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I nvention This invention relates generally to solid gel nenbranes, and nore
particularly to an ionic-conducting pol yner-based solid geb ABGUSI20038Back
round of the Invention El ectrochem cal devices generally. incorporate an
el ectrol yt eWsWd®¥8t 0 provi de the anions or cations necessaiorisopiggguce
an el ectrochem cal reaction. A zinc/air system for exanple, requires the

di ffusion of hydroxide anions, and typically will incorporate anagueous
pot assi um hydr oxi de solution as the 10 electrolyte. The lifetinme of this
battery is however, l[imted for several reasons. First, the naked zinc

anode is corroded by both the aqueous electrolyte and air. Second, the air
channel s of the air cathode gradually becone bl ocked by water from the
electrolyte solution and third, the electrolyte solution becones

contam nated with zinc oxi dati oSQEBUGEL MEMBH®iANKSses fromthe anode. 15
Vari ous net hods have been used to address the many probl ens associ at ed
with the use of aqueous el ectrolytes in zinc anode based systens such as

zinc/air fuel cells. Additives, f o, EXOS@IE,V have been introduced into the
electrolyte solution to extend its It o protect the anode from
corrosion. United SthisasveRtbe rdlateslgehdi@ilbRlsofli ﬂﬁ?xﬁ@r e f inorganic

i )520 Odegg, eaéﬁ%bant%)azlgﬂ%s,

addi ti ves such_as ercury, . indium tin, cadm um or
t hal | i um oxi dePHEWRLY txatigpicronductiog palymenbased kelid gddrmbMugy of t hese

addi tives Bowever, are expensi ve_BanE rmrﬁ fsl gﬂi ficantly, are very toxic.
United States Patent 4,378,414 di . a multi-layer ,
3 fe P ta[] g'F or between tBRcoStieimisos denicks %@&?&Hy‘.iﬁco%&%{era%de?e%trtogrtg seo(ljllrjcceetoC orroston
provide the anions or cations necessary to produce an electrochemical reaction. A
zinc/air system, for example, requires the diffusion of hydroxide anions, and
 typically will incorporate an aqueous potassium hydroxide solution as the
10 glectrolyte. The lifetime of this battery is however, limited for several reasons.
First, the naked zinc anode is corroded by both the aqueous electrolyte and air.
Second, the air channels of the air cathode gradually become blocked by water from
the electrolyte solution and third, the electrolyte solution becomes contaminated
with zinc oxidation product that diffuses from the anode.
15 Various methods have been used to address the many problems associated
with the use of aqueous electrolytes in zinc anode based systems such as zinc/air
fuel cells. Additives, for example, have been introduced into the electrolyte solution
to extend its lifetime and to protect the anode from corrosioﬁ. United States Patent
4,118,551 discloses the use of inorganic additives such as mercury, indium, tin,
20 lead, lead compounds, cadmium or thallium oxide to reduce corrosion of a zinc
electrode. Many of these additives however, are expensive and more significantly,
are veq toxic. United States Patent 4,378 414 discloses the use of a multi-layer
separator between the positive and negative electrodes to rediice corrosion of the
-anode and contamination of the electrolyte by zinc oxidation products. In addition,

25 'hydrophobic materials have been introduced into zinc/air devices to prevent water

permeation into the air channels of the cathode. Introduction of hydrophobic



anode and contam nation of the electrolyte by zinc oxidation products. In
addi tion, 25 hydrophobic materials have been introduced i 26 AUGHSTa2003 .
devices to prevent water perneation into the air channels of the cathode.
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material s ?‘;b%ﬂem\éer, a difficult process and may result |Sygg§%gé(g‘§g?
performance of the cathode. In addition to zinc/air systens, other

nmetal /air systens, such .as alumnunfair, lithiunfair, cadmunfair,
magnesium air, and iron/air systems, also 5 have the potential for many
different applications due to their theoretically high anpere-hour
capacity, voltage, and specific energy. In actual practice however, these
very prom sing theoretical values are greatly reduced due to the corrosion

of the netal ,BRRER ik RotvB&: ' at e hydroxi de conductive
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St at es Pat ent tle, @8®de13 and conprises a polyneric support structure having

an electrol yte act'kve speci es di spersed therein, wherein the polymner

structure is in inthHfoRieRineir syptemsbothhr mbtel/sinsxiteras)dudthes cat hode. Thi s

PBI film ho er " absor b ter and.therefore, does not hold water
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wi-thin the nenbrane, using’i
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of zinc powder granules suspended in a gel conprise

met hyl enebi sadPpératiodecapacity voltagecind spedifiaensriganinactugirasiss Lowbyddr oxi de
serves as thg electrolyte, and .isg contained wwthin the gel. Wth regard to
devi ces that F&rYy OhPl S’E%H&Gf?ﬁ‘f’éﬁ’ S @R $IEMY Tegdpcadcdueria the copmsivaofbeen a

significant affRURdtalGhodERGRE SchtdertE.hi S area, nost proton conducting

A solid state hydroxide conductive elecirolyte polybenzimidazole (“PBI”)

10 - filmis disclosed in United States Patent 5,688,613 and comprises a polymeric
support structure having an electrolyte active species dispersed therein, wherein the
. polymer structure is in intimate contact with both the anode and the cathode. This
. PBIfilm, however, does not absofb water and therefore, does not hold water within
the membrane, causing it to dry out quickly.

15 ' United States Patent 3,871,918 discloses an electrochemical cell embodying
an electrode of zinc powder granules suspended in a gel comprised of
methylenebisacrylamide, acrylic acid and acrylamide. Potassium hydroxide serves
as the electrolyte, and is contained w1thm the gel.

With regard to devices that rely on the conduction of cations, while there

20 hasbeen a significant amount of research in this area, most proton conducting
membranes are very expensive to produce and typically do not function at room
temperature. In the 1970's for example, a fully fluorinated polymer membrane,
NAFION® (DuPont, Wilmington, DE USA) was introduced and has served as the
basis from which subsequent proton conducting membranes have evolved.

25 - United States Patent 5,468,574 discloses a proton conductive membrane

. ‘that is characterized as a highly sulfonated polymeric membrane composed of biock
bopolymers of sulfonated polystyrene, ethylene and butylene blocks. In 1997,

NASA’s Jet Propulsion Laboratory disclosed the development of an improved
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menbr anes are very expensive to produce and typically do not function at
room tenperature. In the 1970's for exanple, a fully fl u28iAlBYHSTROOBer
menbrane, NAFION(r) (DuPont, WI m ngton, DE USA) was introduced and has
served as W0V/AHSi s from whi ch subsequent proton conducti ngoradaesngs have
evol ved. 25 United States Patent 5,468,574 discloses a proton conductive
menbrane that is characterized as a highly sul fonated pol yneri c nenbrane
conposed of block copol'yners of sulfonated pol ystyrene, ethylene and
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proton conductive nmenbrane conposed of sul fonated pol y(ether ether ketone),
commonly known as H SPEEK. The separator in a cell or battery physically
separ at es andPéleteandsetiveymenbrant avmposet! of tulfshasedfolfbthéestRer keBlegr i t Y-

Whi | e serving a barrier e_transport 5 of active material§ of the
different el e%‘?rrﬁ‘é‘a‘&?‘“awgéﬁgﬁéfs Kshoul d al so provi de ionic conduction.

Good i oni ¢ conduct i j ure that an el ectrochem cal
cell/battery is capab%%bagaioﬁgﬁf\c\?g%éa&%gz’g%c AotRrdevnddedricalyr a gi ven
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used to prevent short circuiting caused by neta endrite penetra
during rechar aé Ve paterials ot sheadiferent elactrasteh.zr sppatata should Alorprowté sonicZi NC 0N

t he surface o - e ' i nc | ectrode (anode) is dissolved as zincate

ion into the é?r{g{gt&f ol ;ﬁd&éfgﬁpiéﬁogﬁucgwﬁy gRecaisayHagare #ivk An elegirpehpmiond

charge, when tdiithattbrigicarab i j c ependi ng
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on the particul ar anode used, the zincate Ion r ret O\uhi ch
i s needl e-like andlna rgelargeablensiedttoshemigaitdellea sdparditooiselsd Q¥e © frBfent 5

charging el ecfirade. Unfortunately, these needle-like structures can pierce
hr ogghg ot c?rcm't{ng Shused %y meltal dtenc?rlte penetration during recharging. For P

10 example, in rechargeable zinc/air cells, zinc on the surface of the negative zinc
electrode (anode) is dissolved as zincate ion into the electrolyte solution during
discharge. Then, during the charge, when the charging current is typically below 20
mA/cr?’, depending on the particular anode used, the zincate ion forms dendritic
zinc, which is needle-like and. grows from the negative electrode toward the

15 charging electrode. Unfortuﬂhtely, these needle-like structures can pierce through
conventional separators causing an internal short circuit. The service life of the cell
is consequently terminated. In addition to preventing dendrite penetration, the

Separator must allow for the exchange of electrolytic ions during both discharging
and charging of the cell.

20 The most commonly used separators in rechargeable cells are porous
insulator films of polyolefins, polyvinyl alcohol (PVA), nylon, or cellophane.
Acrylic compounds may also be radiation-grafted onto these separators to make
them more wettable and permeable to the electrolyte. Although much work has
been done to improve the performance of separators, dendrite penetration problems

25 are frequently encountered with these and other conventional separators, as well as -

'problems involving diffusion of reaction products such as the metal oxide to

rematning parts of the cell.



conventional separators causing an internal short circuit. The service I!fe‘
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el ectrol yte system separator di sposed between the cat hode and anode of a
rechar geabl e 8?%&“?%%%@?#%& battery. The electrolyte systemincludes a

I trix prepas; aly b L -aGld or 10 derivatives thereof An
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The electrolyte system includes a polymer matrix prepared from polyacrylic acid or

10 derivatives thereof. An electrolyte species, such as KOH or H,S0,, is then added to

(D

the polymer matrix to complete the system. However, as reported in the pafent, the

measured ionic conductivities of the disclosed electrolyte-polymer films are low,

ranging from 0.012 S/cm to 0.066 S/cm. Although these conductivities are

accéptable for some applications, they are ine{'dequate for other high rate operations
15 including electrical vehicles. ‘

_ An electrochemical reaction is also involved in the function of
electrochromic devices (ECD’s). Electrochromism is broadly defined as a
reversible optical absorption change induced in a material by an electrochemical
redox process. Typically, an electrochromic device contains two different

20 electrochromic materials (ECM’s) having complementary properties; the first is
generally reduced, undergoing a color (1)-to-color (2) transition during reduction,
while the second material is oxidized, undergoing a similar transition upon the loss
of electrons.

Basically, there are two types of electrochromic devices, depending upon
25 thelocation of the electrochromic materials within the device. In a thin-film type
- device, the two ECM’’s are coated onto the two electrodes and remain there during
\ the redox coloration process. In a solution-phase device, both ECM’s are dissolved

in an electrolyte solution and remain their during the coloration cycle. The solution-

4



measured ionic conductivities of the. disclosed electrolyte-polyner filns
are low, ranging from0.012 S/cmto 0.066 S/cm Although2é AKEUST 2003
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a longer |if ethehBn- ¥ h.. i.at.ai n the colored state, an
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state, power 'conﬁungt' on is greatly reduced, nmaking t vant age for
such ener gy- SEPPME© Bé?*@hﬁg@@dé@e@mqemrc&iom.- The  dr awback of

. With regard to solution-phase devices, United States Patent 5, 128,799, for

10 example, discloses a method of reducing the current required to maintain the
colored state which involves the addition of gel into the device. While reducing
energy consumption however, the addition of the gel into the device also greatly
reduces the switching speed of the device. With regard to thin-film devices,
attempts to extend the lifetime of the device have included changes to the crystal

15 structure of the film. While such changes have increased the lifetime of thin-film
devices to an extent, the typical lifetime of such devices is still not satisfactory.

