ALKALI NE BATTERY BACKGROUND OF THE | NVENTI ON Fi el d of the Invention The
present invention relates to alkaline batteries having a gel type negative
el.ectrode and nore 5 particularly to inprovenent of a gelling agent for
t he gel type negative el ectrode. Description of Related Art Hitherto, as
the gelling agent, crosslinked and branghq?_;ype pol yacrylic acids or
sodiumsalts 10 t hereof have been generdally used. The crosslinked and

branched type pol yacrylic acids unif i sperse zinc particles in the
gel type negative el ectrode due to tgéﬁ%¥5&'Vﬁ§E%§ity of the acids (e.g.,

JP2-119053A). Furthernore, they increase contacts between zinc 15
particles per se and between zinc particles and current collectors to
enhance correct collecting effect. In order to inhibit corrosionof zinc and
maintain the shelf stability of batteries, amal gandted zinc conprising zinc
particles to WBACKGROUNDr QFi THEO INVENIE@ONhas been used. The nercury added
has an action to enhance the current collecting effect by increasing
contacts bet weBheldnofpthei ¢hwenpdpnse and between zinc particles and
current collectors. However, anmount of nercury contained in negative
el ectrodes of batteri es The present invention relates to alkaline
batteries having a gel type negative electrode and more
5 particularly to improvement of a gelling agent for the

gel type negative electrode.

Description of Related Art
Hitherto, as the gelling agent, crosslinked
and braﬁched type polyacrylic acids or sodium salts
10 thereof have been generally used. The crosslinked and
branched type polyacrylic écids uniformly disperse zinc
particles in the gel type negative electrode due to the
high viscosity of the acids (e;g., JP2-1190534).
Furthermore, they increase contacts between zinc
15 particles per se and between zinc particles and current
collectors to enhance correct collecting effect.
| In order to inhibit corrosion of zinc and
maintain the shelf stability of battéries, amalgamated
zinc comprising zinc particles to which mercury is
20 added has been used. The mercury added has an action
to enhance the current collecting effect by increasing
,contacts-betqggg_zipc:pa;ticlgnger se and between zinc
'-particlés énd;cé}réht{;oiieéféis. However, amount of

mercury contained in negative electrodes of batteries



-2- nust be reduced for protection fromenvironnental pol- |ution. Wen
mercuty is renoved fromzinc particles, contacts between zinc particles
decrease and if the batteries are subjected to continuous vibration or 5
shock for a long tinme, zinc particles in the gel -type negative el ectrode
nove to one side in the negative electrodg to cause deterioration in
current collecting effect. Mreover, when batteries are di scharged, the

surface of -zi NfyPArbéCredu} édcgaﬁeg{:séemlahn%r% gaviPoienrtal1o pol-

di schargi ng reaction and t e parti becone smaller an as a result, the

current col | ecihtfdoRf f eRhehSmbeh b9l ideramboeat €¢omlBehef %&tﬂ«ﬂ%@
batteries are continuously subjected to vibration and shock for a Iong tinme

whi | e bei ng di conbages, bébeesn! tiige partptligsl8ecrdaspsanddif the

di schargeability deteriorates. SUVMARY OF THE | NVENTI ON The object of the
present inventbattesiés arevsdbjetkedi te benténuesswiiibratcdensioand strong
vi bration and shock applied for a long period while 20 beln% di schar ged.
BRI EF DESCGR PBIcloFgrR DRpRgNGime, zinc particles in the gel type

negative electrode move to one side in the negative
electrode to cause deterioration in current collecting
effect. Moreover, when batteries are discharged, the
surface of zinc particles is converted to zinc oxide

10 owing to discharging reaction and the particles become
smaller and, as a result, the current collecting effect
is further deteriorated. Therefore, when batteries are
continuously subjected to vibration and shock for a
long time while being discharged, the voltage abruptly

15 drops and dischargéability deteriorates.

SUMMARY OF THE INVENTION

The object of the present invention is to
provide alkaline batteries which can stand strong
vibration and shock applied for a long period while

20 being dischafged.

BRIEF DESCRIPTION OF THE DRAWING
Fig.l shows a longitudinal section of an AA
type alkaline battery LR6 made in the Example of the

present invention.



Fig.1l shows a |ongitudinal section of an AA type al kaline battery LR6 nade
in the Exanpl e of the present invention. -3- DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS The present invention relates to al kaline batteries
whi ch include a gel type negative el ectrode conprising an al kal i ne
electrolyte, a gelling agent and 5 zincgparticles, characterized in that
as the gelling agent there are used in conbination the follow ng three

gel I'ing agent spePRfEEY. DRSEREPSTORKEF PREXRRREDAEMBOPINEMSE! - absor bi ng
pol ynmer having a dispersion viscosity at [err] of at |east 15,000 cps as a

0.5 wt % aqueous 10  sol gheoprasenbayhventipar redhtes 2o @fikadiifley 100- 900
m crons, a crosslinked and branched type polyacrylic acid or a salt thereof
havi ng a di spebatbariescehith dhclade] aofedt tiypeshepative electrcaled. 5 W %
aqueous solu- tion and having a particle size of mainly 100 m crons 15 or
smal | er and a gompuisingrassalkadinendlechmobytel,ypegpdliag wigentadnd or a
salt thereof having a dispersion viscosity at [err] of at |east 15,000 cps
as a 0.5 W % aglereupasbioiesn sharagbenizadpint tbps gsz&her gediling

agent there are used in combination the following three
gelling agents, namely, a crosslinked polyacrylate type
water-aﬁsorbing polymer having a dispersion viscosity
at 25°C of at least_15,000 cps as a 0.5 wt¥ aqueous
10 solution and having a particle size of mainly 100-900
microns, a crosslinked and branched type polyacrylic
acid or a salt thereof having a dispersion viscosity at
25°C of at least 15,000 cps as a 0.5 wt% aqueous solu-
tion and having a particle size of mainly 100 microns
15 or smaller and a granular crosslinked and branched type
polyacrylic acid or a salt thereof having a dispersion
viscosity at 25°C of at least 15,000 cps as a 0.5 wt$
aqueous solution and having a particle size of mainly
100-900 microns. It is further characterized in that
20 at least one of oxides, hydroxides and sulfides of a
metal selected from indium, tin and bismuth is con-
tained in the gel type negative electrode comprising
mainly the said three gelling agents in combination.
According to the present in§ention, deterio-
25 ration of vibration and shock resistance caused when
the conventional gel type negative electrodes are used
'is inhibited by using mainiy the above-mentioned three

