ko27¥-5 TS
ALKALI NE BATTERY BACKGROUND OF THE | NVENTI ON 1. '|c|' ééﬁ? don. die
present invention relates to an alkaline battery ﬁ .cul ar % ﬂty,&“%%%' %e%d_.
zinc alloy anode for alkaline batteries. 2. Desc F%HPB?nt """" 4 a3
Arel gamat ed (mercury-containing) zinc aloy powd¢fsCHETS her@%%?og ﬁ} """""
enpl oyed for an anode of an alkaline baftery in Bravipg(9u ppreel s pd S SPB e
corrosion of the zinc powder as an anode active Ap$tEct of - P?ﬁéda a‘Plpﬁ%ed """""
battery and to mai ntain an acceptabl e storing propATEY OF REQEIBRLL-QF Y rmereenenss
having such anode. However, from ifigsViRE¥PRAPFER®T €NVIFonnmenta
preservation and protectlon frompollTution, decreasing nmercury content in
t he anode zinc all oy powder and connercializatlon of a battery including a
non- amal ganated, nercury free zinc alloy powder have been

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to an alkaline
battery, particularly to a gelled zinc alloy anode for

alkaline batteries.

2. Description of the Prior Art:

Amalgamated (mercury-containing) zinc alloy
powders have heretofore been employed for an anode of an
alkaline battery in order to suppress possible corrosion
of the zinc powder as an anode active material of the
alkaline battery and to maintain an acceptable storing
property of the battery having such anode.

. However, from the viewpoints of environmental
preservation and protection from pollution, decreasing
mercury content in the anode zinc alloy powder and
commercialization of a battery including a non-
amalgamated, mercury free zinc alloy powder have been
demanded in recent years.

From various studies on a variety of non-
amalgamated (mercury free) zinc alloy powders, it was
found that a non-amalgamated zinc alloy powder added with

any of bismuth, aluminum and calcium had an excellent




_ dermanded in recent years. Fromvarious studies on a variety of non-

amal gamated (nmercury free) zinc alloy powders, it was found that a

non- amal gamat ed zi nc al |l oy powder added with any of bisnuth, alum num and
cal cium had an excel | ent -2- corrosign-resistant property and suppressed
the generation of gas due to the corrosion of the zinc powder. This zinc
all oy powder is thus taken as a prom sing anode zinc material for the
mercury free alkaline battery (See, Japanese Lai d-Qpen Patent Publication

No. Hei 5- wﬁ%si&wwgist&ﬁ%ﬁeoﬁékayi&edbﬁéﬁasé@&wﬂé B8f8tion
er

non- amal gamated zinc all oy po contai ning elther one of Dbisnuth,

al um num orof£ aj#s Ue Ntd heha@neSErosSicHbpectied tnd@ HHwESAl geTHML & hzénc

specified | oad resistance or current,
alloy powder is thus taken as a promising anode zinc
material for the mercury free alkaline battery (See,
Japanese Laid-Open Patent Publication No. Hei 5-86430).

However, if the alkaline battery including such
non-amalgamated zinc alloy powder containing either one of
bismuth, aluminum or calcium in the anode is subjected to
a discharge with a specified load resistance or current,
an extreme reduction may sometimes be observed in the
discharge capacity of the battery. The cause of such
extreme decrease is now clarified as follows: A dendrite-
like zinc oxide having electron conductivity is formed
during the discharge with a specified load resistance or
current. The formed dendrite-like zinc oxide precipitates
on a separator between the anode and cathode, and
penetrates the separator, as a result of which an internal
short-circuiting occurs between the anode and the cathode.
In order to prevent this internal short-

circuiting, an effective measure is to make the distance
between the cathode and the anode large by increasing the
thickness of the separator. Another effective measure is
to increase the shielding property of the separator by
employing a thinner fiber for the separator, thereby to
make the separator to have a more dense texture. The

filling amount of the gelled zinc anode must however be



~an extrene reduction may sonetines be observed in the discharge capacity of
the battery. The cause of such extrenme decrease is nowclarified as
follows: A dendrite- |like zinc oxide having el ectron conductivity is forned
during the discharge with a specified lpad resistance or current. The
formed dendrite-like zinc oxide precipitates on a separator between the
anode and cat hode, and penetrates the separator, as a result of which an
i nternal short-circuiting occurs between the anode and the cathode. In
order to proacraddy Sif KRS pSEdr £ Nfddd | iclad efdegtine neasure is
to make the distance between fﬁe cat hode and the anode large by increasing
t he thi cknesisdardee Shaiotprdedreddss i fiecthey ald®RsSad® is €1 i NCrease
t he shielding property of the separator by enploying a thinner fiber for
t he separ atfirl Litrhereapud® dfkihd hecisipparmaterial havef athersepterstot ext ur e.
The filling anmount of the gelled zinc anode nust however be

has a more dense texture, the internal resistance of the

battery increases, thereby to deteriorate the battery

performance.

SUMMARY OF THE INVENTION

The primary object of the present invention is
to provide an alkaline battery which effectively prevents
the above-mentioned internal short-circuiting dué to the
formation of dendrite-like zinc oxide and has excellent
discharge performance.

The alkaline battery in accordance with the
present invention comprises a cathode terminal, a cathode
mixture, a gelled zinc anode including a mercury free zinc
alloy powder and a gelling agent, an anode current
collector, a separator between the cathode and the anode,
and an alkaline electrolyte. The zinc alloy powder
contains at least one member selected from the group
consisting of bismuth, aluminum and calcium.

The gelled anode further includes silicon.

Incorporation of the silicon element in the
anode helps suppression of the possible growth of the
dendrite-like zinc oxide during discharging and also

suppresses the decrease in the discharge capacity caused
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-3- decreased if the separator is made thicker, and the discharge capacity
decreases with the decrease in the filling anount of the active material.
If the separator has a nore dense texture, the internal resistance of the
battery increases, thereby to deteriorghg the battery performance. SUMVARY
OF THE | NVENTI ON The primary object of the present invention is to provide
an al kaline battery which effectively prevents the above-nentioned internal
short-circuiting due to the formation of dendrite-like zinc oxide and has

excel | ent d;nabar9geBeEianBAAA: t1BRs2l kal ine battery in accordance with
t he present invention conprises a cathode termnal, a cathode m xture, a
gell ed zinc anode inchydiBgpeerBEeBlY¥ the€ EhBCcontent of silicon in
the above-mentioned anode is 25 - 1,500 ppm by weight of
the zinc alloy powder. |

In one preferable mode of the present invention,
the above-mentioned anode contains the silicon element in
an organic compound.

