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GALVANI C CE eetHasBeenReplaced Descri ption The.

inventionP | vani c cell which conprises an anode gaIIDo;
cont ai ni ng “ inc 5 powder, and-furth ses _an al kal i ne
el ectrol yte at hode material whi ch i's %eﬁ'é?sa‘lf’eﬂitfhﬁnr@,;ro by a
separator and cont ai ns manganese di OﬁéPE ____E_Qltj_tf\@’"loes of {the
abovenentii oned type are known as ne man anese pri

Because, on the ground@lelolnﬁ?nb%%eé'ﬁﬂ-éﬁeéf tchea eﬁﬂ-?’éﬁﬁén?ﬂ WRdR i s° no
| onger bei dwinpeicagh t Qnzi BaoReWIgEl tdh EADMEn GBI FAlrPff6d | £inc Of

t he abovenenti oned type ject to increas %’e“ corr05| on whi ch
mani fests 1t s&AI¥IHF a al’ﬁdg%é’?t F COMPTiges A8 . Agd
gassi ng rate. dubathodelmataaridler whitRndlss bayerbeed rﬂiféerdﬂro&vobyl tahese

negati ve effec o £X e, the zinc use i nc powder has
been all oyed w J?%a’{ah cf ca rﬁfﬁw manrﬁ?nerﬁe I Jacfu& al um num and
cal cium (see US-A SZO%GB;erzles iof &heoakovementioned type are known as

alkaline manganese primary cells. Because, on the grounds

10 of protection of the environment, mercury is no longer
being added to zinc powder, the anode material of cells
of the abovementioned type is subject to increased
corrosion which manifests itself in a higher self-
discharge and a corresponding gassing rate. Numerous

15 earlier attempts have been made to avocid these negative
effects. For example, the zinc used as zinc powder has
been alloyed with the metals bismuth, indium, lead,
aluminum and calcium (see US-A 5209995). It is also known
for the anode gel to be admixed with inorganic gassiﬁg

20 inhibitors such as barium hydroxide (see US-A 4418130).
EP-A 582293 additionally discloses the addition of an
indium salt to the eledtrolyte.

A further reduction of the gassing rate is desir-
able on the grounds of costs and with a view to improving

25 the dispharge behavior and increasing the capacity of the
cells. _

It is an object of the invention to provide a
solution to the abovementioned problems.
This object is achieved according to the inven-

30 tlon in that wherein the cathode material of cells of the
abovementioned type contains salt-like calcium compounds
in solid form. '

Fgrther advantageous refinements of the subject-
matter of the invention are disclosed in the subordinate

35 claims. _

The effect displayed by the addition, according

" to the invention, of Ca(OH,) and/or CaSO4 is very largely
independent of the g:adé of zinc used or the alloy
components it comprises.- Hitherto, when electrolyte-

40 containing cathode mater1als were used, an increase in



for the anode gel to be adm xed with inorganic gassing 20 inhibitors such

as barium hydroxi de (see US-A 4418130). EP- A 582293 additionally
di scl oses the addition of an indiumsalt to the electrolyte.
A further reduction of the gassing rate i2 =desir- abl e on the grounds

of costs and with a viewtq inproving 25 the discharge behavi or and
i ncreasi ng t hEetapS&sEyngr hafk beencppperved. This effectsign dug e&® of

the inventioniherpageddecdl weafohulli G &6nébRioARY e TRitricARE iRNORb LS.
i nven- 3 tion jn that erein

Thi bj ect i hi d di to the 0
The' cathode nREAYYPeBtLEcERES obile eathdae HElertiy | (2 (i rie cobt e
salt-like cal eddirttonpaundeding ton thel iithviemtibon, gaising ;sfhwfﬁgﬁt

d t ' t ect - t [ [ are
advant agegus LELLNGNPNLE, Ohrlis, SHRYER! - 1 wdlB! hiBo” el BASH | O

di sclosed in _SL nate ) _ ect” drspl ayed
by the additi8ddibienr acagrding tte ttke | ineentbon oedagesHgassinginid or

