
WO 03/090956 PCT/EP03/03083  1 Zinc powder or zinc alloy powder for
alkaline batteries The invention is directed to a zinc powder or zinc alloy
powder for alkaline bat- teries, which powder has a specific grain size
distribution, and to an alkaline  battery wherein the zinc powders or zinc
alloy powders of the invention are em- ployed as electrode. A large number
of various alloyed zinc powders for use in alkaline batteries have  been
described in the prior art. Therein, the zinc powders are alloyed in
various  ways. Conventionally, zinc powders free of mercury, cadmium and
preferably  also free of lead are used. When used in alkaline batteries,
such zinc powders  involve the disadvantage of gradual decomposition with
evolution of gas as a re- sult of various reaction processes, thereby
adversely affecting the durability,  shelf life, as well as the electrical
properties of the battery. To prevent this, alloys  of zinc powder
including minor amounts of other metals have mostly been used  for battery
purposes. Essentially, indium, bismuth, aluminum, magnesium, and  calcium
are mentioned in the prior art as alloy elements which reduce battery
gassing. When used in batteries, these alloy components are added with the
aim  of obtaining battery gassing as low as possible, thereby increasing
the shelf life  and safety of the batteries during use. However, the
technical demands on batteries have increased substantially in  recent
years. In particular, the demands on batteries and their electrical
perform- ance have increased considerably as a result of the enormous
expansion of mo- bile appliances in the sector of digital communication and
entertainment elec- tronics, such as digital video cameras, cellular
phones, CD players, MP-3 play- ers, lap-tops, etc.. As a result, attempts
are now being made to improve the  electrical properties not only by
alloy-technological means, but rather, to achieve  such improvements by
means of special powder distributions, particle shapes  and bulk densities
of the employed zinc powders or zinc alloy powders. Accord- 



ing to the present state of the art, zinc powders or zinc alloy powders are
gener WO 03/090956 PCT/EP03/03083  2 ally used wherein the particle size
spans a wide range of about 32 - 500 m, the  grain size distribution being
random. Thus, WO 00/74157 Al describes a mixture of zinc powder or zinc
alloy powder  and a liquid electrolytic medium, wherein the volume of the
medium approxi- mately corresponds to the interstices between the particles
in dry bulk. These  particles have a bulk density less than 2.8 g/cm3. The
purpose of this develop- ment is to achieve direct contact between
virtually all of the particles in a way  that sufficient liquid
electrolytic medium is still present to dissolve the metal  and/or alloy
particles, thereby generating electricity. Similarly, WO 01/03209 Al
describes a mixture of zinc or zinc alloy particles and  a liquid
electrolytic medium wherein the bulk density is even lower and is about
2.3 g/cm3. Furthermore, metal or metal alloy particles of irregular shape
and ir- regular surface are employed. WO 99/07030 Al describes zinc powders
or zinc alloy powders for use in alka- line batteries, said zinc or zinc
alloys being admixed with varying amounts of ex- tremely fine particles
having a size of 200 mesh or less (corresponding to a par- ticle diameter
of <_74 m). Such admixture of fine zinc particles has been found  to result
in an improvement in the electrical properties of the battery, particularly
an improvement in the maximum discharge rate. Said rate defines the period
of  time within which electric voltage can be obtained from a battery under
load, with  no drop of the battery voltage below a specific value. This
quantity is particularly  important for uses in the high-power sector,
particularly in cellular phones and  other electronic products which
normally measure the battery voltage and signal  the user in case of a
voltage drop under load. Frequently, however, this may be  the reason for
untimely and unnecessary replacement of the batteries despite  sufficiently
available capacity. 



