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CARBIDE COR-  basically includes an annular seal gasket such PORATION, a
corporation organized and  as   0-ring which is maintained  in sealing   50
existing under the laws of the State of New   position around the periphery
of the vent York, United States of America, of 270 P    orifice by means of
an arc-shaped resilient 5   Avenue, New  York, State of New York,  member
or spring. The resilient member or 10017, United States of America,
(assignee  sprg is set to yield and pemit radial move- of GARY  RONALD
TUCHOLSKI), do  ment of the seal gasket momentarily breaking   55 hereby
declare the invention, for which we  the seal and allowing the passage of
gas pray that a patent may be granted to us,  through the vent orifice when
a predetermined 10   and the method by which it is to be per-  high
internal gas pressure is reached inside formed, to be particularly
described in by the  the cell. follwing statement:-
More recently, U.S. Patent 3,644,878 des-  60 The present invention relates
to improved  cribes a resealable pressure relief vent valve composite
anodes for use in alkaline galvanic  for releasing gas from inside a
galvanic cell 15  by utilizing a resilient deformable ball of a Alkaline
galvanic cells may generate large suitable elastomeric material which is
posi- quantities of gas under certain conditions   tioned to overlie a vent
orifice provided within  65 during use. Since these cells are required  the
cell. A retainer means is postioned over to be fluid-tightly sealed in
order to prevent  the resilient ball for maintaining the ball in 20   los
of electrolyte by leakage or evaporation,  place over the vent orifice and
in contact with high internal gas pressures may develop  Such   a valve
seat provided around the peripheral pressures may cause leakage, bulging or
pos-  edge portions of the vent orifice and for com-  70 sible rupture of
the cell if not proply vented,  pressing and deforming the resilient  ball
into Especially, in the case of secondary or re-  a flattened configuration
forminga  normally 25   chargeable cells, the vent must be resealable
fluid-tight seal between the flattened ball and in order to avoid drying
out of the electrolyte   the valve seat. Various other resealable pres over
the normally long life of the cells and  sure relief venting valve systems
are known   75 to prevent ingress  of  oxygen and  carbon         to the
art, each having as its primary purpose dioxide.
the release of high internal gas pressures 30    In the past, several
different types of re-  inside the cell container. sealable pressure
relief vent valves have been  As known to those  skilled in the art, used
for releasing high internal gas pressures  the conventional resalable
presure relief vent  80 from inside a sealed alkaline galvanic cell. valve
structures have been highly effective One type of resealable vent valve
that has  in ameliorating the problems incident to pres- 35  been commonly
used consists basically of a   sure  build-up within a cell, particularly
an valve member    ,  such as a flat rubber gasket,  akaline cell, where
excessive pressure buildup which is biased into sealing position over a
can be hazardous. Unfortunately however,  85 vent-orifice by means of a
resilient member   problems still exist with the known type re- such as a
helical spring. The resilient member  sealable pressure relief venting
valve struc- 40  or spring is set to yield at a certain pre-  tires due to
electrolyte creepage and to the determined internal gas pressure
momentarily  fact that some liquid in the form of electro- breaking the
seal and allowing the gaS to  lyte or the reaction product of the
electrolyte  90 escape through the vent orifice            with other
chemical ingredients accompanies Aner type of resealable pressure  relief
the gas passing through the vent orifice and 45   vent valve that has been
tried is that dis-  venting valve. This liquid causes "crusting" closed and
claimed  in U.S. Patent No.  on the valve seat thereby preventing adequate
3,293,081 issued to J. L. S. Daley on Decem-   resealing of the vent valve
after the pressure  95 ber 20, 1966. This resealable vent valve   has been
released from the cell container. After    2
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a period    of time, electrolyte escapes from the zinc particles are  in
contacting relative with                         with through the
improperly seated  vent valve.  said eletrolyte nuggets and with each
other. A er problem  incident to contventional   The present invention
will nOW be further alkaline galvanic cells is the problem dealing
described, by way of example with reference 5   with anode expansion.
Conventional alkaline  to the accompanying drawings , in which:- primary
and secondary cell     contruction util-   Fig. 1 is an enlarged view of a
section izes a zinc   anode, a cathode of a depolarizer         of a
composite anode according to the present material including   an
electrolytically reduc-  invention; ible  oxygen yielding compound and an
alkaline   Figs.   2 and 3 are graphs howing perform- 10   electrolyte
such as an aqueous solution  of  ance date of the composite anode structure
75 an  alkaline  metal  hydroxide    immobilized   against  according to
the present invention. free flow by  means of a compatible gel. Merely
Referring to Fig. 1 there is shown a com- as illustrative U.S. Potent No.