In another preferable mode of the present
invention, the above-mentioned siiicon element is
contained in the anode in the form of silicate ions.

In another preferable mode of the present
invention, the silicon element is contained as a component
in the above-mentioned zinc alloy.

It is particularly preferable that the above-
mentioned gelled anode comprises a mercury-free zinc alloy
powder containing at least one of 0.01 - 0.5 wt® bismuth,
0 - 0.5 wt% aluminum and 0.005 - 0.5 wt% calcium.

It is preferable that the zinc alloy powder
further contains 0.01% - 0.5 wt% indium.

While novel features of the invention are set
forth particularly in the appended claims, the invention,
both as to organization and content, will be better
understood and appreciated; along with other objects and
features thereof, from the following detailed description

taken in conjunction with the drawing.
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‘all oy powder and a gelling agent, an anode current collector, a separator
bet ween the cathode and the anode, and an al kaline el ectrolyte. The zinc

al l oy powder contains at | east one nenber selected fromthe group
consisting of bismuth, alumnumand cal gium The gelled anode further

I ncludes silicon in the state of an organic conpound or a silicate ion.

I ncorporation of the silicon elenent in the anode hel ps suppression of the
possi ble growth of the dendrite-like zinc oxide during discharging and al so
suppresses the decreagfrgp bRScRIPERANIOFCRRBCDRAWERESE -4- under
specified conditions. Tt 15 preferable that the content of silicon in the

above-nentioned anoderirg.23 islaS@@oRRMvREwWeifght palrtlihe1z sectlibagdpowder .

cylindrical alkaline battery of Type LR6 (UM-3) in
accordance with a preferred embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The battery shown in FIG. 1 is prepared in the
following manner. In a nickel-plated metal casing 1 which
also serves as a cathode terminal, a plurality of cathode
mixture pieces 2 molded into short annular cylinders are
placed, and the combined body of the cathode mixture
pieces 2 was pressed again in the metal casing 1. After a
separator 3 and an insulating cap 9 are inserted into the
center of the annular cathode mixture 2, a gelled zinc
anode 4 is injected into the recess formed inside the
separator 3.

Then, an anode current collector 6 combined with
a resin sealing member 5, a bottom disk 7 which also
serves as an anode terminal and an insulating washer 8, is
inserted into the gelled zinc anode 4, and the open end of
the metal casing 1 is roll-caulked for securing tight
sealing of the battery. Thereafter, the surface of the
metal casing 1 is covered with an exterior label 10 to
obtain a single cell.

The gelled zinc anode 4 is prepared by mixing



.I'n one preferable node of the present invention, the above-nentioned anode
contains the silicon elenent in an organic conpound. |In another preferable
node of the present invention, the above-nentioned silicon elenent is

contained in the anode in the formof silicate ions. In another preferable
node of the present invention, the silicon elenment is contained as a

conponent in the above-nentioned zinc alloy. It is particularly preferable
that the above- nentioned gell ed anode conprises a nmercury-free zinc all oy

powder contgifknexaliel fach aAca®kafifé elQe%rWﬁ.@Q' SFULA: afue 9 5 W %

al um num and 0.005 - 0.5 wt % cal ci um IS preferable that the>zi nc al | oy
powder furtselutnshatoatifify- 40. 5t%ﬁﬁbta§bﬂﬁh Ryateksad fﬁaﬁéiﬁinﬁf the
i nvention will now be described in detail with reference fo

acconpanyi nggentwand. a zinc powder twofold the weight of the
electrolyte.
In the following paragraphs, specific examples

of the batteries will be described.

EXAMPLE 1
(BIC zinc alloy with silicon in an organic compound)

The cylindrical alkaline batteries of Type LR6
as shown in FIG. 1 were prepared by employing the gelled
zinc anode comprising an anode active material of zinc
alloy powder containing bismuth, indium and calcium, each
500 ppm by weight (hereinafter referred to as "BIC zinc")
and a gelling agent of a water-soluble polyvinyl alcohol
polymer containing silicon (available from KURARE Co.
Ltd., under a tradename "R-polymer R-2130"). The amount
of the gelling agent was stepwisely changed so as to
adjust the concentration of silicon element in the anode
to 25 - 3,000 ppm by weight of the zinc alloy powder as
listed in Table 1 below.

As Comparative Example 1, another alkaline
battery was prepared under the same conditions as in
Example 1, except that a conventional gelling agent of
polyvinyl alcohol free from silicon was used here.

These batteries were subjected to discharge



-5- BRI'EF DESCRI PTION OF THE DRAWNG FIG 1 is a front view of a partially
sectioned cylindrical alkaline battery of Type LR6 (UM 3) in accordance
with a preferred enbodi nent of the present invention. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The battery _shown in FIG 1 is prepared in the
following manner. In a nickel-plated nmetal casing 1 which also serves as a
cathode termnal, a plurality of cathode m xture pieces 2 nolded into short
annul ar cylinders are placed, and the conbined body of the cathode m xture

pi eces 2 \'\/a%eart%S%%d e¥8a LA teh thids rMatiakbneagieN ek fobhlaticed , Separaties, 3 and
an insulating cap 9 are inserted into the center of the annul ar cat hode

{nhxt ure 2, gigehbege (l¢atnons 4t inified! etagel @ndhet enestimes Podntnsi de

° after storing at 60°C for one month, which is a proven
temperature to cause a deciease in the discharge
performance of conventional_batteries. At testing, the
batteries were loaded with a resistance of 3.9 Q@ for 5
minutes per day, to make them intermittently discharge.
Here, the discharge duration represents cumulative
discharge hours until the battery voltage is lowered to

the level of 1.0 V. Table 1 shows the results of the

discharge tests.

Table 1

Zinc alloy|Silicon element Discharge performance
concentration (Discharge duration: minute)

(ppm by weight)
Initial After storing
at 60°C
for one month
o 250 200
(Comparative
Example 1)
25 292 278
50 298 288
BIC zinc 100 300 290
250 303 293
500 303 293
1000 297 281
1500 288 279
3000 267 258

As apparent from the results shown in Table 1,



separ at or

sealing nenber 5, a bottomdisk 7 which also serves as an anode term na

and an insulating washer 8, is inserted into the gelled zinc anode 4, and

3. Then, an anode current collector 6 conbined with a resin

t he open end of the netal casing 1 is _10ll-caul ked for securing tight

sealing of the battery. Thereafter, the surface of the netal casing 1 is
covered with an exterior label 10 to obtain a single cell. The gelled zinc

anode 4 Isbertﬁparfe@heylﬁh&aq discharge pePfodhaticeld ¥F ahkal i ne

el ectrolyte of an aqueous sol ution containing 40 w % potassi um hydr oxi de,

gel ling agpattardesd ahBC tﬁé%iéch&@'b@' peiFeriingll affthe stlgalgeolaye.

one month are greatly improved by adding the gelling agent
containing silicon. In particular, the decreases in the
discharge capacities after storage for one month are
small, which proves a favorable storing property of the
batteries.

