion decreases. Mreover, fine pores in
t he separ aaeatatobastkabbolynien fiberss Bhe fidreshbmed hhaderedyntber naed
resistance of the battery increases. It is preferable that the amount of the
fi ber - shapsiaighy eden ¢ombinatiea oDbve giguors Fmengohengberss Ebarighaped
preferably in the range of 5 to 20%by nmass based _on_the tofal of the
amount by pingderss thee Pﬁiﬁl%’énﬁéﬂg}?ﬂ%ﬂé‘?di EIBPES cBRPr i%liengetilm@fﬁ%‘fl?alﬁ de
fiber and the_ ce]lul ose fiber d the amunt_ by, mass of the fiper-shaped
bi nder froﬁfophel'ge%ﬁepﬂynﬁr Bhers ér?img%ﬁ%l%#%dﬁ%gﬁsng% %ﬁ@l@hysi cal
Pr operfd eSw?t%dtﬁehgllclalillin%rqu(lztrolyte.
As the polyvinyl alcohol-based binder preferable as the fiber-shaped
binder, polyvinyl alcohol-based binders having a temperature of
dissolution in water in the range of 50 to 90°C and more preferably in the
range of 60 to 80°C are preferable. As the ethylene-vinyl alcohol
15 copolymer-based binder, ethylene-vinyl alcohol copolymer-based binders
having a melting point in the range of 50 to 130°C and more preferably in
the range of 60 to 110°C are preferable.
It is preferable that the size of the fiber-shaped binder is in the
range of 0.01 to 1.5 dtex and more preferably in the range of 0.04 to 1.2
20 dtex. When the size of the fiber-shaped binder exceeds 1.5 dtex, the
surface area of the fiber decreases and the efficiency of adhesion decreases.
Moreover, fine pores in the separator for alkaline batteries are shielded
and the internal resistance of the battery increases.
It is preferable that the amount of the fiber-shaped binder is in the
25 range of 3 to 30% by mass and more preferably in the range of 5 to 20% by

mass based on the total of the amount by mass of the main component
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resi stance of the obtained separator for al kaline batteries. 5 The separator
for al kaline batteries of the present invention may further conprise, where
desired, other fibers such as synthetic fibers having a tenperature of

di ssolution in water higher than that of the fiber-shaped binder, exanples
of which include polyvinyl alcohol-based fibers, polyacrylonitrile fibers,
pol yolefin fibers, polyvinylidene chloride 10 fibers and pol yuret hane

fi bers, rayons such as viscose rayon and chem cal fibers such as rayon,
cupro and fibeiatceniprisagbtmaticiyamidd fitee ahdvehe peollybsedéibéd beid thbe

cellul ose fiber and the fiber-shaped binder as long as the objects of the
present i nderturmnbprmasotof adheefibet-yhapddk bivder Woen thieestzappoaitonf fthe

al kaline batteries of the present invention 15 is treated with a

sur f act ant effihencyated aeflhaboor pmidorthef phjisical kalopaetiee! &ad r Heytiataumlng t he
"assenbly of the battery can be increased. The process, the apparatus and the
condi t i onsréustamcedi¢hagbtdiaedseparatonforf akkadinedidtheribnt t eri es of the
present invention are not articularly limted. Any of the conventional
processes whi ch Thgnsammrpiadinzeatiadingobatterien ofi ther peasent inventipmtmayal from
the main fiber conponents described above and, preferably, using the

fi ber - shapB&rthpy r9ERPEe c ihsee %Vél’iﬂ%% beEst FBER g ISYRHRe tigiftbers ber

conmponent s can be used. In rticular, .the wet process using a,paper
machi ne i shaﬁlr”e& & éwerweegﬁébﬁsefu%% nepatel Lehesy tgﬁka’i}}a%eof)éﬁ? eries or

he 2 - fiber. i i.al - sh f h
Separ at or  BPEF ShRRai Hatahy PEPELe Al MHCEREHGY PoGrth It Herdn,
thi ck d 27 the unit. wei ght tained as fol | ous:
slurry 1o BPepar D SebichEt oS Palu gl R, by iy BlEng RRUPTRE T e
fiber- fd‘apﬁgegé R po1ferEhhRE HirdR0iByoRts SUER s visABRALEH AP dATaFAUCOUS

slurry usi
fibers such as rayon, cupro and acetate in combination with the above

polyamide fiber, the cellulose fiber and the fiber-shaped binder as long as
the objects of the present invention are not adversely affected.

When the separator for alkaline batteries of the present invention

15 is treated with a surfactant, the rate of absorption of the alkaline
electrolyte during the assembly of the battery can be increased.

The process, the apparatus and the conditions for producing the
separator for alkaline batteries of the present invention are not
particularly limited. Any of the conventional processes which can

20 produce the non-woven fiber structural material from the main fiber
components described above and, preferably, using the fiber-shaped
binder described above in combination with the main fiber components,
can be used. In particular, the wet process using a paper machine is
preferable. For example, the separator for alkaline batteries or the

25 non-woven fiber structural material (the material sheet) for the separator

for alkaline batteries having the desired shape, dimension, thickness and
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circular net paper machine or a nold which all ows passage of liquids; the 5
liquid is renoved fromthe resultant sheet; and the obtained sheet is dried.
It is preferable that the sheet prepared fromthe aqueous slurry is dried at
a tenperature in the range of 100 to 140'C. The shape of the separator for
al'kaline batteries of the present invention is not particularly limted and
various shapes may be used in 10 accordance with the shape in the
application. For exanple, any of shapes of flat paper and non-woven fabrics,

a shape of (g q¥if Gesht SarSBaRB e aSHlIRHEanhaYhdhBslbety A aspheher
prescri bed shapes can be used. The unit weight of the separator ‘for alkaline

batteries @font RBe pIpERAlC ifibeeNthOBeAIDSOEIIRG] 418 @He | fibadedRipddnsmadert h t he
type of the 15 battery to which the separator is attached. I n general, from

the standpaesiridd taddevei ahtheti ghprephredpfioperthy AQiede diuigyt higingl kal i ne

el ectrolyte, the property for separation and the internal resistance, it is
pr ef er abl ecirbalartfet pupdr meichhte d1saimoldhehidngBowk p2@sage 601ighids; ahd nore
preferably in the range of 23 to 45 g/n2. 20 The separator for alkaline
batteri%®s titjuidés prresesd fionv et resultathsiret sawd ¢ké bbtdinpd cheet i deed.
absorbing the electrolyte (property for holding the electrolyte) since the
speci fi c pbi isamiederabildehatthd shpet perepaveckefroentheaqgdedisosiurgsissdidad at

descri bed above is used as one of the main fiber conponents in conbination
wi th the celteuipegetiiebiar theMamgevdrl 00t toel 4B Csepar at or is not degraded by
oxidation in storage at high tenperatures _even when the separator is used
for alkali battdhieeshaps fd thee serasiatey dop allkaline rhatéemesc Oédzneapma@gt
conmpounds having a great oxidjzing ability such as nickel qxyhydroxide, and
the decr eaBtVeiiamés aghaartigubarly hanyg t%véﬁﬁusﬁia@ﬁﬁﬁp% ugeblwhen t he

separator is exposed.to hi te ratures .
P 10 accorégnce with the gﬂape E[P ghe appﬁca’mon. For example, any of shapes

of flat paper and non-woven fabrics, a shape of a cylinder, a shape of a
cylinder having a bottom and other prescribed shapes can be used.

The unit weight of the separator for alkaline batteries of the
present invention can be adjusted in accordance with the type of the

15 Dbattery to which the separator is attached. In general, from the
standpoint of the light weight, the property for holding the alkaline
electrolyte, the property for separation and the internal resistance, it is
preferable that the unit weight is in the range of 20 to 60 g/m2 and more
preferably in the range of 23 to 45 g/m2.

20 The separator for alkaline batteries of the present invention
exhibits excellent property for absorbing the electrolyte (property for
holding the electrolyte) since the specific polyamide fiber having the
excellent oxidation resistance described above is used as one of the main
fiber components in combination with the cellulose fiber. Moreover, the

25 separator is not degraded by oxidation in storage at high temperatures

even when the separator is used for alkali batteries using the positive
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for a long tinme, for exanple, even when the separator is stored at high 5
tenperatures. Therefore, taking advantage of the above properties, the
separator for alkaline batteries of the present invention can be
particularly effectively used for al kaline nmanganese batteries using
manganese di oxi de added with conpounds exhibiting great oxidizing ability
such as 10 ni ckel oxyhydroxide as the positive electrode m x. The separator
can al so be used effectively for batteries other than the al kaline

manganese eb@tﬁoq@ymw@bn@iniﬂgec@hbaﬁﬁd@hladﬁagoatgtxewoﬂmzlh@ealﬁh@ytshbﬁ doubl e
| ayer capacitor batteries. 15 EXAMPLES The present invention wll be

descri bed apmecleflexiyhydadtisie vanidthe déercane én the expagitesf the bhttetwkhow ng.
However, the present inventionis not limted to the exanples. The
intrinsic besappreysedg¢vanatdnetlie aepaxatonfs expbed thaigh eanipeodtur2®

pol yam des obtained in Preparation Exanples | to 9 described in the

fol | owi ng far e loegstumed fon eagnplelaerom wiliem the skphtador ng stetedods high
<<Intrinsic viscosity of a polyamde [TlI|>> A pol yanm de was di ssolved into
concent¥ at éelnpardtures aci d, and sanple sol utions having concentrations of
0.05, 0.1, 0.2 and 0.4 dl/g were 25 prepared | nherent viscosities qi,,h
wer e obtai ned aﬂ‘}@(i)ebrﬁ%ntadfe@&radlé(ﬂ@éa% phtheabpve Psopergiasathe saparatiorequat i on
(1), and the vaLue obt ai ned by 29 extrapolating the resuyltant vaI ues to the
concent r at f&n & abn@/abatﬂ%ﬂfsa@ the ]prerspphhln-vegqtl,eppt 1%e00)le @ariculasdyt he

above equatjon, to repre entsl Pe flowtine ond) of .the sol vent,
effectively used 1or alkaline manganese aterl S using manganese

dioxide added with compounds exhibiting great oxidizing ability such as
10 nick(;l oxyhydroxide as the positive electrode mix. The separator can also
be used effectively for batteries other than the alkaline manganese
battery such as the silver oxide battery and the electric double layer

capacitor batteries.