2,593,893, posite anode containing wetted amalgamated issued April 22, 1952
to Bernard H. King,  zinc particles 14, some of which ooat or cover, 15
discloses a primary cell construction utilizing     in   contacting
relation,electrolyte nuggets 31.   80 a composite anode and electrolyte
member         It will be seen that the zinc particles  14
icles 14 consisting of a substantially solid self-support-  contact each
other and that there exits a ing body composed throughout   of a uniform
system of interconnectable voids 32 which nixture of anode metal particles,
the electro-    appear throughout the composite  anode struc- 20  lyte, and
a compatible gelling agent. The par-    ture.These  voids which
interconnect or may  85 ticular gelling agent disclosed in the  patent  do
so by slight movement of the nuggets serve to King is sodium
carboxymeythyl cellulose,  to provide  channels  for the passage of gas the
conductivity of which is provided by the thereby substantially precluding
the forma- absorbed electrolyte.                     tion of  entrapped gas
pokets in an  anode 25     The use of carboxymethyl  cellulse, or its
chamber in which the  composite may be  90 derivatives,     as the   binder
and gelling agent   placed. for   anode construction, has been generally
The zinc employed according to the present satisfactory from a practial
commercial stand-  invention is preferably of the type commonly point.
Unfortunately however, when conven-  employed in this art, i.e., in the
form  of 30   tional alkaline cells generate gas (abuse
amalgamated zinc partices or powder. The  95 charge, post discharge and  on
shelf), the  pailes prior to amalgamation have a size gas iS often in the
anode. This  within the Tyler standard screen range of entrapped gas causes
the anode to swell and  through 60:: mesh but substantially retained the
internal cell pressure to rise Eventually,  on 325 mesh. They can be
present in the 35   cell rupture or leakage will occur.    anode in an
amount of 30 to 85% by weight 100 The known methods involving the
utilization  prbly 40 to 70%  by weight based on of the aforementioned
type venting  valves  the total       weight of  the composite anode. or
structures for gas release become less effec-        The electrolyte
material is an aqueous alka- tive  because the swollen anode blocks the
line metal hydroxide such as sodium hydroxide, 40   venting orifice threrby
entrapping the gas in  potassium          hydroxide and the like or
mixtures  105 the cell                          thereof. Potassium
hydroxide is preferd. The ACcording to the present invention there is
electrolyte  material  is  preferably  present  in provided  an improved
composite  anode  for  the anode in an amount of 10 to 65%  by use in an
alkline galvanic cell comprising          weight and preferably     25 to
55% by 45   in combination, zinc particles, an  alkaline  based on of the
composit  110 electolyte and a cross-linked polyacrylamide,  anode. wherein
said alkaline electrolyte is  absorbed    In general, the cross-linked
polyacrylamide in said cross-linked polyalamide to form         or similar
material  employed according to the electrolyte nuggets and wherein said
zinc  present invention must exhibit the foll 50   particles are wetted
with electrolyte and are  traits and characteristics:
115 distributed throughout said composite anode: in a  manner   such that
said zinc particles are electrolyte in contacting         relation with
said electrolyte  and   assuming     after absorption an expanded nuggets
and with each other  .  or swollen condition; 55   According to the present
invention there    (b) be substantially insoluble in the elec- is    also
provided  an alkaline, galvanic  cell    trolyte;
120 which comprises an anode chamber, said anode    (c) be stable at the
temperatures of use, chamber including a composite anode contain-
ie., it should  not release absorbed  electro- ing zinc particles, an
alkaline electroltye and  lyte or change physical form at temperatures 60
a   cross-linked polyacrylamide wherein said   of use; alkaline electrolyte
is absorbed in  said cross-    (d) be capable of absorbing a minimum  125
linked polyacrylamide to form electrolyte nug-  of about  twelve times its
weight of electro- 



gets and wherein said zinc particles are electro-  lyte; and lyte-wetted
and are distributed throughout said    (e)  as electro;yte- swollen nuggets
should 65   composite anode in a manner such that said  not be gummy  or
sticky to any significant    1,504,184
3 degree, i.e., there should be no gluing or approximate   shane    and
geometry it         had before cementing effect.
contact with liquid, but the dimensions thereof The dry substantially
water-insoluble cross-  are greatly enlarged to provide for the bind-
linked   polyacrylamide used in accordance with  ing of the liquid absorbed
therein. 5 this  invention is employed in particular  form        For the
present   invention the   cross-linked,  70 much   as in the  form of
granules. Advantag- water-insoluble particulate materials of the eously ,
this form provides ample surface area       invention are not the
equivalent of known for   absorption  of  electrolyte and permits  natural
soluble materias  such as agar, karaya . the formation  of discrete
nuggets. There  and  the  water-soluble  gums  (tragacanth, 10  should be
about 1 to 8 per cent by weight,  arabic, locust bean, and guar), or of
syn-  75 preferably about 2 to 5 per cent by weight,  thetic hydrocolloids
such as carboxymethyl of cross-linked polyacrylamide (based on the
cellulose and carboxyethyl cellulose. These total weight of the anode
materials) in the  soluble hydrocolloids serve to incease vis- anode.
