1 CELL CORROSI ON REDUCTI ON This invention relates to methods utFF?Rgf A=
t he reduction of corrosion and gassing in aqueous el ectrochem cal” c \g? :)
particularly in alkaline type cells having zinc anodes. A problemin
aqueous el ectrochem cal cells has been the evolution of hydrogen. gas in the
seal ed cell container. Such gassing has resulted in corrosion, |eakage of
the electrolyte fromthe cell, cell contained deformation and rupture, and
a possi bl e hazard when the cell is disposed of in a fire. Various

expedi ents have been utilized in preventing, mnimzing and controlling
such hydrogen gas evolution and its consequences. Such expedi ents have

i ncl uded mechani cal neans such as vents and additional volune for stofing

t he hydrogen wi thout excessive pressure build up. Chenical expedients have

i ncl uded: corrosion and gassing # h¥b¢?5395§89h%§§WQ§%ﬂN i ndium tin,

cadm um bisnuth, thalliumand gallium hydrogen getters such as rare
nmetal s supported on oxides such as pl ati num supported on al um num oxi de or

pal | adi um or finel i |.ck L xed _with_polytetrafl uoraoet hyl ene and
nmanganese di oxi de, wa%déﬁd‘?%e@rgug%lgée aRIPHmﬁf}gPSéeH‘rlg&m & i wit h
oxygen parti culgddue thidd i g€o%d ' I dgrumcel l.s; 2 and renoval of
chem cal s such as chl orides fr{;é%ﬁéﬁsﬁg agégg}ﬁghé%a388€°ﬁéta| whi ch tend
to accelerate electrochemical cells particularly in alkaline type

cells having zinc anodes.

A problem in aqueous electrochemical cells has been
the evdlution of hydrogen gas in the sealed cell
container. Such gassing has resulted ih corrosion,
leakage of the electrqute-from.the cell, cell container
deformation and rupture, and a possible hazard when the
cell is disposed of in a fire. Various expedients have
been utilized in preventidg. minimizing and controlling
such hydrogen gas evolution and its consequences. Such
expedients have included mechanical means such as vents
and additional volume for storing the hydrogen without
excessive pressure build up. Chemical expedienté have
included: corrosion and gassing inhibitors such as lead,
indium, tin, cadmium, bismuth, thallium, and gallium;
hydrogen getters 'such as rare metals supported on oxides
such as platinum sﬁpported on aluminum oxide or
palladium or finely dispersed nickel mixed with
polytetrafluoroethylene and manganese dioxide, and
nyd;ides such-as LaNiH; hydrogen recombination with

oxygen particularly utilized in nickel cadmium cells:

<



corrosion. The nost common, nost effective and the ol dest expedi ent
(particularly in alkaline electrolyte cells) has been the utilization of
mercury to amal ganmat e, t he anode nmetal such as zinc to increase the nornally
hi gh hydrogen overpotential and to provide for a uniform equipotenti al
surface on the anode netal. Recently, with the increase of environnental
concerns, reduction or elimnation of nercury without substantial
concomitant increase in cell corrosion or gassing has been vigorously
pursued. It is an object of the present invention to provide a neans for
reducti on or, elimnation of nmercury in cell anodes w thout |oss of

‘corrosi on RUpt ectamd reRbvAT SASEneMicELE SaSEi £ cﬁtsﬁl&é@ PEOR' LRI eCt s,
features and advantages of the present invention w econe nore evi dent

fromthe fol | ow renrksceiset othe Gied &l mytd DewRi @B ehénd YENAEOEL EPFPET Ses a
met hod for making an el ectrochem cal cell subject to reduced gassing by
means of utilizatdarradicmeciThe medercamon ) BPECi éf Lo St Br€Sand UEhe

‘materials and the cell itself. The nmethod is particularly applicable to a
~cell having an arddestrexpetient Gparticulanhyl janalkal wewel ectrelytesuch
as zinc. In the nethod of the present 3 invention :the powdered netal is

substantial |y fordgklshtkas kren dthe vtihbizatigntef snercucy stel dnahgamatef
one or nore of |nd|un1 cadmum _gallium thallium
the anode metal such as zinc to increase the normally
high hydrogen overpotential and to provide for a uniform
‘equipotential surface on the anode metal. Recently,
with ﬁhe inc;ease of environmental concerns, reduction
or elimination of mercury without substantial
concomitant increase in cell corrosion or gassing has
been vigorously pursued. |
It is an object of the present invention to provide
a means for reduction or elimination of mercury in cell
anodes without loss of corrosion protection and increase
in cell gassing.
This and other objects, features and advantages of
. the present invention will become more evident from the
following discussion. |
Generally the present invention comprises a method
for making an electrochemical cell subject to reduced
gassing by means of utilization of specific materials in
specific states: such materials and the cell itself.
The method is particularly applicable to a cell having
an anode comprised of a mércurf'amalgamated powdered

metal such as zinc. In the method of the present



bi smuth, tin, and lead is added to the anodic material i.e. the powdered
netal (amal gamated or unamal ganated) or to nercury which is then

amal gamated with the powdered netal. The nercury and the additives, in this
| atter procedure. generally forma surface alloy on each of .the particles.
Though the use of single crystal anode material and the use of an indium
and/ or other additives have separately bgen known to effectively permt
sonme reduction of mercury content in the”anode wi thout detrinental increase
in gassing, the effect of the conbinati on has unexpectedly been di scovered
to be considerably nore than additive. Thus, in cells having amal ganat ed