The demands on zinc powders and zinc alloy powders for use in electric
batter- ies vary considerably, and to date, no success has been made in
developing a WO 03/090956 PCT/EP03/03083  3 zinc powder or a zinc alloy
powder that achieves an improvement in all of the  test procedures and, in
particular, has low battery gassing. For example, this can  also be seen in
the WO 99/07030 described above. In the examples described  therein,
battery gassing of zinc powders and zinc alloy powders suitable for high-
power uses has not been investigated, and it must be assumed that the
battery  properties are not optimal. It was therefore the technical object
of the invention to provide a zinc powder or  zinc alloy powder which has
outstanding electrical properties for use in alkaline  batteries and, in
particular, also has low battery gassing. Said object is accomplished by
means of a zinc powder or zinc alloy powder for  alkaline batteries, which
powder has a grain size distribution wherein 60 to  100 wt.-% of the
particles, relative to the zinc powder or zinc alloy powder, have  a
particle diameter of from 40 to 140 m. In a preferred embodiment, the grain
size distribution is such that 75 to 95 wt.-% of the particles, relative to
the zinc  powder or zinc alloy powder, have a diameter of from 40 to 140 m.
The grain  size distribution was determined according to ASTM B 214. It is
also preferred that the zinc powder or zinc alloy powder according to the
in- vention has a bulk density ranging from 2.9 to 4.5 g/cm3, preferably
from 3.2 to  4.0 g/cm3. The bulk density was determined according to ASTM B
212. In another preferred embodiment, the zinc powder or zinc alloy powder
of the  invention has a percentage of particles with a diameter of <40 m
below  10 wt.-%, preferably below 5 wt.-%, and most preferably below 4
wt.-%, relative  to the zinc powder or zinc alloy powder. It is also
preferred that the zinc powder  or zinc alloy powder particles having a
diameter of up to 100 m are spherical in  shape. Due to the production
conditions, the spherical particle shape increases  



with decreasing particle size, i.e., particles smaller than 100 m,
preferably  <71 m, are remarkable for their nearly spherical particle
shape. It is this par- ticular particle shape which, inter alia, is one
reason for the highly favorable gas WO 03/090956 PCT/EP03/03083  4 sing
properties of the zinc powder or zinc alloy powder according to the inven-
tion. The following figures are intended to illustrate the size and shape
of the zinc  particles. The figures 1 to 4 show electron-microscopic images
of unscreened  zinc alloy powders subsequent to production in their
original state. Figure 1 is an exemplary illustration of the zinc powder
according to the invention  in its overall distribution, which is not in
relation to the real quantitative distribu- tion. Figure 2 illustrates the
fraction >71 m of the zinc powder according to the in- vention, not in
relation to the real quantitative distribution, which is remarkable  for
its relatively irregular particle shape. Figure 3 illustrates the fraction
<71 m of the zinc powder according to the in- vention, not in relation to
the real quantitative distribution, which is remarkable  for its highly
spherical particle shape. Figure 4 illustrates individual spherical
particles of the fraction <71 m of the zinc  powder according to the
invention, with no relation to the real quantitative distri- bution. In a
particularly preferred embodiment, the zinc powder or zinc alloy powder of
the invention has the following grain size distribution, all these data
being relative  to the total amount of zinc powder and zinc alloy powder: 0
- 10 wt.-% <40 m 15 - 40 wt.-% 40 to 71 m  24 - 40 wt.-% 71 to 100 m  10 -
40 wt.-% 100 to 140 m  



0 - 20 wt.-% >140 m. WO 03/090956 PCT/EP03/03083  5 In these embodiments,
the bulk density is from 3.2 to 4.0 g/cm3 in particularly  preferred
variants. Grain size distribution in the meaning of the invention is
understood to be the  distribution of the particle size in the zinc powder
or zinc alloy powder, the size of  the particles being specified as
diameter in pm. The grain size distribution was  determined according to
ASTM B 214. In the meaning of the invention, bulk den- sity is understood
to be the quotient of mass and occupied volume which also in- cludes
interstices and additional cavities, if present. Said bulk density is meas-
ured according to ASTM B 212. When referring to zinc powder or zinc alloy
powder in the present invention,  types of zinc will be used which, with
respect to their purity, are suitable for bat- tery uses in accordance with
the prior art. Conventional types of zinc being used  have a purity of
99.99%, 99.995% or 99.999%. Alloy data given in this applica- tion refer to
the amount of alloying elements, i.e., not to impurities possibly pres- ent
in the zinc powder. The quantities given in context with the zinc alloys
are to  be taken such that the respective amount of alloy element is
alloyed, with the  remainder being zinc. The zinc powder or zinc alloy
powder according to the invention has a specific  grain size distribution
which is within an exceedingly narrow range for battery  powders. It has
outstanding electrical properties, particularly when used in alka- line
batteries. Compared to conventional prior art zinc powders, battery gassing
is lower by a factor of about 2 to 20, resulting in a substantially
increased dura- bility and shelf life of alkaline batteries employing the
zinc powders or zinc alloy  powders according to the invention. With
respect to alloy technology, the zinc powder is not restricted in any way
and  thus, indium, bismuth, lead, aluminum, calcium, lithium, sodium, and
magne- 