cosity of aqueous liquids or. form gels there- 15     Water-insoluble
particulate  cross-linked   with, but in the presence of an added liquid
80 polyacrylamide of the type  herein contem-  excess or strong caustic
lose their power plated are known materials, but their   uses   to retain
the viscosity they had previously in the past have not been related to that
achieved. In contrast, the cross-linked absorb- herein  contemplated, i.e.,
as an absorbent  ent polyacrylamide within the anode of the 20  material in
the anode structures, wherein the  invention swells upon absorption of
aqueous  85 absorbent material  maintains its particulate  caustic liquid
and retains the absorbed liquid. character as it imbibes and absorbs many
Liquid taken into the swollen structure is re- times its weight of alkaline
electrolyte and in  tained well under the conditions encountered doing so
swells.As previously indicated, the  in use, and with any excess of liquid
the dis- 25     absorbent, water-insoluble, particulate cross-  crete,
separate, liquid-swollen particle entity  90 linked polyacrylamide
contemplated herein is    maintains its maximum swollen form. More- capable
of absorbing at least about 12 (e.g.,  over, these material by virtue of
the proper up to about 40) times its weight of electrolyte.   selection of
the amount of cross-linking agent . In doing so each individual absorbent
particle  and monomers, are substantially non-tacky. 30  swells or enlarges
to several times its initial   Their ionic conductance  is prvided by the
95 size without destruction of its initial integrity.  absorbed   liquid.
As the particulate, water-insoluble cross-linked  The polyacrylamide
absorbent  materials of polyacrylamide accepts liquid it substantially   he
invention prior to cross-linking may suit- immobilizes  the same therein,
and the result-  ably be   compounds  having the following struc- 35  ing
particulate, liquid-swollen  structure  is  tural  formula:
100 termed "electrolyte nugget". The absorptive capacity is easily
determined by an "equilib-      [err] rium absorption test" in which a
weighed quantity (0.5 gram) of cross-linked poly-               [err] 40
acrylamide powder is soaked for 24 hours in  where 20 cc of 45% KOH
solution in a closed con-     Y  is hydrogen, amnmonium  or an alkali
tainer held in an oven at 100C. After cooling,    metal; the unabsorbed
electrolyte is filtered off and  m is a positive number from 1 to 100;
105 measured. The wght of electrolyte absorbed          n is 0, or a
positive number up to 99     which 45  is then readily  calculated from
the known      may be regarded as an index of the degree density and volume
of eletrolyte. Probing      of hydrolysis of m+n amide groups origin- of
the product on the filter paper with a    ally present; stirring rod
readily discloses whether the de-  m plus n is equal to 100; and
110 sired  non-tacky nuggets were formed.          Z  is a number from
about 0.1 to 30, where 50   The   water-insoluble  absorbent particles  Z
times 100 is equal to the number of which are preferably used in accordance
with      mer units between cross-links. the present invention are known
materials,          The cross-linked polyacrylamide material generally
being a cross-linked polyacrylamide   of the invention may be prepared by
known  115 whose polymeric network has been cross-linked   techniques,
e.g., by cross-linking a linear poly- 55  to introduce water-insolubility
into the mole-   acrylamide or preferably by copolymerizing  an 



cule. Suitable water-insoluble absoent cross-  acrylamide  monomer with a
non-conjugated linked    polyacrylamides,in accordance  with   divinyl
compound Acrylic acid, methacrcylic the invention have a minimum average
mole-  acid, or salt thereof may be employed with  120 cular weight per
cross-linkage of about 900   or in place of the acrylamide. The polymeriza-
60  and a maximum molecular weight per cross- tion may be carried out by
any of the stan- linkage  of about 1,600. In general, the poly-  dard
methods including the use of peroxide acrylamide is not soluble in the
liquids con-  catalysts, or by photo polymerization with templated for use,
yet becomes  flexible and  riboflavin activator. The amount of cross-link-
125 swells as liquid is absorbed within its struc-  ing compound required
to give the desired 65  ture. As the particle swells it maintains the  end
product depends on the reactants em-    4 4
1,504,184                                        4 ployed and the
conditions of reaction         6-after  the electrolyte is absorbed add
Examples   of   non-conjugated, divinyl  cross-           the balance if
any of the  electrolyte; linking compounds are 1,4-divinyl benzene;
7-after   absorption of the. electrolyte in N,N-diallylacrylamide;
diallylamine;   di-       the cross-linked  polyacrylamide and by 5
allymethacrylamide, 2,5 - dimethyl- 1,7 -             the zinc powder,the
heat is  discontinued Octadiene; p,p'-diisopropenylbenzene; 2,8-
and the mixture cooled wile continu- dimethyl - 1,8 - nonadiene and
diethylene       ing the agitation; and glycol divinyl ether, divinyl
sulfone, and    8--when  the mixture is cooled it can be methylene - bis -
acrylamide.                             dispensed into the anode chamber.
of 10     In addition, as is well known in the art,      the cell by
conventional means, such as the cross-linking  may be accomplished by
by utilization of an auger type dis- . 75 * radiation techniques i.e.,
without the use of a   penser. cross-linking  agent.