singl e cryjnvlenting ahedgowddiedmutdl dfs BivEtaatiallie fomignm can be
effectively reduced fromabout 6-7%to about 4% Simlarly the utt™ization
of an i ndi imtaddinkiiwd duatilh sicigier ooty ta e aridha awd larmmndeofpernits t he
reduction of nmercury from about 6-7%to about 3.5% However, in accordance
Wi th the pogecor morentiforindiwbnigsadaivm dakliaomwkhalldum singl e crystal
zinc amalgamw th an indium additive unexpectedly permts.the effective
reducti on &ismwgh, tinmerd\lead difpaddedoo the Aanpdiemageriak se,

conbi nati on of chem cal_ gas, reduction expedi ents does not usually provide
an additi ve «&f &te RAWARFERS METAL | (AR49aNaLRd HF JnaRa9amaedrhe singl e

crystals OfM:Z It%c m%r-rec\ﬂ:ryefw riact}l yiso rteipea!{ eadmalga_mated with the -

powdered metal. The mercury and the additives, in this

latter procedure, generally form a surface alloy on each ;’

of the particles. '
Though the use of single crystal énode material and

the use of an indium and/or other additives have

separately been known to effectively permit some

reduction of mercury content in the anode without

detrimental increase in gassing, the effect of the

combination has unexpectedly been discovered to be

considerably more than additive. Thus, in cells having

amalgamated single crystal zinc anodes, the amount of

mercury in the amalgam can be effectively reduced from N

about 6-7% to about 4%. Similarly the utilization of an

indium additive with polycrystalline zinc amalgam anodes

permits the reduction of mercury from about 6-7% to

about 3.5%. However, in accordance with the present

invention, a combination of the two, i.e. a single

crystal zinc amalgam with an indium additive

unexpectedly permits the effective reduction of the



as described in copending application No. 8406662. Such procedure involves
the formation of a thin skin crucible on each of the zinc particles by
oxidation in air at a tenperature just below the nelting point ([err]) of
the zinc, heating.of the skin enclosed zinc particles in an inert

at nosphere above the nelting point of the zinc and slow cooling thereafter
with removal of the oxide skins. Zinc particleg sizes generally range

bet ween 80 and 600 microns for utility in electrochenical cells and such
met hod provides an effective nmeans for making single crystal particles of
such smal | dlnensions Generally the anmounts of indiumor other additive

added to t € anogR iy tAMRlEPAP gf,an e e 252 W and
pr ef er abl y\5/tvveen 10(5%]1000 ppm gﬁéh ma’??r %al %g)fgi rectly added to the

mercury itself. compnatilon otdichdnizall Gj&lsv féddétﬂl%d AP LUk 21U n be
directly added thereto in the formof powder or granules. Alternative

the additive maynbe Ristiaddyoipridvd deUandeddft ivie Pt MRirladdgdm sal tS of
the additive prior to anmal.gamation with nercury. Such salts include the

hal i des, parti culexdessiveonitdddzawiiodeofadditiveadcetates of the materials
such as indium It has been discovered that the additives such as indium
whet her by. additi onThe tslimgler cunys tarlsby fplzdinong men pref exiatlye prepdmdd
anode netal particles do not in fact disrupt the single crystal nature
thereof to any désr ide@srdibedy tiancopendinghApp laat iapdin cB406662. Such
procedure involves the formation of a thin skin crucible
U on each of the zinc particles by oxidation in air at a
temperature just below the melting point (419°C) of the
zinc, heating of the skin enclosed zinc particles in an
inert atmosphere above the melting point of the zinc and
slow cooling thereafter with removal of the oxide
skins. Zinc particles sizes generally range between 80
and 600 microns for utility in electrochemical cells and
such method provides an effective means for making |
single crystal particles of such small dimensions.
Generally the amounts of indium or other additive
added to the anode metal amalgam may range between
25-5000 ppm and preferably between 100-1000 ppm. Such
material may be directly added to the mercury itself.
For example indium is highly soluble in mercury and can
be directly added thereto in the form of powder or
graﬁules. Alternatively, the additive may be plated on
the surface of the anode metal from salts of the

additive prior to amalgamation with mercury. Such salts

include the halides, particularly chlorides, oxides and



The anmount of mercury in the anode anmal gam may range fromO - 4% dependi ng
upon the cell wutilization and the degree of gassing to be tolerated. The
amal gamated single crystal netal particles with additives such as indi um
are then fornmed into anodes for electrochem cal cells particularly alkaline
el ectrochem cal cells. Such cells generally have anodes of zinc and

cat hodes of materials such as manganese di oxi de, silver oxide. mercuric
oxide and the |ike. Electrolytes in such cells are generally al kaline and
usual | y conprise hydroxi de solutions such as of sodi um or potassium
hydroxi de. O her anode netals capable of being formed into single_crystal

- powder s anchodtiadesaref udss mater i itiswehes ciadldiah] s Tnchasiebéén (d, Ca.

" Cu. Pb. My. Ni. and Sn. It is understood that with anodes of thes®netals
the additidscovened thatartheaddict ivrsicsuch ias had tunh awhethef sbyess

el ectrochem cal ly active. 6 The effects of the present invention can be
nmore cl ear |aAdgiemeQl Wi AECURYF RF Y Flabhparen i Ve g35Bghe rates and
di scharge capacities as shown in the foll ow ng exanples. |t is understood
that such S&FFRAs aRWe dretal RATRIGIRS AR pweslaﬂﬁaav cd}BFuPH Bhe

construed as, aJimtati i nvent i ] n the, exanpl es as wel |

as t hr oughdiA"dH sc'i}f%%%ogs‘?%ﬁg'g?el%eg%e@ are Wt@gi)f/l%ﬁ‘ At ﬁﬁrﬁggg
otherw se iﬂsdilfa%; %davgw&lge)}pected. '
The amount of mercury in the anode amalgam may range
from O - 4% depending upon the cell utilization and the ;)
degree of gassing to be tolerated.