sium, or mixtures thereof can be used as alloy elements for zinc powders.
In a  preferred fashion, one or more alloy elements are included in the
following  amounts: indium 0.1 to 1200 ppm, bismuth 0.1 to 1000 ppm, lead
0.1 to WO 03/090956 PCT/EP03/03083  6 1000 ppm, aluminum 0.1 to 200 ppm,
calcium 0.1 to 200 ppm, lithium 0.1 to  200 ppm, sodium 0.1 to 200 ppm,
magnesium 0.1 to 200 ppm. The following alloys are particularly preferred:
a) 0.1 to 1200 ppm indium, pref- erably 100 to 850 ppm indium, and 0.1 to
1000 ppm bismuth, preferably 50 to  500 ppm bismuth. Also preferred is
alloy b) including 0.1 to 1200 ppm indium, preferably 100 to  500 ppm
indium, and 0.1 to 1000 ppm bismuth, preferably 50 to 500 ppm bis- muth,
and 0.1 to 1000 ppm lead, preferably 400 to 600 ppm lead. Furthermore,
alloy c) including 0.1 to 1000 ppm lead, preferably 400 to 600 ppm  lead,
and 0.1 to 1000 ppm indium, preferably 100 to 850 ppm indium, is particu-
larly preferred. An alloy d) including 0.1 to 1000 ppm lead, particularly
400 to 600 ppm lead, is  also preferred as alloy. In a particularly
preferred embodiment, the alloys a) to d) may include minor  amounts of
alkali metals, particularly 0.1 to 200 ppm lithium and/or 0.1 to  200 ppm
sodium. The remainder in the alloy data given above is zinc. Investigations
have shown that alloying the aforementioned elements does not  cause any
disadvantages with respect to the electrical properties or battery gas-
sing properties. The zinc powder of the invention can even be used as a
lead- free powder for all uses and. battery types. Battery tests on the
zinc powder or  zinc alloy powder with no lead used as alloy element have
shown that gassing is  extremely low particularly in alkaline round cell
types, and that this also applies  to cell types of size C and D of the
international classification. 



WO 03/090956 PCT/EP03/03083  7 Thus, the zinc powder is suitable for use in
all alkaline round cells of the interna- tional types AAAA, AAA, AA, C, D,
etc., as well as for all types of button cells  wherein zinc powders or
zinc alloy powders are used. For example, these in- clude zinc/air button
cells, alkaline manganese button cells and zinc/silver oxide  button cells.
For use in button cells, amalgamated zinc powder still is frequently
employed which contains mercury in amounts of about 0.15 to 7 wt.-%. If
such  an amalgamation is desired, the zinc powder or zinc alloy powder can
be sub- jected to an additional surface amalgamation. Owing to its low
gassing, however,  the powder can also be used with no mercury added, in
which case the mercury  content is below 1 ppm. In a preferred embodiment,
it is also possible to combine the zinc powder or zinc  alloy powder with
other, conventional zinc powders or zinc alloy powders of the  prior art,
thereby creating double distributions. Such double distributions result in
very good high-power properties in the battery. The second zinc powder
should  have a grain size distribution as present in powders or zinc alloy
powders con- ventional for batteries. At present, zinc powders or zinc
alloy powders are conventionally used accord- ing to the state of the art,
wherein the particle size is in a wide range of about 32  to 500 m. In a
preferred fashion, the grain size distribution of the zinc powder or  zinc
alloy powder of the invention as measured according to ASTM B 214 should
be in a range of from 75 to 500 m. For a fine type of powder, the zinc
powder of the invention is very low in fines  including particles with a
diameter of <40 m, and this is a substantial advantage  over zinc powders
or zinc alloy powders according to the prior art which, as a  rule, are
much higher in fines of <40 m. It has been determined that it is pre-
cisely this higher amount of fines that gives rise to increased battery
gassing.  More specifically, however, there is no increase in battery
gassing when admix- 



ing the zinc powder or zinc alloy powder of the invention. Consequently,
there is  no limitation in the mixing ratio of these zinc powders or zinc
alloy powders. De WO 03/090956 PCT/EP03/03083  8 pending on the desired
battery properties, the mixing ratio can be adjusted in a  controlled
fashion. When using the zinc powder of the invention, the positive effect
on the battery  properties can be determined unequivocally upon addition of
only 5 wt.-% of the  zinc powder according to the invention. The production
of the zinc powder or zinc alloy powder proceeds in a per se  known
fashion. The zinc or zinc alloy particles are produced from liquid zinc or
liquid zinc alloys according to various methods. For example, spraying or
granu- lating on a rotating granulator plate is effected, whereby grain
size, grain size  distribution and outer shape of the particles can be
adjusted depending on the  process conditions. Where specific grain size
distributions are desired, it is also  possible to set up appropriate
screen fractions including the individual particles  with the respective
grain size distribution. These particles can be remixed at a  desired grain
size distribution and bulk density. Frequently, screen fractions are
separated from oversize and undersize. Another method of producing zinc
pow- der has been described in detail in WO 00/48260 Al. In a preferred
fashion, the zinc powder or zinc alloy powder of the invention is  used in
alkaline cells. Such alkaline cells are well-known in the art and have
been described in WO 99/07030, for example. These alkaline cells normally
have an anode made of zinc powder or zinc alloy powder and cathodes made of
manganese dioxide or other materials such as air or silver oxide. For an
anode,  the alkaline zinc alloy powder is solidified in an electrolyte
liquid using well- known gelating agents or other additives in order to
stabilize the particulate zinc  or particulate zinc alloy and obtain a
preferably ideal distribution within the elec- trode. 