In another technique, the anode is fabri- The preferred cross-linked
polyacrylamides  cated according to the following procedure: 15
contemplated for use in alkaline galvanic cells, preferably
alkaline-manganese  dioxide-zinc system cells, are those which have been
cross-   Technique B (Internal Method) linked with N,N'-methylene
bis-acrylamide.        1-mix all the dry ingredients   of the anode  80 20
Most preferred are cross-linked polyacryl-        together; amides which
have been formed by the copoly-   2--mold  by compression  anode  cylinders
to merization reaction of  a ratio of 13  to 22     a  specific weight -dry
basis ( some moles  of acrylamide per mole  of methylene     .moisture may
be necessary for improved bis acrylamide. A   typical cross-linked mater-
molding);                           85 ial may be prepared in quantity
according to       3--wet the separator of the cell: 25   the following
process :                       4- place the anode cylinder in the cell;
Dissolve with stirring (avoid incorporating    5-add the correct amount of
electrolyte; air) 15.11 parts acrylamide monomer and  1.46    and parts of
N,N" methylene bis  acrylamide in      6-"cook", i.e., heat, the cell at
about 95[err]   90 83.28 parts (by weight) of water. Then dis-      until
the electrolyte is absorbed. 30   solve 0.O7 parts of N,N,N'N'
tetramethylene       It will, of course, be understood  that various
diamine with continued stirring and finally   other techniques can be
employed for pe- add 0.08 parts   of ammonium persulfate.  Con-   paring
the anode structure   of the present time stirring for 30 to 60 seconds
following  invention and that the manner of mixing as   95 last addition
Then pour the solution into  described in Techniques A and B above can 35
convenient size molds (e.g. 20 by 12 by 6   be altered without appreciably
changing the inches high). The solution  will set up to a  resultant
product. firm gel within 10 minutes,after  which the     By virtue of the
anode structure the com- cast blocks may be transferred to a chopper
posite anode is subject to very little expansion   100 or shredder and
broken up into discrete par-  during abuse change conditions 40  ticles
about 3/16 of an inch in diameter.        Fig. 2 shows the results of an
anode ex- These may be air dried by any convenient  pansion test under
abuse charge   conditions method at about 70C  or somewhat above   and
compares a conventional anode containing until the    particles shrink  and
become hard  carboxmethyl cellulose with the anode  of  105 and brittle.
They may then be ground to a. the present invention. 45  size of 1,000
microns or less an  stored for  An apparatus was used for the test which
use.                                      included a conventional
alkaline-manganese The anode of the present invention may   dioxide-zinc
cell except that a transparent 



be suitably made by a variety of tehniques.  plasic tube was inserted into
the can in  110 In one such technique a heated mixer is util-   place  of
the seal which normally seals the 50   ized and is practiced in the
following manner:  cell. The tube   he sam   e inside diameter of the anode
chamber of the :cll and extended Technique A (External Method)
above the upper part of the cell thereby 1--weigh  the amount of zinc
powder de-  serving as container for the expanding anode.  115 sired;
The amount of expansion was determined in 2--weigh the amount of mercuric
oxide  the following manner: 55        powder desired; (HgO is added so as
(a) the distance between the top of the to amalgamate the zinc powder)
anode and too of the cylinder before charging 3-mix 1 and  2 above wih all
or a major  was measured, and was  referenced as the zero   120 portion  of
the electrolyte which  allows   point; the zinc to  be amalgamated;
(b) after charging started, the new  distance 60     4--weigh the
polyacrylamide powder and  between the top of the anode and the top of add
to 3 above; add ZnO powder here,  the cylinder was periodically measured.