The amalgamated single crystal metal particles with
additives such as indium are then formed into anodes fof
electrochemical cells particularly alkaline
elect:ochgmical cells. Such cells generally have anodes
of zinc and cathodes of materials such as manganese
dioxide, silver oxide, mercuric oxide and the like.
Electrolytes in such cells are generally alkaline and
usually comprise hydroxide solutions such as of sodium
or potassium hydroxidg. Other anode metals capable of o/
being formed into single crfstal powders and which are
useful in electrochemical cells include Al, cd, Ca, Cu,

Pb, Mg, Ni, and Sn. It is understood that with anodes
of these metals the additive is not the same as the
anode active material but is less electrochemically

active.



Zi nc powder amal gans containing 1.5% mercury are nade with polycrystalline
zi'nc al one, polycrystalline zinc with 0.1%indiumas an additive el enent
with the nercury, single crystal zinc, and single crystal zinc with 0.1%
indiumas an additive elenent with the nercury. Equal anounts of the

anal gam powders are then placed in equal anmounts of 37% KOH al kal i ne
solution (typical electrolyte solution of alkaéine cells ) and tested for
gassing at a tenperature of [err]. The anpunt of gassing, neasured in
mcroliters/gramper day (ulL/g-day) and the rate reduction factors (wth
the polycrystalline zinc control being 1) are set forth in Table 1. 7

TABLE 1 ANQE MATER G; . RATE REDUCTI ON
FACTOR PolycrystalIiﬁgez?ﬁgeci§58gkﬁhe p§é§§bg 1holhe10R Ean"be mpre

Pol ycrystal line giégri1y- e¥4&@nced byll@8nsiderati £ edy! ndium
Single crystal zinc. 1%596%@ Y140 eration o °°§P§‘%F%gFe crystal

zinc, 1.5% Hy gassingOrates and discnargescggécE@@EH”hgbﬁgbgngﬁggﬁgbgn

factor (if any) would at nost have been expect to be a t . _
2.1) for a conbifnellowihgzexamples.si 1¢l escandbabrdodC e sddhUBxYhbhed

gassing rate reduction to about 50 uL/g-day. The conbinati on however

synergi stically arelutes ibkugtrsatiye purposes and are not to be
construed as a limitation on the present invention. 1In
the examples as well as throughout this discussion all

\_/ parts are parts by weight unless otherwise indicated.
EXAMPLE 1

Zinc powder amalgams containing 1.5% mercury are
made wiﬁh polycrystallipe zinc alone, bolycrystalline
zinc with 0.1% indium as an additive element with the
mercury, single crystal zinc, and single crystal zinc
with 0.1% indium as an additive element with the
mercury. Egqual amounts of the analgam powders are then
placeﬁ in equal amounts of 37% KOH alkaline solution
(typicallglectrolyte solution of alkaline cells ) and
tested for_gassing at a temperature 6f 71°C. The amount
of gassing. measured in microliters/gram per day
(uL/g-day) and the raté reduction factors (with the
polycrystalline zinc control being l) are set forth in

Table_l.



to about double the expected reduction. EXAMPLE 2 Fifteen amal gans of
single crystal zinc particles with various conbinations of additive
materials of indium thallium galliumand | ead are prepared and tested for
corrosion. The additive materials are plated on the zinc particles from
salts thereof. Al the amal gans contain 1.5% by weight of nmercury. The

anounts of each of the additive material sy(designated by "+", and "-" if
not present) are 0.1%indium(ln), 0.01%thallium (TlI). 0.005%gallium
(&), and 0.04% | ead (Pb). Two grans of each of the amal gans are pl aced

in a 37% KOH el ectrol yte solution with gassing at the end of 24 and 48
hours being nmeasured at 900 as being repregpgptgtave of corrosion. A
controls two anal gans are made with one containing no additive mat®rial but
Wi th 1.5% maNODEy MATERINE ot her cont ai ni ng GAYSANG RATE i NRNTEIREDUCT 16N
mercury simlar to that conmonly used in al kaline type caﬁﬁnrdkmults of
such tests are given in Table 2. TABLE 2 ADDI TI VE ELEMENT

VOLUVE OF GRolyeirystadddnen zific. Ga S¥ig 295 24 Hours
48 Hours + - 0.17 - 0.51 - + -
- Polycrysta111n@,g;nc. 1.5% Hg 49 - 108 + - 2.8
0. 42 1.35 + : 0.1% indium 0 40 1. 15
Single crystal zinc, 1.5% Hg 140 2.1
Single crystal zinc, 1.5% Hg 30 : 9.8
0.1 indium _
L
A rate reduction factor (if any) would at most have
been expected to be about 5.9 (2.8 x 2.1) for a combined
utilization of single crystal zinc and indium with a
gassing rate reduction to about SO uL/g-day. The
combination however synergistically reduces the gassing
to about double the expected reduction.
. EXAMPLE 2
o/

Fiftéen;amalgams of éingle cristal zinc.particles
with various combinations of additive méterials of
'indium..théllium. galiium and lead are prepared énd
tested for corrosion. The additive materials are plated
on the zinc particles frdm salts thereof. All the
amalgamé contain 1.5% by weight of métcury. -Tne'amounts
of each of the additive materials (designated by "+%,
and "-" if not present) are 0.1% indium (In), 0.01%

thallium (T1). 0.005% gallium (Ga), and 0.04% lead
(Pb).