15 EXAMPLES
The present invention will be described more specifically with
reference to examples in the following. However, the present invention is
not limited to the examples.
The intrinsic viscosity [n] and the fraction of sealed chain ends of
20 polyamides obtained in Preparation Examples 1 to 9 described in the
following were measured in accordance with the following methods.
<<Intrinsic viscosity of a polyamide [n]>>
- A polyamide was dissolved into concentrated sulfuric acid, and
sample solutions having concentrations of 0.05, 0.1, 0.2 and 0.4 dl/g were

25 prepared. Inherent viscosities m;,}, were obtained at 30°C in accordance

with the following mathematical equation (1), and the value obtained by
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51tl represents the flowtine (second) of the sanple solution and C
represents the concentration of the sanple solution.] <<Fraction of sealed
chai n ends>> The nunbers of carboxyl group and am no group at the chain ends
and the nunber of the chain end sealed with the chain end sealing agent 10
were neasured, and the fraction of sealed chain ends could be obtained in
accordance with the follow ng mat hemati cal equation (2). Fromthe

st andpoi nt of the accuracy and convenience, it was preferable that the
nunber of exttapolating dhe rgsulipnialees & hhel conerntradonfrQotas nsed @s si gnal
assigned t Lespecti ve chain end groups in accordance with 15 1H NWR
Fraction off'seal ed chain ends (% =[(X-Y)/X]xI 0O (2) [In the above equati on,
X represents the nunber of ire end gro in the nol ecul ar chai ns,
which is, in gener ar?lllé}huegr{(?]gto?ymbce t he nurrbgr of the pol yam de nol ecul es,

and Y repr ¢pephs abbe bohationf t ! e rosu M8 theiflodP tishé BReyhdPsPHR s81hént, eMai ni ng
at the chain ends wthout being Sealed and the nunber of am no group |eft

remai ni Bg a idipeShaish tOdSoW thnet (Redmd ofetletample ¥Ritiat eatdieC _
properties of separators for alkaline batteries, alkaline dry cells of size

AA were prepgfRentMIRCEHERNGRioM M‘tHeh@amﬁfé J1QGeHYres described in Exanple
of Cell Preparation 1 described in the follow ng using the separators for

al kal i ne baidRraresn @Pkasleddhiain thds39 fol | owi ng Exanpl es and Conparati ve
Exanpl es. The discharging property of the obtained al kaline dry cells was

eval uat ed i n acd@iedanndersvof batbxybetrbop athelsamibe group tbhehé ehhdwiends and t he
properties of the separator for alkaline batteries were eval uated based on
t he obt ai neehd the number of the chain end sealed with the chain end sealing agent
10  were measured, and the fraction of sealed chain ends could be obtained in
accordance with the following mathematical equation (2). From the
standpoint of the accuracy and convenience, it was preferable that the
number of each chain end group was obtained from the characteristic
signal assigned to respective chain end groups in accordance with
15 1H-NMR.
Fraction of sealed chain ends (%) =[(X-Y)/X]x100 (2)
[In the above equation, X represents the number of the entire end groups
in the molecular chains, which is, in general, equal to twice the number of
the polyamide molecules, and Y represents the total of the number of
20  carboxyl group left remaining at the chain ends without being sealed and
the number of amino group left remaining at the chain ends without being
sealed.]
To evaluate the properties of separators for alkaline batteries,
alkaline dry cells of size AA were prepared in accordance with the

25 procedures described in Example of Cell Preparation 1 described in the

following using the separators for alkaline batteries obtained in the
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5 result. Exanple of Cell Preparation 1>> [Preparation of an alkaline dry
cell] (1) Nickel oxyhydroxide (the particle dianeter: 5 to 15 m in an
anount of 50 parts by nass, 50 parts by mass of nanganese di oxi de (the
particle diameter: 20 to 50 n), 5 parts by nass of graphite powder (the
particle 10 dianmeter: 10 to 25 n), polyethylene powder (the particle
dianeter: 5to 15 m and 1 part by mass of an aqueous sol ution of potassium
hydroxi de (an electrolyte) having a concentration of 40% by mass were m xed

by a m xegolffig’ EREmPR i e DodiRh@tivel HhgnpRIY! t AMte NAXEHA R NS

adjusted at the prescribed value, the obtained particul ate m xture was

nol ded i nt grdierBy JTotHe 6Mained ia¢RAlifOaNE, caAROwasROGIEANA 8l QeLsABR AT X Was
prepared. (2) Into a positive el ectrode can which was used al so as the

positive {efhithal mdthed psiciibee &8 ebbriotlewihy hadi ti ?r&ﬁ&ﬁeSCMf ithdr i cal
shape which was prepared in (1) described above was placed under a
pressure. sdpwaton feepdkaline hattérigs avefapealehted ddsedder thavbbthide®ot t om
whi ch was 20 formed froma sheet prepared by a paper machine in each Exanple
or Conpar aésule Exanple was inserted at the inside of the positive el ectrode
m X having a short cylindrical shape, The inside of the separator having a

shape of a<cyExample baCeRPrappmtiomlwadPrepanagion efiamaledms dey edlct r ode

mx in the gel formwhich was prepared by mxing 1 part by mass of 25 sodium
acryl ate, phiicke] oy hudroxade Sheappisnle dianeteroh tofl Spemaddsiamamioyatoxi de
havi ng a concentration of 40% by mass and 66 parts by mass of 31 zinc

powder. A pbfatnarss byasappdt) pariseky srasriaef Mpspasese étom% (henparticle port i on
of the separator having a shape of a cylinder having a botkom The open end

of the posfliametesi @0ttoo?d uarn SRS ébﬁsmfrgrapbét&?mgd% the pegfecler a
resin, 10t © \é\lﬂinﬁgte?"i qggt%t ég Fixm l, epCo {fgt ?fletneer Ir)novr\]r (lar thlebgglgt?cq]e p(ii%hlee)teri 5 to
15 um) and 1 part by mass of an aqueous solution of potassium hydroxide
(an electrolyte) having a concentration of 40% by mass were mixed by a
mixer. After the particle diameter of the resultant mixture was adjusted
at the prescribed value, the obtained particulate mixture was molded into
15  a short cylindrical shape, and a positive electrode mix was prepared.
(2) Into a positive electrode can which was used also as the positive
terminal, the positive electrode mix having a short cylindrical shape
which was prepared in (1) described above was placed under a pressure.
Then, a separator having a.shape of a cylinder having a bottom which was
20 formed from a sheet prepared by a paper machine in each Example or
Comparative Example was inserted at the inside of the positive electrode
mix having a short cylindrical shape. The inside of the separator having
a shape of a cylinder having a bottom was filled with a negative electrode
mix in the gel form which was prepared by mixing 1 part by mass of

25 sodium acrylate, 33 parts by mass of an aqueous solution of potassium

hydroxide having a concentration of 40% by mass and 66 parts by mass of
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5 connected to the head portion of the negative el ectrode collector

descri bed above was wel ded, and a washer nmade of a netal. Thus, an al kaline
dry cell of size AA was prepared. <<Evaluation of the discharging property
of an alkaline dry cell> For the evaluation of the discharging property of
an alkaline dry 10 cell, alkaline dry cells of size AA prepared in
accordance with the procedures described in Exanple of Cell Preparation
were used imediately after the preparation, after being kept at 25" C for |

vweek af t egifchgopagpar i taRdeREEBHe RBIBELOK8RAs WisRfRe® {t0thd cdansiaf ter
the preparation. The dry cells were each treated by the continuous

di scharge gértadn df tBRP&ARHES Bhvide aem%feoafrgn@ymfld@hgvufgdﬁrbmoﬁﬂ.ect ric
current of 1,500 mA, and the tine passed until the voltage reached 0.9 V

was measurThe.opbhcesld 9€ hs Povivy olefibde was wialsvaleddwith & segliagipsdr val ue
based on the discharging tine of the alkaline dry cell prepared by using

t he separ ainerdeosf &arpat,abi whidkk anpégativeasldcarvdé tatdnalmtedbetoal plafkd) er 20
the preparation, which was set at 100. <<Preparation Exanple 1> [ Preparation
of a pd yacirdecaed tpohy dwndeportionesf tha)jegativel electrade autlectbadestabedg an
inner volunme of 20 dn8, 2,825 g (17.2 25 noles) of terephthalic acid, 1,521
g (9.2 nol @s)veowassogidetiahind aawiadhepnggie of a ie3al. bhes)amwflkaline dry
1, 9-nonanedi am ne, 1,956 g (12.4 noles) of 32 2-nmethyl -1, 8-oct anedi am ne,
268.5 g (2cedbofieize NHA sfasierepaired.aci d (the chain end sealing agent), 9.0 g
(0. 1% by S based on, the anount of the terials fqorm ng the polyam de)
of sodi um YS’C})‘H@%#@Fﬁqfetﬁ‘ﬁﬁi? @g%prqpeztsﬁgga)@nallﬁqdé@@ Fiééelg%t er were placed,
dth t ocl it 5 ni :
an e autocta gr t Z e%%rlgggo}/lm ofh the dlnslc eru(') 1?12 property of an alkaline dry
10  cell, alkaline dry cells of size AA prepared in accordance with the

procedures described in Example of Cell Preparation 1 were used

immediately after the preparation, after being kept at 25°C for 1 week

after the preparation and after being kept at 80°C for 3 days after the

preparation. The dry cells were each treated by the continuous discharge

15 at a temperature of the environment of 20°C under an electric current of

1,500 mA, and the time passed until the voltage reached 0.9 V was

measured. The discharging property was evaluated as a relative value

based on the discharging time of the alkaline dry cell prepared by using

the separator of Comparative Example 1 and evaluated immediately after

20  the preparation, which was set at 100.