CaSOerr] is pgr¥iheigeldt schardddepeNgntnaf %ﬁ;}&& etk Z&mcrz%?&e or the

al | oy conponents™ it conprises. H therto, v el ectrol yte-
cont ai ni ng catfBREIF¥t efi fihe \R&llsrscthe afaPaciBYswhigh can be drawn

from the cells is increased, both for constant discharge
10 and for intermitteﬁt discharge.
The invention is explained in more detail with
reference to Figures 1 to 6 and to the examples.
Figures 1 and 2 show the discharge curves of -
Comparative Example 1 and of Example 1 for intermittent
15 discharge of one hour twice a day (2 x 1 h/d), across a
3.9 ohm resistor of freshly fabricated cells, ie. the
storage time NO indicates cells which have not been
stored. .. .
Figures 3 and 4 show the discharge curves of
20 Comparative Example 1l and Example 1 under the same
discharge conditions as mentioned above, after the cells
had been stored for one month at 70°C (MT 1).
Figures 5 and 6 give the discharge curves of
Comparative Example 3 and Example 3, which were obtained
25 for constant discharge across a 2 O resistor. The cells
were stored for 7 days at 70°C (7MT).
Example 1: _
40 experimental cells of size LR14 are assembled accord-
ing to the following formulation: |
30 Cathode material: _
' paste comprising 8500 g of MnO,, 850 g of graphite, 50 g -
of Ca(OH),, 600 g of electrolyte (50% strength 'KOH) .
Anode gel: '
680.0 g of zinc powder, 5.0 g of thickener (carboxylated
35 cellulose), 0.25 g of indium oxide, 0.04 g of Ca(OH),,
- 314.71 g of electroiyte. ' .
Electrolyte: 760.0 g of 50% strength KOH, 20.0 g of ZnoO, :
220.0 g of H,0 -
Separator: »* &



~2- cell gassing has been observed. This effect is due to

increased tool wear and a concom tant introduction of heavy netal s
into the cathode material. By virtue of the addition according to.the
i nvention, gassing is brought 5 back 4@ the known level. It was al so

found that the

cells. The ca
both for cons
The invention is expl Feweddldnoi2- Heg aPE Wathode matgmidhcett® i Qires 1
k8 t2TIRS for 1mpregnatfﬂéﬂ€ﬁ§ de €os)odndhesdgselfar ge

Conpar at i ve Exanpl e and of Exanp é for |ntern1ttent 15
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35

ompara 1ve(§¥ample 1: similarly to Example 1,
experimental cells are made which do not contain any
calcium hydroxide in the cathode material.

Tables 1 and 2 show comparison of the discharge
characteristics of experimental cells made in accordance
with Example 1 and cdmparative Example 1, respectively.
In each case, the values of cells which have not been -
stored (storage time NO = fresh) and after a storage time
of 1 month (28 days) at 70°C = MT1 were compared, - the
experimental cells in Table 1 being subjected to
intermittent discharge of 2 x 1 hour a day (2 x 1 h/4)
across a resistor R = 6.8 Q. This discharge mode is a
model £for discharge conditions in a portable tape
recorder.

The discharge of the experimental cells in Table
2 took place under intermittent conditions, 4 minutes’
discharge, 15 minutes’ pause for 8 hours a day (4’/15‘
8 h/d) across a 3.9 Q resistor. This discharge mode is a
model for discharge for lighting purposes. - '
Example 2:

Experimental cells of size LR20 are assembled according
to the following formulation:

cathode material: 8500 g of MnO,, 850 g of graphite,
600 g of electrolyte (50% strength KOH)

Anode gel: 680.0 g of zinc powder, 5.0 g of thickener
(carboxylated cellulose), 0.25 g of indium oxide, 0.04 g
of Ca(OH),, 314.71 g of electrolyte (38% strength KOH +
2% of ZnoO)

Separator: honeycomb separator made of PVA batt.