When if used;                              this distance was subtracted
from the zero  125 5-heat the mixture to about 95C. with  point of (a)
above the anode expansion was agitation;
determined.    1,504,184                                        S The anode
mixture  had the following for-    formulation. After about 35 minutes,
'the ulation:                                    anode formulated with
carboxymethyl cellulose 45.8 per cent zinc particles              had
expanded about 1.5  inches   compared 1.8 per cent HgO    powder
with an    expansion of only 0.4 inch for -the  45 3.0 per cent
polyacrylamide granules    polyacrylamide   anode  formulation.  Aft 49.4
per cent of 35 per cent concentration  about 50  minutes charging time, the
carboy- K0H solution in water              methyl cellulose cell shorted
out whereas the The above percentages are by weight. The  polyacrylamide
anode 'did not expand apprec- 10  separator was pre-wet with 4 cc of the
KOH   iably over 0.4 inch after 90 minutes of abuse  50 electrolyte.
charging. The polyacrylamide utilized was made by   Fig.3 shows the cell
voltage readings ob- the copolymerization  of acrylamide  with  tained
during the 1000 MA charge tst on methylene bis acrylamide by the preferred
the cells employed in connection with Fig. 2. 15   method previously
described.                 The voltage results confirm that less gas is  55
generated in the cell containing the poly- anode had the same formulation
as the above  acrylamide composition as compared with except that
carboxymethyl cellulose was sub-  the cell containing the carboxymethyl
cellu- stituted for the cross-linked polyacrylamide.   lose anode
formulation. This of course, means The auger dispenser was used in both
cases.    that the cell with the novel anode  composition   60 20    The
negative terminal of a direct current   is less likely to rupture  than
those containing power supply source was connected to the    the
conventional carboxymethyl cellulose anode brass  current collector for the
anode in each cell and the circuit through the cell com-    A number of
sealed "raw" "D" size cells pleted by connecting the positive terminal to
(lacking outer jacket and false covers) were  65 5  the container. 1000
milliamperes (MA) charge  constructed half of which contained the anode was
given to each cell over a period of about    composition  of the present
invention while 90 minutes or until the cell shorted out, at  the other
half contained an anode composition which point no more gas was generated.
comprising carboxymethyl cellulose (CMC). The anode expansion was
determined and       The formulation for each type was the  70 the  results
are indicated in Fig. 2.        same  as  that employed in connection with
As will be seen from  Fig. 2, heavy abuse   Figs.2  and 3 .  Three   cells
of  each type were charging  resulted in low anode expansion of   evaluated
as to the   amount of   leakage when charging resulted in low anode
expansion of  evaluated as to the amount  of leakage when the
polyacrylamide anode mixture. This means   150 MA charge current was passed
through that commercial cells containing the novel  each cell. The voltage
charge current,charge       75 35  anode structure  can withstand  field
abuse  time and average bottom bulge was recorded. charging (which is well
below  1000 milli-  All cells  were fitted with non-resealable safety
amperes) without any apprec able  leakage.  pressure release valves, but
only the CMC This may occur in a five  cell   flashlight, for  cells
activated their valves to release gas and example, with one cell inserted
backwards.   liquid. The average data for three cells of  80 



4   The results are dramatic when compared with  the same type was
calculated and the results the carboxymethyl cellulose gel in the anode
are indicated in Table I below: TABLE I Open Cell        Current
Circuit     Time       Average         External Anode     (Milliamps)
Volts  (Hrs.)    Bulge(Mils.)      Leakage - [err]         150
1.57        24           108        Very heavy [err]       150
1.55        24            57         None 1. Carboxymethyl cellulose. 2.
Polyacrylamide. A number of "D" size alkaline-zinc-man-   for service in
minutes under a 2.25 ohm 85  ganese dioxide cells were made containing
continuous test at specified cut-off voltages. the anode formulation of the
invention  as  All cells  were non-vented except for safety used in
connection with cells of Fig. 2. These  pressure release valves. The anode
of the  95 cells were compared with standard factory   present invention
was also tested in cells which "D" size alkaline-zinc-mangnese dioxide
cells  had been  charged at 150 MA for 24 hours. 90  which contain 50 per
cent higher mercury  Factory cells give little service following such Three
fresh cells of each type were evaluated  charge. The results are indicated
in Table II.    6                                          1,504,184
6 TABLE 11 Cut Off Voltage                  Anode % Eff. Type      1.2
1.1    1.0    0.9    0.8    0.65    to .65    State of Cell [err]    125
300    580    730    780    820            50    Fresh PAM'.       105
300    570    800    940   1050            68    Fresh Factory2     -
-       -       -       -       30        2    After charge PAM'   120
270    550    765    810    845                62    After charge 1.