& Preparation Example 12> [Preparation of a polyamide and polyamide

fiber (a;)]

(1) Into an autoclave having an inner volume of 20 dms3, 2,825 g (17.2
25  moles) of terephthalic acid, 1,521 g (9.2 moles) of isophthalic acid, 2,391 g

(15.1 moles) of 1,9-nonanediamine, 1,956 g (12.4 moles) of
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(2) Then, the content of the autoclave was stirred at 100C for 30 m nutes,
and the tenperature inside the autoclave was raised to 210C over 2 hours
(the pressure inside the autoclave at this tenperature was 22 kg/cnR).
After the reaction was allowed to proceed in this condition for 1 10 hour,
the tenperature was raised to 230C. The reaction was allowed to proceed for
2 hours while the pressure was kept at 22 kg/cn2 by slowly releasing
generated steam and the tenperature was kept at 230C. (3) The pressure was

| overed t0930QcKO/1CIE- RYShe AAnIThBUIS.5 &2 A0CAELON oee BoiOWRSd t @hRY Oceed
under this pressure for 1 hour, and a 15 prepol yner was prepared. The

obt ai ned PERRRI Y@k XBAg Holel), WIDRr (021 % 8FUHEds Ha88S Whnethl arkBUt fo@thd 2 hours,
and the dried prepolyner was pulverized into particles having a size of 2

mm or sl hifteribds {IRiMUtNeHolvin i) pd! Sodimohy popleskphite Bydeeecah@ed above

was subjected to the solid phase polynerization under a reduced pressure of
20 132.9 Pa.q @mB sindigillatl wRE Wware placduns] tlangutocholeyrts pairped witkpar ed.
The intrinsic viscosity [i] and the fraction of seal ed chain ends of the
prepar ed paityegérde were nmeasured in accordance with the methods described
above and were found to be 0.65 and 88% respectively. (5) The pol yam de

obt ai ned i 2)( 4Thdes chiebednt@indvef Whs sutppldved was atimedd at23068HE nfoirn§0
apparatus of the screw extrusion type. Fibers were spun through a spinning
di e (havi npit0¢eshanel thadhntreratigreainsoda dhegartbelass wawiratped i 8iBi@r of 0.1
mr) at a tenperature of spinning by extrusion of 300'C and wound. The

t hr ead obt eyered hpnmﬁ&h@ﬁeiszmwwage thegmtockve at dhgtemperatuiraweas B2
original |ength and heated by passing thrgugh a drawing bath (the first
bath; the kafgﬁﬁ@r)at after tw rpaghgnavaeallpwgd famroeeqd Hethis conditien for 1he

tenperaturge: 95 0, and a ,tow conposed o .
P laO ﬁour, the' temperature was raised to EBS"C. The reaction was allowed to

proceed for 2 hours while the pressure was kept at 22 kg/cm? by slowly

releasing generated steam and the temperature was kept at 230°C.

(3) The pressure was lowered to 10 kg/cm2 over 30 minutes. The

reaction was allowed to proceed under this pressure for 1 hour, and a
15 prepolymer was prepared. The obtained prepolymer was dried under a

reduced pressure at 100°C for 12 hours, and the dried prepolymer was

pulverized into particles having a size of 2 mm or smaller.

(4) The pulverized prepolymer obtained in (3) described above was

subjected to the solid phase polymerization under a reduced pressure of
20 132.9 Pa (0.1 mmHg) at 230°C for 10 hours, and a polyamide was

prepared. The intrinsic viscosity [n] and the fraction of sealed chain ends

of the prepared polyamide were measured in accordance with the methods

described above and were found to be 0.65 and 88%, respectively.

(5) The polyamide obtained in (4) described above was supplied to a melt
25 spinning apparatus of the screw extrusion type. Fibers were spun

through a spinning die (having 100 holes each having a round nozzle
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pol yam de fiber in which the single fiber had a size of 0. 1 dtex was
obtained. (6) The tow obtained in (5) described above was cut into fibers
having a length of 2 nm and polyam de fiber (a,) having a short fiber
shape was 10 prepared. <Preparation Exanple 2> [Preparation of a polyam de
and polyam de fiber (a2)] (1) into an autoclave having an inner vol une of
20 dMB, 2,989 g (18.0 15 noles) of tereplithalic acid, 1,609 g (9.7 noles)
of isoplithalic acid, 2,402 g (15.2 noles) of 1,9-nonanediam ne, 1,975 g

(12.5 nol ephvifg a 2iaRlDYE 00 8- 06k )ades kdfbBLatudd o8 sPirlfing Dy 8asiodf ofPenzoi ¢

acid (the chain end sealing agent), 9.0 g (0.1% by nass based on the anpunt

of the maBe0?@lsd aotindg tTiee pltepdndistainad fivadithe filrephas dhbve tydrate and
20 2.2 dnB of distilled water were placed, and the autoclave was purged with
ni trogen. (ehgthhesR tirhes abet erigimefl lehgtlautot haweedvds phbsihgdtlatoub®0aC for 30
m nutes, and the tenperature inside the autoclave was raised to 210'C over
2 hours (tHeapiesbatk (thsifost bathsatheotinaperadtire:h85° @ enpknabeatengdmth2 25

kg/ CM2). After the reaction was allowed to proceed in this condition for |
hour, the f{thepeeaind eaths thei $exipevai2e! O5°Che andaet itow wempasédwddat o 34
proceed for 2 hours while the pressure was kept at 22 kg/cn2 by slowy

rel easi ng gelyemaided fibeeam avhicghtchet sine afibee hads akeige of 02Bottex( ®psThe
pressure was |owered to 10 kg/cnR over 30 m nutes. The reaction was allowed
to proceedobtrdeedt his pressure for 1 hour, and a 5 prepol ymer was prepar ed.
oo o N ER el Shanard o/ Chasscrbed above Was ditSats Bhers having ' -

length of 2 mm, and polyamide fiber (a;) having a short fiber shape was

10  prepared.

& Preparation Example 2> [Preparation of a polyamide and polyamide
fiber (as)]
(1) Into an autoclave having an inner volume of 20 dm3, 2,989 g (18.0
15 moles) of terephthalic acid, 1,609 g (9.7 moles) of isophthalic acid, 2,402 g
(15.2 moles) of 1,9nonanediamine, 1,975 g (12.5 moles) of
2-methyl-1,8-octanediamine, 67.6 g (0.55 moles) of benzoic acid (the chain
end sealing agent), 9.0 g (0.1% by mass based on the amount of the
materials forming the polyamide) of sodium hypophosphite hydrate and
20 2.2 dm3 of distilled water were placed, and the autoclave was purged with
nitrogen.
(2) Then, the content of the autoclave was stirred at 100°C for 30
minutes, and the temperature inside the autoclave was raised to 210°C
over 2 hours (the pressure inside the autoclave at this temperature was 22
25 kglem2). After the reaction was allowed to proceed in this condition for 1

hour, the temperature was raised to 230°C. The reaction was allowed to
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pul verized into particles having a size of 2 mmor snaller. (4) The

pul veri zed prepol yner obtained in (3) described above was subjected to the
sol i d phase pol yneri zation under a reduced pressure of 10 132.9 Pa (0.1
mHg) at 230C for 10 hours, and a pol yam de was prepared. The intrinsic
viscosity [r1] and the fraction of sealed chain ends of the prepared

pol yam de were neasured in accordance with the nethods described above and
were found to be 1.40 and 65% respectively. (5) The pol yam de obtai ned in

(4) descri pastealoe MasufBhthidP¥Re pledMie Wias XRPt NRBLG Jdm2AFOERINGE Wi th
t he sanme procedures as those conducted in Preparation anplé 1 (5), and a

t ow conposgfeQbing d9leyatddistehnbandithe t¥hipehatuie wadBést 4 Rgo°had a size of
0.8 dtex was obtained. In the preparation of the polyam de fiber, the speed

of spi nni n@)an@heherefpeed @hs Wwitedgtorate kdimst@drse0t hdhutde pPThyam de
fiber in which the single 20 fiber had the prescribed size could be

obt ai ned. f{dyctibme wagwalbtvad nied proceel) undsc thiseprashave foasl tourj anhd &i bers
having a length of 3 nm and polyam de fiber (a2) having a short fiber
shape Vs ppeiamed. w2$ prepaephr dihconbtainaplerefolynjddr epar ditiedurnderaa

pol yam de and pol yam de fiber (a3)] 35 (1) Into an autoclave having an

i nner vol urelued2prasisBre 4t4000°¢ (@712 hewisesindothe eriphphepdlymeri was3, 495 g
(22.1 nol es)_ of 1,9-nonanedi am ne, 874 ¢ énSj‘; 5 nol es) of

2- net hyl - | p8lvezizeddaitapanicles havengasizeral hsagyr sotalleyenzoi ¢ acid (the chain
end sealing agent), 9.0.g9 (0.1% by nasg based. on ﬁ t he amount of the
material s €9r mihg PHEVeIaT8rhAtaBLlSRes 0Bt aimedhith dFhodgssribe dnypdpxe ewasd 2. 2

dnB of distilled water wer. | aced,, and.the aut.ocl ave, wa urged w_th
ni t rogen. subjected to tfle SO[I% }Ehase polymerization under a reducesd Bres%ure of

10 1329 Pa (0.1 mmHg) at 230°C for 10 hours, and a polyamide was
prepared. The intrinsic viscosity [n] and the fraction of sealed chain ends
of the prepared polyamide were measured in accordance with the methods
described above and were found to be 1.40 and 65%, respectively.

(5) The polyamide obtained in (4) described above was melt spun, drawn

15 and heated in accordance with the same procedures as those conducted in
Preparation Example 1 (5), and a tow composed of a polyamide fiber in
which the single fiber had a size of 0.8 dtex was obtained. In the
preparation of the polyamide fiber, the speed of spinning and the speed of
winding were adjusted so that the polyamide fiber in which the single

20 fiber had the prescribed size could be obtained.

(6) The tow obtained in (5) described above was cut into fibers having a

length of 3 mm, and polyamide fiber (ay) having a short fiber shape was

prepared.