The foregoing problems thus present major obstacles to the successfial
development and commercialization of fuel cell technology, a green energy source,
and of electrochromic devices such as smart windows and flat panel displays, which

20 have several energy-saving, decorative, and information display applications. With
respect to the problems associated with rechargeable electrochemical cells, it is
clear that there is a great need for a separator that can provide improved ionic
conductivity while pfoviding an effective barrier against the penetration of metal

' dendrites and the diffusion of reaction products.

25 . | _ ~ Summary of the Invention
" The present invention provides polymer-based solid gel membranes that
contain ionic species within the gel’s solution phase and that are highly conductive

to anions or cations. In accordance with the principles of the invention, solid gel
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the thin-filmtype device is that it has a short lifetine. After a certain
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el ectrochrom c devi ces such as smart w ndows and flat panel displays, which

20 have sever AUBHEAYIIDs VNG Minkhy égl‘:Ag@ Fe/hl, leaﬁ-?drﬁ%{% add hﬁdimgen e
I t { e t to the pro soma ed w rechar gea
ol ect r ochen odb ek 3SR as B dspdn v e %lcg'aéémarﬁ@@adw
separ at or 4 hatfl# andlldRpia/e Amlh@ﬂﬁ ﬂfé%s@ant?& %&c}ﬂg e%é& }E,eﬁaneggy' ding an

effective barrier against the penetration o s and 't he
di f fusi on of rusabd lmwcmfgchbtﬁteéectm@hﬁmm}ys wheltehlethb solehgel ﬁfém-ﬂﬂﬁleFiE esent
i nvention provi ol yner - bas%d solid .menbranes that contain ionic

speci es withi nnﬁﬁgy i asseg?}?{?t' SW’eﬁHé}é"ec &W"&?@Nl’gﬁwd%ondugti ve to
i.nvention,
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membranes of the present invention may be used to protect the anode, as well as the

10 cathode. In such a system, the ionic species is contained within the solution phase
of the solid gel membrane, allowing it to behave as a liquid electrolyte without the
-disadvantages. The gel membrane protects the anode from corrosion (by the
electi'olyte as well as by air) and prevents zinc oxidation product from the anode
from contaminating the electrolyte. With regard to the cathode, as'the membrane is

15 itself a solid, there is no water to block the air channels of the cathode. As a result,
the system will have an extended lifetime.

As used herein, the term "anode" refers to and is interchangeable with the
term "negative electrode”. Likewise, "cathode" refers to and is interchangeable
with the term "positive electrode”.

20 - The present invention also includes rechargeable electrochemical cells that
use the solid gel membrane as a separator between the anode and charging
electrode. Such a separator provides many advantages that conventional separators
lack. For example, it provides a smooth impenetrable surface that allows the
exchange of ions for both discharging and charging of the cell while preventing fast

25 dendrite penetration and the diffusion of reaction products such as metal oxide to

" remaining parts of the cell. Furthermore, the measured ionic conductivities of the
.present solid gel membranes are much higher than those of prior art solid

electrolytes or electrolyte-polymer films. ‘For example, the observed conductivity
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conduct i vi t i e§eRgFatemgach electrode, and a porous spacer, if employed. The separator

comprises an ion-conducting polymer-based solid gel membrane which includes a

support onto which a polymer-based gel having an ionic species contained within a

solution phase thereof is formed. The support may be a woven or nonwoven fabric
15 or one of the electrodes. }

The polymer-based gel comprises a polymerization product of one or more
monomers selected from the group of water soluble ethylenically unsaturated
amides and acids. The polymer-based gel also includes a water soluble or water
swellable polymer, which acts as a reinforcing element. In addition, a chemical

20 polymerization initiator (listed below) may optionally be included. The ionic species
is added to a solution containing the polymerization initiator (if used), the
monomer(s), and the reinforcing element prior to polymerization, and it remains
embedded in the polymer gel after the polymerization.

Polymerization is carried out at a temperature ranging from room

25 temperature to about 130° C, but preferably at an elevated temperature ranging

| o 'ﬁ'om about 75° to about 100° C. Higher heating temperatures, such as those
ranging from about 95° to about 100° C, provide a stiffer polymer surface, which is
a desirable property in rechargeable cell applications. Optionally, the

7
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and it is possible that higher values still may be observed. Thus, these
uni que and unprecedented properties distinguish the separator of the
present invention from 5 previous designs that nerely trap dendrite growh
and sl ow penetration. Accordingly, the principles of the present invention
relate, in one aspect, to a rechargeable electrochem cal cell conprising a
separator, an anode, a cathode, and a charging electrode. Optionally, aI
liquid el ect r pblyinerizasid6 magbeafiedlout {]gﬁgra[dl;gm 'iﬁ%ﬁ}uﬂ&{oﬂgﬂ@aﬁ‘%{iﬁé conmmonl y
known by those of skill in the art, may al so be rncluded | e

ati the efizatios eperfotmeal ydisp &diatios biont Rethout
rechar geabl e Alpinatively the pplymiertzatior mag e @ ifl%enpl oued  Tha o o at or

) . ] cer,

conpr | ses an THEBR RIS o BRtodest darse inen thsiencaine! e ch rnel udes
iaviBi ~ i n_ionj-c species
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[ n product of one or norée nononers selected from
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the group of paa%/g?fr’ls,‘égféfg@géﬁ%P%ﬂ@aﬂamﬂdgnstélt:hﬂrgmgcblecand@lamy'hledgfmgleds. The
- : . i .er, sol ybl e or ter swellable
ol yrer . it cpia et BelRie 5 hefliaund Serarite litirodse, “henamion 20
pol yner i zat i ois posiiioreitiptwdenité @tbdeah@harBRy <RRILABAL! YichfePGLHgsH, The

i oni ¢ speci es, e . . .
! P hydroxide ionic species typically comes from an aqueous alkaline solution of

10 potassium hydroxide, sodium hydroxide, lithium hydroxide, or combinations

thereof. Preferably in a potassium hydroxide solution, for example, the base has a
concentration ranging from about 0.1 wt. % to about 55 wt. %, and most preferably
about 37.5 wt. %. In acidic systems, the proton comes from an aqueous acidic
electrolyte solution, such as a solution of perchloric acid, sulfuric acid, hydrochloric
15 acid, or combinations thereoﬂz The concentration of perchloric acid, for example,
preferably ranges from about 0.5 wt. % to about 70 wt. %, and most preferably |
about 13.4 wt. %. The membrane separator may also be used in neutral systems,
wherein the ionic species comes from a saturated aqueous neutral solution of
ammonium chloride and potassium sulfate; a saturated solution of ammonium
20 chloride, potassium sulfate, and sodium chloride; or a saturated neutral solution of
potassium sulfate and ammonium chloride.
When the cathode and charging electrode are individual and separate
electrodes, the charging electrode is positioned between the separator and cathode

2

and a porous spacer is optionally positioned between the charging electrode and
25 cathode.
In another aspect, the invention is a rechargeable electrochemical cell
comprising a separator, a metal anode (preferably zinc), an air cathode, and a

charging electrode. In this system, the separator is a hydroxide conducting



I.S- sol ution containing the polymerization initiator (if used),
![fléad(rjrgﬂotrrgr?s), and the reinforcing el enent prior to pol 26rAUGUST@B03and
it remains_ enbedded in the polymer gel after the polymerization.
Pol ymeri zatY@AYT 4% arried out at a tenperature ranging from Pows(taﬁusgl
tenperature to about 130 C, but preferably at an el evated tenperatur euch s
ranging fromabout 75 to about 100 C. Higher heating tenperatur els, sr
those ranging fromabout 95 to about 100 C, provide a stiffer plo_ yn}[ai one
surface, which is a desirable property in rechargeable cell ipp i cat: .
Optionally, the 7 26 AUGUST 2003 ." WD 00/51198 PCT/ US00/ 0488: .
pol ymeri zation may be carried out using radiation in conjunction w
heating. Alternativel the pol ynerization may be perfornmed using
radi ation al orPQIW‘?frF&é%/d sqlig Egntbn@gmtmw_ Onmgmrippfrg tsamgfm?gg ieg%)gﬁ{egi B es

i e, radiation. ! f on
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ul traviol et | ifghhed. YFHeR sy fér-Base@ el °°H3’r§.9§%‘§%§§‘m5‘9 Sa‘,ibﬁeg}f?c E%H’&’eel?ﬂle%!}d no

har gi ng el ectrode may be a single b tronal” e Ut
?Egi \(ii dugl gmdl IatoR pusincbdibs polfinerizaiparisitistor, theihp&bish et ween

) ,ng el ectrode. Ln alkaline systens,” the hydroxrde ionic
tsggcfig:d? y%ngaaF %i"gg 8@%&4“5%‘%01]@ Bydearifin épesish comenfrah aﬁ&qﬁﬂg?z IO ;Jm
hydroxi de, sodikalhd kit (o, é\l,%}}ggl%b{}?/grl X %?o r()gg%notéogggig%e reof .
Preferably inapo.tassu_Jmhfr xide So ution,” Fo :
concent r at i on hydnegidegsddivmbadrenideDlithium hydtokide

. 0,
preferably ab8&lt 37.5 w. % In acidic syst e”%%gﬁép? g}%egeno‘@p%(gl glr)zﬁn an
aqueous aci di G99 B¢hy B%W@%Qﬂlmwfﬁm‘hymehsaﬁg?ﬂ:gﬁ, anrydmide; chl or | ¢
28 In g 3 n"[S lrJ!iI iU(r)'n-QnOefﬁ?a!gfébrlig E}éﬁg; ?lgdqé@&%}ﬁfo%i% Pﬁé&g‘.{rﬁcﬁ@ggz&mn. The air cathode and
10 charging electrode may be a single bifunctional electrode or may be individual and

separate electrodes. The separator is positioned between the metal anode and

charging electrode. The fionic conductivity of the separator typically ranges from

about 0.10 S/cm to about 0.36 S/cm, but may be higher.