gelling agents in combination, and in addition, the



100-900 mcrons. It is further characterized in that 20 at | east one of
oxi des, hydroxides and sulfides of a netal selected fromindium tin and
bismuth is con- tained in the gel type negative el ectrode conprising nmainly
the said three gelling agents in conbination. According to the present
invention, deterio- 25 ration of vibratijon and shock resistance caused
when the conventional gel type negative electrodes are used is inhibited by

using mainly t@fbﬁé@ién”ﬁﬁ&' gReex! %%‘is%hbb“&sa%&%héﬂl jved igp,  and
i n addition, -4- vibration and shock resistance is further 1"nproved

by using at Ieasingn&tOieaBtabnéoamouadalseb&gbaﬁa%r%@yeaieanfﬁdﬂland
bi smut h conpounds In the said gel type negative el ectrode conprising mainly

the three gell indibmageNhsand bashueht compothdsc ins thenlsad dared lbreypehed
type polyacrylic acid or salt thereof as a gelling agent has the defect
“that when it smegative ehectebdeypomperjsatingemeliadyr che, thaoeeagelddingen
zinc particles per se decreases due to its low elasticity. Further 10
defect is %hatageehsbint eembinatéodi.scFhrgeyossilinkedr angl drapshede snal | er

resultlng in sgaces bet ween
ype polyacrylic acid or salt thereof as a gelling

agent has the defect that when it swells in the gel
type negative electrode, contact between zinc particles
per se decreases due to ité low elasticity. Further

10 defect is that when batteries are discharged, zinc
particles become smaller resulting in spaces between
the particles and when vibration and shock are applied
while being discharged, the contact between the
particles becomes inferior.

15 The above defects can be solved by adding a
crosslinked polyacrylate type water-absorbing polymer
having a high elasticity to improve contact between

- zinc barticles per se. Since the crosslinked
polyacrylate type water-absorbing polymer of high

20 elasticity has swellability and is high in retention of
electrolyte and does not dissolve in alkaline elec-
trolyte, the particles of the gelling agent remain in
the gel-like electrolyte, but since the crosslinked and
branched type polyacrylic acid which is high in

25 viscosity is soluble in water, the swollen particles
dissolve in the‘electrolyte and do not remain as
particles in the electrolyte.

Therefore, in the case of using these two



the particles and when vibration and shock are applied while being

di scharged, the contact between the particles becones inferior. 15

The above defects can be solved by adding a crosslinked pol yacryl ate type
wat er - absor bi ng pol yner having a high elasticity to i nprove contact between
zinc particles per se. Since the crossllnged pol yacryl ate type
mater-absorbing pol ymer of high 20 elasficity has swellability and is

nign 10 retentya phgagehte) y&@ﬁ!ﬂ I88twaeh Lhesgetqing %g'éﬂﬂé‘e el ec-

trolyte, the p rt|c e ge agent remalin-in

el ectrolyte, bHécémQQelﬁQﬁffi@iéht“%ﬁénaQQbQEQEBBEQnHy%ﬁoﬁ%’H@QJY"C aci d
which is high in 25 viscosity is soluble in water, the swollen particles

di ssolve in tF@ppiﬂéa;Oéuaetnadcﬂaraeteiceamasa&fpahbl ellastikcittye and
el ectrolyte. Therefore, in the case of using these two -5- gelling

agents, |inki nthéetiseosity g€l thegregpettivecgedd ings abgentise annodn
vi bration and shock are applied, and the characteristics of the elasticity
and the viScosbeyubilinedrwepieti Yhugel itngsagensidexedothat when a

granular crosslinked and branched type polyacrylic acid
or a salt thereof having both the properties of dis-
solvability and swellability (namely, the outer portion
of swollen particles dissolve in the electrolyte like

10 the crosslinked and branched type polyacrylic acid, but
the inner portion remains in the electrolyte like the
water absorbing polymer) is added to'a gel-like
electrolyte comprising the above-mentioned two gelling
agents, vibration and shock resistance is further

15 improved.

It is considered that such granular cross-
linked and branched type polyaerylic.acid or a salt
thereof has tackiness because the outer portion of the
particles dissolves out and serves for improving the

20 contact of the three gelling agents with zinc
particles.

Furthermore, the water-absorbing polymer is
high in water-absorbability and releases the elec-
trolyte with difficulty. Therefore, a£ the final stage

25 of discharging, the electrolyte necessary for discharg-
lng is not smoothly supplled to batteries. In this
case, when amount of the water-absorblng polymer is

reduced and the granular crosslinked and branched



5 be utilized well. Thus, it is considered that when a granul ar crosslinked
and branched type polyacrylic acid or a salt thereof having both the
properti-es of dis- solvability and swellability (nanely, the outer portion
of swollen particles dissolve in the electrolyte like 10 the crosslinked
and branched type polyacrylic acid, but the inner portion remains in the
electrolyte like the water absorbing polyffer) is added to a gel-Iike

electrolyte c | Sl e Ve Lane I Kiegn g ' tion
and shock resi@%é%%%Pféigu???grfigga&#ﬁﬁrgeégeagg Fg gg%s?@%?&é@#ﬂﬁ% such
granul ar crossgaj i héeso pgqbranched type polyacrylic acid or a salt thereof
has tacki ness because the outer portion of the particles dissolves out and

serves for inproving theadfordfRgipst bof ubhAgt Bheegaghhiae aseses W th zinc
particles. Furthernore, the water-absorbing polynmer is highin

wat er - absor babl inked aamid rietenckedt tigpel polyaceyiie acid dnfficulty.
Therefore, at the final stage 25 of discharging, the electrolyte necessary
for dischd g- ¢ompinanbon swbbh hthesopbbeéretwoogbdlingi agents,t the case, when
anount of the water-absorbing polyner is reduced and the granul ar
crossl i nked arﬁpm%nigshegemqved due to the tackiness of the gelling

agents whereby the contact is strengthened and the

electrolyte for discharging is smoothly supplied.

| Furthermore, when at least 6ne of oxides,

10 hydroxides and sulfides of metal selected from indium,
tin and bismuth is dispersed in the gel type negative
electrode, a part of the compound is electrodeposited
on the surface of zinc alloy by the principle of
displacement plating to improve contact between zinc

15 particles per se and as a result, resistance to
vibration and shock applied for a long time while being
discharged can be improved. .