25 < Preparation Example 3> [Preparation of a polyamide and polyamide
fiber (ag)]
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(2) Then, the content of the autoclave was stirred at 100C for 30 m nutes,
and the tenperature inside the autoclave was raised to 210C 10 over 2 hours
(the pressure inside the autoclave at this tenperature was 22 kg/cnR). After
the reaction was allowed to proceed in this condition for 1 hour, the
tenperature was raised to 230C. The reaction was allowed to proceed for 2
hours while the pressure was kept at 22 kg/cn2 by slowy releasing
generated steam and the tenperature was kept at 230C. 15 (3) The pressure

was | ower eglgt kB A9/GBCIAYETh A B AW 88er THRimE GRS A a4 | Lyt 0

proceed under this pressure for 1 hour, and a prepolyner was prepared. The

obt ai ned prRP&)WTRErdshdlicedidBlens g (2DadueRst) BF 8P HbRaAEdibePaef 87412
hours, and the dried prepolynmer was pulverized into particles having a size

of 2 nm orgs(mbl afoleO of 42-nidtdrydul 8+8étadediAharg| Y828 gbi@ilnednsles) DY
descri bed above was subjected to the solid phase polynerization under a

reduced prpeesiyie aeld (id2clfaiBaefd sdalingigeat), 230G (001 %1y hoaysshagilon
pol yam de was prepared. The intrinsic viscosity [ill and the fraction of

seal ed schailie eagmumf dfhether epatadalgolfyamine vkes epobasnided ofi acdmmdance
with the nmethods 25 described above and were found to be 1.00 and 74%
r espect i vehypoglgsphite hpdneaniashel 2Btdxh el distilled) wdtscweireplaabdy endake nel t
spun, drawn 36 and heated in accordance with the sanme procedures as those
conduct ed awntochRrepwaativogedExahipnetrogén), and a t ow conposed of a pol yan de
fiber in which the single fiber had a size of 0.3 dtex was obtained. In the
prepar at i of?)of Thea, gdiey semiieas of bbe , agtpslaygednsostizrid witnd08Hd fome38peed of
5 wi nding were adjusted so that the,pg&yagide fiber in which the single
fiber had ¥HBUpesttd hBY EmAeTRBURINSIAS bhaiadeclaye)wahaatssl KbedPred in (5)
descr Il%ed gx?e%‘vf h\(l)v?us"s %t'flte I;r%tsguxfel El%gfe aevalugt%cflave at this temperature was 22

kg/cm2). After the reaction was allowed to proceed in this condition for 1

hour, the temperature was raised to 230°C. The reaction was allowed to

proceed for 2 hours while the pressure was kept at 22 kg/cm?2 by slowly

releasing generated steam and the temperature was kept at 230°C.

15 (3) The pressure was lowered to 10 kg/cm2 over 30 minutes. The
reaction was allowed to proceed under this pressure for 1 hour, and a
prepolymer was prepared. The obtained prepolymer was dried under a
reduced pressure at 100°C for 12 hours, and the dried prepolymer was
pulverized into particles having a size of 2 mm or smaller.

20 (4) The pulverized prepolymer obtained in (3) described above was
subjected to the solid phase polymerization under a reduced pressure of
132.9 Pa (0.1 mmHg) at 230°C for 10 hours, and a polyamide was
prepared. The intrinsic viscosity [n] and the fraction of sealed chain ends
of the prepared polyamide were measured in accordance with the methods

25  described above and were found to be 1.00 and 74%, respectively.

(5) The polyamide obtained in (4) described above was melt spun, drawn

36



|l ength of 2 mm and pol yam de fiber (a) having a short fiber shape was
prepared. 10 <Preparation Exanple 4> [Preparation of a polyam de and

pol yam de fiber (a4)] (1) In accordance with the same procedures as those
conducted in Preparation Exanple 3, a polyam de having an intrinsic
viscosity [,q] of 15 1.00 and a fraction of seal ed chain ends of 76% was
prepared. (2) The polyam de obtained in (1) described above was nelt spun,
drawn and heated in accordance with the sane procedures as those conducted

in  Prepar ghiHbaeg@anil ecdrddnce Wt thelRh € piRRdedeOhsahD YA G@elliiher in
which the single fiber had a size of 1.0 dtex was obtained. In the 20

prepar at i oPrepatdteord Glxpanpldel f(Eheind taheove pesghosbd sifi 1 pohghraidk fiber speed of
wi ndi ng were adjusted so that the polyanm de fiber in which the single fiber
had the preddchbd sirgecfibbrl el abtsizened. 0.83)tebhevdowbshireidnedlr rthé?2)
descri bed above was cut into fibers having a length of 5 nm and pol yam de
fiber (a4)phavimgion shidrd pélybherids Hepe, thesspsd gff gpanaee add theRspepdret i on
Exanpl e 5" [Preparation of a pol yam de and pol yanm de fiber (a5)] (1) In
accor dancewantling Weersaadjustet eduthed e polysmideniiet el whichPtlepatagleon
Exanpl e 3, a pol yam de having an intrinsic viscosity [,I] of 5 1.00 and a
fraction ofibseélladcth@mneﬁ(ﬂéh@g sige cpsdd haobpriapdr ed. (2) The pol yani de
obtained in (1%]‘hdescri bed above was nelt spun, drawn and heated in

t

accor dance(@) t Rhe Kewsebtaipeddrddt descabednaavecwag st datq fibers having a

length of 2 mm, and polyamide fiber (ag) having a short fiber shape was

prepared.
10
& Preparation Example 4> [Preparation of a polyamide and polyamide
fiber (ay)]
(1) In accordance with the same procedures as those conducted in
Preparation Example 3, a polyamide having an intrinsic viscosity [n] of
15 1.00 and a fraction of sealed chain ends of 76% was prepared.
(2) The polyamide obtained in (1) described above was melt spun, drawn
and heated in accordance with the same procedures as those conducted in
Preparation Example 1 (5), and a tow composed of a polyamide fiber in
which the single fiber had a size of 1.0 dtex was obtained. In the
20 preparation of the polyamide fiber, the speed of spinning and the speed of
winding were adjusted so that the polyamide fiber in which the single
fiber had the prescribed size could be obtained.
(3) The tow obtained in (2) described above was cut into fibers having a

length of 5 mm, and polyamide fiber (a,) having a short fiber shape was

25 prepared.
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Preparation Exanple 1 (5), and a tow conposed of a polyam de fiber in which
the single fiber had a size of 0.5 dtex was obtained. In the 10 preparation
of the polyanm de fiber, the speed of spinning and the speed of w nding were
adj usted so that the polyamde fiber in which the single fiber had the
prescri bed size could be obtained. (3) The tow obtained in (2) described
above was cut into fibers having a length of 2 mm and pol yam de fi ber (ab)
having a short fi ber shape was 15 prepared. <<Preparation Exanple 6>>

Prevar 2t Qo0 el 5 81> PEP Y 128 hABbla Lho Rogsardarce

wi th the sane ocedur es t hose co ucted 1n re arat| anple 3, a
pol yam de ﬂ@\ét'(‘%ls)}m intrinsic viscosity [,I] of 1.00 and a fractl on of
seal ed chain ends of 74%was prepared. (2) The polyam de obtained in (1)

descri bed @Dovqﬁwa%cmlahcépwmh dhaWamangrdeatiss 'al% %ﬁ&&f aaﬁctégdt hnt he sane

procedures as those conducted 1n Preparation Exanple a tow

conposed b gy RIUGHEAARES, bhhdAPaie hablies sahnﬁitmél@%séaéﬁy vjige of 0.8

dtex was obtalined. In the preparation of the polyamde fib the speed of

spinni ng anthd £8d 2PREELISH 0B8eAVeAGhAth BRAS oRUEUSK 8 psépdaal the pol yani de
fiber in which the single fiber had the prescribed size could be obtained.

(3) The tow)obThe plydmidedbriesed iRl dhoydedassvdtwhdnelt shpehsdRavhng a
|l ength of 3 mm and pol yam de fiber (a6) having a short fiber shape was 5

prepared. salriepacdtihcichxdimkerith>theRaepapaddedured as those aoidigctaddn
pol yam de fiber (a7)] (1) Into an autoclave having an inner volunme of 20
dmB, 1, 798Pgejidrtébn Example 1 (5), and a tow composed of a polyamide fiber in
which the single fiber had a size of 0.5 dtex was obtained. In the
10  preparation of the polyamide fiber, the speed of spinning and the speed of
winding were adjusted so that the polyamide fiber in which the single
fiber had the prescribed size could be obtained.
(3) The tow obtained in (2) described above was cut into fibers having a

length of 2 mm, and polyamide fiber (a5) having a short fiber shape was

15 prepared.

& Preparation Example 6> [Preparation of a polyamide and polyamide

fiber (ag)]

(1) In accordance with the same procedures as those conducted in
20 Preparation Example 3, a polyamide having an intrinsic viscosity [n] of

1.00 and a fraction of sealed chain ends of 74% was prepared.

(2) The polyamide obtained in (1) described above was melt spun, drawn

and heated in accordance with the same procedures as those conducted in

Preparation Example 1 (5), and a tow composed of a polyamide fiber in
25 which the single fiber had a size of 0.8 dtex was obtained. In the

preparation of the polyamide fiber, the speed of spinning and the speed of
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10 noles) of terephthalic acid, 2,698 g (16.3 noles) of isophthalic acid,
3,495 g (22.1 noles) of 1,9-nonanediamne, 874 g (5.5 noles) of
2-methyl -1, 8- octanediam ne, 134.8 g (1.11 noles) of benzoic acid (the chain
end sealing agent), 9.0 g (0.1% by nass based on the anmount of the
materials formng the polyam de) of sodi um hypophosphite hydrate and 2.2
dnB of distilled 15 water were placed, and the autoclave was purged with
nitrogen. (2) A polyam de was prepared in accordance with the sane

pr ocedur es wiadihg ogerec adflistéd dsoi thar dpapalyaanidexfibpt énlwhich the (sdngleThe
intrinsic viscosity hl] and the fraction of seal ed chain ends were neasured
in accor ddhee heid the preesnpbhd dizedwadd bpedtainede and were found to be 1.00

20 and 77%, respectively. (3). The polyam de obtained in (2) described above
was melt spsh, Taedaw ohfrinedindd) Aascathest ahewe Waist fittingo Sibiess hegergiar es as

pol yam do feuEn ¢h3 HhF o] RSB AR fufo Hay S SO GhBRERERE s,

obtained. In the 25 preparation of the polyam de fiber, the speed of
spinning aRdePHEdspeed of winding were adjusted so that the pol yanide fiber
in which the single 39 fiber had the prescribed size could be obtained. (4)
The tow obtained in (3) described above was cut into fibers having a I|ength

of 3 mm a’l@PP%(%&%%ogﬁﬁﬁaﬁ%le(@ﬁ) [%?a@%ti@ns(‘fp{atp(ﬂ‘%%ﬁﬁdé%@ggpmngg%par ed. 5

<<Pr epar ati on 8>> [Preparati on of a polyanide an fiber
(a3)] (1) Ifivew (ap)]autocl ave having an inner volume of 20 dnB8, 4,497 g (27.1
nol es) of terephthalic acid, 874 g (5.5 noles) of 1,9-nonanedi am ne, 3,495