Increased amount of silicon element in the anode
exceeding 1,500 ppm by weight of the zinc alloy powder,
however, has no effect on the dischafge performance of the
battery. Conversely, the discharge capacity decreases, as
a result of which the maintenance voltage during discharge
also decreases. It is therefore concluded that an
excellent discharge performance can be obtained by adding
the gelling agent so as to adjust the concentration of the
silicon element in the anode to a range from 25 to 1,500

ppm by weight of the zinc alloy powder.

EXAMPLE 1A

{Comparison with the other zinc alloys and elementary
zinc)

Next, the other cylindrical alkaline batteries
were prepared by employing the gelled zinc anode
comprising an anode active material selected from the
group consisting of BIC zinc, another zinc alloy powder

containing bismuth and calcium, each 500 ppm by weight

a



.In the follow ng paragraphs, specific exanples of the batteries wll be
described. EXAMPLE 1 (BIC zinc alloy with silicon in an organi c conmpound)
The cylindrical alkaline batteries of Type LR6 as shown in FIG 1 were
prepared by enploying the gelled zinc agode conprising an anode active
material of zinc alloy powder containing bisnuth, indiumand cal cium each
500 ppm by wei ght (hereinafter referred to as "BIC zinc") and a gelling

agent of a ‘Tc/ﬁ&élﬁak%&erew\f&y%oah%oh@b BANA"S  GRR 11110 a¥idthean
(avai l abl e om KURARE Co. Ltd under a tradenan® "R-pol ymer R-2130"). The

anount of thengekhiBy pefEer"@>nthadPWnge by shidhjed ndd vt and adjudShuin)e
concentration of silicon elenent in the anode to 25 - 3,000 ppm by wei ght

of the zi nceabhogopopgar bes welighed (herédbla€ tbrhelederrtsl Gonpar aBIMe Exanpl e
1, another al kaline battery was prepared under the same conditions as in
zinc") as listed in Table 2 below, and the silicon-
containing gelling agent. In this example the content of
silicon element in the anode is fixed to 500 ppm by weight

of the zinc alloy powder. In addition, another battery
was prepared in a similar manner by employing an
- elementary zinc in place of the zinc alloys for the anode
zinc powder of the gelled zinc anode.

These batteries were subjected to discharge
tests to evaluate their discharge performances, that is,
discharge durations at initial stage and at the time point
after storing at 60°C for one month. At testing, the
batteries were loaded with a resistance of 3.9 Q for S

minutes per day, to make them intermittently discharge.

Table 2 shows the discharge durations until the battery

/

voltage decreases to the level of 1.0 V.




.Exampl e 1, except that a conventional gelling agent of polyvinyl alcohol
free fromsilicon was used here. These batteries were subjected to

di schar ge -7- tests to evaluate their discharge performances, that is,

di scharge durations at initial stage aggogt the tine point after storing at
60[err] C for one nonth, which is a provén tenperature to cause a decrease

I n the discharge performance of conventional batteries. At testing, the
batteries were |l oaded with a resistance of 3.9 Qfor 5 mnutes per day, to
make themintermttently discharge. Here, the discharge duration represents
cunul ative discharge hours until the battery voltage is |lowered to the

|l evel of 1.0 V. Table 1 shows the regghész0f the discharge tests.

Zinc alloy{Silicon element Discharge performance
concentration (Discharge duration: minute)
(ppm by weight)

Initial After storing

at 60°C

for one month
BIC zinc 500 303 293
BC zinc 500 304 294
BIA zinc 500 300 291
Zinc _
powder 500 302 278

As apparent from the results shown in Table 2,
it is appreciated that the effect of different zinc alloy
composition does not differ from the technical advantage
obtained by the addition of the silicon-containing gelling
agent.

The alkaline battery produced by employing a
non-amalgamated zinc powder containing neither bismuth,
aluminum, indium nor calcium as its anode active material
also has favorable initial discharge performance.

However, the discharge performance of such alkaline
battery is greatly deteriorated after storage for one
month because the corrosion-resistant property of the non-
amalgamated zinc powder is inferior to that of the zinc
alloys and thus the battery having such zinc powder cannot
secure a favorable leakage-resistant property and has a

danger of causing leakage of electrolyte. Therefore, the



. Table 1 Zinc alloy Silicon el ement

Di scharge performance concentration

(Di.scharge duration: mnute) (ppmby weight) Initial After storing at
60[err] C for one nonth 0O 250 200 (Conparative
Exanple 1) 25 292 -11278 50 298

288 BI C zinc 100 300 290 250

303 293 500 303 293 1000 297
281 1500 288 279 3000 267 258

non-amalgamated zinc powder cannot be employed in an

alkaline battery free from mercury.

EXAMPLE 2
(BIC zinc with ionic silicon)
Another series of cylindrical alkaline batteries

were prepared by employing the gelled zinc anode

comprising an anode active material of the BIC zinc, a

conventional gelling agent of pplyvinyl alcohol polymer
free from silicon and an aqueous solution of potassium
silicate (available from TOKYO OHKA KOGYO Co. Ltd., under
a tradename "OHKASEAL"). The concentration of silicon
element in the anode was varied from 25 to 3,000 ppm by
weight of the zinc alloy powder as listed in Table 3
below. E#cept for the above conditions, the procedures
similar to those in Example 1 are generally followed.

As Comparative Example 2, another battery was
prepared under the same conditions as in Example 2, except
that an anode without containing an aqueous solution of
potassium silicate was used here.

These batteries were subjected to discharge
tests to evaluate their discharge.performances, that is,
discharge durations at initial stage and at the time point
after storing at 60°C for one month. At testing, the
batteries were loaded with a resistance of 3.9 Q for 5

minutes per day, to make them intermittently discharge.