Per cell, 69 g of cathode material, 9.0 g of
electrolyte for impregnating'the separator, and 37.5 g of
anode gel are used. The cell jar used is a steel jar

having a 0.2 um nickel and a 0.2 um cobalt coating.

addition according to the invention reduces gassing in

partially di stoneyedmbebkpazatiornpade osf gl wiivsichelr geetate)chpddi {(PVAf t he

% %lgy whi ch can be drawn fromthe cells is increased,
an



st or ed. _ Figures 3 and 4 show the discharge curves of 20

Conparative Exanple 1 and Exanple 1 under the sane di schar ge
conditions as nentioned above, after the cells - had been stored for one
nmonth at 70[err]C (M 1). -Fi4gures 5 and 6 give the discharge
curves of Conmparative Exarrpl e 3 and Exanple 3, which were obtained 25
for constant di schar gécmppsasive2Examplerdsistor. The cells wer e
stored for-7 dgmalan}oésrﬂ&ﬂw eriRedtAecblls are%eémumnt al
cells of size LR14 are assenb accor n éo the fol |l ow nlg

formul ation: 98 T2k h&&é‘tﬁ&Per?‘%Y ca c‘b‘&kt@’éﬁﬂgi & P 8588 R err],
850 g of graphaterild@.g of Ca(O—|)[err] 600 g of electrol yte (50%
strength KOH) Ano

680 5. of thickener
byl Ston 35 CorRnigL3) shewt thefatechanbel Mittae e A0 N
Ca(OH)[err], inter@ilt.témtgdmécl;aeger02y:seone houf| perrdayt 62 760.1/d) of 50%

strength KOH 5200059a0beé08kor of $28 8 Snd@T2E 60! | Qspect FPOPFALLL
model of discharging through.a tape recorder, cells which
had not been stored (NO) being compared with cells after

10 a storage time of 1 month at 70°C (MT1l) and with cells
which had been stored for 3 months at 45°C (T3).

Example 3
Experimental cells of size LR14 were assembled according
to the following formulation: .

1s Cathode material: paste comprising 600 g of electrolyte,
8500 g of MnO, and 850 g of graphite, 50 g of calcium
hydroxide, .

Anode gel: 680 g of zinc powder, 5.0 g of thickener, 0.25
g of indium oxide, 0.13 g of indium sulfate, 3.4 g of.

.20 water, 0.12 g of calcium hydroxide, 311.10 g of elect-
rolyte. '
Electrolyte: 760 g of 50% strength KOH, 40.0 g of 2ZnoO,
200.0 g of water '

Separator: honeycomb impregnated with 4.0 g of electro-

25 lyte.

Per cell, 32.1 g of cathode material and 16 g of
anode gel are used.

The cell container used is a steel jar coated
with 0.2 pum of nickel and 0.4 um of cobalt.

30 Table 4 shows the discharge characteristics of
the trial cells after storage times of NO, 7MT and MT1l
for constant discharge across a 2 6hm resistor.

The advaﬁtageoﬁs effect of the addition according
to the invention can be observed, in particular, with

35 intermittent discharge and, in that case, preferably
after storage (7MT, MT1l or T3 storage) . The differences
in capacities in this situation may be up to 20%.
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-4- Conmpar ati ve Exanple 2 Simlarly to Exanple 2, _
experinental cells are nade which - do not contain any cal ci um hydroxide
in the cathode material. 5 Tabl e 3 shows the discharge
characteristics at intermttent discharge, 2 x one hour per day (2 x 1
h/ d) across a resistor of 3.9 [err] and 2.2 [err], respectively, as a
nodel of discharging through a tape recorder, cells which Taklend been
stored (NO) being cogeapadivbhhogeliiscBhige dRarasterdgeibkMeopl 1 nonth at
70[err]C (Mr1) and with cells , whi.ch a%ﬁgf n stored for 3 nonths at
45[err]C (T3). Exanpl e 3 nte CAN9S of size LR14 were

assenbl ed according 2t® 1hk/8oatpebiagafl BLAubhini pasigboLat hode nmateri al :
paste conprising 600 g of electrolyte, 8500 g of MhnQ2 and 850 g of
graphite, 50 g of cal cium hydr oxi de,