~In another aspect, the present invention is an electrochemical cell comprising
15 first and second electrodes and one or more polymer based solid gel membranes

disposed there between. In one embodiment, the electrochemical cell is a zinc/air

cell having an anode protective solid gel membrane and a hydroxide conducting

solid gel membrane disposed between the zinc anode and the air cathode. In

another embodiment of a zinc/air system, both the anode and cathode are protected

20 by a solid gel membrane of the present invention, and an aqueous electrolyte is
disposed between the two.
In a further embodiment of this aspect of the invention, the electrochemical
cell is an aluminum/air cell, wherein a hydroxide conductive solid gel membrane is
applied to the aluminum anode to protect it from corrosion.
v25 . | In yet a further embodiment of this aspect of the invention, the

- “electrochemical cell is an aluminum/air cell, wherein a hydroxide conductive solid

gei membrane is disposed between the aluminum anode and the air cathode.



referably ranges fromabout 0.5 wt. %to about 70 wt. % and nost _
Br ef er ablg about 13.4 w. % The nenbrane separator may 26 MJGYSTZOD3 n .
neutral systens, wherein the ionic species cones froma saturated aqueous

neutral s j f amoni um chl ori de and potassiun1su|fatp:ﬁﬁs . ated
sgrution g?wgﬁﬁgﬁ?un120 chl oride, potassiumsulfate, and sod?un)c g&lde;

or a saturated neutral solution of potassiumsulfate and amoni um .
chloride. Wien the cathode and charging el ectrode are individual and
separate electrodes, the charging electrode is positioned between the
separator and cathode, and a porous spacer is optionally positioned
between the charging el ectrode and 25 cathode. In another aspect, the
invention is a rechargeabl e el ectrochem cal cell conprising a separator, a

t al d r ef ersgfebydigd - Al : . char gi,ng el ectrode. .
oua anode, (pr el prakbiiipae patial ofiaL B iRBG 409 R aRAY 5955 vo
00/ 51198 PCT/ bditimestosiet gfiremetabammde 04 irdtalfeir e ) SYR@mCRTRIrIsSd 58a @

t onto whieh a pol ymer- based _gel having a hydroxi de species
igﬁ{) gir neg wi t fii® gngq)ef)ﬁqcf/wﬁm et | P@@ﬂ‘fgﬁﬂpﬁ%Spofmlg opel:?gei: gﬁsed gel
i ses pol i .
roduct of & bayiee Dol bl bt fled Se SR AEBleand S ioge S

acryl ani dé, and nelmperyfurtherentbdinldi of W iA%infe SREGEGD AR JfigMm an
aqugous al kal i ne é&_‘uti on (rangi ng from about 0.1 w. _ (gt 0 glbout%S w. %
pot assi um hyBo63% eehydregide sonipgtinspatisr sontcej wnh hyalhydebghe fuel cefl sfiitehur
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met hyl enebi sacr Hszer?ll %’Ce&?&a%tr P%?ﬁ?fbgf%%ﬁ@?%%awp?@eée%gdmhmq@w bone
prior to polysadwidhied detwebiehethydrsgahhadfe AMthe air cathode, thus separating the

hydrogen and the air, while allowing the diffusion of proton or hydroxide ions. This

10 embodiment provides several advantages over prior art proton conducting
membranes in that the solid gel membranes of the present invention are much easier
and less expensive to produce than earlier membranes and, more importantly, unlike
previous membranes, the solid gel membranes of the present invention will function
efficiently at room temperature.

15 ~ The principles of the f)resent invention may also be applied to
electrochromic devices. Here, the electrochromic materials of the device are
contained within solid gel membranes, thus providing the device with the reliability
and long lifetime associated with solution phase EC systems, and also the energy- -
saving memory properties associated with thin-film EC systems.

20 Accordingly, yet another embodiment of the present invention is an
electrochromic device wherein electrochromic materials are contained within
polymer based solid gel membranes. Typically, such a device will involve two
electrode substrates and electrochromic materials contained within solid gel
membranes sandwiched there between. The device may optionally include an

‘25 aqueous or a solid electrolyte disposed between the solid gel membranes. The
- electrode substrates may be comprised of such materials as, for example, platinum,

gold, conductive glass, such as indium-tin oxide glass, and the like.

10



10 charging electrode nmay be a single bifunctional electrode or nmay be

i ndi vidual and separate electrodes. The separator is pospéiAUSGUSITZ083eN

t he net al de and charging electrode. The ionic conductivity of the
separ at or ta‘& i°8’e§|‘19§ ranges from about 0.10 S/cmto about O.Rfr/Gbcassput
may be higher. In another aspect, the present invention is an

el ectrochem cal cell conprising 15 first and second el ectrodes and one or
nore pol yner based solid gel nmenbranes disposed there between. |In one
enbodi ment, the electrochemcal cell is a zinc/air cell having an anode
protective solid gel nmenbrane and a hydroxide conducting solid gel

menbr ane di sposed between the zinc anode and the air cathode. In another

enbodi ment of a zinc/air system both the anode and cat hode are protected
20 by a ' solid gel menbrane ON OF §#E DRAWINGSN aqueous
electrolyte is di spRse en the two, In a further enbodi ment of this
aspect of the inventl on?m{gﬁ)téﬂgzlag?ﬁ‘g%eﬁéﬂ‘? fegturescafithe preseahinabatiiomwiil ai r cel |
wher ei n a hydr bedode: readiffuppirést Sehitte g’%"'ﬂ%@%@@fﬂé%gw@p'fj ed to the

onf.

al um num anodee% (g)r ot;%}él t afdr om cor r osl preteErd enbodi nent
of this aspect®BpPodimgn mrdadnn cotyenctiohedth 106 hedhpahyisehlaw -
alum nuni air cell, wpherein a hydr ggi de conductive soljlag'ge 3&%?@% i's
di sposed between the al“ﬁfﬁ%’éﬁ’@ PIgHeR efvezing/air fimt badldecorRGratbShiSInaR03 WO
00/ 51198 PCT/ Usio@dclidSBbmbeme by he principles of the present
i nvention al so provide a met hoétizlggl éfml rﬁiﬁiCBF‘iqc'qu V’S’E?é‘FS thsfpresepbt al  anode
in a netal/ai riovemioncel | system conprised of a nmetal anode and an air
cat hode. The net hodg%)gpri ses disposing one or nore polynmer based solid
gel nenbranes bet weBIY <df & SAIFBREC dapictien of anathenersbodimém of @ tzir/ditfiicned]
enbodi ment of h&QpbRANESH | ect rochem cal cell is a proton or
hydr oxi deloconQUEt?an lp%m@qggéggee%@’u%g PIOTRCIHe JRRamPranee0f the presentst em

‘ mvention;

FIG. 3 is a schematic depiction of an aluminum/air fuel cell incorporating a
hydroxide conductive membrane of the present invention;
FIG. 4 is a schematic depiction of a hydrogen/air fuel cell Incorporating a
proton or hydroxide conductive membrane of the present invention;
15 FIG.5isa schematiq" depiction of an electrochromi.c»device wherein the
» electrochromic materials are contained within membranes of the present invention;
FIG. 6 is a schematic depiction of a rechargeable metal/air battery having
‘three electrodes, a porous spacer, and a solid gel membrane incorporated as a
‘ separator in accordance with the present invention; and
20 FIG. 7 is a schematic depiction of a rechargeable metal/air battery having an
anode, a bifunctional electrode, and a solid gel membrane incorporated as a
separator in accordance with the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, FIG. 1 depicts a typical zinc/air fuel cell,

25 wherein two polymer-based solid gel membranes (1, 2) are disposed between the

- 'zinc anode (3) and the air cathode (4). The first is an anode protective membrane
(D and the second is a hydroxide conductive membrane (2). The membranes aré

not only the source of ionic species, and are highly conductive to that species, but

11



In this enbodi ment, a proton or hydroxide conductive solid gel nenbr ane may
be sandw ched between the hydrogen anode and the air cat?@AelGUSTR003 - -
separating the hydrogen and the air, while allow ng the diffusion of

roton or Rydoexiiske ions. This 10 enbodi ment provides sever apcﬁg%@ 0isapes
gver prior art proton conducting nenbranes in that the solid ge rrengranes

of the present invention are nuch easier and |ess expensive to produce
than earlier nmenbranes and, nore inportantly, unlike previous nenbranes,
the solid gel nmenbranes of the present invention will function efficiently
at roomtenperature. 15 The principles of the present invention nay also be
applied to electrochromc devices. Here, the electrochromc materials of
the device are contained within solid gel nenbranes, thus providing the

devi ce Wi th theheyelso phividd &/prodettivé RY& toithetibfoRs ?é)g}eggﬁt%%ml §8Jré’ef§io?n

phase EC systens, and al so the energy- savi ng nenor roperties assoct at ed

with thin-fil nfeiclesipagtions The Mesdrared iprayest, dlﬂ‘&ﬂlcxanf)ztdkgbxid?dimﬂpxﬁﬂﬁét igp the
resent inventjon,i | ect rochrom c device yvh_er ein el ectrochronic

Prat erials are @Sﬁ{egﬁﬂlaége %ﬁf‘{tWPrPhaifonevsa%%r@m of therinpranedechyesither the

i i B ! r S trates an
o) Bt ocht on cocardlRY LGN bi o, B LS drttin: SbBERENS he RISl c e

there betwéen. witeefrdmithe electaylytepblutonl Mite zinckirdgstan o2 FIGUP SRUKPL @ sol id
el ectrol yte di sposed bet wegn the solid gel nenbranes. The el ectrode

substrates mayP LECHYIG aduetv e§9h41_g¢¥ﬁ'@%?‘1f anes(Sas) Ollf the Sexfama)b;[ﬁﬁe pinlat( L nu rln0 6
AUcUsT 2003 o S4F 7708 (RAT e2Bud0ab ot ahraietop Seblr i e Betvert s nas
Referring now to FIG. 3, an aluminum/air fuel cell system incorporating a
solid gel hydroxide conductive membrane (8) between the aluminum anode (9) and
10 the air cathode (10) is depicted. As in the zinc/air system, the solid gel membrane
of this embodiment serves to prevent the corrosion problems associated with the
use of pure liquid electrolyte and also serves as the ionic conducting media.
As illustrated in Figure 4, when applied to the art of hydrogen fuel cells, the
principles of the present invention provide a proton or hydroxide conductive
15  membrane that is easy to prt;duce, much less expensive than existing proton
conductive membranes and that functions well at room temperature. Because the
actual conducting media remains in aqueous solution within the polymer gel
backbone, the conductivity of the membrane is comparable to that of liquid
electrolytes, which at room temperature is significantly high. In this embodiment of
20 - theinvention, a proton or hydroxide conductive solid gel membrane (1) is
sandwiched between the hydrogen anode (12) and the air cathode (13), thereby
separating the hydrogen and the air.
As shown in FIG. 5, the principles of the present invention may also be
applied to electrochromic systems. Here, the electrochromic materials are dispersed
25  within the solution phase of the polymer gel backbone of a solid gel membrane.
~ Since the ECM’s are in solution, the device exhibits the superior reliability and long
life of a solution phase device and in addition, because the ECM’s are physically

confined, they can not diffuse into the device’s bulk electrolyte and the device

12



her advantages and features of the present invention wll

Eggg;rgufegfjl |y appar en'? fromthe follow ng detailed descrpptAWBUST 2003
preferred enbodi ments when read in conjunction with the acconpanyi ng I
drawi ngs, WHEHESIWS 5 FIG 1 is a schematic depiction of a zipag/imoboisse!
cell incorporating an anode protective nenbrane and a hydroxide COI’ld]lCJCtI ng
menbrane of the present invention; FIG 2 is a schematic depiction od 4
anot her enbodi nent of a zinc/air fuel cell incorporati ng both an anode an
a cathode protective nmenbrane of the present 10 invention; FIG 3 |hsda -
schematic depiction of an alum nunmair fuel cell incorporating a hydroxide
conductive nenbrane of the present invention; FIG 4 is a schematic -
depi ction of a hydrogen/air fuel cell incorporating a proton or hydrOX| e

| hArefeEe @fo exfibitsrthe superionienionost a tHn-f deFic ic
gggldgtclt Io\rlleo:;rE | ect.rqchr oﬁrc gg/el ce wherein the Lngsltyect rocﬁr omc ndterials
are contai ned f ﬁgﬂ‘ﬂﬁséw&el‘?ﬁmﬂﬁ@bﬂfé@éﬁ%|1r59éaﬂmg)sqhd del embrang a

ohoctr Zhésd62'6‘3%@3‘32‘%263%2@%&%6‘%@8 ARG drT v Besreet i bracdanas a
el ec
separator in dc‘am optelipinchudedign &Ll REENGT ddﬁ&%@c’n‘a t@"g? dﬁg fh%‘em?eeh s a

de, a
h tic de | on of a rechar e netal/air ving an anode,
E?fﬁrr?gtl ormal p gqlglf@bféﬁfé(bﬁ slgbl d gel nenbr ane i ncorporated as a

res i nvention. DETAI LED DESCRI PTI ON OF
ISDeREI%IrEg}?EE) IERB?]%?K/E&%%:‘}E% St rq Rieﬂ%ﬁ s Sfrﬁ@dé I RyEsC %@blel dep| cts a
typi cal zinc/ alettrédhemicaetdl; (108 aEB@z{t@d f ‘Qﬂreg%kéé%ge 9% ‘“iffd th 409