As apparent fromthe results shown in Table 1, both of the initial

di scharge performances of the batteries and the discharge perfornmances
after storage for one nonth are greatly inproved by adding the gelling
agent containing silicon. In particular_;4he decreases in the discharge
capacities after storage for one nonth are small, which proves a favorable
storing property of the batteries. Increased anmount of silicon elenent in
t he anode exceeding 1,500 ppm by wei ght of the zinc alloy powder, however,
has no ef f ectalre tHesKlbws hegeapechargangeretibhe watier¥he Gosvessel y, the
di scharge capacity decreases, as a result of which the maintenance voltage
duri ng di schesDeage Sdecitcdsaseto thei Betvdbreforeocencl uded that an
excel l ent di scharge performance can be obtai ned by addi ng

Table 3

Zinc alloy|Silicon element Discharge performance
concentration (Discharge duration: minute)
(ppm by weight)

Initial After storing
at 60°C
for one month
o 250 200
(Comparative
Example 2)
25 295 280
50 300 290
BIC zinc 100 303 290
250 305 295
500 305 295
1000 295 283
1500 290 280
3000 270 260

As apparent from the results shown in Table 3,
both of the initial discharge performances of the
batteries and the discharge performances after storage for
one month are greatly improved by employing the gelled
zinc anode containing silicate ions. In particular, the
decreases in the discharge performances due to the storing
are small, and the batteries demonstrate a favorable
discharge performance.

Increased amount of silicon element in the anode

exceeding 1,500 ppm by weight of the zinc alloy powder,



. the gefling agent so as to adjust the concentration of the silicon el enent
I n.the anode to a range from25 to 1,500 ppm by wei ght of the zinc alloy
powder. EXAMPLE 1A (Conparison with the other zinc alloys and el enentary
zinc) Next, the other cylindrical alkalipe batteries were prepared by
enpl oyi ng the gelled zinc anode conprising an anode active materi al
sel ected fromthe group consisting of BIC zinc, another zinc alloy powder
cont ai ni ng Howedh, diuk qud efifectach €A @pochyrgei poiformalee (bErehaaft er
referred to as "BC zinc"), and still another zinc alloy powder containing
bi snut h, i rmbtiermnd aanvemwselyacthd (Ofajppbehynesi gbltdderdunaiger referred
to as "BI A

discharge decreases. It is therefore concluded that an

alkaline battery having excellent discharge performance
can be cobtained by adding the silicate ions so as to
adjust the content of the silicon element in the anode to

a range from 25 to 1,500 ppm by weight of the zinc powder.

EXAMPLE 2A

(Comparison with the other zinc alloys and elementary
zinc)

Next, the other c¢cylindrical alkaline batteries
were prepared by employing the gelled zinc anode
comprising an anode active material selected from the
group consisting of BIC zinc, BC zinc and BIA zinc, a
conventional gelling agent and an aqueous solution of
potassium silicate. In this example the content of
silicon element in each of the anodes was fixed to 500 ppm
by weight of the zinc alloy powder. In addition, another
alkaline battery was prepared in a similar manner by
employing an elementary zinc powder as an active material
for the gelled zinc anode containing the silicate ions.

These batteries were subjected to discharge
tests to evaluate their discharge performances, that is,
discharge durations at initial stage and at the time point

after storing at 60°C for one month. At testing, the



. zinc")"as listed in Table 2 below, and the silicon- containing gelling
agent. In this exanple the content of silicon elenent in the anode is fixed
to 500 ppm by weight of the zinc alloy powder. In addition, another battery
was prepared in a simlar manner by enpigying an elenmentary zinc in place
of the zinc alloys for the anode zinc powder of the gelled zinc anode.
These batteries were subjected to discharge tests to evaluate their

di schar ge pestesibes aferd hBbadsed wi el hargesistaiconss ag. 9 Nt i sbr s$age and
at the time point after storing at 60[err]C for one nonth. At testing, the
batteri es veirutesdesk vddy, ate esalse ativem of nBefni etedtiprdbsdhanges per day,
to nmake theminternmttently di scharge. Table 2 shows the di scharge

durati ons ufrble theshrars erlye vdl schiprgeciessttons witkil evleé ldttely V.

voltage decreases to the level of 1.0 V.

Table 4

Zinc alloy{Silicon element Discharge performance
concentration (Discharge duration: minute)
{ppm by weight)

Initial After storing

at 60°C

for one month
BIC zinc 500 305 295
BC zinc 500 304 294
BIA zinc 500 303 293
Zinc
powder 500 305 280

As apparent from the results shown in Table 4,
it is appreciated that the effect of different zinc alloy
composition does not differ from the technical advantage
obtained by the addition of the potassium silicate agueous
solution.

The alkaline battery prcduced by employing an
anode zinc powder containing neither bismuth, indium,
aluminum nor calcium as its anode active material also has
the favorable initial discharge performance. However, the
corrosion-resistant property of the elementary zinc powder
is inferior to that of the zinc alloys because the battery

cannot secure a favorable leakage-resistant property of



.-10- Table 2 Zinc alloy Silicon el ement Di scharge performance

coneentration (Di scharge duration: mnute) (ppmby weight) Initial
After storing at 600C for one nonth BIC zinc 500 _ 303
293 BC zinc 500 304 - 294 BI A zinc

500 300 291 Zi nc powder 500

302 278 As apparent fromthe results shown in Table 2, it is

appr eci at ed theatzinke pehidrat, eindlithusy,eRihe? intsh -0y SHRAHRRE IS JRRe 0t
differ fromthe techni cal advantage obtai ned by the addition of the
si | i con- contcanmioty bge ldmplgpy@&geiin an alkaline battery free from

mercury.

EXAMPLE 2B

(Comparison with the other silicon sources)

The other cylindrical alkaline batteries were
prepared by employing the gelled zinc anode comprising an
anode active material of BIC zinc powder, and a silicon-
containing material selected from the group consisting of
potassium silicate powder, sodium silicate powder, silicon
dioxide powder and silicic acid, respectively. In this
example, the content of silicon element in the anode was
fixed to 500 ppm by weight of the zinc alloy powder.

These batteries were subjected to discharge
tests to evaluate their discharge performances, that is,
discharge durations at initial stage and at the time point
after storing at 60°C for one month. At testing, the
batteries were loaded with a resistance of 3.9 Q@ for 5
minﬁfes per day, to make them intermittently discharge.
Table 5 shows the discharge durations until the battery

voltage decreases to the level of 1.0 V.