0% of Ca(OH), in the cathode 0.5% of Ca(OH), in the cathode

Storage time: X0

End voltages: 0.50(V) End voltages: g.80(v)
ocv ccv+ | t(h) Q{(Ah) A(Wh) ocv ccvx | t(h) Q(an) A(wn)
1.584 1.342 | 38.9 11.13 12.57 1.59%4 1.435 | 40.2 11.55 13.06
1.584 1.372 38.9 11.28 12.9%0 1.592. 1.377 | 40.1 11.4% 12.%6
1.584 1.328 | 38.9 11.21 12.74 1.594 1.43% | 40.1 11.42 12.81
1.584 1.370 | 38.9 11.27 12.86 1.594 1.405 | 41.3 11.94 13.61

1.584 1.370 | 38.9 11.15 12.61

£ 1.584 1.356 38.9 11.21 12.74 - 1.585 1.414 | 40.5 11.60 13.11
S 0.000 0.020 0.0 0.07 0.15 0.001 0.029 0.6 0.23 0.35

Storage time: NT1

End voltages: 0.50(V) ) End voltages: 0.90(V)
ocv CCV» t(h) Q(Ah) A(Wh) ocv CCv t(h) Q(Ah) A(Wh)
1.5588 1.445 24.2 7.36 8.83 1.560 1.467 35.4 10.49 12.28
1.556 1.449 25.1 7.55 8.99 1.566 1.463 35.6 10.54 12.33
1.556 1.443 | 23.0 6.87 8.12 |’ 1.566 1.457 | 36.4 10.70 12.45
1.554 1.443 24.1 7.24 8.63 1.568 1.461 36.0 10.65 12.45
1.556 1.443 | 25.2 7.61 5.10 1.566 1.451 | 35.6 10.54 12.35

® 1.556 1.445 | 24.3 7.32 8.74 1.565 1.460 | 35.8 10.58 12.37

S 0.001 0.003 0.9 0.30 0.39 0.003 0.006 0.4 0.09 0.07

and 2.2 ohms
Stoxage time: T3

End voltages: 0.90(V) . Erd voltages: 0.%0(V)
ocv ccvw | t(m) Q(AR) A(Wh) ocv ccvr | £(m) Q(Ah) A(Wh)
1.572 1.405 766 6.59 7.59 1.582 1.475 1065 5.08 10.40
1.572 1.425 768 6.56° 7.49 {1 1.580 1.467 1040 8.98 10.37
1.574 1.375 | 768 6.59 7.57 1.582 1.471 | 1045 8.95 10.27
1.572 1.389 707 6.19 7.27 1.584 1.477 1128 9.60 10.95
1.572 1.485°| 704 6.20 7.30 1.582 1.469 | 1068 9.07 10.32

® 1.572 1.416 743 6.43 7.44 -1.582. 1.472 1065 9.14 10.46

§ 0.001 0.043 34 0.21 . 0.15 ' 0.001 0.004 35 0.27 0.28




Anode gel: 680 g of zinc powder, 5.0 g of thickener, 0.25 g of indium
oxide, 0.13 g of indiumsulfate, 3.4 g of 20 water, 0.12 g of cal cium

hydroxi de, 311.10 g of elect- rol yte. El ectrolyte: 760 g of 50%
strength KOH, 40.0 g of ZnQ 200. O- g8 0¥ wat er Separ at or:
honeyconb i npregnated with 4.0 g of electro- 25 lyte. Per
cell, 32.1 g of cathode material and 16 g of anode gel ar abded4