1, 2) are disposed between t € zinc ano
gg'?ﬁ (r) 32 e? 4§ ?‘H%qut‘%l@@d Wghlarhoaaogl OQr Blesaboily 20yaepresdis the hioARE elehfogecoNd

I's a hydroxidg congd UCtde glectrorg%ré& is ghe 15033;212 ebn%tnlgzig nlees al?zzathode and

10 electrode (30) is a porous charging electrode. In this embodiment, cathode (40)
and charging electrode (30) are separate electrodes, and charging electrode (30) is
positioned between cathode (40).and the solid gel separator. As shown in the
drawing, the three electrodes (20, 30, 40) are disposed in spaced apart, parallel
relationships with one another. Rechargeable electrochemical cell (100) optionally

15 includes liquid (aqueous) electrolyte (80) in contact with each electrode, separator
(60), and porous spacer (50) (when employed) typically by immersion,

- Metal anode (20) is made of an oxidizable metal, preferably zinc, cadmium,
lithium, magnesium, iron, or aluminum, but metal anode (20) is most preferably
zinc. Air cathode (40) preferably has a current density of at least 200 mA/cm®. An

20 air cathode suitable for use in the .p}esent invention is disclosed in copending,
commonly assigned U.S. Patent Application Ser. No. 09/415,449 entitled
ELECTROCHEMICAL ELECTRODE FOR FUEL CELL, filed on October 8,
1999, This exemplary air cathode includes a current collector comprising a porous
metal foam substrate, which is formed with a network of inteconnected pores. An

25 active layer, preferably comprising a carbon/polymer blend, and a hydrophobic

Amicropoyrous gas diffusion layer are both disposed on one or more surfaces of the
inetal foam substrate. The microporous layer is a plastic material such as a

fluoropolymer (i.e., PTFE). The cathode also includes a particulate microstructure

13



not only the source of ionic species, and are highly conductive to that
speci es, but 11 26 AUGUST 2003 WO 00/51198 PCTI USOCQ' 048812¢ maycebTR0uVi de.
a protective layer to the electrodes to prevent the usual sources of cel
destructi owo donmaiggenbranes prevent diffusion of zinc oxidat ppgyRipskdst | nto
the el ectrolyte solution phase, they prevent corrosion of the zinc anode by
either the electrolyte solution or air, and they prevent bl ockage of the
cathode air channels by 5 water fromthe electrolyte solution. The zinc/air
systemof FIG 2 includes a protective and conductive solid gel nmenbrane
(5, 6) on the surface of the zinc anode (3) and the air cathode (4), and
an aqueous electrolyte (7) between the two. Referring nowto FIG 3, an

al um nunfair fuel cell systemincorporating a solid gel hydroxide

. conducti ve nmenkidored By rbiati 8rdaoali '%%@\5% 0..the air

cat hode (10) is_depi thd. g@%&n tr%e ogéhggpal r sy te#&%ghag&g%r\j%rbc bd% “venbr ane
of this enbodi Within the three-dimengiosal émtercbivectudr porssigyrof pieahtte Ban $696iat €d Wi th
the wuse of pwéﬁ Iig%u‘i el ectrol t% and, al so_serves as the ionic conducting
medi a. As ill ubtsSEEE'S AYES gisrecirablyfabricatssl frem thesameanagertal af thapindegen f uel
cells, the priRR,NES t t 4 nventi.on provide roton or .

hydr oxi de conductive %élgir%l’ ?g%ﬁf‘tﬁ%totiﬂég agrgcs“lit/hﬁ%gﬁﬁ%%tg@?bgﬂ%ﬂ» sading

expensive § hanorethiegerfogmpricetoapabilities theedof VA WHIHRIAIREs A Wold ikl Mgl! ons
wel | at roomtenl)er ature. Because the. actual conducting nedia remains in
aqueous sol ut i FRSSRE IYPRUQINIS 180 gk limifed to weeckibaexemphiey cashatleadesariied of t he
menbrane is coppgpable to that of liquid electrolytes, which at room
tenperature is significantly high. In this enbodi nrent of 20 the invention,

SoPLSAET, % s O ASSHSBMIAI'S, e B R il
relationship between metal anode (20) and air cathode (40). Any inert conductive
10 porous material may be used to form porous charging electrode (30). Examplés
- include, but are not limited to platinum, nickel, nickel oxide, perovskite and its
derivatives, carbon, and palladium. In addition, apertures or holes may be drilled
nto charging electrode (30) to aid with the passage of ions. It is important that the
~ electrodes do not physically{ contact each other, and a distance therebetween
15 sufficient to form a gap for fhe electrolyte must be provided.
In addition, it is sometimes desirable to position porous spacer (50) between
- charging electrode (30) and air cathode (40) as a means of ensuring sufficient
distance between the two electrodes. When porous spacer (50) is includéd in
rechargeable electrochemical cell (100), a gap is formed for the electrolyte on each
20 side of porous spacer (50 ) and each electrode (30) and (40). However, the
invention is not limited to structures which include porous spacer (50). Any means
of preventing physical contact between the two electrodes may be employed, such
as anchoring the electrodes apart in the housing. However, when porous spacer
(50) is used, it is typically made of a porous plastic material, such as nylon, and
25 typically has a thickness ranging from about 0.1 mm to about 2 mm."
‘ As depicted, separator (60) is disposed in spaced apart, parallel relationship
‘with electrodes (20, 30, 40) and is positioned between charging electrode (30) and
- metal anode (20). A gap for the electrolyte is provided on each side of separator
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rating the hydrogen and the air. As shown in FIG 5, the principles of
fﬁgab?ésegt inve%ti og may al so be applied to electrochr ommﬁgggq»rmr?g,l—br ef
the electrochromc nmaterials are dispersed 25 within the solution phase o
the pol ymeWQ/518%kbone of a solid gel nembrane. Since the pEghsaoadss: | P
solution, the device exhibits the superior reliability and | ong !IfFIO a
sol ution phase device and in addition, becapselthe ECM s are physi cad yh
confined, they can not diffuse into the device's bulk-electrolyte an the
device 12 26 AUGUST 2003 WO 00/51198 PCT/ US00/ 04881 therefore al so exhibits
the superior menory of a thin-filmtype device. As shown, the device
i ncludes two el ectrode substrates (14, 15) having solid gel rrenbr ane
encapsul at ed eI ectrochromc materials (16, 17) there between.
i |lustrated, @éﬂﬁ@@vdmb%mat illystrated, wd&sﬂwbepﬁuﬁ@h!ﬁraﬂfatléﬁbfﬂt)ed onto

b 5 |'i d menbr anes
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I ctrode asse
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trode, . alr at hode; and 10 el ectr por o argl ng
Z: ggt;ode In RfﬁY%ﬂé gﬁwenéam@aée(%b)andanwmgm)g el ectrode (30)

bet ween
re separate electr el ectroode (30) |s: p03|t|oned
gat hodg (40). and tﬁéej&gof)la@%8$ﬁg eﬁ%ﬂt‘?ﬂc‘”ﬂg“% RPlymer-based selidgdlng, t he

desmb2f EcoMpTREs $fipd 9@5&9 rall el
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optionally 15 troRrsterablyia woyeryersmusyoveh Ebtic, syl £ 4 B&lyolefin, GRRkARA W th
each el ectrodecRPARN8L, or 2 polyamide, such as nylon. Alternatively, the

10 substrate/support may be the anode, charging electrode, or cathode (not illustrated).
A polymer-based gel having an jonic species contained within a solution phase
thereof, which has been formed on the support material, completes separator (60).
More particularly, the polymer-based gel or film portion of the membrane includes
an electrolyte in solution wrch the polymerization product of a polymerization

15 . initiator and one or more waiter—soluble ethylenically unsaturated amide or acid
monomers, preferably methylenebisacrylamide, acrylamide, methacrylic acid,

- acrylic acid, 1-vinyl-2-pyrrolidinone, or combinations thereof. Other suitable

monomers are listed below..

Prior to initiating the polymerization, the ingredients are dissolved in water;

20 and, in this embodiment, an aqueous hydroxide electrolyte solution (e.g. KOH)
having a hydroxide ion concentration ranging from about 0.1 wt. % to about 55
wt.%, but preferably about 37.5 wt. %, is added to produce the ionic species.
Suitable hydroxide electrolytes include, for example, potassium hydroxide, sodium
hydroxide, lithium hydroxide, or combinations thereof. Alternatively, the ionic

25  species may come from a neutral aqueous solution prepared from combinations of

~ ammonium chloride, potassium sulfate, and/or sodium chloride. The electrolyte is

added to the monomer solution prior to polymerization and remains in solution after
- the polymerization.



(60), and porous spacer (50) (when enployed) typically by i mersion. Metal
anode (20) is nmade of an oxidizable nmetal, preferably zingg MASOETR003 -
l'ithium nagnesium iron, or alum num but nmetal anode (20) is nost
preferably Al r cathode (40) preferably has a current f at
| east 200 m?:%wsm 20 air cathode suitable for use in thePe?}g%g&/ !
invention is disclosed in copending, conmmonly assigned U S. Patent
Application Ser. No. 09/415,449 entitled ELECTROCHEM CAL ELECTRODE FOR
FUEL CELL, filed on Cctober 8, 1999. This exenplary air cathode includes a
current collector conprising a porous netal foam substrate, which is
formed wwth a network of inteconnected pores. An 25 active | ayer,
preferably conprising a carbon/polyner blend, and a hydrophobic

m croporous gas di fMg?ﬂgr{@%g#ﬁgﬁl%ﬁgaafog g&c%gogggﬁp‘)@%eglragre surfaces

of the netal foam substrate. CTopar %t material

such as a f| ussiysatibyer@niofic) er polp(Eb&um-Ahgrenaduifedfcpls 2adEd el HEdGSorR
particulate mcrostructure 13 26 AUGUST 2003 WO 00/51198 PCT/ USO0/ 8’5@81

rei nforced by §°€}t‘99|3§élr9‘ﬂ§¥¢1@&9le@@nﬁdlﬁg agdicon dEthebyinfirningrelengena eptaihyezer i
bi nder w thi |on terc ted poros of the netal
f oam subst r at gt hé n%hée&{ngg‘g‘% lt\5/Iean ﬁasmcgp gfg‘fcgllg%fe}?a?aé?fr |é&%‘(‘&i‘ llyrom t he

same natersal @ssslilEn®hdid€rsuch J@py air
cat hodes may i nst ead %eggése ase%glﬁyllleﬁeggg%ﬁon %1 %’Ior rnanl?ie%l capmgfl ities
thereof . as widlso beceraoyedidiring thehmdpmearizatidd. | Othel h@sslmkasmti rbmbi’élhg onisin
no way Ilmted to use of the exenpl.ary cathode described herein. shown
in FIG 6, por® ngﬁg]ry&eﬁgm@f becsed dusteed pch as erssotithesedisted-belawars \@qmld

rel ationship hﬁtd@%sl@{@sea gae (20) and air cathode (40). Any inert
conductive 10 porous material may be used to form porous chargi ng el ectrode
(30). Exanpl es To form separator (60) depicted in FIG. 6 (and indicated as reference

10 number (61) in FIG. 7 below), a piece of woven or nonwoven fabric, such as nylon
(i.e. a polyamide), for example, is provided as the support, and the selected fabric is
'soaked in the monomer solution.  The solution-coated fabric is cooled, and
ammonium persulfate, for example, is optionally added as a polymerization initiator.
Other suitable chemical initia,}ors include alkali metal persulfates and peroxides.