.The al kal i ne battery produced by enploying a non-anmal gamated zi nc powder
contai ning neither bisnmuth, alum num indiumnor calciumas its anode
active material also has favorable initial discharge performance. However
the discharge performance of such al kalijnpg battery is greatly deteriorated
after storage for one nonth because the corrosion-resistant property of the
non- anmal gamated zinc powder is inferior to that of the zinc alloys and
thus the battery having such zinc paugre Ggannot secure a favorable

| eakage-resi stant property and has a danger of causing | eakage of

el ectrol yt e.—Fherefore—the - non-aral-garatied—z-hrec—powder—canhret—be
enpl oyed i n jagidlikan ne b3gisidrydn eddmemt nmghgchardgé\deirfcin@ide zi nc wijt h
ionic silicgn) concentration (Discharge duration: minute)
composition |(ppm by weight)

Initial After storing
at 60C
for one month
Aqueous soln.
of potassium
silicate 500 305 295
Potassium
silicate 500 304 295
Sodium
silicate 500 306 294
Silicic acid 500 304 296
Silicon
dioxide 500 305 297

Any of the potassium silicate powder, sodium
silicate power, silicon dioxide powder and silicic acid
can give a similar technical advantage to that of the
aqueous solution of potassium silicate.

Any of the silicon ion~containing substances of
a silicafe salt such as calcium silicate or magnesium
silicate, and another silicon compound such as a silicon
oxide other than the silicon dioxide or silicon nitride
can give a similar technical advantage to that of the

aqueous solution of potassium silicate.

EXAMPLE 3

(Alloy composition containing silicon in various amounts)

eet Has Been Re(laced
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.Anot her" series of cylindrical alkaline batteries were prepared by enpl oyi ng
the.gell ed zinc anode conprising an anode active material of the BIC zinc,
a conventional gelling agent of ponvinyI al cohol polyner free fromsilicon
and an aqueous sol ution of potassium siljicate (avail able from TOKYO CHKA
KOGYO Co. Ltd., under a tradenane "OHKA L") The concentration of
silicon elenent In the anode was varied from25 to 3,000 ppm by wei ght of
the zinc alloy powder as listed in Table 3 bel ow. Except for the above

conditions, the procedubeper Berdks! @1 RORE dyl imEEARIA hixaA igeneral ly
foll owed. As Conparative Exanple 2, another battery was prepared under the

same condi t b@ft&:e&'&elsnwg&%”plr@d&pe@xtb@ptfﬂrﬁai pRiepatdHey \Willllkgupowdird Ni Ng an
aqueous sol ution of potassiumsilicate was used here. These batteries were

subj ect ed t ¢ padirtdedegdibaeitert:036val 2O0e mcdwdi)r ol THeaBIE RANCQr mEdeds, t hat
I's, discharge durations at initial stage and at the tinme point

with 25 to 3,000 ppm by weight silicon stepwisely as

listed in Table 6 below, and then employing these alloy

powders with a conventional gelling agent for the gelled

zinc anode. Except for the above conditions, the

procedures similar to those in Example 1 are generally

followed.

As Comparative Example 3, another battery was
prepared under the same conditions as in Example 3, except
that a BIC zinc containing no silicon was used as the zinc
alloy powder.

These batteries were subjected to discharge
tests to evaluate their discharge performances, that is,
discharge durations at initial stage and at the time point
after storing at 60°C for one month. At testing, the
batteries were loaded with a resistance of 3.9 @ for 5
minutes per day, to make them intermittently discharge.

Table 6 shows the discharge durations until the battery

voltage decreases to the level of 1.0 V.
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.after storing at 60[err]C for one nonth. At testing, the batteries were
| oaded with a resistance of 3.9 [err] for 5 m nutes per day, to nake them

intermttently discharge. -12- Table 3 shows the discharge durations
until the battery voltage decreases to tjhg level of 1.0 V. Table 3 Zinc
alloy Silicon el enent D scharge performance concentration (Di schar ge
duration: mnute) (ppm by weight) Initial After storing at 60[err]C
for one nonth O 250 Table 6 200 (Conparative
Zinc alloy composition Discharge performance
(ppm by weight) (Discharge duration: minute)
Initial After storing
at 60°C
Bi In Ca Si for one month
500 500 500 o 250 200
(Comparative Example 3)
500 500 500 25 293 282
500 500 500 50 299 288
500 500 500 100 303 293
500 500 500 250 310 298
500 500 500 500 312 299
500 500 500 1000 303 289
500 500 500 1500 298 286
500 500 500 3000 273 262

As apparent from the results shown in Table 6,
both of the initial discharge performance of the batteries
and the discharge performance after storage for one month
are greatly improved by employing the non-amalgamated zinc
alloy powder containing silicon as the anode active
material for the gelled zinc anode. In particular, the
decreases in the discharge performances due to the storing
are small, and the batteries demonstrate a favorable
storing property.

Increased amount of silicon in the anode zinc
alloy powder exceeding 1,500 ppm by weight, however, has
no effect on the discharge performance of the battery.
Conversely, the maintenance voltage during discharge

decreases. It is therefore concluded that an alkaline

il



_Exanpl e 2) 25 295 280 50 300

290.BI C zinc 100 303 290 250
305 295 500 305 295 1000 295
283 1500 290 28Q.13000 270 260

As apparent fromthe results shown in Table 3, both of the initial
di scharge performances of the batteries and the di scharge perfornances

after storagatiteryonavingt Brle&danaainty diGahaved DerFBrmHd0 dde el | ed
zinc anode containing silicate ions. In particular, the decreases in the

di scharge pebftaimedcey adgulstinge thiedlsilg it coifddnt and HHee Aiald eries
denonstrate a favorabl e di scharge performance. Increased anmount of silicon

el emrent in BAdogntdea range from 25 to 1,500 ppm.

EXAMPLE 3A

(Comparison with the other zinc alloys)

Next, the other cylindrical alkaline batteries
were prepared by employing the gelled zinc anode
comprising an anode active material selected from the
group consisting of BIC zinc, BC zinc and BIA zZinc, each
containing silicon at 500 ppm by weight. Except for the
above conditions, the procedures similar to those in
Example 3 are generally followed. In addition, another
alkaline battery was prepared in a similar manner by
employing a zinc alloy containing only silicon in place of
the other zinc alloys, for the anode zinc powder of the
gelled zinc anode.