(1) Into an autoclave having an inner volume of 20 dm3, 1,798 g (10.8
10  moles) of terephthalic acid, 2,698 g (16.3 moles) of isophthalic acid, 3,495 g
(22.1 moles) of 1,9-nonanediamine, 874 g (5.5 moles) of 2-methyl-1,8-
octanediamine, 134.8 g (1.11 moles) of benzoic acid (the chain end sealing
agent), 9.0 g (0.1% by mass based on the amount of the materials forming
the polyamide) of sodium hypophosphite hydrate and 2.2 dm3 of distilled
15 water were placed, and the autoclave was purged with nitrogen.
(2) A polyamide was prepared in accordance with the same procedures
as those conducted in Preparation Example 1 (2) to (4). The intrinsic
viscosity [n] and the fraction of sealed chain ends were measured in
accordance with the methods described above and were found to be 1.00
20 and 77%, respectively.
(3) The polyamide obtained in (2) described above was melt spun, drawn
and heated in accordance with the same procedures as those conducted in
Preparation Example 1 (5), and a tow composed of a polyamide fiber in
which the single fiber had a size of 0.8 dtex was obtained. In the
25 preparation of the polyamide fiber, the speed of spinning and the speed of

winding were adjusted so that the polyamide fiber in which the single
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10 g (22.1 noles) of 2-nethyl-1,8-octanediam ne, 134.8 g (1.11 nol es) of
benzoic acid (the chain end sealing agent), 9.0 g (0.1% by mass based on

t he anmount of the materials form ng the polyam de) of sodium hypophosphite
hydrate and 2.2 dnB8 of distilled water were placed, and the autoclave was
purged with nitrogen. 15 (2) A polyam de was prepared in accordance with the
sane procedures as those conducted in Preparation Exanple 1 (2) to (4). The
intrinsic viscosity [rl] and the fraction of sealed chain ends were

measur ed i fibeadzar tenpgeseribed sive cveldbdobdasedi bed above and were found to
be 1.00 and 75% respectively. 20 (3) The pol yam de obtained in (2)

descri bed &bov@hgdeviebtainedin () desrribesiabevs wasicntdnte fibgre awingat he sane
procedures,as tho conduct ed, i n . .Preparat iqn Exanpl.e 5), ;and a tow
Conposed. of Bt &has HihapridRRE i Sviie P piosl e BN 38851 0.
dtex was obtained. In the preparation of the polyam de fiber, the speed of
spi nni ng a®i®P#HE%peed of 25 w nding were adjusted so that the pol yani de

fiber ig which the single fiber had the prescribed size could be obtained.
40 (4) The tow obtained in (3) described above was cut into fibers having a

| engt h of R aTe) ] b -havd o Tohe was
pr epar ed. 5%<ggéFR%%glroglt %ﬁmﬁg%%e%rfgg?%trlgga@;?iIf)br?o li&ae p%l{a yg%ﬁlégﬁgﬁd
pol yani de fibebéag)lag)] (1) Into an autoclave having an inner volume of 20

dnB, 4,876 g (33.4 noles) of adipic acid, 3,954 g (34.1 noles) of
hexamet hyl ¢nediy 88, adtbblate Kavihg3fh ¥RhES koRIMEVTZEY a@mg%(@han n end

sealing agent), 9.0 g (0.1% by 10 nass based on the anopunt of e materials
form ng t henflekyanicdephetalic acid, 874 g (5.5 moles) of 1,9-nonanediamine, 3,495

10 g (22.1 moles) of 2-methyl-1,8-octanediamine, 134.8 g (1.11 moles) of
benzoic acid (the chain end sealing agent), 9.0 g (0.1% by mass based on
the amount of the materials forming the polyamide) of sodium
hypophosphite hydrate and 2.2 dm3 of distilled water were placed, and the
autoclave was purged with nitrogen.

15 (2) A polyamide was prepared in accordance with the same procedures
as those conducted in Preparation Example 1 (2) to (4). The intrinsic
viscosity [n] and the fraction of sealed chain ends were measured in
accordance with the methods described above and were found to be 1.00
and 75%, respectively.

20 (3) The polyamide obtained in (2) described above was melt spun, drawn
and heated in accordance with the same procedures as those conducted in
Preparation Example 1 (5), and a tow composed of a polyamide fiber in
which the single fiber had a size of 0.8 dtex was obtained. In the
preparation of the polyamide fiber, the speed of spinning and the speed of

25 winding were adjusted so that the polyamide fiber in which the single

fiber had the prescribed size could be obtained.
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sodi um hypophosphite hydrate and 2.2 dnB8 of distilled water were placed,
and the autoclave was purged with nitrogen.
with the sane procedures as those conducted in Preparation

accordance

(2) A polyam de was prepared in

Exanple 1 (2) to (4). The intrinsic 15 viscosity [rl1l] and the fraction of

seal ed chain ends were neasured in accordance with the nmethods descri bed
above and were found to be 1.00 and 80% respectively. (3) The pol yam de
obtained in (2) described above was supplied to a nelt
of the scré#) eTheuswonbtaiped ifri(Bedssomresl shove w28 dutrintigifibers pianmgg di e

(having 10

hol es. each havj ng a raound nozz havi ng a dianeter of 0.1 )
a t enper at UgRE Oggilﬁm’r?dldopg]é’m iﬁhero aSI)gW@%ﬁdSW& errshaRe, Wasd
obtained fromthe fibers was drawn to a
Pﬁ%&@%ﬂLby passi ng through a drawing bath (the first bath;

| engt h and

length 3.2 tines the original

spi nni ng appar at us

at

tenperature: 85C) and a heating bath 25 (the second bath; the tenperature:

95C), and a tow conposed of a polyamde fiber

%

a size gf

in which the single fiber

had

hove vis corTine ip ERbRl, B oCPrors b o! 8 MV Bt B BB "o

having a sHipel (A))per shape was prepared. 5The conditions and the results of

Preparation Exanples 1 to 9 are shown toget her

fol I'owi ng. (TabigioladORitePRNE B AANEXRIRhRIL I4RhMRIFSI0 @im3 of 806! oy 838 de]

10

15

20

25

moles) of adipic acid, 3,954 g (34.1 moles) of hexamethylenediamine, 166.4
g (1.36 moles) of benzoic acid (the chain end sealing agent), 9.0 g (0.1% by
mass based on the amount of the materials forming the polyamide) of
sodium hypophosphite hydrate and 2.2 dm3 of distilled water were placed,
and the autoclave was purged with nitrogen.

(2) A polyamide was prepared in accordance with the same procedures
as those conducted in Preparation Example 1 (2) to (4). The intrinsic
viscosity [n] and the fraction of sealed chain ends were measured in
accordance with the methods described above and were found to be 1.00
and 80%, respectively.

(3) The polyamide obtained in (2) described above was supplied to a melt
spinning apparatus of the screw extrusion type. Fibers were spun
through a spinning die (having 100 holes each having a round nozzle
having a diameter of 0.1 mm) at a temperature of spinning by extrusion of
300°C and wound. The thread obtained from the fibers was drawn to a
length 3.2 times the original length and heated by passing through a
drawing bath (the first bath; the temperature: 85°C) and a heating bath
(the second bath; the temperature: 95°C), and a tow composed of a

polyamide fiber in which the single fiber had a size of 0.8 dtex was

41
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Aci d conponent (% by nole) terephthalic aci d6565100100100 15i sophthalic

aci d3535--- adipic acid ----- Di am ne conponent (% by nol e)
1, 9- nonanedi an ne5555808080 2-net hyl -1, 8- oct anedi am ne4545202020
20hexanet hyl enedi am ne- - - - - Rati o of amounts by nole of acid

96: 10099: 10098: 10098: 10098: 100 conponent to di am ne conponent Chain end

seal ing agent (benzoic 8.02.04.04.04.0 acid) (%by nole) 1) 25 [Physical
property of polyamde] intrinsic viscosity [ii]0.651.401.001.001.00 fraction
of seal ed obsaimednds (% 8865747675 30[ Pol yam de fi ber] typeal a2a3ad4a5 size
of single fiber (dtex)0.10.80.31.00.5 length of fiber ( 23252 42 1): % by

mol e based (

fThe towt abtaohed e (Bhdesrilpd abdve whstdws inke Hibsoxavingei d uni t

and  the arfgrlljgtth (t))iy 3 nnollmef aorId %Qﬁragrllﬁg] trllgerupalgs 'ha-[réllxtljé % szhort fiber shape was

5

10

15

20

25

30

prepared.
The conditions and the results of Preparation Examples 1 to 9 are

shown together in Tables 1 and 2 in the following.

Table 1
Preparation Example 1 2 3 4 5
[Material for polyamide]
Acid component (% by mole)
terephthalic acid 65 65 100 100 100
isophthalic acid 35 35
adipic acid
Diamine component (% by mole)
1,9-nonanediamine 55 55 80 80 80
2-methyl-1,8-octanediamine 45 45 20 20 20
hexamethylenediamine
Ratio of amounts by mole of acid 96:100 99:100 98:100 98:100 98:100
component to diamine component
Chain end sealing agent (benzoic 8.0 2.0 4.0 4.0 4.0
acid) (% by mole) 1
[Physical property of polyamide]
intrinsic viscosity [n] 0.65 1.40 1.00 1.00 1.00
fraction of sealed chain ends (%) 88 65 74 76 75
[Polyamide fiber]
type aj ag ag ay as
size of single fiber (dtex) 0.1 0.8 0.3 1.0 0.5
length of fiber (mm) 2 3 2 5 2
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5 Preparation Exanple 6 7 8 9 [Material for polyam de] Acid conponent (% by

nol e) 10 terephthalic acid 100 40 100 - isophthalic acid - 60 - - adipic
acid- - - 100 D am ne conmponent (% by nole) 1,9-nonanedi am ne 80 80 20 -
15 2-nethyl -1, 8- oct anedi am ne 20 20 80 - hexanet hyl enediam ne - - - 100

Rati o of amounts by nole of acid 98100 98: 100 98: 100 98: 100 conponent to
di am ne conponent Chain end sealing agent (benzoic 4.0 4.0 4.0 4.0 20 acid)

(% by nol e)): 1/) b)[ Bmé%'agéﬂl onPthO RAEL of tBF 2ROl BYTnEhEd ofithd Flfc&%bﬁrl% S8 Sletanal TI']
1.00 1.00 1.0 fraction of seal ed chain ends 77 75 80 25