15 = The fabric coated with the m_émomer film solution is then placed between glass and
polyethylene teraphthalate (PET) film. After heating, the monomer solution is

- further polymerized by irradiating the "sandwiched" plastic/monomer film with UV
light, for example, and the polymer-based gel membrane or separator is'. produced.
The hydroxide ion (or other ions) remains in solution after the polymerization.

20 Thus, polymerization is preferably carried out at an elevated temperature (up to
130° C) using a chemical polymerization initiator and radiation. However,
polymerization to form the polymer-based gel can also be carried out by one of
these alternative methods: heating and using a chemical polymerization initiator (no
radiation) or heating plus radiation (no chemical initiator); or radiation at room

- 25 temperature, depending on the strength of the radiation.
‘ Separator (60), thus formed, has a thickness that is typically about 0.3 mm.
'Preferably, the separator will be as thin as 0.1 mm. However, the invention is not

limited to separators ranging in thickness from 0.1 to 0.3 mm. It will be obvious to
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include, but are not limted to platinum nickel, nickel oxide, perovskite

"its derivatives, carbon, and palladium In additi on, 26 pRIGUSTR003
ﬁgﬁels fmy be drilled into charging electrode (30) to aid wth the passage

i ) D 90/ rtant that the electrodes do not physmalj sé@}tact
g;clhogfhélrfwgz%lmmi stance therebetween 15 sufficient to forré"_?llU %I qﬁér t he
electrolyte nust be provided. In addition, it is sonetines de5|3a le to
position porous spacer (50) between charging electrode (30) an ?Ihre .
cathode (40) as a neans of ensuring sufficient distance betweg)len
el ectrodes. \Wen porous spacer (50) is included in rechargeable o 20
el ectrochem cal cell (100), a gap is formed for the electrolyte on eact .2
si de of porous spacer (50) and each el ectrode (30) and (40). However,

h : : Pl i j us.spacer. (50).
Ay Teans | of preventi g oo ufbUEaspiald 1 AT RO BHE AR "y be
‘e%l oyed, suchCleiveneshBra pagticuter applécationd @he agRkdtol proviRs RAMGLOgF However,

! . i d it.is typically made of a porous plastic
V\rrgte gr Pglr Ouz ui Eﬂ}g@{)ﬁ% g?%)()dé‘?s{byg?g anid fg?éf@i)f ?C%;l%ﬁﬁgveetotth&tokme spedaeangi ngdf rom
! ! ! - - - - n
Spaced apart. paral el arent® KEPIEL B tR Rl Mol shutitatmichp tand i <
aced apart, parallel r X )
rsngsi ti on,gd Sbet W@ B/ah thugifary lmkew;rrﬁﬁegil ab?ea;rgae uér@g?ﬁén%gggzﬁgs &%%égﬁxﬁzggg IMo)r
. : A
001 51105 PCT! U658 opld st meamvireasspossiande teckicpeble ddcnchauicn  he
i L ati ied.. . . he three el ectrodes, the

separator is radlsaf iRl ihedOnt Pnisole, Of . t . 1

el gctrode provi des a g)lljpgorlt Eg‘o‘r t hetS & fPHT-fecauss ghe lagirolyig isadded sa st s

e L1, St o ORI B e,
accor gfg\‘jgn‘t’“ _tsq%tfi?qel;%agggxg\ggﬁti@ 35 Positdfdbepolgler-bad welidkel AnAIR i @osed
10 onthe support or fabric to form the polymer-based solid gel membrane separator
(60) (or (61) in FIG. 7). This solid gel membrane or separator also prevents
penetration of dendritic metal through the separator and therefore protects the
-negative electrode from dendrite formation during charging. Furthermore, the solid
gel separator also prevents destruction of the cell by preventing diffusion of the
15 metal oxidation product intov.:the electrolyte solution.
FIG. 7 shows rechargeable electrochemical cell (110) of the present
invention wherein the cathode and charging electrode form single bifunctional
electrode (41); i.e. the electrode is used both as the positive electrode and for
charging the battery. Optionally, liquid (aqueous) electrolyte (81) may also be
20 . included within the housing of the cell. Separator (61) is disposed between anode
(21) and bifunctional electrode (41). Electrochemical cell 110 also includes bousing
(o).
This dual electrode/separator configuration depicted in FIG. 7 may be used
for several different types of rechargeable battery systems. For example, anode (21)
25 - may be an oxidizable metal, such as one of those previously listed in connection
‘ ~ with FIG. 6 (preferably zinc); and bifunctional electrode (41) may be the previously
| ‘d,escribed air cathode. In another embodiment, anode (21) is zinc or zinc oxide, and -

bifunctional electrode (41) is nickel oxide, manganese dioxide, silver oxide, or
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Separator (60) conprises an ion-conducting, polyner-based solid gel
menbrane. This nmenbrane conprises, in part, a support natgsAJGUST 2003 -
substrate, which is preferably a woven or nonwoven fabric, such as a

pol yol efin | yvi_nyl al cohol, cellulose,. or a polyam de, such as nyl on.
Alternativgﬁggwﬁﬁé 10 substrate/support may be the anode, cﬁﬁ?@ﬁﬂ@mﬂSI

el ectrode, or cathode (not illustrated). A polyner-based gel having an
ionic species contained within a solution phase thereof, which has been
formed on the support material, conpletes separator (60). More
particularly, the polyner-based gel or filmportion of the menbrane
includes an electrolyte in solution with the polynerization product of a
pol ynmeri zation 15 initiator and one or nore water-soluble ethylenically
unsat ur at ed an1 nersp?gggferably nmet hyl enebi sacryl am de,

acryl ani de, ﬁi&?&}‘fi?ckgemﬂ"e BAmY &y be jtopion grdmiugy prdsingle none, or
conbi nati ons %ﬁﬁﬁ&ﬁiﬂal é%&ﬁfdeiﬁ'l)t ﬁmcﬁel &'i)d(}? T tRes@ 6ys tééfl SShgdlofté)lngﬁ?%'?vlﬂﬁg{ Ie(r)r to

initiating the polynerization, e 1 ngredients are 20
and, in this @nmadledmmmlymar-baped(gusmbmﬁfaﬁeﬁ bepara@bra6 ) Sreftirfblyp Sdnds! Rl ( ©-

KG—l) havi ng a hygrom de |on concentration ra II’(])? fromabout 0.1 wt. %to
about 55 wt.d°H thebavestisied pauaos elk W@WO’G& wionslaeblassecigiedduce t he
oni o sPect e hyarSide U EAMILO IS SLER oL enliichudEy (O Sxerp! o

pot assi um hydr 0x roxi i nations
thereof . Al t epratitiavsatioh endudrl ﬁqeaﬁrﬁﬁ@,@pa@&oﬂmi)emteﬁﬁﬁ Be B foslé‘é
aqueous sol ution prepared from conbi nations of ammoni um chlori
pot assi um sul FAeEEm tiedprie spesitiswomes fon ofe. of‘tlmaluivedmedInyﬂtealla@ueomdded to the
nononer sol utl&g gﬁgzor to polynerization and remains in solution after the
pol ymeri zati on. i 6 AUGUST 2003 WO 00/51198 PCT/ US00/ 04881

An acidic membrane may be used as separator (61) in acidic systems such as

10 inrechargeable lead-acid batteries wherein anode (21) is lead and bifunctional
electrode (41) is lead oxide. In this embodiment, the ionic species contained in
separator (61) comes from an aqueous solution of perchloric acid, sulfuric acid,

“hydrochloric acid, phosphoric acid, or combinations thereof,
In other rechargeablg electrochemical cell configurations, not depicted, but -

15  mentioned above, the ion-cohducting polymer-based solid gel may be grafted |
directly onto the anode, charging electrode, cathode, or bifunctional electrode,
when one is used. In this case, support for the separator or membrane is provided
by the electrode substrate on which the polymer-based solid gel is formed.

The shape of the electrolyte solution volume or housing, which is shown as’

20 reference number (90) in FIG. 6 and (91) in FIG. 7, is not constrained to be square
or rectangular. It can be circular, elliptical, polygonal, or any desired shape. In
addition, the cell housing may be fabricated from any strong chemically inert
insulation material, such as plastic conventionally used in electrochemical cells and
alkaline batteries.

25 When in operation, conducting wires (not shown), iisually copper strips, are

adhered to exposed portions of the metal anode, charging electrode, and cathode

and/or bifunctional electrode. These conducting wires are used to apply an external
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Al so prior to the polynerization process, an ionic polyner, such as

pol ysul fone (anionic) or poly(sodi um4-styrenesul fonate) ps MIGEST 200e
-nmonomer solution as a reinforcing elenent. The addition of the reinforcing
el enment enh&OMS1198he i oni c conductivity and nechani cal strepgt f {he
separator. Optionally, a 5 crosslinking agent, such as p@f/t}sé?)/o4§31

nmet hyl enebi sacryl am de or ethyl enebi sacryl am de nay al so be enpl oyed
during the polynerization. Oher crosslinkers and reinforcing elenent

pol ymers nmay be used instead, such as one of those |isted below, as would
be obvious to those of skill. To form separator (60) depicted in FIG 6
(and indicated as reference 10 nunber (61) in FIG 7 below), a piece of
woven or nonvvoveR fabric, such as nylon (i.e. a polyamde), for exanple,
is provided as Vohagsstopthercell t@rethirbe tiea) e LC ] oaked in the
nmononmer sol ution. The sol ut i.o_n-ciolgt ed fngg%'ignﬁtgg%ggﬁﬁxyz%tgpm%hﬁn
persul f at e, f orFO¥d Pé?oﬁeéj‘éip‘tsi onal ly added as a pol ynerization initiator.
QO her suitable chemcal initiators inc e al kali metal persulfates and
peroxi des. 15 The fabric coated with tlﬁggﬂﬁéﬁﬁr filmsolution is then

pl aced between gl asPrefered RAIbYEHRY! E‘dﬁ‘? halate (PET) film After
heati ng, the nonomer sol ution iﬁsmfsurt %&%&P%}lﬁ’g‘}tfc’?éﬁég‘i}'e‘%‘?éeédﬁe%&qbﬁ@lft he
“sandwi ched" pPse detaikbyanens bf thenfull dvwingdkamgl@that a}é)ﬁro%ﬁi@&'ﬁtgza apd the

pol ymer - based gﬁktrmsorrb&gﬂe car separator. i s produced.” The 8x1 de i on (or
other ions) remains 1 h ¥offOYIreyAtdigktation o seacrits and crage?OusEaUS the

pol ynmeri zat i onrdagtidHsed i t a n el eyated tenperature (up to
R Tl Sl axlap Rmsiely Sustirenthons caidmevor

130 ©) using a chem cal polynerization

pol yner i zat i oncenyehiontly prepared|iy aesor s e thittl RbnFf Lrd eg out by one
of these al ter&atiig__ met hods: heating and ugi ngogléﬁg%ﬁgoa p;r)ocﬁe WEr PZat i on
|

initiator (no °TAGFAEEOTNFOBMmerEdsourgespl us radi ati on (no chem cal
initiator)p or radiation at room 25 terﬁer aa uge, dependi ng on the strength
of the radiation. Separator (60), thus - has a thickness that is

typically about 0. 3Thefollowing procedure was used to prepare a strong polymer film for use

in the present invention. 0.75 grams methylenebisacrylamide, 0.56 g acrylamide,

4.70 g methacrylic acid, and 0.25 g poly(sodium 4-styrenesulfohate) were dissolved

in 10 milliliters water and then 20 ml 40% KOH was added to the resulting solution,
15 which was maintained at room temperature. 0.05 g ammonium persulfate was then
added to the solution. A piece of fabric was soaked in the resulting monomer
solution and then sandwiched between a piece of glass and a piece of PET
transparent film. This was heated on a 75°C hotplate for 1 minute and then
irradiated under strong UV light for 5 minutes, whereby a strong polymer film was

20  formed.