Polyacrylamide anode 2 CMC anode A modification of the formula given pre-
cells when subjected to abuse charging  will, viously for the anode mixture
is as follows    :    if fresh , go into what  would be  termed "over- 50.0
per    cent  zinc particles               charge" in a secondary cell. The
normal roles 5   2.0 per cent HgO powder                  of anode and
cathode are interchanged be- 2.0 per cent ZnO powder
cause of the reversed current flow, and conse-   55 2.5 per cent
polyacrylamide granules       quently hydrogen gas is evolved on the zinc
43.5 per cent  of electrolyte (35%  aqueous   electrode and oxygen gas on
the manganese KOH solution).                        dioxide electrode. This
process drives the cell 10   The formula is preferred because the increased
voltage up well above the water decomposition content of zinc gives
increased service on   voltage, develops gas pressure in th  cell,  60
discharge, and the ZnO  in solution further    and in the case of prior art
anodes leads to reduces bulging as is discussed later. In keep-  swelling
of the zinc anode. If the electrolyte ing with. oonventional practice, up
to 5.0 cc   contains zinc ions in soluion,  as by partial 15   of aqueous
KOH electrolyte is added to the   cell discharge or by deliberate
dissolution of separtor of a size  "D   cylindrical cell,    for  zinc
oxide in fresh electrolyte, zinc will be   65 exmple, before the anode is
dispensed into  plated out of solution (i.e. charged) and the the cell.
This "prewet" addition insures that  hydrogen evolution will be suppressed.
Oxygen electrolyte  wetting  equilibrium is quickly evolution continues,
however, and this must 20   established without drying out the anode mix.
be dealt wish. It has been found that the As will be evident from  th
foregoing, new anode structure by virtue of its  porosity   70 the improved
anode structure of the present  (voids) and the accessibility of wetted
zinc invention is clearly superior in abuse resist- on the surface of the
nuggets is ance to anode structures containing  gelled   ideally
constituted to favor chemical  recom- 25    carboxymethyl  cellulose
Advantageously, a  bination of oxygen gas with the zinc     powder high
liquid content anode mixture physically  to form zinc oxide which in turn
dissolves  75 resembles a dry powder and moreover,  by  in the electrolyte.
The cell gas pressure is virture   of the  "voids"  created by the novel
therefore that pressure which is due to oxygen arrangement, any gas
generated is not en-  only and is high enough to drive the chemical 30
trapped in the anode. In addition, there is  recombination of oxygen fast
enough to keep little or no syneresis of electrolyte thereby   up with the
electrochemical evolution by   80 



assuring anode sability and full service.      charging. If this
equilibrium pressure is below Electrolyte which is free to move about  that
which  the the resealable   vent opens no may be unavailable to the anode
when needed  external venting of gas will occur. An indi- 35   and may
interfere with the proper operation   cation of the pressure is evidenced
however of a resealable vent even to the point of  by the bulging of the
cell container           85 exhibiting external leakage. Some commercial
This is the significance of the bulge data anodes, not of the type
contemplated herein,  previously presented in Table I.The reduc- utilize
compressed zinc powder anodes with  tion in cell voltage on charge by
elimination 40   absorbed and excess eletrolyte which is free  of hydrogen
evolution has been also previously to move under the influence of gravity
or  shown in Figure 3. The new anode structure,   90 anodically generated
gas. The anode of the  then,permits full and successful  utilization
present invention is believed to possess the   of the known benefits of
dissolving a few per- advantages of both the pressed powder anode  cent of
zinc   oxide  in fresh cell alkline ectro- 45   and the homogeneous gel
anode while over-   lyte. coming or avoiding the disadvanages of each.    A
surprising characteristic of the new anode   95 A further capability of
this new anode not  is the high electronic conductivity achieved by
previously  mentioned  as to  do with its  the point to point contact of
wetted zinc unique structure in relation to gas recombina-  particles
residing on the surface of the nuggets. 50   tion. Alkaline-zinc-manganese
dioxide primary  Despite the void structure and the uncom-    7
1,504,184                                        7 pressed state of the
zinc powder, cell amper-  made without departing from the scope of the   65
age attained  with new anode even after  invention. 6 months on 45C. shelf
storage is stabilized at about 65% of  that    routiney obtained from
WHAT WE CLAIM  IS:- 5   commercial cells of the same size using the    1.
An improved composite anode for use [err]  carboxymethylcellulose  anode.
This  in an alkaline galvanic cell comprising in com- amperage is
satisfactory for virtually all known   bination, zinc particles, an
alkaline electrolyte  70 applications for this type of primary cell  and a
cross-linked polyacrylamide, wherein Amperage of freshly made cells is
about the   said alkaline electrolyte is absorbed in said 10   same for the
two types of anode.           cross-linked polyacrylamide to form
electrolyte The improved, non-swelling anode of the   nuggets and wherein
said zinc particles are present  invention may be used to advantage
wetted with electrolyte and are distributed  75 in alkaline
cells,particularly  alkaline - zinc-  throughout said composite anode in a
manner manganese dioxide cells of otherwise conven-  such that said zinc
particles are in contacting 15   tional construction, seal, and finish.