[PoIyan1detﬁﬁ%%WT“P%ﬁ@bééﬂﬁﬁﬁﬁﬁnﬁgn“3|ze of single flber (dtex) 0.8 0.8 0.8
0.8 length of fiber (nm 3 3 3 3 30 1): %by nole based on the total of the
anount by nole of the dicarboxylic acid unit and the anmount by nole of the
di amine unit. - Table2

5

Preparation Example 6 7 8 9

[Material for polyamide]
Acid component (% by mole)

10 terephthalic acid 100 40 100
isophthalic acid - 60
adipic acid - - - 100
Diamine component (% by mole)
1,9-nonanediamine 80 80 20
15 2-methyl-1,8-octanediamine 20 20 80
hexamethylenediamine - - - 100
Ratio of amounts by mole of acid 98:100 98:100 98:100 98:100

component to diamine component

Chain end sealing agent (benzoic 4.0 4.0 4.0 4.0
20 acid) (% by mole) V

[Physical property of polyamide]

intrinsic viscosity [n] 1.00 1.00 1.00 1.00

fraction of sealed chain ends (%) 74 77 75 80
25

[Polyamide fiber]

type ag a7 ag ag

size of single fiber (dtex) 0.8 0.8 0.8 0.8

length of fiber (mm) 3 3 3 3
30

1): % by mole based on the total of the amount by mole of the dicarboxylic acid unit and

the amount by mole of the diamine unit.
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43 The cellul ose fibers and the fiber-shaped binders used in Exanples and
Conparati ve Exanples are described in the followi ng and abbreviated as
shownr also in the following: Cellulose fiber 5 (1) Cellul ose fiber bl:
"TENCEL" (a registered trade name) manufactured by ACORDI S Conpany;
(CSF=400 nml) (2) Cellulose fiber b2: "TENCEL" (a registered trade nane)
manuf actured by ACORDIS 10 Conpany; (CSF=300 m) (3) Cellul ose fiber b3:
Merceri zed wood pul p; (CSF=400 m) (4) Cellulose fiber b4: Cotton linter
(manuf act ur ed byl'heAtdiEIloSEfiBEls @od, thetfther-shibpe@IHndeos misyd En Ferasplesed

bi nder (1) Fiber-shaped binder cl: A polyvinyl alcohol fiber (VINYLON)

( manuf act urad bormpraRaye dbxampies : areypgesaiperk3in  thee fellowing and single
fiber = 1.0 dtex; 20 the length of_ t fiber: 3 mm the tenperature of

di ssol ut i oiRbPEeVigEeEas shown a(qQ‘? HP:itb%lt‘]‘ﬁg}Y‘élﬁgd bi nder c2: A pol yvinyl al cohol
fiber (Vi ufactured by KURARAY Co., Ltd.) (the size of the single
fiber = 0. (ﬂghgég—ﬁﬁ% | ength of 25 the fiber: 2 mm the tenperature of

di ssol ugi onyy nCé/ﬂ',Eu%S'e fiM)p,:(3) Fiber-shaped binder c3:

“TENCEL” (a registered trade name) manufactured by ACORDIS
Company; (CSF=400 m])
(2) Cellulose fiber by
“TENCEL” (a registered trade name) manufactured by ACORDIS
10 Company; (CSF=300 ml)
(3) Cellulose fiber bg:

Mercerized wood pulp; (CSF=400 ml)
(4) Cellulose fiber b:
Cotton linter (manufactured by TAIHEI SEISHI Co., Ltd.;
15 CSF=400 ml)

Fiber-shaped binder
(1) Fiber-shaped binder cy:

A polyvinyl alcohol fiber (VINYLON) (manufactured by KURARAY
Co., Ltd.; “VPB 105-1x3”) (the size of the single fiber = 1.0 dtex;
20 the length of the fiber: 3 mm; the temperature of dissolution in

water: 70°C)
(2) Fiber-shaped binder ¢y

A polyvinyl alcohol fiber (VINYLON) (manufactured by KURARAY
Co., Ltd.) (the size of the single fiber = 0.08 dtex; the length of

25 the fiber: 2 mm; the temperature of dissolution in water: 70°C)

(8) Fiber-shaped binder cj:
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44 An et hyl ene-vi nyl al cohol copolynmer fiber (manufactured by KURARAY Co.,
Ltd.) (the size of the single fiber = 0.05 dtex; the length of the fiber: 2
nm the softening point: 95 C) 5 <Exanple I> (1) To 99,000 parts by nass of
water at a tenperature of 181C, 20 parts by mass of polyam de fiber a,
obtained in Preparation Exanple 1, 70 parts by mass of cellul ose fiber b,
and 10 parts by mass of fiber-shaped binder cl were added and uniformy

m xed under stirring, and a material 10 for paper nmaking in the slurry form
havi ng a cont enAnethglehiedriaybalcahcbsopodymer Eebymmssasazedbgpar ed. A sheet
was prepared by a paper machine of the Tappi type and dried by a cylinder
drier at 110' C KEtABAYeQar, ditdr) (thapee of bhe batglefibes h@Wbndtes unit wei ght of
31 g/ M2 was prepared. (2}/ Usi ng the separator paper for batteries obtained
in (1) descri beide lengtbelithe fibewZamanorhensoftening poit: MaBL (a cyl i ndri cal
shape having a bottom of the size matching the size of the alkaline dry
cell of size AA was prepared. An alkaline dry cell of size AA was prepared

usi ng the epar eparator, and the discharging property of the prepared
al kal i ne ﬁ%ag’éi’ﬁ*d]v%s eval uated. The result is shown in Table 3 in the

fol | owi ng., .20 5 teri f [ in th
slour?\;/vI P gr hﬁ%ﬁ’@b%é%ﬁ?gr%gﬁﬁ%%&%gﬁ:ag o g”[aﬁﬁg‘ggfégy(g’l g@op@ts‘rmgs wer e
prepared usj nga8Oby HHIFes @2 ﬁlfér_éﬁo%?&i%ﬂeﬂl iPreph PARSRIELmFIAIPI®S 2 to 5,
respectively, each ina 25 relative anmount shown in Table 3 1n place of

pol yam de ga&grbgama%a%ftd&luw%h%p%q dndPa0 pads thiendd Besf-Shapachfidnder

shown in Tabl e inrelative

binder ¢; were added and uniformly mixed under stirring, and a material

10  for paper making in the slurry form having a content of solid substances
of 0.1% by mass was prepared. A sheet was prepared by a paper machine
of the Tappi type and dried by a cylinder drier at 110°C, and a separator
paper for batteries having a unit weight of 31 g/m2 was prepared.

(2) Using the separator paper for batteries obtained in (1) described

15 above, a separator having a cup shape (a cylindrical shape having a
bottom) of the size matching the size of the alkaline dry cell of size AA was
prepared. An alkaline dry cell of size AA was prepared using the
prepared separator, and the discharging property of the prepared alkaline
dry cell was evaluated. The result is shown in Table 3 in the following.

20
< Examples 2 to 5>

(1) Materials for paper making in the slurry form having a concentration

of solid substances of 0.1% by mass were prepared using polyamides ag to
as obtained in Preparation Examples 2 to 5, respectively, each in a

25 relative amount shown in Table 3 in place of polyamide fiber a; and the

cellulose fiber and the fiber-shaped binder shown in Table 3 in relative
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anounts al so shown in Table 3, and separator papers for batteries shown in
Table 3 were prepared in accordance with the sane procedures as those
conducted in Exanple 1 (1). (2) Using the separator papers for batteries
obtained in (1) described 5 above, separators having a cup shape of the
size matching the size of the alkaline dry cell of size AA were prepared.
Al kaline dry cells of size AA were prepared using the prepared separators,
and the discharging property of the prepared al kaline dry cells was

eval uat ed. aTineuntesalbe showmeinsheble 8,namdistpamton paperd forl latkerges shown
<<Conparative Exanple 1>> (1) A materjial for. paper making_ in the slurry form
having a éprledle Savernpispagediin aseorsieage adththe sameprogadarasaas Braspar ed
usi ng polyam de af tai ned_in Preparation Exanple 6 in a relative anmount
15 shown iﬁoﬁg5@€3 nﬁﬁ*ﬁ?&@%léilpolyanide fiber al and the cellul ose fiber

o b1 OET RIRRSR LS B BB ah A YR AT B0 Mo
o bl o, hyREOLIBRSEANERS, EATSBRRRINSR. R IR0 BELROHLT,

1) descri - , | ; hi
(1) descri ??lg%léﬁ@g}‘géﬁlnﬁ%%h&@‘ﬁxﬁﬁa%&upAFHEHHﬁe @y )% §f &5eMRACHI Ng

the size o I'l"of size AA was prepared. An alkaline dry
cel | of sizgBAprdRSrdd %ﬁgdtlﬂ@lﬁ&ﬁah}@d%@wa%@rs?eaﬁgamé,d@eﬂafgiﬁg

di scharging property of the prepared alkaline dry cell was eval uated. The
result is phepevtyof AR pedpfred hlkaliiR 48} lceMs REas 40akEedPaTRE i vguisampl e 2"
are shown in Table 3 in the following.
10
< Comparative Example 1>

(1) A material for paper making in the slurry form having a

concentration of solid substances of 0.1% by mass was prepared using

polyamide ag obtained in Preparation Example 6 in a relative amount

15 shown in Table 3 in place of polyamide fiber a; and the cellulose fiber and

the fiber-shaped binder shown in Table 4 in relative amounts also shown
in Table 4, and a separator paper for batteries shown in Table 4 was
prepared in accordance with the same procedures as those conducted in
Example 1 (1).