The resulting film is highly conductive of hydroxide ions, making it suitable
for use in an alkaline hydrogen fuel cell. Here, the membrane film is sandwiched
between an air cathode and a hydrogen anode, separating the air and hydrogen,
while allowing the diffusion of hydroxide ions.

| 25 Example 2
o : In this example, a polymer based solid gel membrane was prepared in
accordance with the principles of the invention and applied to the surface of a

cathode. 0.75 g Methylenebisacrylamide, 0.56 g acrylamide, 4.70 g methacrylic
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Preferably, the separator will be as thin as 0.1 mm However, the invention
is not limted to separators ranging in thickness from 0268 AUGUSY 2003 It
will be obvious to 16 26 AUGUST 2003 WD 00/51198 PCT/ USOQ 04881 t hose of
skill whet‘ggroo/g Bgrti cul ar separator is too thick or too thin;. based on its
ef fectiven PH"% particul ar application. The separator pritfvi/H30/04885,r ce
of hydroxide (or other) ions and is highly conductive to that ionic
species. It is inportant to note that unexpectedly high ionic
conductivities (up to 5 0.36 S/cmthus far), but not previously observed
in prior art systens have been achieved using the solid gel nenbrane
separator in the rechargeabl e el ectrochem cal cells of the present
invention. This is, in part, because the electrolyte is added to the

nmononer sol uti ri to,polyneri.zatjon. After  pol rization, the ionic
speci es renai ﬁgﬂi %’dsgﬁﬁtl?o uké“ mﬁ}w‘?rﬁﬁﬁ%'l"m l%giyategépqi theg0 mlyhi ch

i s disposed 109 PROMH S I I i f.Or: ey - based solid
gel menbrane separator a(%%%ﬁ(t%}&{g%@ﬂ{g‘ﬂg%&%n, ‘Tg&?h%lgéﬁg‘lot%ﬁgd%teﬁooﬂ’enbrane or
separ at or al stempesaterd s0.0pRpammdhivanpepdul e didsblvied ime thdlwdté watided 8nd

separator and therElﬁf.ore protects the negative electrode fromdendrite
formation dur FHgeRHEngsIRton-WRS RasFedanso thermurfaes) ofepn ajetathedsa Bewathmids o

t t LuCk | i i ff Ui fot 5 netal
Dt dati on ot oords HhenboSbret 15 aificer B PERERE R bR o 38 hefilate Wb nar geabi o
el ect rocheni calimtebhd {hkhQradifted biRdep HESRIUV lighY, Silery MRS ‘Wf‘iﬁ fift hode
, |

and charging el ectrode formsingle bifunctional eléctrodé .e. the
el ectrode i s WaséomBweh as the positive electrode and for charging the

battery. Qptionallyy.|iguid . electrol yte (81) be 20
mcl uded wh it natitsHEIte oF ek o Gl i TRl e b bet ween

anode or it may be used directly with a plain metal sheet, such as zinc, aluminum,

10 cadmium, lithium, magnesium, or lead, in the formation of a corresponding metal/air
fuel cell battery. Alternatively, the cathode on which the solid gel is grafted, as in
Example 2, may form a separator/bifunctional electrode in a rechargeable
electrochemical cell (metal/air) in accordance with the present invention, or it may

be positioned next to the charging electrode in the rechargeable cell, as mentioned

15  above. |
Example 3
A polymer based ion conducting membrane was prepared and applied to the

surface of an anode according to the principles of the present invention. 0.75 g

methylenebisacrylamide, 1.5 g poly(sodium 4-styrenesulfonate), 5.18 g 1-vinyl-2-
20 pyrrolidinone, and 3.36 g acrylic acid were dissolved in 30 ml NH,Cl and K,SO,

saturated aqueous solution, followed by the addition of 0.1 g ammonium persulfate.

The solution was spread onto the anode surface, and covered by a PET film and

then irradiated under strong UV light, whereby a strong polymer film was formed

for use as a separator grafted onto the anode. In a fuel cell, the separator/anode is
25  positioned next to the cathode, and in a rechargeable electrochemical cell, it is
positioned next to the charging electrode or next to a single bifunctional electrode,

.

When one is employed. -

20



(21) and bifunctional electrode (41). Electrochem cal cell 110 also

i'ncl udes housing (91). This dual el ectrode/separator conkj {1k
-depicted in FIG 7 may be used .for several different ty%éeg‘luoéuswbo03
rechar geablwolsisiggy systens. For exanpl e, anode (21) 25, an

oxi di zabl e metal, such as one of those previously |isted i%ﬁ%@f‘)ﬁ%
wth FIG 6 (preferably zinc), and bifunctional electrode (41) nay be the
previously described air cathode. In another enbodi ment, anode (21) is
zinc or zinc oxide, and bifunctional electrode (41) is nickel oxide,
manganese di oxi de, silver oxide, or 17 26 AUGUST 2003. WD 00/51198

PCT/ USO0/ 04881 cobalt oxide. Alternatively, anode (21) may be iron or
cadm um and single bifunctional electrode (41) is nickel oxide. In these
systens, the ionic species contained i I r- based gel nenbrane
separator (61) preferably cones from O%&Me above-1isted aqueous

al kal i ne hydr oxi de s’bpubfm@rfbasaddoli?dsgcﬂ@h@i&&e@vﬁ%ﬁﬁdd&c&‘aﬂfgetﬂttﬁgﬁegg'
However, in the rechargeable netal/air cells of the ‘present’ inve |c§lﬁ, a
neutral nenbr afft “GB{AAM BiPCcgssed todarm alpreton somdugtigefilens. ¢ getd%, phekHp t he

i oni c speci es ggAES 7k, he abovye-listed neutral aqueous

sol utions. An zrc?giéggﬁggg%e%%ﬁ%%@l%ségséa@‘ﬁ%‘&'ﬂd‘l-ég)pqtatssm siilfite
systenms such aredi€ing ageneohae dasblved IeAtnm G tterhes wherein anode (21)
is |ead and bifunct.i opal )C\ZI ectrode (41) | sét?re%g‘%%%g% FHOYHIE ReRdaiement
the ionic specP@s 2d¢sft i theeplution. s piecabbfabibihs sakedin the asalind FMERHS

sol ution of pe 0 | id sulfuric acid, hydrochloric acid, phosphoric
acid, or conbi %%P%1§r§]!§&qﬁ1§? é%'fjwlqhﬁggf'%enﬁé’éﬂ%f) glass|aad elpisse o6 R cal cel |

confi gur at i onstranspared€fingt €hls wak heat ' ove, t.he ion-conducting
pol yner - based solid gel may be grgﬁ %gam%!s@ﬁ&pﬁt’e YOF 1 mintite and then

| irradiated under strong UV light for 8 minutes, whereby a strong polymer film was
10  formed.

The resulting film is highly conductive of protons (hydrogen ions), making it
suitable for use in a hydrogen fuel cell or for use as a separator in an acidic
rechargeable electrochemical cell, such as in a rechargeable lead-acid battery. Ina
hydrogen fuel cell, the membrane film is sandwiched between an air cathode and a

15 hydrogen anode, separating the air and hydrogen while allowing the diffusion of
hydrogen ions.

‘Example 5 -
The principles of the present invention may also be applied to

electrochromic devices. For example, one or several electrochromic materials are

20 dissolved in an aqueous monomer solution which is then applied to an electrode
substrate. The substrate may be comprised of such materials as for example,
platinum, gold, conductive glass, e.g., indium-tin oxide glass, or other electro-
conductive materials. The solution is polymerized according to either of the above
methods ’Wherein the ECM’s are contained within the polymer membrane formed on -

25 the surface of the substrate. Two such modified electrddes, containing the same or

e different ECM’s, are used in the electrochroniic' device with one acting as the anode

and the other as the cathode. The electrodes may be packed together as a complete

display device or they may be separated by a liquid or solid electrolyte.
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directly onto the anode, charging el ectrode, cathode, or bifunctional
el ectrode, when one is used. In this case, support for tf@ﬁg_@QFqﬁtﬁO@r— o
menbrane is provided by the electroﬁe srbstrafeton mrlfh t eoﬁan%ngi-based
lid gel | d. The. shape of the electrolyte solution vol _
ﬁgusing, mx&%%ﬁﬁ shown as 28 reference nunber (90) in FI GPCE/USAMO4BRIL) in
FIG 7, is not constrained to be square or rectangular. It can be
circular, elliptical, polygonal, or any desired shape. In addition, the
cell housing may be fabricated fromany strong chemcally inert insulation
material, such as plastic conventionally used in electrochenical cells and
al kaline batteries. 25 Wien in operation, conducting wires (not shown),
usual Iy copper strips, are adhered to exposed portions of the netal anode,
charging el ectrode, and cathode and/or bifunctional electrode. These
conducting wires are used to apply an 18 26 AUGUST 2003 WO

I
nsul ati g epoxy | 5 ol P Pedre 08 8L o drBpdER IBRAEnO DEreRAtn R s

i nsul ating epoxy is typ use cover

Preferred enbomianepdrstooin 4 feehfrpesbbntledtioéRethicateBr ©OnBahE L MRIALLmS S j bed in
5 nore detail b ans, of the fgol | owi ng exanpl es that are prggw d@déz@y way

of i1 ustratiRsHysaHener{ariop), Wetp g)fnethylencbisacmian;mf;é).g(sgﬁtmd%ar?g HeRgent s
Such mat er a) SRR ARRN e B mlvutt ind mbiramheronm |
convent i onal - pedpetRO FwHtd LI S0% KORRNA 24ad fJ BT SRS SidlonS T Ces-
10 Exanple 1 piece of nylon fabric commercially available from Frendenberg Nonwovens as
FS2213E was then soaked in the monomer solution. The solution was placed in an
ice bath, and 0.10 g ammonium persulfate was added to the solution. The separator
10 was then taken out of the solution and sandwiched between transparent PET film
and glass. The 'sandwiched' separator was then heated on a hot plate at 90 °C for
20 minutes on each side, then irradiated under strong UV light for 7 minutes on
each side. The conductivity of the resulting membrane was 0.11 S/cm.
Examples of other monomers that may be used in the formation of a solid
15  gel membrane and separator}'of the invention include any water-soluble ethylenically
unsaturated amides or acids, including, but not limited to, N-isopropylacrylamide,
fumaramide, fumaric acid, N, N-dimethylacrylamide, 3,3-dimethylacrylic acid, and
the sodium salt of vinylsulfonic acid.
Other cross-linking agents include, for example, any water-soluble N, N’-
20 alkylidene-bis(ethylenically unsaturated amide).