Fig.l is a half section of the cylindrical
alkaline battery LR6 used in the example of the present

20 invention. A positive electrode depolarizing mix 2
comprising manganese dioxide and graphité is put in
metallic case lland separator 3 is inserted therein.
Then, gel ﬁype negative electrode 4 is poured into the
separator 3. Fabrication sealing plate 5 integrally

25 formed of negative electrode current collector 6 and
bottom plate .7 is_&psg;ted_into the gel type negative

| eieétro&e7t6;fdfﬁ'é=céi1{ “;
The gel type negative electrode is composed

g [T N
e W



-6- polyacrylic acid is added, shortage of the electrolyte can be sol ved.
Accordingly, by using the granular cross- |inked and branched type

pol yacrylic acid in 5 conbination with the other two gelling agents, the
space is renoved due to the tackiness of the gelling agents whereby the
contact is strengthened and the electrolyte for discharging is smoothly
supplied. Furthernore, when at | east one of oxides, 10 hydr oxi des and

sul fides of nepgl agehekhe9nk’ eme'b%%qymet &n@ﬂsliing@ﬁd oiRPemed in the

gel type negative electrode, a part of the conpound is electrodeposited on
the surface of 4pknagabkbag PwthBeibm AYdRORide GoIRMAGHTEHhe |l Khd O

| nprove contact between zinc 15 particles per se and as a result,
resi stance to agentsi andaadziheck pepderednf§ an amound ttwirerMtles vesight
di scharged can be inproved. Fig.1l is a half section of the cylindrical
~alkaline batteey tRé ededtrnlylbe.exanple of the present 20 invention. A
positive el ectrode depolarizing mx 2 conprising nanganese di oxi de and
graphite i% put in An example of the present invention will be
explained. Each 300 g of gel type negative electrodes
were prepared by adding to 100 g of an electrolyte the
following gelling agents A, B énd C in the amounts as
shown in Tables 1-5.

10 Gelling agent A: A crosslinked polyacrylate
type water-absorbing polymer having a dispersion '
viscosity at 25°C of 20,000 cps as a 0.5 wt% agueous
solution, an average particle size of 500 microns and a
particle size of 100-900 microns and a gel strength of

15 30,000 dye/cm?.

Gelling agent (B): A crosslinked and branched
type polyacrylic acid having a'dispersion viscosity at
25°C of 20,000 cps as a 0.5 wt% aqueous solution and a
particle size of 100 microns or smaller and an average

20 particle size of 80 microns.

Gelling agent (C): A granular crosslinked and
branched type polyacrylic acid having a dispersion
viscosity at 25°C of 20,000 cps as a 0.5 wt% aqﬁeous
solution and an average particle size of 450 microns

25 and a particle size of 100-900 microns.

Twenty cyLiﬁdr;pal alkaline batteries LR6
containiﬁg tﬁé fesﬁiti&é?%el type negative electrode

were prepared and subjected to vibration test.



netallic case 1 and separator 3 is inserted therein. Then, gel type
negat.ive electrode 4 is poured into the separator 3. Fabrication sealing
plate 5 integrally 25 formed of negative electrode current collector 6
and bottomplate 7 is inserted into the gel type negative electrode to form
a cell. The gel type negative electrode_i g conposed -7- of an al kaline

el ectrolyte conprising zinc oxide and 40% aqueous potassiun1hydroxide

solution, the gelling ag S n he
wei ght of the electrolytgHE viBiatith Eeg@r/l\@%hgrale o?ﬁg'e pr senfat

invention wlldbgcr¥phei agdatianhvé@ageoivhenl thePdateedy Ue Arpgpedies
were prepared by adding to 100 g of an electrolyte the follow ng gelling

agents A, B ang €mi pepbateddiynferas hbawnaitnaTghlies of- dnel hundred
Gelling agent A: A crosslinked polyacrylate type water-absorbi ng pol yner
havi ng a di spetimes pescbsminpute whilg beifg, daechpsged atl.ab lwadiaggieous
solution, an average particle size of 500 mcrons and a particle size of
100- 900 ni%ronxeahgtange| oft LefRgt h'The test results are shown in

Tables 1-5.

The gel strength is measured by the following
method.

Gel strength: Absorbability of the water-

10 absorbing polymer for physiologic saline (A g/g) is
previously measured by tea bag method. (Ax0.75) g of
physiologic saline is taken in a beaker of 100 cc and
with stirring at 600 rpm, 1 g of the water-absorbing
polymer (100-900 mesh in particle size) is added

15 thereto to uniformly absorb the physiclogic saline to
produce a water-absorbing gel having a smooth surface.

This water-absorbing'gel is kept at 25°C and
the gel strength thereof is measured using a neocardo-
meter under the following operation conditions.

20 Load: 200 g

Diameter of pressure sensitive axis: 8 mm

Falling speed of pressure sensitive axis: 0.36 cm



15 30,000 dye/[err] Celling agent (B): A crosslinked and branched type
pol yacrylic acid having.a dispersion viscosity at [err] of 20,000 cps as a
0.5 wt % aqueous solution and a particle size of 100 mcrons or smaller and
an average 20 particle size of 80 mcrons. Gelling agent (C): A granul ar
crosslinked and branched type ponacryLig acid having a dispersion
viscosity at [err] of 20,000 cps as a 0.5 wt % aqueous sol ution and an
average particle size of 450 mcrons 25 and a particle size of 100-900
mcrons. Twenty cylindrical alkaline gghpryes LR6 containing the resulting
gel type negative el ectrode were prepared and subjected to vibration test.