20 (2) Using the separator paper for batteries obtained in (1) described
above, a separator having a cup shape of the size matching the size of the
alkaline dry cell of size AA was prepared. An alkaline dry cell of size AA
was prepared using the prepared separator, and the discharging property
of the prepared alkaline dry cell was evaluated. The result is shown in

25 Table 4 in the following.
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(1) To 99,000 parts by mass of water at a tenperature of 18C, 25 parts by
mass of a pol yvinyl alcohol fiber (VINYLON (nmanufactured by KURARAY Co.,
Ltd.; "VPB 083x3"; the size of the single fiber = 0.8 dtex; 5 the |ength of
the fiber: 3 mm the tenperature of dissolution in water: 100C or higher)
and 60 parts by mass of cellulose fiber b4 as the main fiber conmponents and
15 parts by nass of fiber-shaped binder cl were added and uniformy m xed
under stirring, and a material for paper nmking in the slurry formhaving a

content of «IYrhasithsd BReAD1IORP. 1% by 10 mass was prepared. A sheet was
prepared by a paper nmachine of the Tappi type and dried by a cylinder drier

at 110C, any a'csgp@0dtHrtPdPemasé of vaakt atieteripdiatgraofinBeCWes ghartof 31
g/ m2 was prepared. (2) Using the separator paper for batteries obtained in
(1) descrilipedmasbovk,a pcgpmyat alcohalifilgera (VINYIIQNe Ohahbfacsurel rtat chi ng
the size of the 15 alkaline dry cell of size AA was prepared. An al kaline
dry cell OKIBABAXAOwasLt;dn;éﬁéPBd)W%gthmeizprdﬁé)leeﬁngbpﬁgm or(Q.8altdxt he
di schargi ng property of the grepared al kaline dry cell was evaluated. The

result dis lomgth ofTehy &ibari @ mwe thy Itempatature of<dsaplaition & EX&ipl es 3 to
52> (1) MEAGECELS 1L OK BAREE AP0 IS ML, (OB IAY RO 0. Gapsent ot on
amount _shollic] SOrRanaitp mASRs Bl S, Ry AERPhESRhlsd B0 Bueke) Pl oce
Fber”and i, 105 1SheRSS, Lpder supin LR Table 10 delatie amuncs o
ver e D epatedih PR PO LIRS Gotth i SRURCRE 8F SO SunRurORR 0. FRIgHCL o0 11
10 mass was prepared. A sheet was prepared by a paper machine of the
Tappi type and dried by a cylinder drier at 110°C, and a separator paper
for batteries having a unit weight of 31 g/m?2 was prepared.
(2) Using the separator paper for batteries obtained in (1) described
above, a separator having a cup shape of the size matching the size of the
15 alkaline dry cell of size AA was prepared. An alkaline dry cell of size AA
was prepared using the prepared separator, and the discharging property

of the prepared alkaline dry cell was evaluated. The result is shown in

Table 4 in the following.

20 < Comparative Examples 3 to 5>

(1) Materials for paper making in the slurry form having a concentration

of solid substances of 0.1% by mass were prepared using polyamides a7 to
ag obtained in Preparation Examples 7 to 9, respectively, each in a
relative amount shown in Table 4 in place of polyamide fiber a; and the
25 cellulose fiber and the fiber-shaped binder shown in Table 4 in relative

amounts also shown in Table 4, and separator papers for batteries shown
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(2) Using the separator papers for batteries obtained in (1) described
above, separators having a cup shape of the size matching the size of the 5
al kal'ine dry cell of size AA were prepared. Al kaline dry cells of size AA
were prepared using the prepared separators, and the discharging property
of the prepared alkaline dry cells was evaluated. The results are shown in
Table 4 in the followng. 10 48 Tabl e 3 Exanpl e12345 5[ Conposition of
separator] Main conmponent fiber polyamnm de fiber al a2a3a4a5 type amount (%
by mass) 2030406362 wéaehlaplaosd if iabesrdayipe blith bhd 28 eaprouad ufed &3ythose

nol e) 7060502835 pol yvi nyl al cohol fiber --- type 15anmount (% by nass)---

Fi ber - shapednductddrindxdropt2 81k ype

(2) Using the separator papers for batteries obtained in (1) described
above, separators having a cup shape of the size matching the size of the
5 alkaline dry cell of size AA were prepared. Alkaline dry cells of size AA
were prepared using the prepared separators, and the discharging
property of the prepared alkaline dry cells was evaluated. The results

are shown in Table 4 in the following.

10

48



anount (% by nmass) 101010715 20 [Discharging property of al kaline battery]

i medi ately after being prepared 989899103100 after being kept at 25C for 1
week 97979710198 25after being kept at 80C for 3 days 9292939594 49 20 25 30
Tabl e 4 Conparative Exanpl e12345 [ Conposition of separator] Main conponent
fiber 6978 polyam de fiber type amount N by mass) 30303030 cel |l ul ose fi ber
b3b4b3b3b3 type anmount N by nol e) 6060606060

Table 3
Example 1 2 3 4 5
5 [Composition of separator]
Main component fiber
polyamide fiber
type aj ag a3 aq as
amount (% by mass) 20 30 40 65 50
10 cellulose fiber
type b1 b1 by bo by
amount (% by mole) 70 60 50 28 35
polyvinyl alcohol fiber
type
15 amount (% by mass)
Fiber-shaped binder
type 3] cl cl c2 c3
amount (% by mass) 10 10 10 7 15
20
[Discharging property of alkaline
batteryl
immediately after being prepared 98 98 99 103 100

after being kept at 25°C for 1 week 97 97 97 101 98
25 after being kept at 80°C for 3 days 92 92 93 95 94
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pol yvi nyl al cohol fiber -vinylon type anmount N by mass) 25 Fi ber-shaped

bi nder typecjclcjclcl amunt N by nass) 1015101010 [ Di schargi ng property of
al kaline battery] 99100989799 i medi ately after being prepared after being
kept at 25'C for 1 week9798999696 after being kept at 80'C for 3
days7256646968 1): Pol yvinyl al cohol fiber (manufactured by KURARAY Co.,
Ltd.; "VINYLON') (the size of the single fiber: 0.8 dtex; the length of the
single fiber: 3 mm the tenperature Gabltissolution in water: 70'C) 50 As
shown in Tables 3 and 4, the alkaline batteries of Exanples 1 to 5

exhi bited remarkably inproved di scharging properties after being kept at

t he hi gh t EopenadtivecExfm@OC si nce the separators used in tHe al kaline
batteries were forned with the polyam de fibers and the sol vent-spun 5
cellul ose fiber (TENCEL) as the main conponent fibers, wherein the

pol yanmde {Cdersitiar ef feparmadrlwi t h t he pol yanm des conposed of terephthalic
acid unit {pn.an amount .of 60% by nole or nore of the dicarboxylic acid unit
and 1, 9- noNR AP ERPHPEAREY in an anount of 40% by role or nore of the

di am ne uni tpolpifideTitRarti cul ar, the pol yam des

type ag - ag a7 ag
amount (% by mass) 30 - 30 30 30
10 cellulose fiber
type b3 b4 b3 b3 b3
amount (% by mole) 60 60 60 60 60
polyvinyl alcohol fiber
type - vinylon D
15 amount (% by mass) - 25

Fiber-shaped binder

type c1 c1 c1 c1 c1
amount (% by mass) 10 15 10 10 10
20
[Discharging property of alkaline
batteryl
immediately after being prepared 99 100 98 97 99

after being kept at 25°C for 1 week 97 98 99 96 96
25 after being kept at 80°C for 3 days 72 56 64 69 68

1): Polyvinyl alcohol fiber (manufactured by KURARAY Co., Ltd.; “VINYLON?”)
(the size of the single fiber: 0.8 dtex; the length of the single fiber: 3 mm;

the temperature of dissolution in water: 70°C)

30
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10 conposed of terephthalic acid unit in an anmount of 60% by nole or nore of
the dicarboxylic acid unit, 1,9-nonanedianmne unit in an anmount of 40% by
nol e 'or nore of the diamine unit and the 2-nmethyl-1,8-octanediamne wunit in
conmbi nation with the 1,9-nonanedi am ne unit, and these main conmponent
fibers were used in relative amounts in the range of 20:80 to 15 80:20 (the
ratio by mass). It is shown by the above results that the separators for

al kaline batteries of the present invention prepared in Exanples 1 to 5
exhi bi ted remar KebshovenrdnlTaries Braspedt thesalkalinedyadttenieoafl Examytles 4ge at hi gh

tenperatures. In caontrast, the alkaline battery in Conparative anple 1 20
exhi bi t ed @h%}wbsfeﬂa?egnwaaﬁwéw V%é Q&C%'ﬁﬁiglﬁ@ REQperties aftardeing ksefat ur e

oL 20| 1 S Bl AT, BB bR P SRR g °' 7o
or cer 1 zed padi AULA.8! £0AUAN e BEPANSAANAL Gallahl ThDBERLER RS

formed wth't ol'yam er an ul'ose fiber, e

ol yam ge f ; r(gng' o] i ic acid
Eni¥ ingancgﬁ§5ﬁ¥ﬁgp%%0/b y H%Peégﬁmﬁnbgﬁg}Q%HEQ |ca?gggélﬁgkggﬁgagé_unit,
1,9- ”O”a”eg}g%rﬁﬁw ﬁlbefs“ @gr@%e&f wWAHPo Bie MYLBy3hi BRI %oﬁfpdsl@& offi am ne

n
unit and t 2 -methyl- 1, -octane diamne unit in conbination wth the

1, 9- nonanedpiphtBalibi dcid ThAiItAlK adh Nembaht @fy60% S9namlatdr endesasPliBe 2
exhibited the 5 discharging property after being kept at a high tenperature

of 80'C nalidadbyylioherd enittamd htn@fardigamlikathiteinbat haidwes off40ExBypl es |
to 5 since the separator was fornmed with the polyvinyl alcohol fiber and
the cell ul msde b1 hmoreasft the naamicenpuheandf ibgraticlbar, afhealpolyanbdes ery of
Conpar ative Exanple 3 exhibited the

10 composed of terephthalic acid unit in an amount of 60% by mole or more of

the dicarboxylic acid unit, 1,9-nonanediamine unit in an amount of 40%

by mole or more of the diamine unit and the 2-methyl-1,8-octanediamine

unit in combination with the 1,9-nonanediamine unit, and these main

component fibers were used in relative amounts in the range of 20:80 to

15 80:20 (the ratio by mass). It is shown by the above results that the

separators for alkaline batteries of the present invention prepared in

Examples 1 to 5 exhibited remarkably excellent properties for separation

in storage at high temperatures.