Examples of polymers other than poly(sodium 4-styrenesulfonate) that may
be used as reinforcing elements within the solid gel electrolyte may include any
water-soluble or water-swellable polymers, such as, for example, carboxymethyl
cellulose, polysulfone (anionic), sodium salt of poly(styrenesulfonic acid-co-maleic

25 . acid), and com starch.
' Suitable fabrics onto which the monomer solution may be applied include,

for example, woven or non-woven fabrics such as polyolefins, polyamides, polyvinyl

alcohol, and cellulose.
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The foll ow ng procedure was used to prepare a strong polyner filmfor use
in the present invention. 0.75 grans methyl enebi sacryl am
~acrylamde, 4.70 g nethacrylic acid, and 0.25 g pol y(soa?éli}r?‘]"fél':—}‘s’-rqmo3
4-styrenes%6@d7dﬁg§8) were dissolved in 10 milliliters water and then 20 m
40% KOH was added to the resulting solution, 15 which was nRCA{GSOM4$Sht
roomtenperature. 0.05 g amoni um persulfate was then added to the
solution. A piece of fabric was soaked in the resulting nononmer solution
and then sandw ched between a piece of glass and a piece of PET
transparent film This was heated on a 75" C hotplate for 1 mnute and then
irradi ated under strong W/ light for 5 mnutes,. whereby a strong pol yner
filmwas 20 formed. The resulting filmis highly conductive of hydroxide
ions, making it sui I r- yse in.an al kaljne hydrogen fuel cell. Here,
the nenbrane film |\§§§§rﬁm§g y la%B’éP PORfmesiZAt pteaslin chetical intitagen
anode, separ atsunlyad, Afn@niund petshigAs : t?T!{H i ng_the diffusion of
hydroxi de i ons. 25 Exanple g In this exa eléﬁ%lf?e%%}l“y%pdﬁ%&ogmq Ygel
menbrane was pidped BFombination withamdiealvienbratifemprtions sRIhES rﬁiatﬁ&eiﬂcfﬁ‘é%%“ on
a

and applied t e surface. of a - cathode. 0.75 g Methyl enebi sacryl am=de,
0.56 g acryl a%o%%famﬂe?ﬁﬂ’éwwg‘?tﬁ&% §$‘F36’: YgapendtaUie. Xosever Whe 0Bdn5idd198

PCT/ CJS00/ §4884itiae} .fone. (ani ond.c) re dissolved in 10

T et or o alhect A6t e sl AhY PHAOR a%%‘%%ﬂ’%@ﬂm’ﬁ?%f%mb%m, whi ch

was mai nt ai nedhapolymenmativenpe sated sHove, tﬁ@p&yﬂeﬁiﬁ_%ﬁi\-ﬂl\g lféeéoﬁﬂlly%gcﬁ gtt di ssol ved
on

in 1 mM water was added and the resulting Solution S poure o the
surface of an 'HPPCrEdissseRgngiiemsaensgapsaesup eaban180ed, by a pi ece of PET

filmand heated onm@isinventioll RiPhEh Ut bed in terms of specific embodiments, set

forth in detail. It should be understood, however, that these embodiments are

10 presented by way of illustration only, and that the invention is not necessarily
limited thereto. The principles of the present invention may, for example, also be
applied in the preparation of a solid gel membrane for use in such other
electrochemical systems as for example, Ni/Cd and Zn/MnO, cells. Additionally,
other monomers, polymers, ghemical polymerization initiators, reducing agents, and

15 thelike, other than those pa&icula:ly disclosed herein might be used. Modifications
and variations in any given material or process step will be readily apparent to those
skilled in the art without departing from the true spirit and scope of the f_oll_owing

claims, and all such modifications and variations are intended to be included within

the scope of the present invention.



m nute and then irradi ated under strong WV |light, whereby a strong pol yner
film was formed. This cathode nmay be used with an anode pgaRREEBSTaRHOIN
Exanple 3, below, or it may be used directly with a plain netal sheet,
such as zi g;m ﬂéum num 10 cadm um lithium magnesium or lead, in the
formation & orresponding netal /air fuel cell battery. Alternatively,
the cathode on which the solid gel is grafted, as in Exanple 2, may forma
separator/bi functional electrode in a rechargeable electrochem cal cell
(metal/air) iﬂ accordance with the present invention, or it may be

posi tioned nekt toAterbargsablgielegtreshemicaberd! Gomprising ecpaneailaaodehl , as

- nmentioned 15 above. Exanple 3 A polyner based ion conducting nenbrane was
pr epar edcaiingeand|a chdrging elhetrodsyr f ace of an anode according to the
principles of the present invention. 0.75 g nethylenebisacrylamde, 1.5 g
pol y( sodi um 4wisdryinenidsepdraatehprises ABioft-chbniidib ifhdone, and
3.36 g acrylic acid wert- di ssolp\)/ed i nogo&%aﬁd&%géglyé%é%e@%éhg éz}t ur at ed
aqueous - sehbiah® ; Lt 0.,1 anmoni.um persul fate.
The sol ution wagonsl%l?éelg% 0 o%tok’g)evgﬁgggbé%gjggs,edaﬁ?gh%vé%”r"eﬂmﬁﬁp‘?f‘elf’ET film
and thep ik a1 nder stran i ght, whereby a strong polynmer film
was for n%gtﬁeg%ﬁ{sugggéﬁugggg%ﬁgfegeroygsrflﬁfrgfé{i onto the anode. In a fuel cell,
t he separator/.anade ,i.s 25 p%si tioned next to the cathode; and in a

rechar geabl e ‘%‘Peé?}{‘:s?}éh’efﬁr%ﬂét aged gel comprisgs a pekymerigatioh preduct oftonelve mobar gi ng
el ectrode or next to a single bifunctional electrode, when one is

enpl oyednonamersselggtgdSrom doseromy oW DRLRCThISARAIDA &Baturated amides and
acids, and a reinforcing element selected from the group of water soluble and water swellable

polymers,

wherein said ionic species is added to said one or more monomers, and said
reinforcing element prior to polymerization,

wherein saiq cathode and said charging electrode may be a single bifunctional
electrode or may be individual and separate electrodes, and

wherein said separator is positioned between said anode and said charging electrode.

2. The rechargeable electrochemical cell of claim 1, wherein said separator has an

jonic conductivity of at least about 0.10 S/cm.

3. The rechargeable electrochemical cell of claim 1, wherein said one or more
monomers is selected from the group of methylenebisacrylamide, acrylamide, methacrylic

acid, acrylic acid, 1-vinyl-2-pyrrolidinone, N-isopropylacrylamide, fumaramide, fumaric -

acid, N, N-dimethylacrylamide, 3,3-dimethylacrylic acid, the sodium salt of vinylsulfonic - -~ -~ =~

acid, and combinations thereof.
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Exanpl e 4 A pol yner-based solid gel nenbrane was prepared according to the
present invention and processed to forma proton conduct2eAUGUST X008 9
70% perchloric acid, 0.75 g nethyl enebi sacryl am de, 5.18 g acrylic acid,
and 0.1 g potassiumsulfite 5 (reducing agent) were dissolved in 27 m

water and t hén The techaspenhie tlsonqbemitaf @dlEof M BYSREIT Qid R SRt dGRentA
pi ece of fabric was soaked in the resulting nononmer solution and then

Goi Chedib ¢ ; f t fil
sandwi ¢ ot viRen ti g%lgﬁ@f %ly?b@%ﬂ% @Wréie&ﬂﬁﬁgteg r%‘lg %&ﬁﬁgggta? aé; ed Iun g] er

This was heated on an 85C hotplate for 1 mnute

strong i , : 1 rong.pol r. fi.lmwas 10

f or med. bbéﬁé‘“?@é&%@?%@’ g‘li) (ptrﬁl:%gh R?’%‘ﬁ?@g%%nﬁ%@i‘ﬂ‘%%‘@F"%‘%@%ﬁ%ﬁ% ﬁ%?%en i ons),
maki ng LttarchSUi table for use in a hydrogen fuel cell or for use as a
separator 1h an acidic rechargeable electrochemcal cell, such as in a
rechargeabl e | ead-acid battery. In a hydrogen fuel cell, the nenbrane film
is sandw ched between an air cathode and a 15 hydrogen anode, separating
the air and hydrogen while allow ng the diffusion of hydrogen ions.

Exanpl e 5 The ph¢ rechpigesbloélectioehgmiesiart] dfelaimtd, onekhysat flyhe-bged gad t o

el ectrochrom c devices. For exanple, one or several electrochromc

mat er i atemprises sa0 poiyatedilzateth prodiebofiqueous nononer sol ution which is then
applied to an el ectrode substrate. The substrate nay be conprised of such

material s asor SudiRhnebisachlifhide by Galdl, afPRONELLNE,SS, € 0.

indiumtin oxide glaSs, or other electro- e mat’erials. The

solution is |y I ei ther of the ahove nethods wherein
the ECM s ar @900%{%{'@%&3@&}%&{1%{@%@ ¢ olfcyaf%cg lﬁ@%?gw @H?Ba a’b‘i]a UERg
surface_of .the substrate. Two such nodified el ectrodes, containing the sanme

or difi%&Pnt ECM s, are used in the electrochrom c device with one acting

as the anode . . .
() methylenebisacrylamide, acrylic acid, and a reducing agent.

6. The rechargeable electrochemical cell of claim 1, wherein said polymerization is
carried out using radical generating radiation selected from the group of X-ray, y-ray, and

ultraviolet radiation at a temperature ranging from room temperature up to about 130° C.

7. The rechargeable electrochemical cell of claim 6, wherein a chemical
polymerization initiator selected from the group of ammonium persulfate, alkali metal
persulfates and peroxides is added to said one or more monomers and said reinforcing

element prior to polymerization.

8. The rechargeable electrochemical cell of claim 1, wherein said polymerizationis = .
'qarried out at a temperature ranging from room tem'perature to about 130° C, optionally using -

radical generating radiation selected from the grbup of X-ray, y-ray, and ultraviolet radiation,

and wherein a chemical polymerization initiator selected from the group of ammonium
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and the other as the cathode. The el ectrodes may be packed together as a
conplete display device or they may be separated by a |igeiAlQUSTRI0B
electrolyte. 21 26 AUGUST 2003 .' WD 00/51198 PCT/ USCQO' 04881 Exanple 6 The
foll ow ng procedure was used to prepare a strong polyner filmfor use as a
separ at persilfate; allabimastgqreibubfatel end parokides s aldedab lsaid On€ omMdreamb@dtherg b (1. 5
g) polysulfone (anionic), 0.75 g nethyl enebi sacryl am de, 0.56 g

acryl ansai@reifottidg lOmentpricetcystynibrizatisgl d was di ssolved in 10 nmL water, and
mai nt ai ned at room tenperature. Twenty (20) niL 50% KOH was added to the
resulting solution. A piece of nylon fabric comrercially available from
Frendenberg Nonwovens as " FS2213E was then soaked in the nononer solution.