- 8- The vibration test conprises neasuring the discharge duration voltage
when the battery is dropped 2 cmrepeatedly for 1 hour at a rate of one
hundred ti mneselking agent eCcwhsebpewagghtscharged at a | oading 5 resistance
of 1 [err]. The test results are shown in Tables 1-5. The gel strength is
measur ed

Gelling_ggent B (% by weight)
0 0.1 ]0.25}10.50}0.75) 1.0 |]1.25 | 1.50

0 X X X X x X X X

—~ X X X x X X x X
é\ X X x X X X X X ll

§ X X X X b3 X X b4
2 X A A A A A X X "

® X A A A o A X X
< X A o (o] o A X x “

b X A o o ] A X X
& x| A o o o A x x|
= X A o o A A X x ]l
A x| a | & ] a ] a | a x - |
3 x| a A A A A - - |
| x | x b X © X - - - ﬂ




met hod. Gel strength: Absorbability of the water- 10 absor bi ng pol yner
for physiologic saline (A g/g) is previously neasured by tea bag nethod.
(AXQO. 75) g of physiologic saline is taken in a beaker of 100 cc and with
stirring at 600 rpm 1 g of the water-absorbing polynmer (100-900 nesh in
particle size) is added 15 thereto to ﬁgiiorn1y absorb the physiol ogic
saline to produce a water-absorbing gel having a snooth surface. This

wat er - absorbing gel is kept at [err] and the gel strength thereof is
measur ed using a neocardo- neter undeipaipig 20l | owi ng operation conditions.

20 Load: 200 g Di ameter of pressure sensitive axis: 8 nmFalling
speed of pressure sensitive axis: 0.36 cm -9- TABLE 1 Celling agent C 0%
by weight Gelling agent B (% by weight) O 0.1 0.25 0.50 0.75 1.0
1.25 1. 50 Gellingxagent C 0.1% by weight X X X x 0.25
X X X X X X X X
Gelling agent B (% by weight) "
0] 0.1 ]0.25}0.50] 0.75] 1.0 | 1.25 1.50“
0 X X X X X X X X
-~ {1 0.25 | x X X X . X X X X
:“:; 0.50 | x X X X X A X X
.§ 0.75 | x X X X A A X X
2 1.00 | x X X A A A X X ]l
@ 1.50 | x A A (o] o A X X
< [1.75 | x A o o o A X x "
B 12.00 | x A ® ) o A X X “
% 2.25 | x A o o o A X X I
o 2.50 | x A o o) A A X X
Sl2.7s x| & | s | a | a | a x - ll
$ 13.00 | x A A A A x - -
X X X X X - - - “




0. 50 X X X X X X X

X X X X X x 1.00 X Jerr]

X x 1.50 X [err]

[err] X x 2.00
0 0 X X 2.25 - 11A 0

X x 2.50 X A 0 A A

A A _ x 3.00 X [err] 3.50 X
- TABLE 2 Celling agent C 0. 1% by wei ght Gelling agent
0.1 0.25 0.50 0.75 1.0 1.25 ohph® G X

X X X x 0.25 X X X X

x 0.50 X X X X X [err] X
X X [err] X x > 1.00 X
[err] xGelling a&géfit Cx 1.0Reby| weight O

X

x 0.75 X X
X x 1.75
X A 0
0 0
X X 2.75
X X -
B (% by weight) O
X X X
X X
x 0.75 X
X X
- Jerr] X

Gelling agent B (% by weight)
0.1 0.2510.50] 0.75| 1.0 1.25 ¢ 1.50

o

Gelling agent A (% by weight)
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1.75 X [err] 0 o - o] [err] X x 2.00 X

[err]. 0 X X 2.25 X [err] o]
o o] [err] X X 2.50 X [err] 0 0 [err]
X X 2.75 X [err] X _ 0 3.00
X [err] x 3.50 X_ X X X X
_ _ TABLE 3 Gelling agent C 1. Ooo%y wei ght Celling agent B (% by
weight) 0O 0.1 0.25 0.50 0.75 1.0 1.25 1.50 0 X X X
X X X X X 0.25 XopaBLE 4 X' [err]
X x 0.50 X [err] 0 0 [err] X x 0.75
X [err] 0 0 [err] X x 1.00 X 0
o] 0 X x 1.50 X 0 0 0
X X 1. Belling agent C 2.0% by weigh@ [err] X x 2.00
X A 0 0 0 A X X 2.25 X A 0 0
A X X Z2.90 [ X ] { -
2 75  x [err] 1 ] _Gelling agent B by weight)
0} 0.1 {10.2510.50}]0.75{ 1.0 [1.25] 1.50
0 X X X X X X X X

210.25 | x| & A A A A x x

-g 0.50 | x A 0 o A A X X

: 0.75 | x A ® ® o A X X

A 11.00 | x A ® o ) A x X

oo

~ 11.50 | x A o o X X X X “

e

o 1.75 | x A A X X X X -

g 2.00 | x X X X X X - -

o

“ 1225 x| - - - - - - -

g

1250 ~] - - - - - - - 1]

-

9 2.75 | ~ ~ - - - - - -

3.00 | -~ - - - - - - - “




3.00 X X X X X - 12 - TABLE 4 Celling agent C 2.0%
by weight Gelling agent B (% by weight) O 0.1 0.25 0.50 0.75 1.0

1.25 1.500 X X X X X X X x 0.25 x
[err] . X x 0.50 x [err] 0
[err] X X 0.75 X [err] . 13 - X X
1.00 x [err] 0 0 [err] X x 1.50 x
[err] 0 0 X X X Xx 1.75 x Jerr]