Despite  relation with said electrolyte nuggets and with the improved anode
such cells, if lacking a   each other. resealable vent, may rupture their
seal and   2. An anode as claimed in claim 1 wherein  80 become unusable if
overly abused because of  said alkaline-galvanic cell is an alkaline-zinc-
the high gas pressure. The addition of a con-  manganese dioxide cell. 20
ventional resealable vent will prevent rupture,  3. An anode as claimed in
claim  1 or 2 but may still show external "salting", a sticky   further
characterized by a system of inter- or malfunctioning vent, and shortened
life.  connectable voids distributed throughout said  85 The reason is that
copious gassing will cause  composite anode. electrolyte spray or mist
which if vented will    4. An anode as claimed in any one of claims 25
pass through the vent and deposit liquid on   1 to 3 wherein said zinc is
present in an the valve seat and disc. To prevent this the   amount of
about 30 to about 85 percent by electrolyte repellent membrane should
prefer-  weight based on the total weight of the corn-  90 ably be used in
conjunction with the reseal-  posite anode. able pressure relief vent valve
of our co-    5. An anode as claimed in any one of 30   pending application
No. 8831/75 (Serial No.  claims 1 to 4 wherein said zinc particles have
1,504,183).                                 a particle size which will pass
through a 60 It should be noted that the novel anode   mesh screen but be
substantially retained on  95 of the invention offers cost and
environmental  a 325 mesh screen. protection advantages as well. It is
feasible    6. An anode as claimed in any one of 35  in the anode to use
unscreened zinc particles  claims 1 to 5 wherein said alkaline electrolyte
as made rather than screened fractions with  is present in an amount of
about 10 to about the fines (e.g. 200-325 mesh and finer)   65 percent by
weight based on the total 100 removed. Zinc fines are notorious in the art
weight of the composite anode. for their high gassing rate, and previous
cells    7. An anode as claimed in any one of 



40   could not accommodate this much gas. Zinc   claims 1 to 6 wherein said
cross-linked poly- powder as made is of course much cheaper  acrylamide is
present in an amount of about than screened zinc particles.               1
to 8 percent by weight based on the total 105 Similarly, a reduction in
mercury content  weight of the composite anode. is possible. Prior art
alkaline manganese di-    8. An anode as claimed in any one of 45   oxide
cells for example have employed up to   claims 1 to 7 wherein said alkaline
electrolyte three times as much mercury (oxide) in the  is potassium
hydroxide or sodium hydroxide. anode to control wasteful anode corrosion
and  9. An anode as claimed in any one of claims 110 gassing. Formulations
disclosed herein employ   1 to 8 wherein said cross-linked polyacrylamide
1.8 to 2.0%  HgO. Even 1.0%  HgO  is a   is capable of absorbing at least
about twelve 50  usable level if extended high temperature  times its
weight of electrolyte at 100[err]. storage is not required. Obviously,
cells in-  10. An anode as claimed in any one of cluding the anodes of the
present invention   claims 1 to 9 wherein said polyacrylamide 115 would
constitute a lesser ecological hazard  resin, prior to cross-linking is of
the structure: than conventional prior art cells if disposed 55  of
improperly.                               [err] It should be understood
that electrolyte,              [err] in addition to that absorbed in the
anode   where structure, will also be absorbed in the separ-  Y  is
hydrogen, ammonium  or an alkali ator and cathode, and additional
electrolyte  metal;                                  120 60  may, if
desired, be present in other absorbents,    m is a positive number from 1
to 100; reservoirs, cavities, and the like.           n is 0, or a positive
number up to 99 which It will of course, further be understood that    may
be regarded as an index of the degree many variations, changes and
modifications    of hydrolysis of m+n amide groups orig- of the development
described herein can be    inally present;                         125
1,504,184 pressed state of the zinc powder, cell amper-   made without
departing from the scope of the  65 age attained with the new anode even
after  invention. 6 months on 45[err] shelf storage is stabilized at about
65% of that  routinely  obtained from   WHAT WE CLAIM IS:- 5   commercial
cells of the same size using the    1. An improved composite anode for use
[err]  carboxymethylcellulose  anode. This  in an alkaline  galvanic cell
comprising in com- amperage is satisfactory for virtually all known
bination, zinc particles, an alkaline electrolyte  70 applications for this
type of primary cell  and a cross-linked  polyacrylmide, wherein Amperage
of freshly made cells is about the  said alkaline electrolyte is absorbed
in said 10    same two types of anode.                     cross-linked
polyacrylamide to form electrolyte The improved, non-swelling anode of the
nuggets and wherein said zinc particles are present invention may be used
to advantage    wetted with electrolyte and are distributed  75 in alkaline
cells, particularly alkaline-zinc-  throughout said composite anode in a
manner manganese dioxide cells of otherwise conven-  such that said zinc
particles are in contracting 15   tional construction, seal, and finish.