These batteries were subjected to discharge
tests to evaluate their discharge performances, that is,
discharge durations at initial stage and at the time point
after storing at 60°C for one month. At testing, the
batteries were loaded with a resistance of 3.9 Q for 5
minutes per day, to make them intermittently discharge.
Table 7 shows the discharge durations until the battery

voltage decreases to the level of 1.0 V.
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exceedli ng 1,500 ppm by wei ght of the zinc alloy powder, -13- however,
has no effect on the discharge performance of the battery. Conversely, the
mai nt enance vol tage during di scharge decreases. It is therefore concl uded
that an al kaline battery having excellggé_discharge per f or mance can be
obtained by adding the silicate ions so as to adjust the content of the
silicon elenent in the anode to a range from25 to 1,500 ppm by wei ght of
the zinc powder. EXAMPLE 2A (Conparison with the other zinc alloys and

el ementary zinc) Next, the other cyhiwpeigal al kaline batteries were
prepared by enpl oying the gelled zinc anode conprising an anode active
material se

Zinc alloy composition Discharge performance
(ppm by weight) (Discharge duration: minute)
Initial After storing
at 60°C
Bi In Ca Al Si for one month
500 500 500 o 500 312 299
500 o 500 0 500 310 296
500 0 0 500 500 308 293
0 0 ¢} ¢} 500 311 278

As apparent from the results shown in Table 7,
it is appreciated that the effect of different zinc alloy
composition containing components other than silicon does
not differ from the technical advantage cobtained by the
addition of silicon.

The alkaline battery produced by employing the
non-amalgamated zinc alloy containing only silicon as its
anode zinc powder for the gelled zinc anode also has the
favorable initial discharge performance. However, the
corrosion-resistant property of the zinc powder is
inferior to that of the other zinc alloys and the battery
cannot secure a favorable leakage-resistant property, and
thus, the non-amalgamated zinc alloy power containing only
silicon cannot be employed in an alkaline battery free
from mercury.

As shown above, a non-amalgamated zinc alloy

powder containing at least one member selected from
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. group consisting of BIC zinc, BC zinc and BI A zinc, a conventional gelling
agent and an aqueous solution of potassiumsilicate. In this exanple the
content of silicon elenment in each of the anodes was fixed to 500 ppm by
wei ght of the zinc alloy powder. In addihfion, another alkaline battery was
prepared in a simlar manner by enploying an elenmentary zinc powder as an
active material for the gelled zinc anode containing the silicate ions.
These batteries were subjected to discharge tests to evaluate their

di scharge pghERLERNCESumifdh, | $nadufCRandeadeia QRS aal anbdll aktilage and
at the time point after storing at 60[err]C for one month. At testing, the

-14- batternageveat, | eagndawihhgalned stiascanelied3wdthear heflaing M nutes per
day, to make themintermttently discharge.

agent, which contains the silicon element, regardless of

its form, at a concentration of 25 to 1,500 ppm by weight

of the zinc alloy powder is effective to prevent short-

circuiting between the anode and cathode due to formation

of zinc oxide, as a result of which the alkaline battery

can have improved discharge performance.

According to the present invention, it is
possible to provide an alkaline battery having a large
discharge capacity and an excellent storing property.

It is understood that various other
modifications and alterations will be apparent to and can
be readily made by those skilled in the art without
departing from the true scope and spirit of the present
invention. Accordingly, it is not intended that the scope
of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be construed as encompassing all the features of
patentable novelty that reside in the present invention,
including all features that would be treated as

equivalents thereof by those skilled in the art to which

this invention pertains.
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-Table 4 shows the discharge durations until the battery voltage decreases
to the level of 1.0 V. Table 4 Zinc all oy Silicon el ement. .. Discharge.

erfornmance concentration (Di scharge durati m

Ipnitial | After storing at 60[err]C fZQr_ one rmnth Bﬂlfllﬂmlllllllllllllﬂ 00
305 295 BC zinc
‘Bl A zinc 500 303 293 Zinc pomder .
500 WHAT 385CLAIMED IS 280 As apparent fromthe results shown in

Table 4, it is appreciated that the effect of different zinc alloy
conposi tion does not differ fromthe technical advantage obtained by the
addition of the potassiumsilicate agueous
1. An alkaline battery comprising: a cathode
mixture; a gelled zinc anode which comprises a mercury
free zinc alloy powder and a gelling agent; an anode
current collector; a separator between said cathode and
anode; and an alkaline electrolyte, said zinc alloy powder
containing at least one member selected from the group
consisting of bismuth, aluminum and calcium,

wherein said gelled anode further comprises

silicon.

2. The alkaline battery in accordance with
claim 1, wherein said zinc alloy powder further contains

indium.

3. The alkaline battery in accordance with
claim 1, wherein the content of silicon in said anode is

25 - 1,500 ppm by weight of said zinc alloy powder.

4. The alkaline battery in accordance with
claim 1, wherein said anode contains said silicon element

as an organic compound containing silicon.

5. The alkaline battery in accordance with

claim 1, wherein said anode contains said silicon element

This Sheet Has Bee,
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_solutien. The al kaline battery produced by enpl oyi ng an anode zi nc--powder

cont ai ning neither bisnmuth, indium alum num nor cal gi '
active material also has the favorable initial di schi'"@ﬁ@”!'ﬂﬂﬂjgm,e
However, the corrosion-resistant property of the el emsn L ris
inferior to that of the zinc alloys because the battery cannot secure a

favorabl e | eakage-resi stant property of -15- the zinc powder, and thus,

t he non- amal L[ A wder cannot be enployed in an al kaline battery
free fron1n€%€%?§.qfif£gfﬁgﬁB (Conparison with the other silicon sources)

The ot her cylindrical alkaline batteries were

6. The alkaline battery in accordance with
claim 1, wherein said silicon element is contained as a

component in said zinc alloy.

7. An alkaline battery comprising: a cathode
mixture; a gelled zinc anode which comprises a mercury
free zinc alloy powder and a gelling agent; an anode
current collector; a separator between said cathode and
anode; and an alkaline electrolyte, said zinc alloy powder
containing at least one of 0.01 - 0.5 wt¥® bismuth, 0 - 0.5
wt$% aluminum and 0.005 - 0.5 wt% calcium,

wherein said gelled anode further comprises

silicon.

8. The alkaline battery in accordance with
claim 7, wherein said zinc alloy powder further contains

0.01 - 0.5 wt% indium.