The cel |l contai ner LS: @St ol g4 h&P§d & | r] m of

ni ckel and 0.4 [er rr?n 0 #g%)ggilithB%iaé gbr%ﬁ?%t%\f*éﬁggg_gt Egédi schar ge
characteristics of = conagaat digchanges agross & & sp@ mesdsStST N0, 7Mr and
MI'1 for o®nstsags. ditschapge acr 0SS a 2 OhEY €SdaglQIia the cathode The
advant ageous effect of the addition according to the invention can be
observed, in pgEFEPERTAY, with 35 internittent discharge and, in that

case, prefer aby——aft-or—st-orage—AM, MEl——or T3 stor

di fferences End Yokrad&PAC 0 {9P @S ts Mask hpa®) S t Ulptoi ofttdyey DO.WEokO mABUpad)
ocv ccv t (min) Q (mAh) A (oWh) ocv ccv t{min) Q{mAh) A (mWh)
1.616 1.369 443.33 3770.87 3875.12 1.606 1.464 412.86 3676.22 3960.85
1.626 1.400 452.86 3832.77 4047.64 1.606 1.456 410.71 3648.71 3920.27
1.626 1.345 413.75 3424.92 3421.98 1.606 1.443 405.00 3596.06 3860.81
1.616 1.380 436.67 3700.39% 3790.16 1.606 1.455 412.50 3658.03 3923.31
1.615 1l.326 411.25 3399.73 3393.99 1.605 1.413 374.00 3287.53 3487.49

2 1.616 1.364 431.57 3637.73 3705.78 1.606 1.446 403.01 3573.31 3830.55

s 0.000 0.029 18.36 217.16 287.41 0.000 0.020 16.52 162.523 185.09

Storage time NT1

End voltages: 0.90 volts (base load) End voltages: 0.90 volts (basa locad)
ocv ccv | t(min) Q(mAh) A (=Wh) ocv ccv | timin) Q(mAh)  A(=Wh)
1.608. 1.361 259.29 2283.64 2433.04 1.593 1.403 320.33 _2865.11 3095.49
1.608 1.360 256.67 2242.46 2371.75 1.583 1.410 320.00 2864.67 3097.46
1.608 1.328 226.11 1964.22 2062.86 1.593 1.430 314.79 2860.29 3141.83
1.608 1.366 251.67 2197.90 2325.63° 1.593 1.431 314.40 2860.80 3147.50
1.608 1.39%0 276.25 2435.61 2603.26 1.583 1.413 335.13 3013.38 3275.05

® 1.608 1.361 254.00 2224.77 2359%.31 1.593 1.417 320.93 2892.85 3151.46

S 0.000 0.022 18.12 170.91 196.29 0.000 0.013 8.42 67.41 73.20

Storage time TMT

End voltages: 0.90 volts (base load) Bnd voltages: 0.90 volts (base load)
ocv ccv t (min) Q{mAh) A (mWh) ocv cecv t(min) Q (mAh) A(xWh)
1.588 1.370 169.44 1498.27 1606.99 1.57) 1.430 222.13 2064.89 2319.22
1.588 1.370 176.82 1577.87 1707.27 1.570 1.431 238.04 2201.73 2461.91
1.588 1.371 166.25 1479.81 1597.73 1.571 1.433 217.44 2027.18 2283.30
1.58% 1,352 167.86 1467.60 1556.17 1.571 1.434 23€ 44 2184.97 2440.73
1.588 1.369 186.00 1626.17 1725.27 1.571 1.422 221.67 2055.32 2302.42

2 1.588 1.366 173.27 1529.94 1638.69 1.571 1.430 227.14 2106.82 2361.51

S 0.000 0.008 8.18 68.85 73.64 0.000 0.005 9.41 80.42 - 83.30
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Claims:
1. A galvanic cell which comprises an ancde gel
containing mercury-free zinc powder, and further com-
prises an alkaline electrolyte and a cathode material
which is separated therefrom by a separator and contains
manganese dioxide, wherein the cathode material contains
salt-like calcium compounds in solid form.
2. The galvanic cell as claimed in claim 1, wherein
the cathode material contains from 0.1 to 5% by weight of
calcium sulfate and/or calcium hydroxide.
3. The cell as claimed in c¢laim 1, wherein the
cathode material contains from 0.3 to 0.8% by weight of
calcium hydroxide.
4. The cell as claimed in one or more of claims 1 to
3, wherein the cathode material contains the salt- like
calcium compounds in a particle size of from 0.1 um to
30 pm.
5. The cell as claimed in one or more of claims 1 to
4, wherein from 0.0010 to 0.5% by weight of calcium
hydroxide, based on the zinc fraction, are present in the
anode gel.
6. | The cell as claimed in one or more of claims 1 to
5, wherein from 50 to 500 ppm of indium oxide and/or
indium_sulfate are present in.the anode gel.
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Table 3 _Conparison of discharge characteristics for

jntermttent discharge 2 Xx 1 h/d across a 3.9 ohmresistor
0% of Ca(OH)[err] in the cathode - 10 - 0.5%of Ca(OH)[err] in

t he cat hode Storage tiMe: NO End voltages: 0.90(V)