In contrast, the alkaline battery in Comparative Example 1

20  exhibited the discharging property after being kept at a high temperature

of 80°C inferior to that of the alkaline batteries of Examples 1 to 5 since

the cellulose fiber was not the solvent-spun cellulose fiber but the

mercerized wood pulp although the separator for alkaline batteries was

formed with the polyamide fiber and the cellulose fiber, wherein the

25 polyamide fiber was formed with the polyamide composed of terephthalic

acid unit in an amount of 60% by mole or more of the dicarboxylic acid
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10 di scharging property after being kept at a high tenperature of 80'C

mar kedly inferior to that of the alkaline batteries of Exanples | to 5 since
t he pol yam de form ng the polyam de fiber in the separator for alkaline
batteri es was conposed of the adipic acid unit, i.e., an aliphatic

di carboxylic acid unit, and the hexanethyl enedi amine unit, and the 15
cellulose fiber was a cellul ose fiber other than the sol vent-spun cell ul ose
fiber. The al kaline battery of Conparative Exanple 4 exhibited the

di schar gi ngnpt, dpemopaapdeming wgitkemn ameantjofH e byenateuoremoire 86 tis:
inferior ta that of the alkaline hatteries of Exanples | to 5 since, in the
20 pol yani é@m}ﬂ%%tt d&ey ainaihy |1b%pctaqudh@mé%a%latom £OmbANKEIR ne
batteries, $ ég}lve ampunt. of tEe terephthalic acid unit was 40% by
mol e whi ch the Pﬂﬁﬂn% BB, and the cellul ose fiber was a

cel | ul ose f'berT?&P?@%éﬁﬁg&%ﬁfé olxea%nﬁﬂﬁgyﬁglhg%gﬁﬁgigbggm ﬁ%ﬁ @hgallne

battery of Conpara exhi arging property

after bei “ﬂlééﬁa&% tg ? @(&}Eﬂ%fwrﬁﬁﬂé%éﬁc 80" £ hl?ﬁf E‘Eé‘%ﬁér%tﬁré cthe

al kal i ne batteri 0 es 1to since, In yam ornlng t he
pol yam de {{ifkdl gynlﬁf"éﬁo%‘%%hﬁ% 8f tELalkRN KR! hi€oribabt Ekhﬁﬁ)leé heo r5eé1ﬁ¥:é ve

anount of the 1,9-nonanedi am ne unit was 20% by nole was | ess than

40% by nol ghe 1alt6r GRls!ful0sa withehe PWabyviny p@llcbybloﬁ@exfam\eh@mﬁﬁlos@an t he
sol vent-spun cellulose fiber. 5 | NDUSTRI AL APPLI CABI LI TY Since the separator

for al kal i fibePabttheiresiméorhpendrtelesns. i nvention is formed by using the
specific polyam de fiber descri bed above and the specific cellul ose fiber
(t he sol vent - splthecalkailins ebdtitdagr Jof a€oiparativa Example 3 exhibited the
10  discharging property after being kept at a high temperature of 80°C
markedly inferior to that of the alkaline batteries of Examples 1 to 5 since
the polyamide forming the polyamide fiber in the separator for alkaline
batteries was composed of the adipic acid unit, i.e., an aliphatic
dicarboxylic acid unit, and the hexamethylenediamine unit, and the
15  cellulose fiber was a cellulose fiber other than the solvent-spun cellulose
fiber.

The alkaline battery of Comparative Example 4 exhibited the
discharging property after being kept at a high temperature of 80°C
inferior to that of the alkaline batteries of Examples 1 to 5 since, in the

20 polyamide forming the polyamide fiber in the separator for alkaline
batteries, the relative amount of the terephthalic acid unit was 40% by
mole which was less than 60% by mole, and the cellulose fiber was a
cellulose fiber other than the solvent-spun cellulose fiber.

The alkaline battery of Comparative Example 5 exhibited the

25 discharging property after being kept at a high temperature of 80°C

inferior to that of the alkaline batteries of Examples 1 to 5 since, in the
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10 conponent fibers, the separator for alkaline batteries of the present

i nvention exhibits not only the excellent property for absorbing the

al katine electrolyte (the excellent property for holding liquids) but also
the suppressed degradation by oxidation even when the separator is used for
an al kaline battery using, as the positive el ectrode m x, manganese 15

di oxi de added with an agent having a great oxidizing ability for enhancing

t he discharging property under a great |oad such as nickel oxyhydroxide and
excel | ent | polyainridai foyming thecpelpamade t filkersapatha cﬁepevmrwﬁé‘n alkadingepar at or
is exposed to high tenperatures for | ogng tine, for exa when t he
separator Pat t§¥’8?e ?plﬁrlqﬁ arapwat of thed THRARIGARIng 1 OV%?I 20%i B bat ¢ er y

usi ng the separa for erie invention can
mai ntain t Y% F: bﬁ ﬁ@@ h¥|¥¥’e %?%g@?dﬁgﬁﬁ?ﬁffﬁ€5dﬁéfﬁy of the
battery) f&-ﬂhﬁolﬁgﬁ%e}' oﬁ?eraﬂl% stb?% %)Jrf{:eﬂ/ t ;ypes of portable

i nformati on” I NSTTUTENTS Tequiring t ce arglng property under
a greats |l oad such as digital caneras. 25 53 CLAl I\/B 1 A separator for

al kaline batteries (i) which conprises a non-woven fiber structura

materi al CcPYPUISTRIAR APPYAOABILfTRer and a cellulose 5 fiber as main
conponent Tirbers, wherern (11) the polyamde fiber is a fiber forned with a

pol yani de  consgihdat @@ siphlia fordbe alldind battatied ofithé padkdng ifveMBigeidini t, the
di carboxylic acid unit conprising 60% by nole or nore and 100% by nole or
less of a foehephblyausingathd specifiapdlideiddi fbenelasoribed omiprviesand Mo by 10
nmole or nore and 99% by nole or less of a 1,9-nonanediamne unit; (iii) the
cel | ul ose $pdvéfic i celhulesd \farer- fihen soblentiispse telbelospr fileweds bthe main

10 component fibers, the separator for alkaline batteries of the present
invention exhibits not only the excellent property for absorbing the
alkaline electrolyte (the excellent property for holding liquids) but also the
suppressed degradation by oxidation even when the separator is used for
an alkaline battery using, as the positive electrode mix, manganese

15 dioxide added with an agent having a great oxidizing ability for enhancing
the discharging property under a great load such as nickel oxyhydroxide
and excellently maintains the function as the separator even when the
separator is exposed to high temperatures for a long time, for example,
even when the separator is stored at high temperatures. Therefore, the

20 alkaline battery using the separator for alkaline batteries of the present
invention can maintain the great capacity of the positive electrode (the
capacity of the battery) for a long time and can be used for various types of
portable information instruments requiring the excellent discharging
property under a great load such as digital cameras.

25
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using a spinning solution prepared by dissolving cellulose into a
non-reactive solvent; and (iv) a ratio of an anmount by mass of the pol yam de
fiber to an 15 anount by mass of the cellulose fiber in the non-woven fi ber
structural material is in a range of 20:80 to 80:20. 2. A separator for

al kal i ne batteries according to aimi1, wherein the polyamnide fornming the
pol yam de fiber conprises a 2-nmethyl-1,8 20 octanediam ne unit in
conbination with the 1, 9-nonanediamine unit, and a ratio of an anount by
mol e of the 1,9-nonanedi am ne unit tEampm@mount by nole of the

2-met hyl -1, 8-octanediamne unit in the polyamde is in a range of 99:1 to
40: 60. 25 3. A separator for alkaline batteries according to any one of
Clainms 1 and 2, wherein the polyam de form ng the pol yam de fiber has a

fraction of 5A segdedof et mlkAkse Hatddd¥eP (i) GBRhEEomPrisbs SE MMM OVerl OF
al kaline batteries according to any one of Clains 1 to 3, wherein a size of

a single ffiber dtpudtheapehyriadecdmpabings ai poahadgefibér Ar@ila sellwode O dt ex.
5. A separator for alkaline batteries according to any one of Clains 1 to 4,
wher ei 15 t hfibeehk wh @isecdmpaiertdilserspowhensinspun cel | ul ose fiber obtai ned by
dry- wet spinning_in wat er of a spinning solution prepared by dissolving 10
cellul ose into &m afiengotydrmale Eibek depar fiber fomel kaithnen badly emiids
according to any one of Clains 1 to 5  wherein the nmain conponent fibers
are adher econssifateér wikh ha adichrbestylchased bidend 5 diamAngepaitat e f or
al kaline batteries accaording to Caim6, wherein an
dicarboxylic acid unit comprising 60% by mole or more and 100% by mole
or less of a terephthalic acid unit and the diamine unit comprising 40% by
10 mole or more and 99% by mole or less of a 1,9-nonanediamine unit;
(iii) the cellulose fiber is a solvent-spun cellulose fiber produced by
using a spinning solution prepared by dissolving cellulose into a
non-reactive solvent; and
(iv) a ratio of an amount by mass of the polyamide fiber to an
15 amount by mass of the cellulose fiber in the non-woven fiber structural

material is in a range of 20:80 to 80:20.

2. A separator for alkaline batteries according to Claim 1, wherein the
polyamide forming the polyamide fiber comprises a 2-methyl-1,8-
20 octanediamine unit in combination with the 1,9-nonanediamine unit, and
a ratio of an amount by mole of the 1,9-nonanediamine unit to an amount
by mole of the 2-methyl-1,8-octanediamine unit in the polyamide is in a

range of 99:1 to 40:60.

25 3. A separator for alkaline batteries according to any one of Claims 1 and

2, wherein the polyamide forming the polyamide fiber has a fraction of
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anount of the fiber-shaped binder is in a range of 3 to 30% by mass based

on a total of an anount by mass of the main conponent fibers and an anopunt
by mass the fiber-shaped binder. 20 8. An al kaline battery which is equi pped
wWith a separator for alkaline batteries described in any one of Claims 1 to
7. 25 55

sealed chain ends of 10% or greater.

4. A separator for alkaline batteries according to any one of Claims 1 to 3,
wherein a size of a single fiber in the polyamide fiber is in a range of 0.01

5  to 1.0 dtex.

5. A separator for alkaline batteries according to any one of Claims 1 to 4,
wherein the cellulose fiber is a solvent-spun cellulose fiber obtained by
dry-wet spinning in water of a spinning solution prepared by dissolving

10  cellulose into an amine oxide.

6. A separator for alkaline batteries according to any one of Claims 1 to 5,
wherein the main component fibers are adhered together with a

fiber-shaped binder.

15
7. A separator for alkaline batteries according to Claim 6, wherein an
amount of the fiber-shaped binder is in a range of 3 to 30% by mass based
on a total of an amount by mass of the main component fibers and an
amount by mass the fiber-shaped binder.

20
8. An alkaline battery which is equipped with a separator for alkaline
batteries described in any one of Claims 1 to 7.

25
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