- - , 0. 13 0.36 + - -

0- 17 0.47 + - - + 0.15 0.42
_~.- + - ‘ 0.12 0.40 - . - +

0.712 0.56 - g + 0. 40 1.13 + +
e - 0.13 0.42 + + - +

0.11 0.32 - . + 8 , 0.15 0.60 +
- e + 0.14 0.44 + + e +

0. 10 0.28 - - - - (control) 0.41 1.39
Control 7% Hg- polycrystalllne Zn 0. 16 0. 43 | ndi um and/ or

t hal | h ffl ' ti
of agalsglmng aﬁdoare t us p?aﬁ)\e/efaréergmefrbodéwdngiel Johfsﬁ?é pfle%éeér:l Ci|l'§1nvj§en fgﬁc o
However increasggy e‘le‘é&r.eﬂﬁﬁ% CHoﬂﬁ'.idd’miQIn gfas%ir@%ﬂ St i Réxed % 28 eh

provide simlar effects. O'her materials sim In effect to

as cadm um tin g 48 HBLdE BRI ddBuBdd Yaterqwctag siny ovi de the
enhanced effect of the present invention. EXAVMPLE 3 Seven zinc amal gans

cont ai ni ng 1. 5%gdp mesenyapiare iV ddr £d8 Ben Dei XY coard Fetkwd SmaDd£ms
crystal zinc (nade as described above) and four being conprised of

pol ycrystal | i ne amexmadid avitrinl greerscarotd Enimgnsi add st ivey shateria bwupri se
two having O. 1@6|nd|un1(one added
with 1.5% mercury and the other containing
polycrystalline zinc with 7% mercury similar to that
W -commonly used in alkaline type cells. Results of such

tests are given in Table 2.

TABLE 2
ADDITIVE ELEMENT VOLUME OF GAS (mL), 90°C
In Tl Ga Pb 24 Hours 48 Hours
+ - - - 0.17 0.51
- + - - 0.13 0.49
- - + - 0.42 1.35
- - - + 0.40 1.1%
+ + - - 0.13 0.36
+ - + - 0.17 0.47
+ - - + Q.15 0.42
. - + + - 0.12 0.40
s - + - + 0.12 . 0.56
- - + + 0.40 1.13
+ + + - 0.13 0.42
+ + - + 0.11 0.32
- + + + 0.15 0.60
+ - + + 0.14 0.44
+ + + + 0.10 0.28
- - - - (control) 0.41 1.39

Control 7% Hg-polycrystalline Zm  0.16 0.43

Indium and/or thallium as shown in the above table
provide the most efficacious reduction of gassing and
are thus preferred embodiments of the present

invention. However increase in percentage of gallium or



to the nmercury prior to amal gamation and the other being plated on the zinc
particle surfaces prior to anmal gamati on) and one having no indium The

pol ycrystal line zinc anmal ganms include three wi thout |ead for direct
conparison wth the single crystal zinc which contains no | ead and one

pol ycrystalline amalgamwi th | ead as commonly utilized in el ectrochem ca
cells. The lead free polycrystalline amal gans are directly anal agous to the
three single crystal zinc amal gans. The pol ycrystalline | eaded zi nc anmal gam
contains 0.02%indium A control of polycrystalline zinc with |ead and 7%
mercury (as commonly utilized in alkaline cells) is 10 al so prepared.

Two gram sanla®s i aadtwia e Kl el it er s dsd d deepassi ng at

el evated tenperatures (71C and [err]) for varying tine periods w t¥ t ot al
gas vol une matexdadsa imeiflen him ref Heoparat indiym dale nasecadwiwe; forth in
Tabl e 3 bel ow. EXAMPLE 4 Cells are nmade with the anmal gans described in
Exanpl e 3 oftivi reyid kigmittl mancevginildeiy nekpectddtto tppeeide the
polycrystalline zinc with 0.1% i ndium plated on the zinc particles,

pol ycryst al lanhanded efifiecty @R othediesentictnventiennercury, and a control
of polycrystalline zinc wwth no indiumand 7% nercury (a typical alkaline
cell). Each of the cells of AA standard size contains a 2.7 gram anode

(1. 75% starch graft copol ymer geIIin%xﬂmyﬂg)ﬁ 2.6 grans of a 37% KOH

Seven zinc amalgaﬁs containing 1.5% Hg are prepared
with three being comprised of single crystal zinc (made
as described above) and four being comprised of
polycrystalline zinc. The amalgams containing single
crystal zinc comprise two having 0.1% indium (one added
to the mercury prior to amalgamation and the other being
plated on the zinc particle surfaces prior to
amalgamation) and one having no indium. The
polycrystalline zinc amalgams include three without lead
for direct comparison with the single crystal zinc which
contains no lead and one polycrystalline amalgam with ' e
lead as commonly utilized in electrochemical cells. The
lead free pblycrystalline amalgams are directly
analagous to the three single crystal zinc amalgams.

The polycrystalline leaded zinc amalgam contains 0.02%
indium. A control of polycrystalline zinc with 1ead and

7% mercury (as coﬁmonly utilized in alkaline cells) is



el ectrolyte and a manganese di oxi de cathode with the cell being anode
limted. Five cells are tested for gassing for varying periods at [err]

wi t hout discharge and five are simlarly tested but after partial discharge
at 3.9 ohmfor one hour. Total gas volunme and gassing rates are set forth

in Table 3 bel ow. TABLE 3A SI NGLE CRYSTAL ZI NC No | ndium 0.1%

| ndi um 0.1% i ium1l.5% Ha In 1.5?’Fb + 1. 5% Ha GAS
VOLUVE L/ 2a AMALGAM ( QUT- OF- CELL) DAYS (710 1.55

0. 44 0.41 14 3.52 | 0.95

0.98 21 _ 5. 88 1.57 1.70 28

7.75 . _2aPbo prepared. ?w363kBhCEhhpﬁHHDb§C558§EQE ®he above

-- ' 0.17 0.19 -- 0. 48
0.37 14 - amalgams are tested forOgafsing at eleva®e@8téfperatures
-- 0.92 _ 0.94 IN-CELL (DI SCHARGED AT 3.9 OHM FOR ONE
HOUR) 0 (71°C and 90°C) for varydngltime periods @With ¥otal gas

-- 0.31 0.30 14 -- ' 0.43

0.42 28 volume and-gassing rateg. béing comparatigedg HEURSMmARed00C
(QUT- OF- CELL) . ' .
as set forth in Table 3 below.