X X X X _2.00 x X X X X X
_2.25 X _ _ _ __ _ TABLEOS _ _ _ _

2.75 -.3.00 - - - 13 -

Gelling agent C 3.0% by weight

Gelling agent B (% by weight)
0 0.1 0.251.0.50| 0.75 1.0 1.25 1.50
0 X X X X X X - -
P10.25 | x A A A A X - -
e
Z10.50 | x A A A X - - - "
o
2 10.75 | x A A X - - - - “
o
Q 11.00 | x X X X - - - - "
< 1.50 X X X - - - - -
<115 -] - - - - - - -
)
§ [2.00 | - - - - - - - - |
o
2,25 | -] - - - - - - -
2 [2.50 - |
:j . . — - - - - - -
3 2.75 - - - - - - - -
© 13.00 -L- - - - - - -0




TABLE 5 Gelling agent C 3.0% by weight Gelling agent B (% by weight) O

0.1  0.25 0.50 0.75 1.0 1.25 1.50 0 X X X X

X X - - 0.25 X A [err] X
_0.50 X [err] X _ _ - 0.75 «x

[err] x 1.00 X _ 14X X _ _ _dpP
1.50 x X X 1 75 2. &6 - - 2.25 - - 2.50 -
- 2.75 3.00 - 14 - | S t vol tage
behavi or was very good ( ess t go hba? tage roﬁ?ggﬁ?eF§?ﬁ means

that voltage ReSWdqy H@?am:.”%aé'@ééyt&@& 1pPesd tRa¥Obbofe §hOP). O

means
voltage drop), "e" means that voltage behavior was

normal (less than 100 mV in voltage drop), "O" means
5 that voltage behavior was normal (less than 200_mV in

voltage drop), "x" means that voltage abruptly dropped
(more than 500 mV in voltage drop), and "A" means that
the voltage did not completely arop, but showed signs
of dropping (200 mV-500 mV in voltage drop). |

10 Table 1 shows the results of test conducted
on gel type electrolytes prepared using the two gelling
agents A and B. It can be seen from the results that
the voltage abnormally drops when one of the gelling
agents is used each alone while when both the gelling

15 agents A and B are added in a specific amount, the
behavior of the voltage can be imprdved.

Tables 2-5 show the results when the gelling
agent C was added. It can be seen that even a small
amount, namely, 0.1 g (%) bf the gelling agent C

20 improves the #ibration and shock resistance as shown in
Table 2. |

Tables 3-5 show the results when amount of
the gelling agent C was incieased. According to the
results, when amount of the gelling agent C is

25 increased, the vibration and shock resistance is
lmproved, but when. the amount is too large, the inter-
nal reSLStance of the gel type negative electrode

increases resulting in decrease of voltage.

. ‘._;.l.f;“‘:




5 that voltage behavior was normal (less than 200 nV in vol tage drop), "x"
means that voltage abruptly dropped (nore than 500 nV in voltage drop), and
“A" means that the voltage did not conpletely drop, but showed signs of
droppi ng (200 nV-500 nV in voltage drop). 10 Table 1 shows the
results of test conducted on gel type glqgtgplytes prepared using the two
gelling agents A and B. It can be seen fromthe results that the voltage

" abnormal |y drops when ongs (ad 5o Gddd Sg%d?}gefgﬁlé slysmeﬁagglg$€§e whi | e

when both the gelling 15 agents A an are added in a specl anmount ,

the behavior gigdrte & Wt A £aibdif d16HS) cthe FbbAst Lod 8hAVshHEK! esul t's
when the gelling agent C was added. It can be seen that even a smal

amount, nanel wedlisktand)iofinferignt] | Whageamly e gélpingeagéht B

vi bration and shock resistance as shown in Table 2. Tables 3-5 show t he
results when dmeowrstedyf elastgialiltiyndlsgionferiaowsandciewrthelrmdcepr thaget o t he
results, when anount of the gelling agent Cis 25 I ncreased, the

vi br at i on5and ighfsiemess astspace iketwgen\ainc parvieles Hehiehubecenet oo

| arge, the inter- nal resistance of the gel type negative el ectrode

i ncreases res#EHEE dukdedhe discharging and the contact becomes

inferior by application of vibration and shock to cause
abrupt decrease of the voltage. In this case, when the
gelling agent A high in elasticity is added, flowing of

10 zinc particles caused by application of vibration and
shock is prevented by its excellent elasticity and
swellability resulting in improvement of contact
between the particles. When the gelling agent C is
further added, since this gelling agent has the charac-

15 teristics that the central portion of the particles is
.hard and the outer portion is soft and has tackiness,
the network of zinc particles bécomes intimate and the
contact is further improved, and thus, the abrupt
decrease of voltage can be inhibited.

- 20 Furthermore, when the gelling agent A is used
alohe, owing to the retention of electrolyte by the.
water-absorbing polymer, shortage of the electrolyte
occurs at the end of discharge and the electrolyte
necessary for the reaction is supplied with difficulty

25 or becomes insufficient. As a result, discharge cannot
be performed smoothly and the voltage suddenly drops.
When the geiling ageht'd having both the dissolvability

and swellability is added alone, the voltage drops upon



- 15 - As can be seen from Table 1, when gelling agent A or B is used

al one, the vibration and shock resistance is inferior. Wen only the
gelling agent B is used, elasticity is inferior and furthernore, there 5
is formed a space between zinc particles which becone smaller due to the
di schargi ng and the contact becones inie{éOL by application of vibration
and shock to cause abrupt decrease of the voltage. In this case, when the

gel l'ing agent afphii 8B tiBneb#S Vit ibh ,2added, flowing of 10  zinc particles
caused by application of vibration and shock is prevented by its excellent

el asticity and swel |l abi Iphfg §eSpeldange &h@?‘@@ﬂgﬁ?ﬁfaﬁn-&@t}ﬁg bet ween t he
particles. Wien the gelling agent Cis further added, since this gelling

agent has theswbalability, bati thies ikhdnfieidorerior alhed Gvidldabiflitie
particles is hard and the outer portion is soft and has tackiness, the
network of ziof gelliobgesgkuatolnsand: simce amdyt whec oty poxrtiion hoef

| nproved, and thus, the abrupt decrease of voltage can be inhibited. 20
Furthernobe, whenparntigdepi AdssgdnesAins thecelgicdmeolydbsndhe the retention

of electrolyte_ by the water-absorbing polyner, shortage of the electrolyte
visCosity given is lower than that given by the gelling

agent B, and elasticity and tackiness are insufficient.
For this reason, when vibration.and shock are applied,
zinc particles move to one side in the gel type

10 negative electrode to cause deterioration of current
collecting effect and sudden dropping of the voltage.