The zinc powder or zinc alloy powder of the invention has an exceedingly
narrow  grain size range and can be used for batteries in all alkaline
round cells and  button cells. In a preferred fashion, it has a high bulk
density and - for a relatively  fine type of powder - a very low amount of
fines, thereby substantially enhancing WO 03/090956 PCT/EP03/03083  9 the
improvement in the gassing properties. Furthermore, the zinc powder or zinc
alloy powder of the invention achieves low battery gassing even without
addition  of lead, cadmium and mercury as alloy elements, thus providing a
powder which  can be used universally in all alkaline battery types. The
following examples are intended to illustrate the invention in more detail:
Examples Zinc powders including various alloy components were produced.
Battery tests  on LR14 (C) cells were performed. In all of the cases, the
cells showed out- standing battery properties compared to standard zinc
powders, and battery  gassing was significantly lower in all of the cases.
Gassing was determined fol- lowing an ON discharge of from 40 to 270
minutes at 2 ohms and subsequent  storage of the batteries for 7 days at
70C. In all of the cases, gassing was at  values of below 4 ml gas/cell.
Particularly remarkable were the exceedingly low  gassing values in the 40
minutes discharge, which likewise were below 4 ml per  cell. In contrast to
a standard zinc powder, an improvement by a factor of up to  20 was
achieved. In addition, a standard gassing (out-of-cell gas test) was
performed. To this end,  25 g of zinc powder was placed in a glass flask
together with 135 ml of 36%  KOH and 4% ZnO. Evolution of hydrogen was
determined after 5 days at 70C.  The gassing values of the zinc powder
according to the invention were in the  range of the standard zinc powder,
but significantly lower than those of the fine  standard zinc powder. The
flow rate was measured according to ASTM B213 (50 g 1/10" No. 1-2288)  



and, as expected, was at very low time values due to the high bulk density.
WO 03/090956 PCT/EP03/03083  10 The following Table 1 shows the properties
of zinc alloy powders of the invention  compared to the properties of a
fine standard zinc alloy powder in Table 2 and  the properties of normal
standard zinc alloy powder in Table 3. Table 1 Alloy <40 40-71 71-100
100-140 >140 Bulk Flow LR 14 LR 14 Standard  ppm .tm m gm gm m density rate
gassing gassing 5 days  g/cm3 s ml ml 70C 270 min 40 min MI  2001n/200Bi 9
40 24 22 5 3.58 25.7 4.0 2.1 1.7  (Type 1) 2001n/200Bi 4 36 39 16 5 3.53
26.3 3.7 1.9 1.4  (Type 2) 3001n/500Pb 4 30 29 34 4 3.3 29.0 3.4 2.1 3.5
(Type 1) 3001n/500Pb 4 17 26 37 16 3.7 23.8 3.4 3.3 3.6  (Type 2)
5001n/500Bi 4 24 32 30 10 3.5 24.4 3.0 3.0 1.5  /500Pb (Type 1) 5001n/500Bi
4 28 32 27 9 3.5 26.8 1.2 2.1 1.9  /500Pb (Type 2) 5001n/500Bi 6 49 33 10 2
3.6 20.2 2.0 2.4 1.3  /500Pb (Type 3) 5001n/500Bi 4 39 36 18 3 3.8 19.6 2.0
2.2 1.1  