EXAMPLE 4

Cells are made with the amalgams described in
Example 3 of single crystal zinc with 0.1% indium (both
types), polycrystalline zinc with 0.1% indium plated on
the zinc particles, polycrystalliqe zinc with 0.02%
indium added to the mercury. and a control of
polycrystalline zinc with no indium and 7% mercury (a
typical alkaline cell). Each of the cells of AA
standard size contains a 2.7 gram anode (1.75% starch
.graft copolymer gelling agent), 2.6 grams of a 37% KOH
electrolyte and a manganese dioxide cathode with the
cell being anode limited. Five cells are tested for
gassing for varying periods at 71°C without discharge
and five are simiiarly tested but after partial
discharge at 3.9 ohm for one hour. Total gas volume and

gassing rates are set forth in Table 3 below.



24 0. 53
1.88 0. 68 0. 69 GASSI NG RATE uL/a-day (OUT- OF- CELL)
DAYS (710C) 0-7 111 31 29 7-14
141 36 41 14-21 _ 169 44
51 21-28 133 49 47 0-14
126 34 35 14- 284, 151 46
49 0-28 138 40 42 |'N- CELL
(UNDISCHARGHD ()7 - - TABLE 3A6 10 7-14
11 Os1MGLE CRYSTAL ZINC- - 10
10 14-28 -- 10 | 10 0-28 <
10 Nol ( ndN-uBEL L (msmm&bum 3. PIM ﬁit@JNE
HOUR) 0-7 -- l.5% Hg 5 lB_l_élLlBL_ 6 7+14.5% Hq
-- ' 6 - 6 _0-14 6
6 14-28 .. GAS VOLUME 2q AMALGAM (OY LL
ll;AY 71°C 3 1515 12 TABhE gg} POLCYRYSTALLI NlE ZI NC (No
0 i . 0, 0 : 0
Eb)lgl&):_lgdl n41 0.19% Indiud-33  0.1% I il 1.5% Ha - J-ocin 1.5% Hg
21 5.88 1.57 1.70
28 7.75 2.25 2.36
IN-CELL (UNDISCHARGED)
0 - 0.17 0.19
7 .- 0.48 0.37
14 - 0.56 0.58 o
28 - 0.92 0.94 g
IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)
0 - 0.21 0.18
7 -- 0.31 0.30
14 - 0.43 0.42
28 -- 1.01 0.98
HOURS AT 90°C
(OUT-OF-CELL)
24 0.53 0.20 0.20
48 1.88 0.68 0.69
GASSING RATE uL/g-day (OUT-OF-CELL)
DAYS (71°C) '
0-7 111 31 29
7-14 141 36 41
14-21 169 44 51 _
21-28 133 49 47 e
0-14 126 34 35 e
14-28 151 46 49
0-28 138 40 42
: IN-CELL (UNDISCHARGED)
0-7 - 16 10
7-14 -- 4 11
0-14 -- 10 10
14-28 - 10 10
0-28 - 10 10
IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)
0-7 5 6
7-14 -- 6 6
0-14 - 6 6
14-28 - 15 15
0-28 -- 11 11

0. 20 0.20 48




GAS VOLUVE ni/2a AMALGAM (OUT- OF- CELL) DAYS (71C) 7

- 4.10
150 1.45 14 7.73 2.52
2.68 21 -- 3. 60 3.96 28
" 4.64 5.11 I N-CELL (UNDI SCHARGED) 0
-- 7 .- .- 0. 40
14 B -- -- -0.76 28
-- -- 1.00 | N-CELL (®I SCHARGED AT 3.9 OHM FOR ONE
HOUR) 0 -~ TABLE 3B 0.28 7
_ ~ 0. 60 Pt.CYRYSTALLINE ZINC T
1.02 28 -- - . RS AT
900C (CUT-EEfCELL) 24 No Inlilh 0.1% Thdikm 0 i
0.60 48 ' 4.73 1.5% Hg 21 in 1.5% Hql. 49 %Séﬁgé:@@
uL/ g- dav (OUT- OF- CELL) DAYS (71C) 0-7 "““Zgﬁ‘éﬂ;
104 7-14 . 259 GAS VOLUME3 mL/2g AMALGAM (ORfr-bF ELL
- 7RAYS (71°C) 91 .21-28 -
82 0-14 7 276 4.1000 1.50 96 14-281.45
- 784 87.0328 2.52 - 2.68 83
RGED) 0-7 -- - 3.60 - 3.96
31 | N- CELL (UNDlggHA ) -- 3-60 3.56
o IN-CELL (UNDISCHARGED)
7 -- -- 0.40
l. 14 -- -- 0.76
. 28 - -- 1.00
- IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)
0 -- -- 0.28
7 -- -- 0.60
14 - ~-- 1.02
28 -- -- 2.53
HOURS AT 90°C
(OUT-OF -CELL)
24 1.89 0.47 0.60
48 4.73 1.21 1.49
GASSING RATE uL/g-day (OUT-OF-CELL)
DAYS (71°¢€)
0-7 293 107 104
7-14 259 73 88
14-21 - 77 91
C 21-28 - 74 82
N~ 0-14 276 90 96
14-28 - 76 87
0-28 - 83 91
IN-CELL (UNDISCHARGED)
0-7 - - . 7
7-14 - - 19
0-14 - - 13
14-28 - - 6
0-28 - - 10
IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)
0-7 - - 17
7-14 - - 22
0-14 - - 20
14-28 - - 40
0-28 - - 30