TT— = el
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. prepared by enploying the gelled zinc anode conprising an anode active
material of BIC zinc powder, and a silicon- containing material selected
fromthe group consisting of potassiumsilicate powler, sodiumsilicate
powder, silicon dioxide powder and siligic acid, respectively. In this
exanple, the content of silicon elenment in the anode was fixed to 500 ppm
by weight of the zinc alloy powder. These batteries were subjected to

di scharge tests to evaluate their discharge performances, that is,

di scharge durations at initiagsTRaege odndudi prkeridsireooi nt after storing at
60[err] C for one nonth. At testing, the baiteries were |oaded with a
resistance of 3.9 [err] for 5 mnutes per day, to make themintermttently
di scharge. Table 5 shows the discharge durations until the battery voltage
decreases to the | eveRnotlkaQide battery using a mercury free zinc

alloy powder as an anode active material is disclosed. It
has a gelled anode which comprises silicon and zinc alloy
powder containing at least one of bismuth, aluminum and

calcium.

e ’

lksBamRﬁwMﬁd

i



+-16- TR&ble 5 Silicon Silicon el enent Di scharge performance

congentration (Di scharge duration: mnute) conposition (ppm by

wei ght) Initial After storing at 60[err]C for one nonth Aqueous sol n.
of potassiumsilicate 500 305 295
Potassium silicate 500 304 295 Sodi um
silicate 500 306 294 Silicic acid

500 304 296 Silicon dioxide 500

305 297

2
10
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“Any of the potassiumsilicate powder, sodiumsilicate power, qé‘g;f:f?on
di oxi de powder and silicic acid can give a simlar technical advantage to
that of the aqueous solution of potassiumsilicate. Any of the silicon
i on-cont ai ni ng substances of a silicate salt such as calciumsilicate or
magnesi um silicate, and another silicgy.conpound such as a silicon oxide
other than the silicon dioxide or silicon nitride can give a simlar

techni cal advantage to that atxhhenaquaewsryol ution of potassiumsilicate.
17 According to the present Tnvention, 1t IS possible to provide an

al kal i ne battery havi ng a ApEgach THarge sccosyrand an excel | ent st'orli.ng
property. It is understood that various other

An alkaline battery using a mercury free zinc
alloy powder as an anode active material is disclosed. It
has a gelled anode which comprises silicon and zinc alloy

powder containing at least one of bismuth, aluminum and

calcium.

Fig 1
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‘nodi fications and alterations will be apparent to and can be readily nade
by those skilled in the art w.thout departing fromthe true scope and
spirit of the present invention. Accordingly, it is not intended that the
scope of the clainms appended hereto be limted to the description as set
forth herein, but rather that the clatns be construed as enconpassing al
the features of patentable novelty that reside in the present invention,
including all features that would be treated as equi val ents thereof by
those skilled in the art to which this invention pertains. 18 THE CLAI M5
DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. An al kal i ne battery conpri sing:
a cathode m xture; a gelled zinc anode which conprises a nercury free zinc
al l oy powder and a gelling agent; an

FIG. 1
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' ent cSEAROH REROR g
el ectrolyte, said zinc al
fromthe group consisting

Apticttive dlo. Hd027&at hode and anode;
| east one nenber

oy powder containing at
of bismuth, alum num and

and an

cal ci um

ganic r-nrmmlnrl or.,a.-silicate ion

2

TOFAEE ABSPRATOTE Turther conprisesS siTrcon Tn a state of an

The alkaline battery in accordanc

ode current collector;
kal i ne el ectrol yte, said zi it
.01 - 0.5 wt% bisnuth, O -

ganiAn

0.5 wt%al um num and 0. 005 -
ereln said gelled anode further conprises silicon in a state of an
elknmmteoy (fig.s1) using e meyoury free zinc alloy powder as an anode (4) active

.‘gald cat hode a
ont ai ni ng at
0.

th cIa|n11 wherein said zinc alloy powder further contains indium 3.

e al kaline battery in accordance with claim 1, wherein the content of

licon in said anode is 25- 1,500 ppm by wei ght of said zinc alloy powder.
An al kaline battery conprising: a cathode m xture;

i ch conprises a nercury free zinc alloy powder and a gelling agent]

a gelled zinc anodg

T oan

nd anode; and an
| east one of

5 wt% cal ci um

material is disclosed. It has a gelled anode (4) which comprises silicon and zinc alloy powder
containing at least one of bismuth, alumintum and calcium.

Fig. 1.
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19 5.

KoVl D M

The al kaline battery in accordance wi tH L] Z(EM‘F\YT F’B,"é d zglchc
al l oy powder further contains 0.01 - 0.5 wt% i ndi »npt """
al l oy conposition Di scharge performance (p )gh? ge “' to paged A%
(Di scharge duration: minute) Initial Aftertfs ng(g) spAgear].coppaged .....
I n Ca A Si f or3-one nont h*?'sébsmcgoo pa@é@” to paged ..
500 312 299 500 0 500 0 500 310
296 500 0 0 500 500 308 DATE T8 RECEIPTO2Bhx..0.....

0 500 278

decre?ééled if the separator is made thicker, and the
discharge capacity decreases with the decrease in the
filling amount of the active material. If the separator
has a more dense texture, the internal resistance of the

battery increases, thereby to deteriorate the battery

performance.

SUMMARY OF THE INVENTION

The primary object of the present'invention is
to provide an alkaline battery which effectively prevents
the above-mentioned internal short-circuiting due to the
formation of dendrite-like zinc oxide and has excellent
discharge performance.

The alkaline battery in accordance with the
present invention comprises a cathode terminal, a cathode
mixture, a gelled zinc anode including a mercury free zinc
alloy powder and a gelling agent, an anode current
collector, a separator between the cathode and the anode,
and an alkaline electfolyte. The zinc alloy powder
contains at least one member selected from the group
consisting of bismuth, aluminum and calcium.

The gelled anode further includes silicon in the state of an organic compound or a
silicate ion. ' '

Incorporation of the silicon element in the anode helps suppression of the
possible growth of the dendrite-like zinc oxide during discharging and also

suppresses the decrease in the discharge capacity caused

REPLACEMENT SHEET
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As apparent fromthe results shown 'in Table 7, it is appreciated that the
effect of different zinc alloy conposition containing conponents other than
silicon does not differ fromthe technical advantage obtained by the
addition of silicon. The al kaline battery produced by enploying the

non- amal gamat ed zinc alloy containing oy silicon as its anode zi nc powder
for the gelled zinc anode al so has the favorable initial discharge

per f ormance. However, the corrosion-resistant property of the zinc powder
is inferior tqQ that of the other zinc alloys and the battery cannot secure

a favor abl e¥PEgkageerdiedafENHFHAMS. and thus, the non-amal gamated zinc

al l oy power containing only silicon cannot be enpl oyed in_an _al kaline
battery free fron1nergﬁrﬁ§ R§%§ﬁﬁﬂp¥ﬂx£h§té?m%ﬂg%ﬂg?ﬁﬁnﬁfeﬁliFﬁ@naPPoy

powder Contghgiggo%%—h%%%&&%galgﬂggg fglfgtgdaf§881ppm by weight of
the zinc alloy powder.