Furthermore, when total amount of the gelling
agents is less than 1.50% by weight of the alkaline
electrolyte, viscosity of the gel-like electrolyte is

15 low and hence, zinc particles cannot maintain stably
dispersed state in the gel-like electrolyte.

When total amount of ﬁhe gelling agents
exceeds 4.0% by weight of the alkaline electrolyte, the
viscosity of electrolyte is too high and internal

20 -resistance'of the gel type negative electrode increases
to cause much dropping of voltage. It can be seen from
the test results that performances of alkaline bat-
teries against shock resistance are stabilized when
amounts of the three gelling agents usable in combina-

25 tion based on the weight of the alkaline electrolyte
are within the following ranges:

Gelling agent A: 0.25% by weight < X < 3.0% by

weighf



occurs at the end of discharge and the el ectrolyte necessary for the
reaction is supplied with difficulty 25 or becones insufficient. As a
result, discharge cannot be performed snoothly and the voltage suddenly
drops. Wien the gelling agent C having both the dissolvability and

swel lability is added al one, the voltage;grops upon - 16 - application
of vibration. This is because the gelling agent C has swellability, but

this is inferior te@egingnyvl | Igst \p .Ofg e ty A Al hwce only the
outer portion of 5@t he(ipart idc?lzi‘lteﬁs Edi ?331 vge!? iﬂné}ﬁ]lggglﬂle%t r olla;gj%e,%fhe
viscosity given is lower than that gieigghtby the gelling agent B, and
elasticity and tackiness are insufficient. For this reason, when vibration
and shock are appl Gedlingnageat: Gzl ds Ifo\by tweight S d& < 2 i10f% Igel type 10
negative el ectrode to cause deterioration of current collecting effect and
sudden dropping of the voltage. Furwedighdre, when total anount of the
gell'ing agents is less than 1.50% by wei ght of the al kaline electrolyte,
viscosity of the gel-like electrolyte is 15 | ow and hence, zinc particles

cannot maintain stably . ] ) .
5 When the dispersion viscosity of the respec-

tive gelling agents as a 0.5 wt% aqueous solution is
lower than 15,000 cps, the viscésity’of the gel type
negative electrode is too low where concentration of
the gelling agent A is 0.25% by weight < X < 3.0% by
10 weight, that of the gelling agent B is 0.1% by weight <
Y < 1.0% by weight and that of the gelling agent C is
0.1% by weight £ 2 < 2.0% by weight, and zinc particles
settle out and are separated.
Therefore,'the dispersion viscosity as a 0.5
15 wt$ aqueous solution must be 15,000 cps or higher.
Furthermore, when the particle size of the gelling
agents A and C is smaller than 100 microns, the battery
cannot stand vibration énd shock and when it is larger
than 900 microns, flowability of the gel type negative
20 electrode is inferior and filling amount varies widely.
Therefore, a particle size in the range of 100-900
microns is preferred.
On the other hand, when the particle size of
the gelling agent B excéeds 100 microns, the battery
25 cannot stand vibration and shock, and density of the
gel type negative electrode decreases and therefore,

amount of zinc active material cannot be secured.



di spersed state in the gel-like electrolyte. Wen total anount of the

gel ling agents exceeds 4.0% by wei ght of the alkaline electrolyte, the
viscosity of electrolyte is too high and internal 20 resi stance of the
gel type negative el ectrode increases to cause nuch dropping of voltage. It
can be seen fromthe test results that_pgpfornmances of alkaline bat- teries
agai nst shock resistance are stabilized en amounts of the three gelling

agents usabl emascoré@ié@a&iclé 'élfhé)aﬁéfcbﬂféfﬁ: | ot eand Hﬁ%é" &gl ine

electrolyte are wi'thin the fol | ow ng ranges: |ng agent A 25% by
wei ght [err] Xoloemilcrdndodyy sikildidr. mﬂonn@&iémgnme eB: 0.1% by

weight [err] Y [err] 1.0%by weight Gelling agent C 0.1% by weight [err] Z
[err] 2.0% by swiegifthb of the gellinyegdrte Alj syissrsin s stiosthg of the
respec- tive gelling agents as a 0.5 wt % aqueous solution is | ower than
15, 000 cps, t rangesodfsilis, 0f0-t50 0 dyney anfgathec edastticidy whitado | ow
where concentration of
5 is the feature of the water-absorbing polymer exerts
the highest effect on vibration and shock resistance
and it is preferred to use the gelling agent A having a
gel strength in the above range;
Next, explanation_will be made on the effects
10 of additives of oxides, hydroxides or sulfides of a
metal selected from indium, tin and bismuth which are
added to the gel type negative electrode.
A gel-like electrolyte which contains the
three gelling agents used in the above example and
15 additiocnally contains indium hydroxide was prepared.
Actually, 0.75 g of the gelling agent A, 0.75 g of the
gelling agent B and 1.0 g of the gelling agent C and
.additionally indium hydroxide in an amount as shown in
Table 6 were added to 100-g_of an electrolyte to pre-
20 pare'300 g of a gel type negative electrode.
| AA type alkaline batteries LR6 were fabri-
cated using the resulting gel type negative electrodes

and subjected to the same vibration test as in Example

1. The results are shown in Table 6.



the gelling agent Ais 0.25% by weight [err] X [err] 3.0%by 10 weight,
that. of the gelling agent Bis 0.1%by weight [err] Y [err] 1.0% by wei ght
and that of the gelling agent Cis 0.1% by weight [err] Z [err] 2.0% by

wei ght, and zinc particles settle out and are separated. Therefore, the

di spersion viscosity as a 0.5 15 W % agquegous sol ution nust be 15,000 cps
or higher. Furthernore, when the particle size of the gelling agents A and
Cis smaller than 100 mcrons, the battery cannot stand vibration and shock
and when it is larger than 900 mcrons, flowability of the gel type
negative 20 electrode is inferior arABHLE I8 i ng anobunt varies w dely.
Therefore, a particle size in the range of 100-900 microns is preferred. On
the other hand, when the particle S|ze of the geII|no agent B exceeds 100

m crons, [fNe Da ery —capnot and sShock, and denst ty jof
the_ gel tlype nega M&r@ﬁde éﬁdeh\g 944 e annun . [ =
active ng gy i|ap s607Plo %584%095@4% 0.05¢% 0. TG0'S| d.B0n4r bisbe Bll,Z.Eados
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It was confirmed that in the alkaline elec-