7-14 - - . 19 0-14

- 13 14-28 - ;
6 0-28 10, I N- CELL
(USG%MEDKTBQCHMHP(NEHMQ 0-7 - -
17 7-14 22 0-14
- 20 14- 28] - ;

40 0-28 30 13 TABLE 3C
POLYCRYSTALLI NE ZI NC (WTH Pb) 0.02% I ndiga@LE 3c No | ndi um 1.5% HQ
7% Ha control GAS VOLUVE nl/2cpaieiiidt XN 2 Tt LjwDRYSPsY10C) 7.
1.21 o.4g‘IZ"‘"‘A““““‘“7;Z§"“§z S
0.92 21 3.91 0.02% Indium 1. 42 88 Indium >
5. 29 1. 96198 GFgl (UNDI SCHARGED) 07% Hg control
0.29 0.28 7 0.78
0.37 14 ' 0.GKS_VOLUME mL/2q AMALGAM(Q(QUT2@F-CELL)
1.28 DAYS (71°C)  0.71 IN-CELL (DI SCHARGED AT 3.9 OHM FOR ONE HOUR)
0 7 0.23 1.21 0.18 0.49

14 2.49 0.92

21 3.91 1.42

28 5.29 1.96

- IN-CELL (UNDISCHARGED)

0 0.29 0.28

7 0.78 0.37 |

14 0.94 0.47

28 1.28 0.71 o/

IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)

0 0.23 0.18

7 0.91 0.39

14 1.25 0.49

28 4.37 1.00

HOURS AT 90°C
(OUT-OF - CELL!

24 0.50 : 0.17
48 1.20 0.56
'GASSING RATE uL/g-day (OUT-OF-CELL)

DAYS (71°C)

0-7 86 35

7-14 91 31

14-21 101 36 N
21-28 99 39 2

0-14 89 33 o
14-28 100 37

0-28 : 94 35

_ _ IN-CELL (UNDISCHARGED)

0-7 26 5

7-14 8 5

0-14 17 5

14-28 9 6

0-28 13 6

IN-CELL (DISCHARGED AT 3.9 OHM FOR ONE HOUR)

0-7 36 11

7-14 18 5
- 0-14 27 8

14-28 83 13

0-28 5% 11



7 0.91 , ' 0.39 14 - 1.25

049 28 4. 37 1. 00 HOURS AT 90C
(QUT- OF- CELL) 24 .- 0. 50 0.121¥81645 B
1.720 - 0. 56 GASSI NG RATE ulLi g-day (OUT-OF CELL) DAYS
([err]) O-7 86 35 7-14

91 31 14-21 1101 36
21-28 99 39 0-14 89

33 14-28 100 EXAMPLE3E 0-28 94
35 I N-CELL (UNDI SCHARGED) 0-7 26 5
7-14 ;;3 8 5 0-14 17

5 14-28 ' ‘ 6 0-28 13

6 | N-CELL (DI SCHARGEI§QA'I153 aF eOMAdEORSONR B3PI A and are each 36

11 7-14 5 0-14 27

8 14-28 d1scq§§ged to various cutoff-volfagesswith a 3.9 ohmsg
11

load with the capacities in service hours set forth in

Table 4 below.

TABLE 4 (Discharge Characteristics)
(Service Hours at 3.9 ohms)

SINGLE CRYSTAL ZINC POLYCRYSTALLINE ZINC

N CUT-OFF 0.1% In 0.1% In 0.02% In 0.1% In No In
‘VOLTAGES " +1.5% Hg in 1.5% Hg 1.5% Hg + 1.5% Hg 7% Hg

crrl

1.2 0.660 0.668 0.533 0.688 0.623

1.1 1.6161 1.638 1.457 1.712 1.553

1.0 2.826 2.859 2.480 2.926 2.598

0.9 - 3.53% 3.652 3.235 3.619 3.295

0.8 3.800 3.967 3.498 3.883 3.599

0.65 3.986 4.179 3.994 4.020 3.684

It is evident from the above examples and tables
that the single crystal zinc with one or more additives
of the present inventioh is markedly effective in
permitting large mercury reductions without increase in

N ‘"cell gassing while at the same time enhancing cell
discharge characteristics when such cells afe compared
to the current commercial alkaline cells having high
mercury amalgam content.

It is understood that the above examples are for
illustrative purposes only and details contained therein
are not to be construed as limitations on the present
invention. Changes in cell construction, materials,
ratios and the like may in fact be made without

depattinq from the scope of the present invention.



2161645 B 1 4 EXAMPLE S Cells are nmade as i,n Exanple 4 and are each

di scharged to various cutoff-voltages with a 3.9 ohmload with the
capacities in service hours set forth in Table 4 below TABLE 4 (D scharge
Characteristics) (Service Hours at 3.9 ohns) SINGLE CRYSTAL ZI NC

POLYCRYSTALLINE ZINC CUT-OFF  0.1%In 4 1%In 0.02%In 0.1%In
No In VOLTACES +1.5% Ha in 1.5%Ha 1.5% Ha + 1.5%Ha 7%Hg CGrl 1.2
0. 660 0. 668 0. 533 0. 688 0.623 1.1 1.6161

1. 638 CLAIMSY 1.712 - - 1.553 1.0 2. 826 2. 859

2. 480 2.926 2.598 0.9 3.535 3. 652 3.235

3.619 3.295 0.8 3. 800 3. 967 3.498 3.2%?