/500Pb (Type 4) 500Pb 3 34 29 29 5 3.5 26.0 2.2 1.6 1.4  Table 2 Alloy <40
40-71 71-100 100-140 >140 Bulk Flow LR 14 LR 14 Standard  ppm m m m m m
density rate gassing gassing 5 days  g/cm3 s ml ml 70C 270 min 40 min ml
3001n/300Bi 20 36 31 13 0 2.8 34.7 4.1 10.1 24.6  5001n/500Bi 25 67 8 0 0
2.7 33 5.4 8.8 17.5  /500Pb Table 3 Alloy <40 40-71 71-100 100-140 >140
Bulk Flow LR 14 LR 14 Standard  ppm m m m m m density rate gassing gassing
5 days  g/cm3 s ml ml 70C 270 min 40 min ml  3001n/300Bi 15 37 34 14 0 2.8
44.3 8.1 20.3 1.2  500ln/500Bi 6 30 37 26 1 2.8 53.2 5.2 17.2 0.7  /500Pb
WO 03/090956 PCT/EP03/03083  11 Claims:  1. A zinc powder or zinc alloy
powder for alkaline batteries, which powder has  a grain size distribution
wherein 60 to 100 wt.-% of the particles, relative to  the zinc powder or
zinc alloy powder, have a diameter of from 40 to  140 m. 2. The zinc powder
or zinc alloy powder according to claim 1, characterized in  that the
powder has a grain size distribution wherein 75 to 95 wt.-% of the
particles have a diameter of from 40 to 140 pm. 



3. The zinc powder or zinc alloy powder according to claim I or 2,
character- ized in that the bulk density is in a range of from 2.9 to 4.5
g/cm3. 4. The zinc powder or zinc alloy powder according to claim 3,
characterized in  that the bulk density is in a range of from 3.2 to 4.0
g/cm3. 5. The zinc powder or zinc alloy powder according to one or more of
claims 1  to 4, characterized in that the amount of particles having a
diameter of  <40 m is less than 10 wt.-%, relative to the zinc powder or
zinc alloy pow- der. 6. The zinc powder or zinc alloy powder according to
claim 5, characterized in  that the amount of particles having a diameter
of <40 pm is less than  5 wt.-%, relative to the zinc powder or zinc alloy
powder. 7. The zinc powder or zinc alloy powder according to one or more of
claims 1  to 6, characterized in that those particles having a diameter of
up to  100 pm, preferably <71 pm, have a spherical particle shape. WO
03/090956 PCT/EP03/03083  12 8. The zinc powder or zinc alloy powder
according to one or more of claims I  to 7, characterized in that metals
selected from the group of indium, bis- muth, lead, aluminum, calcium,
lithium, sodium, magnesium, or mixtures  thereof are included as alloy
elements. 9. The zinc powder or zinc alloy powder according to claim 8,
characterized in  that one or more alloy elements selected from the
following group of metals  can be included in the following amounts: 0.1 to
1200 ppm indium, 0.1 to  1000 ppm bismuth, 0.1 to 1000 ppm lead, 0.1 to 200
ppm aluminum, 0.1 to  200 ppm calcium, 0.1 to 200 ppm lithium, 0.1 to 200
ppm sodium, 0.1 to  200 ppm magnesium. 10. The zinc powder or zinc alloy
powder according to claim 8, characterized in  that the powder includes 0.1
to 1200 ppm indium and 0.1 to 1000 ppm  bismuth. 



11. The zinc powder or zinc alloy powder according to claim 8,
characterized in  that the powder includes 0.1 to 1200 ppm indium, 0.1 to
1000 ppm bis- muth, and 0.1 to 1000 ppm lead. 12. The zinc powder or zinc
alloy powder according to claim 8, characterized in  that the powder
includes 0.1 to 1000 ppm lead and 0.1 to 1000 ppm in- dium. 13. The zinc
powder or zinc alloy powder according to claim 8, characterized in  that
the powder includes 0.1 to 1000 ppm lead. 14. The zinc powder or zinc alloy
powder according to claim 8, characterized in  that the powder includes 0.1
to 1000 ppm indium, 0.1 to 1000 ppm bis- muth, and 0.1 to 200 ppm aluminum.
WO 03/090956 PCT/EP03/03083  13 15. The zinc powder or zinc alloy powder
according to one or more of claims  10 to 14, characterized in that the
powder additionally includes 0.1 to  200 ppm lithium and/or 0.1 to 200 ppm
sodium. 16. The zinc powder or zinc alloy powder according to one or more
of claims 1  to 15, characterized in that the zinc powder is an amalgamated
zinc pow- der. 17. The zinc powder or zinc alloy powder according to claim
16, characterized  in that the zinc powder is amalgamated with 0.1 to 7
wt.-% Hg. 18. The zinc powder or zinc alloy powder according to one or more
of claims 1  to 17, characterized in that the >_5 wt.-% zinc powder is used
in combination  with conventional zinc powders or zinc alloy powders of the
prior art. 19. An alkaline battery, including as anode the zinc powder
according to claims  1 to18. 