. trolyte, a part of the indium hydroxide was ionized and
electrodeposited on the surface of zinc alloy by the
principle of displacement plating. It is considered

5 that the indium electrodeposited on the zinc particles
has the action to improve the contact between zinc
particles per se and strengthen the network of the zinc
particles. Therefore, normal discharging can be
attained without abrupt drop of voltage in the vibra-

10 tion test conducted with discharging.

In connection with the effect of the amount
of indium hydroxide based on the zinc alloy, the result
of vibration test is improved with increase of the
amount in the range of from 0.005% by weight to 1.0% by

15 weight, but the result is no longer improved with
further increase of the amount.

When the amount is less than 0.001% by
weight, the effect of addition was not exhibited.

The same effect was obtained with addition of

20 tin or:bismuth.



strength of the gelling agent A, when it is in the range of 15, 000-50, 000
dyne/cnferr], the elasticity which 5 is the feature of the water-absorbing
pol ymer exerts the highest effect on vibration and shock resistance and it
is preferred to use the gelling agent A having a gel strength in the above
range. Next, explanation will be nmade omghe effects 10 of additives of
oxi des, hydroxides or sulfides of a netal selected fromindium tin and

bi smuth which are addedpg Oekpfafifbd! ¥BSvEGIRhEYBrekeat $AGeniddl canke
el ectrolyte which contains the three gelling agents used in the above

exanpl e and %@:@ﬁiﬁéimaéikaIDﬂéabQﬁtéﬂﬁi wHibBKdean geands skiongr ed.

Actual Iy, O. g of the gelling agent A, 0.75 g of the gelling agent B and
1.0 g of the gidhratomgend shoeckl appliednfibryai hdhgnthmedr durdagi N an anount
as shown in Table 6 were added to 100 g of an electrolyte to pre- 20 pare
300 g of a gdalisgherginatbycusingttbeethreet gedlaihggahgentbavifeni es LR6 were
fabri- cated using the resulting gel type negative el ectrodes and subjected
to the sdre wresslinkedspolyacryBbapt¥re. waherr abgprbingePoRymeri,n Tabl e

6.
a crosslinked and branched type polyacrylic acid or a

salt thereof and a granular crosslinked and branched
type polyacrylic acid or a salt thereof which are
specified in their dispersion viscosity and partiéle

10 size.



- 19 - TABLE 6 | ndium hydroxide (% by weight) O 0 001 0—905—.O+01_H_QJOSQ_
0..100 0.250 0.500 . 1.000 O It was confir ﬂ!the al kal i

cfec- troiyte, a part of the indium hycroxide ves foni sed i [ IIIIHIIIIIHIII

el ectrodeposited on the surface of zinc alloy by the prin
di spl acement plating. It is considered 5, _that the |nd|un1electrodep05|ted
on the zinc particles has the action fo“Inprove the contact between zinc
particles X é§¥ heg, t he network of the zinc particles.

Ther ef or e, norna | SC arglng can be attained w thout abrupt drop of

voltage in the vibra- Ifh ali0knde Batruey Lok idéd wiekhargengtype

connection with the effect of the anount of I ndi um hydr oxi de based on the

zinc alloy, yatass teldctiddatdonprsing sa i ziovalloytpowderpgaae of the
anount in the range of from 0.005% by weight to 1.0% by 15 weight, but
the resul t i geld imngayertamy eh valkaXine helectrolkyte wherainasaidt . Wen
the anobunt is |less than 0.001% by wei ght, the effect of addition was not
exhibited. Tigelddmyg efdent: cempmiRes b cenbinakion | of afcpesslinked,

bi smut h.
polyacrylate type water-absorbing polymer having a

dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt% aqueous solution and having a particle éiée
of mainly 100-900 microns, a crosslinked and branched
type polyacrylic acid or a salt thereof having a
dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt% aqueous solution and having a particle size
of mainly 100 microns or smaller, and a granular cross-
linked and branched type polyacrylic acid or a salt
thereof having a dispersion viscosity at 25°C of at
least 15,000 cps as a 0.5 ﬁt% aqueous solution and
having a particle size of mainly 100-900 microns.

2. An alkaline battery'according to claim 1
wherein, on the basis of the weight of the alkaline
electrolyte, concentration (X) of the gelling agent A
is in the range of 0.25% by weight < X £ 3.0% by
weight, concentration (Y) of the gelling agent B is in
the range of 0.1% by weight < Y < 1.0% by weight and
concentration (Z) of the gelling agent C is in the
range of 0.1% by weight < 2 < 2.0% by weight, and total
concentration (T) of the gelling agents on the basis of
the weight of the a1kaiiﬁ§i;iectro1yte is in the range

of 1.50% by weight < T < 4.0% by weight.