3.599 0.65 3. 986 4.179 3.594 4.020 3.684 1t is

evi dent fronltheAabelecszaspenmd cadd ceddl compiriis inige ai @giodesr st al  zi nc
with one or nore additives of the present invention is markedly effective
in permitti ngakhprde andcany aqueoys Gleckirolyhe charassenisade|in gdhat ng
while at the sane tinme enhanging cell .discharge .character, stics when such

cel I's are cofpifednPde; FOMPELSES: PAFHISLES, 0T MASERF AT IRvi ng hi gh

| tent,. It J d tqod that th b | f
11 ust 1 ati ve SEUBEALES SbnARofita HRSA RO G e Adifo At PR 0r 1o be

construed as |imtations he nr R\ ji_on. [

ooty ot o confia Bl Ll AR, NI oI, il
"tin and lead wherein the or each said additive is
present in said anode in a range of 25-5000 ppm, each
said additive being different from'and less

electrochemically active than the anode metal.

2. The cell of claim 1 wherein said range is between

100-1000 ppm.

3. The cell of claim 1 or 2 wherein said anode
comprises discrete single crystal anode metal particles

and one or more of indium, thallium, gallium and lead.

4. The cell of claim 3 wherein said anode comprises

discrete single crystal anode metal particles and indium.

5. The cell of claim 1, 2, 3 or 4 wherein said anode

metal is zinc.

6. The cell of any preceding claim wherein said

electrolyte is comprised of an-aikaline solution.

* 4 L M S *



ratios and the like may in fact be nade 'w thout departing fromthe scope of
t he present invention. CLAIMS: 1. An electrochem cal cell congrising an
anode, a cathode and an aqueous el ectrol yte characterised i n2(11645 B
anode conprises particles of discrete single crystals of anode netal and
one or nore additives conprising indium cadq%unl gallium thallium

bi smuth, tin and | ead wherein the or each said additive is present in said
anode in a range of 25-5000 ppm each said additive being different from

and 1ess el ectr orhenprdlder R4 Veny Nired 81 4800 IR Ghecgin 10818%hofl

claim1l wherein said range is between 100-1000 ppm e ce

or 2 whereil) saifhrrihste cumMEYises WO LF e Single crystal anode metal
particles and one or nore of indium thallium galliumand |ead. 4. The
cell of claim3 wherein said anode conprises discrete single crystal anode
netal particles and indium 5. The cell of claim1, 2. 3 or 4 wherein said
anode metal is A.nc. TR CRid o lckdimy ywhecein ngaid aherodeyeis pobslent
electrolyte is conprised of an al kaline solution. 2161645 B 16

_ in said anode in amounts of up to 4% by weight thereof.

9. The cell of claim 7 wherein said mercury is present
in said anode in-amounts of up to 1.5% by weight thereof.
10. A method for making an aqueous electrochemical cell~
subject to reduced gassing said method comprising the
steps of making discrete individual single crystal
particles of the metal utilized as the active anode of
said cell, adding one or more additives selected from
indium, cadmium, gallium, thallium, bismuth, tin and
lead to said single crystal particles. and utilizing
said single crystal particles with said one or more
addiﬁives as the anodé of said cell, each said additiveé
being different from and less electrochemically active

than the anode metal..

1l1. The method of claim 10 wherein said discrete
individual single crystal metal particles are made by
forming individual thin oxide coatings on
polycrystalline metal particlés by oxidation of said

polycrystalline metal particles in air at a temperature

AT



7. The cell of any preceding clai mwherein said anode further conprises
mercury. 8. The cell of claim7 wherein said nercury is present in said
anode in anounts of up to 4% by weight thereof. 9. The cell of claim?7
wherein said nercury is present in said anode in anounts of up to 1.5% by
wei ght thereof. 10. A nethod for maki ng an aqueous el ectrochem cal cel
subj ect to reduced gassing said nethod cbﬁpr|5|ng t he steps of naking
discrete individual single crystal particles of the metal utilized as the
active anodebeio\ﬁatdecxﬁéiuaé Feﬂn@neforsalfar meaddi,t heasingl ot @difrom
indium cadmum gallium thallium bisnuth, tin and |ead to said S|ngle
crystal parthetgs, papdivlesi thngnstndrei agmesphetiealabpaet ittleemelitt hgsai d
one or nore additives as the anode of said cell, each said additlﬁé bei ng
different frpoiandotesaidl metadchsidbwakbypliagi of thenmeltalapadsicdesl . 11.
The met hod of claim 10 wherein said discrete individual single crystal
metal parti capd apmowalleobysaddnicrgtingsvi dual thin oxide coatings on

pol ycrystalline netal particles by oxidation of said polycrystalline netal
particles in air at a tenperature 17. bel ow the nelting point of said
metal, heating of said netal particles in an inert atnDaphere above the
nelt- point &f-sZhe methpd 9|50\ﬁ/1668‘l LRy oFf il #heredn said cﬂ‘l?s %hd renoval

of said coatings. 12. The nethod of cl.aim_10 or % erein i d.one or
more additives each comprise from 25 ppm o sai

anode.
N
13. The method of claim 12 wherein said one or more
additives comprise from 100-1000 ppm.
14. The method of any of claims 10 to 13 wherein said
metal is zinec.
15. The method of claim 14 wherein said single crystal
zinc particles with said 6ne or more additives are
amalgamated with mercury.

16. The method of claim 15 wherein said single crystal
zinc particles are alloyed with one or more additives of
the group consisting of indium, thallium, gallium and

lead.

17. The method of claim 16 wherein said mercury is
present in said anode in amounts of up to 4% by weight

thereof.

R



nore additives each conprise from 25-5000 ppm of said anode. 13. The net hod
of claim12 wherein said one or nore additives conprise from 100-1000 ppm
14. The method of any.of claims 10 to 13 wherein said netal 316164518,
The method of claitm 14 wherein said single crystal zinc particles with said
one or nore additives are amal gamated with nercury. 16. The method of claim
15 wherein said single crystal zinc particl¥®s are alloyed with one or nore
‘additives of the group consisting of indium thallium galliumand |ead.