In one preferable mode of the present invention,
the above-mentioned anode contains the silicon element in
an organic compound.

In another preferable mode of_the present
invention, the above-mentiocned silicon element is
contained in the anode in the form of silicate ions.

In another preferable mode of the present_
invention, the silicon element is contained as a component
in the. above-mentioned zinc alloy. .

It is particularly préferable that the above-~
mentioned gelled anode comprises a mercury-free zinc alloy
powder containing at least one of 0.01 - 0.5 wt% bismuth,
0 - 0.5 wt¥ aluminum and 0.00S - 0.5 wt% calcium.

It is preferable that the zinc alloy powder

further contains 0.01% - 0.5 wt% indium.

Preferred features of the invention will now be described in detail with
reference to the accompanying drawing.




-21- bisnmuth, alum num indiumand cal ciumas an anode active material,
formed in gelled zinc anode with a gelling agent, which contains the
silicon elenment, regardless of its form at a concentration of 25 to 1,500
ppm by wei ght of the zinc alloy powder is effective to prevent short-
circuiting between the anode and cat hodeidse to formation of zinc oxide, as
a result of which the alkaline battery can have inproved di scharge

per formance. According to the present invention, it is possible to provide
an al kaline battery having a | arge dfebdg&r @ capacity and an excel |l ent
storing property. It is understood that various other nodifications and

al terati ons Wit e appareyt—to=ard carmr e 1 gadr Ty made by —those—skii+ed—

the art withpuBiddganti ng fi Békicea Fﬂ@@e§6bpqQ%ﬁFQﬂﬁ9¢tp%ﬁfQ¢mB¢¢©sent
concentration (Discharge duration: minute)
composition |(ppm by weight)

Initial After storing
at 6Q0°C
for one month
Aqueous soln.
of potassium
silicate 500 305 295
Potassium
silicate 500 304 295
Sodium
silicate 500. 306 . 294
Silicic acid 500 304 296
Silicon
dioxide S00 305 297

Any of the potassium silicate powder, sodium
silicate powe?, silicon dioxide powder and silicic acia.
can give a similar technical advantage to that of the
aqueous solution of potassium silicate.

Any of fhe silicon ion-containing substances of
a silicate salt such as calcium silicate or magnesium
silicate, and another silicon compound such as a silicon
oxide other than the silicon dioxide or silicon nitride
can give a similar technical advantage to that of the

aqueous solution of potassium silicate.



i nvention. Accordingly, it is not i'ntended that the scope of the clains
appended hereto be linmted to the description as set forth herein, but

rat her that the clains be construed as enconpassing all the features of
pat ent abl e novelty that reside in the present invention, including al
features that would be treated as equival ents thereof by those skilled in
the art to which this invention pertalq -22- WHAT IS CLAIMED IS 1. An
~al kal ine battery conprising: a cathode-ﬂ1xture a gelled zinc anode which
conprises a nercury free zinc alloy powder and a gelling agent; an anode
current collector; a separator between said cathode and anode; and an

al kaline electrolyte, said zinc alloy powder

According to the present invention, it is
possible to provide an alkaline battery having a.large
discharge capacity and an excellent storing property.

It is understood that various other
modifications and alterations will be apparent to and can
be readily made by those skilled in the art without
departing from the true scope and spirit of the present
invention. Accordingly, it is not intended that the scope
of the ¢laims appended heretc be limited to the
description as set forth herein, but rather that the
claims be construed as encompassing all the features of
patentable novelty that reside in the present invention,
including 2l1ll features that would be treated as
equivalents thereocf by those skilled in the art to which

this invention pertains.
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containing at |east one nenber selected fromthe group consisting of

bi-smut h, al um num and cal cium wherein said gelled a | ses
silicon. 2. The alkaline battery in accordance with QWlmrlmH“ﬂmmal d
zinc all oy powder further contains indi ugg 3. The alkatire Battery ih
accordance with claim 1, wherein the content of silicon in said anode is 25
- 1,500 ppm by wei ght of said zinc alloy povvder 4. The al kaline battery in
accor dance it AMSDE F NG S hVENT AS BOLOWSsi | i con el enent

as an organi ¢ conpound containing silicon. 5. The alkallne battery in
accordance with claim1l, wherein said anode contains said silicon el enent

1. An .alkaline battery comprising: a cathode mixture; a gelled zinc anode
which comprises a mercury free zinc alloy powder and a gelling agent; an
anode current collector; a separator between said cathode and anode; and an
alkaline electrolyte, said zinc alloy powder containing at least one member
selected from the group consisting of bismuth, aluminum and caicium,

wherein said gelled anode further comprises silicon in a state of an
organic compound or a silicate ion.

2. The alkaline battery in accordance with claim 1, wherein said zinc alloy
powder further contains indium.

3. The alkaline battery in accordance with claim 1, wherein the content of
silicon in said anode is 25 - 1,500 ppm by weight of said zinc alloy powder.

4, An alkaline battery comprising: a cathode mixture; a gelled zinc anode
‘which comprises a mercury free zinc alloy powder and a gelling agent; an
anode current collector; a separator between said cathode and anode; and an
alkaline electrolyte, said zinc alloy powder containing at least one of 0.01 - 0.5
wi% bismuth, 0 - 0.5 wt% aluminum and 0.005 - 0.5 wit% 6alcium,

wherein said gelled anode further comprises silicon in a state of
an organic compound or a silicate ion.
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-23- as silicate ions. 6. The al kalirne battery in accordance with claim1,
wherein said silicon elenent is contained as a conpo i i 1

alloy. 7. An alkaline battery conprising: a cathode m“”mnﬂ“ﬂmﬁ’m zi nc
anode which conprises a nmercury free zinc alloy powdet d&ndta gel$ing agent;
an anode current collector; a separator H&t ween said cathode and anode; and
an al kaline electrolyte, said zinc all oy powder containing at |east one of
0.01 - 0.5 wt%bisnuth, 0 - 0.5 wt% al umi num and 0.005 - 0.5 w % cal ci um
wherein said gelled anode further conprises silicon. 8. The al kaline
battery in &cor ddecealkaling brttennii, actoedarice withdclairmet, akhengip saiterintualtdyer

: ) o o
contains 0. %%wde?'fgﬁ%r@ér?t%nusnb.m - 0.5 wt% indium.
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Abstract

ALKALINE BATTERY

An alkaline battery (fig. 1) using a mercury free zinc alloy powder as an anode (4) active

material is disclosed. It has a gelled anode (4) which comprises silicon and zinc alloy powder
containing at least one of bismuth, aluminium and calcium.

Fig. 1.
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