End vol t ages: 0.90(V) GRhstractCy t (h) Q Ah)  A(Wh)
ocvV CCv* t(h) Q Ah)  A(Wh) : :

Galvanic cell

The invention relates to a galvanic cell which
comprises an anode gel containing mercury-free zinc
‘powder, and further comprises an alkaline electrolyte and
a cathode material which is separated therefrom by a
separator and contains manéanese dioxide, wherein the
cathode material contains salt-like calcium compounds in
solid form. '
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Tabl e 4 Conmpar.i son of di scharge characteristics for
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alkaline manganese primary cells. Because, on the grounds
of protection of the environment, mercury is no longer

being added to zinc powder, the anode material of cells

of the abovementioned type is subject to increased
corrosion which manifests itself in a higher self-
discharge and a corresponding gassing rate. Numerocus

earlier attempts have been made to aveid these negative

effects. For example, the zinc used as zinc powder has

lead,

It i3 also known

been alloyed with the metals bismuth, indium,

aluminum and calcium (see US-A 5209995).
gel
inhibitors such as barium hydroxide

for the anoda £to be admixed with inorganic gassing
(see US-A 4418130).
EP-A 582293 additionally discloses the addition of an
indium salt to the electrolyte.

A further reduction of the gassing rate is desir-
able on the grounds of costs and with é view to improving
the discharge behavior and increasing the capacity of the
cells.

It is an cbject of the invention to provide a
solution te the abovementioned problems.

This ocbject is achieved according to the inven-
tion in that wherein the cathode material of cells of the
abovementioned type contains salt-like calcium compounds
in solid form. -

Further advantageous refinements of the subject-
matter of the invention are disclosed in the subordinate
claims.

The effect displayed by the addition, according
to the invention, of Ca(OH,) and/or GasO, is very largely
independent of the

grade of zinc used or the alloy

components it comprises. Hitherto, when electrolyte-

containing cathode materials were used, an increase in

a‘ggtlm
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C ai ns: 1. A gal vanic cell which conprises| ap anode ge ? :
containing nmercury-free zinc powder, and further com prr-ses—ean |
al kal i ne iaﬁctrolyte and a cat hode lal 5 which is separated thefefrom
by a sepH or and cont ai ns nazgzzgse di oxi de, WheTEIrTthe—cathede
mat eri al ﬁﬁntains salt-like cal cium conpounds in solid form 2.
The galv& q cell as cldginmed in clajm1, mﬁereix] t he cathode mater]i al
contains frdmO0.1 to 5%|by weight off 10 cal ciuf sul fate anfl/ or cal ci um
hydr oxi de. 3. The cell as ¢lainmed in cliaim 1, whergin the
cat hode naiekpal contains fromO.3 o 0.8% by wei ght of cal ci um
hydr oxi d&k0
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4. The cell as clainmed in one or nore of clains ro—15—~3; —wherein t he
cat hode material contains the salt-like cal ci um cBHBb‘%ﬁ’iti&WTnSéiEEﬁrt icle
size of fromO0.1 [err]mto 30[err]m 5. he-Tett—as—etqi ed in
one or nore of clainms 1 to 4," wherein from 0.0030 ft o1 § 5% bjagpeilght of
cal cium 20 hydrOX| de, based on the zinc fraction, drd present in thej
anode gel The cell as CIS d in one or jnore of crarms—i tjo
5, V\herellHlHV)]n 50 to 500 ppm of i ndk oxi de and/ o i ndi um sul f atte are
pr esent |n1t5He anode qel . ——=s
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