17. The nmet hod c e knd Ly ..S_present in said anode in
amounts of _up tgé4%?§§n§é?3ﬁ? Pﬁe?ég?h 1%EE§QE¥1b 551% «MELcyty 1485 B 18 18.

The methodyQf cpoesent DHeE8iA SAbdeMnCdmbunt sPoeSER! kN 1S8kd
anount s of§ﬁg tg 1. 5% by wei ght the?eof 19u TﬁeB% %ﬁ 5bo% %FaP%?%%%gfg or

18 wherei n sai dthaeeof.nore additives are plated on said single crystal
zinc particles prior to amal gamation of said particles with nercury. 20.
The nmethod of claim16. 17 or 18 wherein said one or nore additives are
adm xed with said nmercury prior to
19. The method of claim 16, 17 or 18 wherein said one or
more additives are plated on said single crystal zinc

particles prior to amalgamation of said particles with

mercury.

20. The method of claim 16, 17 or 18 wherein said one or
more additives are admixed with said mercury prior to

amalgamation of said single crystal zinc particles with

said mercury.

21. A compOsition of matter suitable for use in making
an anode of an agqueous electrocﬁemical cell with reduced
gassihq. said composition comprising discrete individual
single crystal metal particles coﬁtaining one or more
additives comprising indium, cadmium, gallium, thallium,
bismuth. tin and lead, wherein the or each said additive
is present in said anode in a range of 25-5000 ppm, each
éaid additive being.différent from and.less

electrochemically active than the anode metal.

22. The composition of matter of claim 21 wherein said
discrete individual single crystal metal particles are

amalgamated with mercury.

* c L M S *




amal gamati on of said single crystal zinc particles with said nercury. 21. A
conposition of matter suitable for use in maki ng an anode of an aqueous

el ectrochem cal cell with reduced gassing, said conpositjon conprising

di screte individual single crystal netal particles containing one or nore
addi tives conprising indium cadm um gahbium thallium bisnuth, tin and

| ead, wherein the or each said additive is present in said anode in a range

of 25-5000 p ach said additi Lye ferent o nd. | ess.

el ectrochem 1I %uﬁ?%%97h5h°?h% aﬂ%ggg g iiﬁm ab%ﬁgbé'§§bﬂ of
matter of cl n said discrete individual single crystal metal
particles eué?y%ééb%ﬂg e% wth nmercury. 7 19 23. The conp05|t|Qgrof

matter of claim22 wherein said metal is zinc. 24. The conpositi of~of
matter of claim 23 wherein said nmercury is present in anounts up to 4% by

wei ght therepf af‘ﬂesé‘bﬂPeé‘?t%n”BEeméé%E' ¥eSceath 98Mahieseihr a@ia00 to

1000 ppm of sald conposltion . The conposition of matter of claim24
wherei n sai dy Pg ﬂ?rﬁtégéhﬁlYﬁSaﬁbﬁnﬁe|QPth RoBY digie thlzlebifum
gal I'i um and Iead 6. An el ectrochem cal subj ect to reduced gassing

conpri sing agndOsgPasonbkaki norel aaddkyiives aacht kodprdse Zroanadde to
conpriseing nercury anmal gamated single crysta

1000 ppm of said composition.

25. The composition of matter of claim 24 wherein said
one or more additives are selected from indium,

-thallium, gallium and lead.

26. An electrochemical cell subject to reduced gassing
comprising an aqueous alkaline eletrolyte, a cathode and
an anode compriseing mercury amalgamated single crystal
zinc particles and indium with said mercury comprising
up to 4% by weight of said anode and said indium

comprising from 100 to 1000 ppm of said anode,

27. The cell of claim 26 wherein said mercury comprises
up to 1.5% by weight of said anode, said cathode
comprises manganese dioxide and said aqueous electrolyte

comprises a potassium hydroxide solution.

28. The cell of claim 8 or 17 wherein said anode
comprises single crystal zinc_pa:ticles. mercury and
lead.

/
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“zinc particles and indiumw th said nercury conprising up to 4% by vwei ght
of said anode and said indium conprising from100 to 1000 ppm of said
anode. 27. The cell of claim26 wherein said nercury conprise21é16451g5%
by- wei ght of said anode, said cathode conprises manganese dioxi de and said
aqueous el ectrolyte conprises a potassium hydroxi de solution. 28. The cel
of claim8 or 17 wherein said anode conpri s@9 single crystal zinc
particles, nmercury and |ead. 2161645 B 20 29. The conposition of matter

of claim 25 whengi n i i I 0. ..Th maki n

el ectrocheni cal 2?el I@% qon%r |s§|t\i% I’Y%I(fl g“%q’tel% °§no§‘ersr%bf sﬁﬁtﬂre’tﬂ é%ﬂ
material, Substagdidihe as h%%@ln descrlbed with reference to any of
exanples 170 5. and assenbling the anode with a cathode and agueous

el ectolyte. 31. An electrochem cal cell conprising a cathode, an aqueous
el ectrolyte, and an anode of single crystal anode netal particles,

“substantially agohermien ndehodi l&Qdm\éiktﬂhgf @‘wce:rt%ﬂéhﬁm delrenples 1 to 5.
11111112171 111111 211111711111111121212 * C L M S

comprising making cell anodes of single crystal

material, substantially as herein described with

reference to any of examples 1 to 5, and assembling the

anode with a cathode and agqueous electolyte.

o/
31. An electrochemical cell comprising a cathode, an
aqueous electrolyte, and an anode of single crystal
anode metal particles, substantially as herein described
with referenée to any of examples 1 to S§.
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