R



- 20 - As explained above, the present invention can prOV|dEméﬁ“aIkaI|ne-m‘

battery which can stand strong vibration and shock appli ””m
during discharging by using the three gelling agents of: l

pol yacryl ate type water absorbing polymer, a crosslinked and Sbr Anche
polyacrylic acid or a salt thereof and_asgranul ar crosslinked and br
type polyacrylic acid or a salt thereof ich are specified in their

d' spersion vigcosity andnPailadlitel battdrdf provided withAl d é%fﬁé’ED | S:

An al kaline battery provided wth™a gel type negatlve €

Corrprl sing a aegatilvieorlRRtivie doiriigihR @ ity dwddre, ed ec
wherein said gelling agent conprises a conbination of a crossl i nked

pol yacryl ate geldingt agenltsand agn adkalEnehaliettrdljtsparisiminyiscidity at

[err]

of at

| east 15, 000 cps as
gelling agent comprises a combination of a crosslinked

polyacrylate type water-absorbing polymer having a
dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt% aqueous solution and having a particle size
of mainly 100-900 microns, a cfosslinked and branched
type polyacrylic acid or a salt thereof having a
dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt% aqueous solution and having a particle size
of mainly 100 microns or smaller, and a granular
crosslinked and branched type polyacrylic acid or a
salt thereof having a dispersion viscosity at 25°C of
at least 15,000 cps as a 0.5 wt% agqueous solution and

‘having a particle size of mainly 100-900 microns and

the gel type negative electrode additionally contains

at least one of oxides, hydroxides and sulfides of a
metal selected from indium, tin and.bismuth.

4. An alkaline battery according to claim 3
wherein, on the baéis of the weight of the alkaline
eiectrolyte, concentration (X) of the gelling agent A
is in fhe range of 0.25% by weight < X < 3.0% by
weight, concentrétion (Y) of the gelling agent B is in
the range of 0.1% by weight < Y < 1.0% by weight and

concentration (Z) of the gelling agent C is in the

WL

anched

ctrode

trolyte

range of 0.1% by weight < Z < 2.0% by weight, and total

concentration (T) of the gelling agents on the basis of



a 0.5 wt % aqueous solution and having a particle size of ma+aly-100-900
m crons, a crosslinked and branched type polyacrylic acid or sal t t her eof
having a di spersion viscosity at [err] of at |east 15,000 ﬂﬁﬂﬂﬂjﬂﬂjﬁﬁlmmll
aqueous solution and having a particle size of mainly 100 m Lore s s
smal l er, and a granul ar cross- Iinkedayu%%ijmhed type polyacrylic acid or
a salt thereof having a dispersion viscosity at [err] of at |east 15,000
cps as a 0.5 o | L Lo - havi LCl Iz f in]y

100- 300" i cr onghe SREGHE SF) Lhi R1RRTIRETLIACEBIELO1E Sh7thl <aRlgY
wherein, on tf@fbfl.s%'; 3 Oby {81 4REORI 7Ok ghesabkalbagnel ectrol yte,
concentration (X) of the gelling agent Ais inh the“range of 0.25% by wei ght
[err] X [err] ,0% by weaghilk&Pihenbadteey adroelihfetsekhibaa: 3gemt 4B is
in the range of 0.1% by weight [err] Y [err] 1.0% by wei ght and
concentrati on yidreintbengehtrapianeof &ti eantt baer afigoxdties.,1Uykdyronei ght
[err] Z [err] 2.0% by weight, and total concentration (T) of the gelling
agents on the xides ahdtéellbdghtobfathetalkaelactedefron indium,i fivhe

range of 1.50% by weight < T [err% 4. 0% by wei ght. - 22 -
and bismuth is in the range of 0.005-1.0% by weight on

the basis of the weight of the zinc alloy powder.



3. “An al kaline battery provided with a gel type negative el ectrode
conprising a zinc alloy powder, a gelling agent and an al kaline electrolyte
wherein said gelling agent conprises a conbination of a crosslinked

pol yacryl ate type wat er-absorbi ng pol yner having a di spersion viscosity at
[err] of at |least 15,000 cps as a 0.5 wt % aqueous solution and having a
particle size of mainly 100-900 m crons, a crosslinked and branched type
polyacrylic acid or a salt thereof having a dispersion viscosity at [err]
of at |east 15, WBPTRAYT LF LRE DISCLOSHREoUs sol ution and having a particle
size of mainly 100 mcrons or smaller, and a granul ar crosslinked and
branched type polyacrylic acid or a salt thereof having a dispersion
viscosity at [err] of at |east 15,000 cps as a 0.5 w % aqueous sol ution and

having a particle size of mainly Afar99 wamrery and the gel type negative
el ectrode additionally contains at |east one of oxides, hydroxides and
sulfides of a netal selected fromindium tin and bisnmuth. 4. An

al kal i ne battery accor dingibgatlsh i WIRIAH Tesibudite ¥ R1%allilke vl ght
of the alkaline electrolyte, concentration (X) of the gelling agent Ais in

the range of 0. Ba%tlyiesi gbbvi_aéa]w%ﬂeérg}eﬁ- e hatRitdhle ed@Reedideat i on

(Y) of the gelling agent Is in the range of 0. 1% by weight [err] Y [err]

1.0% by wei ght @othprising a zinc alloy powder, a gelling agent and an
alkaline electrolyte can be improved by using the
following three gelling agents in combination in the
gel type negative electrode, namely, a crosslinked
polyacrylate type water-absorbing polymer having a
dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt% aqueous solution and having a particle size
of mainly 100-900 microns, a crosslinked and branched
type polyacrylic acid or a salt thereof having a
dispersion viscosity at 25°C of at least 15,000 cps as
a 0.5 wt¥ aqueous solution and having a particle size
of mainly 100 microns or smaller, and a granular
crosslinked and branched typé polyacrylic acid or a
salt ﬁhereof having a dispersion viscosity at 25°C of
at least 15,000 cps as a 0.5 wt% aqueous solution and
having a particle size of mainly 100-900 microns. The
vibration and shock resistance can further be improved
by further adding to the gel type negative electrode at
least one of oxides, hydroxides and sulfides of a metal

selected from indium, tin and bismuth.



concentration (Z) of the gelling agent Cis in the range of 0.196by'ﬁé| ht
[err] Z [err] 2.0% by weight, and total concentration (T) of the geliling

agents-on the basis of - 23.- the weight of the alkaline electrolyte
in the range of 1.50% by weight < T [err] 4.0% by weight. 5. i An
al kaline battery according to claim 3 or 4 wherein concentration of at
| east one of oxides, hydro- xides and ?ides of a netal selected from
indium tin and bisrmuth is in the range of 0.005-1.0% by wei ght on the

basis of the weight of the zinc. alloy powder.

FIG. |