Despite  relation with said electrolyte nuggets and with the improved anode
such cells, if lacking a   each other. resealable vent, may rupture their
seal and   2. An anode as claimed in claim 1 wherein  80 become unusable if
overly abused because of  said alkaline-galvanic cell is an alkaline-zinc-
the high gas pressure. The addition of a con-  manganese dioxide cell. 20
venional resealable vent will prevent rupture,    3. An anode as claimed in
claim 1 or :2 but may still show external "salting", a sticky  further
characterized by a system of inter- or malfunctioning vent, and shortened
life.  connectable voids distributed throughout said  85 The reason is that
copious gassing will cause  composite anode electrolyte spray or mist which
if vented will    4. An anode as claimed in any one of claims 25   pass
through the vent and deposit liquid on   1 to 3 wherein said zinc is
present in an the valve seat and disc. To prevent this the   amount of
about 30 to about 85 percent by electrolyte repellent membrane should
prefer-  weight based on the total weight of the com-  90 ably be used in
conjunction  with the reseal-  posite anode. able pressure relief vent
valve of our co-    5. An anode as claimed in any one of 30   pending
application No. 8831/75 (Serial No.  claims  to 4 wherein said zinc
particles have 1,504,183).                               a particle size
which will pass through a 60 It should be noted that the novel anode   mesh
screen but be substantially retained on  95 of the invention offers cost
and environmental  a 325 mesh screen. 



protection advantages as well. It is feasible    6. An anode as claimed in
any one of 35   in the anode to use unscreened zinc particles  claims 1 to
5 wherein said alkaline electrolyte as made rather than screened fractions
with  is present in an amount of about 10 to about the fines (e.g. 200-325
mesh and finer)  65  percent by weight based onthe total   100 removed.
Zinc fines are notorious in the art  weight of the composite anode. for
their high gassing rate, and previous cells    7. An anode as claimed in
any one of 40  could not accommodate this much gas. Zinc   claims 1 to 6
wherein said cross-linked poly- powder as made is of course much cheaper
acrylamide is present in an amount of about than screened zinc particles.
1 to 8 percent by weight based on the total 105 Similarly, a reduction in
mercury content  weight of the composite anode. is possible. Prior art
alkaline manganese di-    8. An anode as claimed in any one of 45  oide
cells for example have employed up to  claims 1 to 7 wherein said alkaline
electrolyte three times as much mercury (oxide) in the  is potassium
hydroxide or sodium hydroxide. anode to control wasteful ane corrosion and
9. An anode as claimed in any one of claims 110 gassing. Formulations
disclosed herein employ   1 to 8 wherein said cross-linked polyacrylamide
1.8 to 2.0%  HgO. Even 1.0%  HgO  is a   is capable of absorbing at least
about twelve 50   usable level if extended  high temperature  times its
weight of electrolyte at 100[err]. storage is not required. Obviously,
cells in-  10. An anode as claimed in any one of cluding the anodes of the
present invention  claims 1 to 9 wherein said polyacrylamide 115 would
constitute a lesser ecological hazard  resin, prior to cross-linking is of
the structure: than conventional por art cells if disposed 55  of
improperly.                           [err] It should be understood that
elecrolyte,              [err] in addition to that absorbed in the anode
where structure, will also be absorbed in the separ-    Y is hydrogen,
ammonium  or an alkali ator and cathode, and additional electrolyte  metal;
120 60  may, if desired, be present in other absorbents,    m is a positive
number from 1 to 100; reservoirs, cavities, and the like.          n is 0,
or a positive number up to 99 which It will of course, further be
understood that    may be regarded as an index of the degree many
variations, changes and modifications    of hydrolysis of m+n amide groups
orig- of the development described herein can be   inally present;
125    8                                    1,504,184.        '
8 m plus n is equal to 100; and            claims 1 to 10 or 43 wherein
said cross-linked Z is a number from about 0.1 to 30, where  polyacrylamide
is formed by  the reaction of a   15 Z times 100 is equal to the number of
mu   ratio of 13 to 22 moles of arylamide mono- units between cross-links.
mer per mole of methylene bis acrylamide. 5     11. An anode as claimed in
any one of            14. An anode as claimed in claim 1 and. claims   1 to
10 wherein said polyacrylamide   s       substantially   as hereinbefore
described with is cross-linked with a non-conjugated divinyl
reference  to and as illustrated in any one of       20 compound.
Figs. 1 to 3 of the accompanying drawings. 12. An anode as claimed in any
one of 10   claims 1 to 10 wherein said polyacrylamide            W. P.
THOMPSON  & CO., resin is cross-linked with methylene bis acryl-  Coopers
Buildings, Church Street, amide.
Liverpool L1 3AB, 13. An anode as claimed in any one of
Chartered  Patent Agents. Printed for Her Majesty's Stationery Office by
the Courier Press, Leamington Spa, 1978. Published by the Patent Office, 25
Southampton Buildings, London, WG2A 1AY, from which copies may be obtained.