The sol ution I in,an ijce bath, .apnd Q.10 g. a ni.um per syl fate was
added to theg'ggﬁ%félc@agg%#ed%&%b%?%? cfg ‘\fég‘“{‘aewg?rg%%mo Fa{l‘ﬁ‘uéaléol ution
and sandw ched between, transparent PET film and glass. The 'sandw ched'
separ at%l'ar%%%Fﬁ%#éer?é%wa’l‘gﬁ?%nqﬁ??a@%ﬁlﬁt@ﬁe%@dC for 20 mnutes on each
side, then irradjated under strong UV light for 7 mnutes on each side.
The conduct i Wherginspidiqhargingsleatiodg ivpasisicand betaseiDsald sePhrmmr afd asiflcathodd. ot her
nmononers that may be used in the formation of a solid 15 gel nenbrane and
separator of the invention include any water-soluble ethylenically

unsat urated am des or acids, including, but not limted to,

N-i sopr opy! an0. yTt@eélRrgeabld BRicabtHéthicdl CBRbE Slaf b Furthbr cBTnghF‘iflg D¥oAgisy! am de,
yl'su

3,3-dinethylacrylic acid, and the sodiumsalt of vin nicc acid. O her
cr 0ss- | dpakdrHAsiBERH etk as) Hﬁ%half Q¥aFR r-soluble N N- 20

al kyl i dgge- %igs(et hyl eni casl y ur%?[a% urate a?r?%éf&@anpl es of polyners other
t han pol y(sodi um 4-styrenesul fonate) that may

11. The rechargeable electrochemical cell of claim 9, wherein said anode is a metal
selected-from the group-of zinc, cadmium, lithium, magnesium, iron, and aluminum, and said
cathode is an air cathode.

12. The rechargeable electrochemical cell of claim 11, wherein said charging

electrode is selected from the group of platinum, nickel, nickel oxide, perovskite and its
derivatives, carbon, and palladium.

13. The rechargeable electrochemical cell of claim 12, wherein said anode is zinc.

14. The rechargeable electrochemical cell of claim 12, further comprising a porous

spacer positioned between said charging electrode and said air cathode.

-15. The rechargeable electrochemical cell of claim 12, wherein said ionic species-

- comes from an aqueous alk;ﬂine solution of potassium hydroxide, sodium hydroxide, lithium
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be used as reinforcing elements within the solid gel electrolyte my
include any water-soluble or water-swellable polyners, spgmE@susT©2003
exanpl e, carboxynethyl cellul ose, polysul fone (anionic), sodiumsalt of

pol y(styrenesul fonic acid-co-nmaleic 25 acid), and corn starch. Suitable
fabri cs hydtoxidehondonttimativns therrof sokuitieasin 5EY hi&oRidp hheslcdrechtddn rarfoie

exanpl e, woven or non-woven fabrics such as polyol efins, polyam des,

pol yvi nyfiom abou®DAlwt. 80 abehd 35 wee,. 22 26 AUGUST 2003 WD 00/ 51198 PCT'

/ US00/ 04881 Wth regard to initiation of the polynerization reaction

chem cal initiators such as, amonium persul fate, alkali netal persulfates
or peroxides nmay optionally be used in conbination with radical generating

net hods such;as iafl i,ncl udi n f ampl_e,  ultrayjolet |ight,
Xoray. v r ay BThe cBsRible UGt a) 1l kLR bR S LsPecitelE ot be
added if the radigtjon . alone is sufficiently powerful to begin the

pol yrrerf:??aﬁeflgﬁ.mn@ab? 32&%(%& t he pol ynerization may be conducted at
tenperatures ranging fromroomtenperature up to about 130 C. This

i nvention has been described in terns of specific enbodinments, set forth
in detail. It should be understood, however, that these enbodi nents are 10

present ed by liaYhofechirperble dedtaechanionl ceing claitl 5| WherbMaidl defitatos haklin
necessarily limted thereto. The principles of the present 1nvention my,

for exabmliccondhatvilyf ablRRdtlaButioN 0 §yempPr epar ation of a solid gel, nmenbrane
for use in such other electrochem cal systens as for exanple, Ni/Cd and

Zn/ MhQ2 cells. Additionally, other nononers, polyners, chem cal
pol ymeri zation initiators, reducing agents, and 15 the |ike, other than

t hose particy} a i sclosed herein mght be.used.. Mdifjcations, and
vari ations i ﬁé'a#;llé/rgf?f\l/asé eaﬁgeteg Gt b lcg]lr‘%ﬁé’&ﬁg?ig Whareinsaidenigspsgiesppar ent
to those . . .
come from a neutral aqueous solution comprising:
(a) ammonium chloride and potassium sulfate;

(b) ammonium chloride, potassium sulfate, and sodium chloride; or

(c) potassium sulfate and ammonium chloride.

19. The rechargeable electrochemical cell of claim 1, wherein said cathode and said

charging electrode are a single bifunctional electrode.

20. The rechargeable electrochemical cell of claim 19, wherein said anode is a metal
selected from the group of zinc, cadmium, lithium, magnesium, iron, and aluminum, and said

single bifunctional electrode is an air cathode.

21. The rechargeable electrochemical cell of claim 20, wherein said lonic species

- comes from an aqueous alkaline solution of potassium hydroxide, sodium hydroxide, lithium -
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skilled in the art without departing fromthe true spirit and scope of the
followng clainms, and all such nodifications and vari ati peAUGESTHROD3ed
to be included within the scope of the present invention. 23 26 AUGUST
2003 CLAIMS 1. A rechargeable el ectrochem cal cell conprising a separator,
an anoddydmxideaertouixturatitbreofcarainghareinshid diydoatilc habe cehdengidch HEHAS BHA
conpri ses an ion-conducting pol yner-based solid gel nenbrane conprising a
suppor t abamitd. wii. &htosabpat y9het.2based gel having an ionic species contained
within a solution phase thereof is fornmed, wherein said polyner-based gel
conprises a polynerization product of one or nore nononers selected from
the group of water soluble ethylenically unsaturated am des and acids, and

a reinforcingye f t he gr.0 ter soluble and water
Suel 1 abl e pory B RehepEL R cch Aok B Blotnl, Wherfiast e ¥ ome or
nore nononers... an ai einforcing element prior to polynerization,

wher ei nC%%CFH“%a’Pr?gaéO‘ﬁga’-i‘é{ﬁ-% charging el ectrode nay be a single

bi functional electrode or may be individual and separate el ectrodes, and
wherein said separator is positioned between said anode and said charging
el ectrode. 2. The rechargeabl e el ectrochem cal cell of claim1l1, wherein
sai d separ at 33. ‘Hessreglmrgéabhi aeatonhiemicalde!l vf ofina 1) viaéinaidubpRatdPhslagm 3.
The rechargeabl e el ectrochem cal cell of claim1l, wherein said one or nore
nonomner Pnicscondhvite df b loast bbsut Or1OW)cAf net hyl enebi sacryl ami de, acryl ani de,
met hacrylic acid, acrylic acid, 1-vinyl-2-pyrrolidinone,

N-i sopropyl acryl am de, fumaram de, fumaric acid, N, N-dinethylacryl am de,
3,3-dinmethylacrylic acid, the- sodiumsalt. of vinylsulfonic

24. The rechargeable electrochemical cell of claim 20, wherein said ionic species

come from a neutral aqueous solution comprising:
(a) ammonium chloride and potassium sulfate;
(b) ammonium chloride, potassium sulfate, and sodium chloride; or

(c) potassium sulfate and ammonium chloride.
25. The rechargeable electrochemical cell of claim 20, wherein said anode is zinc.

26. The rechargeable electrochemical cell of claim 19, wherein said anode is zinc or
zinc oxide, and said single bifunctional electrode is selected from the group of nickel oxide,

manganese dioxide, silver oxide, and cobalt oxide.

27. The rechargeable electrochemical cell of claim 26, wherein said ionic species
comes from an aqueous alkaline solution of potassium hydroxide; sodium hydroxide, lithium
hydroxide, or a mixture thereof, and wherein said hydroxide has a concentration ranging from

about 0.1 wt. % to about 55 wt. %.
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acid, and conbinations thereof. 24 26 AUGUST 2003 4. The rechargeabl e

el ectrochem cal cell of claim1, wherein said reinforci ng2eARJGUST 2003
selected fromthe group of poly(sodium 4-styrenesul fonate), carboxynethyl
cellul ose, polysulfone (anionic), sodiumsalt of poly(styrenesulfonic
acid-co-maleic acid), and corn starch. 5. The rechargeabl e el ectrochem cal
cell of claim4, wherein said polyner-based gel conprises said

pol yrer i zat i 08. Phertdhirgedbld épctiRhéntcanai QT@EEM'Z@ﬂ%Hé‘rein%ﬁfdﬁ{yﬁmx% ha?3d
nmet hacrylic acid; (b) methyl enebisacryl am de, acrylic acid,

1-vi nyl céndeMratRnl bR 7ang: 8, r educi ng agent; (c) methyl enebi sacryl am de,
acrylic acid, and a reducing agent. 6. The rechargeabl e el ectrochem cal

cell of claiml1, wherein said polynerization is carried out using radical
generating radiation selected fromthe group of X-ray, y-ray, and

ul traviol et di.ation at enperature rangi ng fromroomtenperature up to
about 130 C. 5§ Tﬁ?\@cﬂaéﬁ‘??gﬁg‘é%‘g}%é aniselk el oh glsim 2B, whareingpidsppdratoshasner ei n a
chem cal _polymerization initiator selected fromthe group of ammoni um

per sul f B connetivity of etleast pbout 4 f0s%/em. and per oxi des is added to said one or
nore nononers and said reinforcing elenment prior to polynerization. 8. The
rechargeabl e el ectrochem cal cell of claim1l, wherein said polynerization
is carried out at a tenperature ranging fromroomtenperature to about 130

C, optional yo.umilmchar‘r%etibreaélememﬁwr&u bglafth ?,&1%?&11%%&9%@&&%&1?&@ oup

of X-ray, y-ray, and ultraviolet radiation, an erein a chemca

285% Ter 3/l theBroup bf 184 hd SRAGhEshd HRIGAHE bR EBNA eI RITRN s W PoEGe, AUCUST

31. The rechargeable electrochemical cell of claim 30, wherein said ionic species
comes from an aqueous alkaline solution of potassium hydroxide, sodium hydroxide, lithium
hydroxide, or a mixture thereof, and wherein said hydroxide has a concentration ranging from

about 0.1 wt. % to about 55 wt. %.

32. The rechargeable electrochemical cell of claim 31, wherein said hydroxide has a

concentration of about 37.5 wt. %

33. The rechargeable electrochemical cell of claim 31, wherein said separator has an

ionic conductivity of at least about 0.10 S/cm.

34. The rechargeable electrochemical cell of claim 19, wherein said anode is lead,

- and said singlébiﬁmctio_nal electrode is lead oxide. © -
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persul fate, alkali netal persulfates and peroxides is added to said one or
nore nononers and said reinforcing elenent prior to pol yggmg@ggq-nzo The
rechargeabl e el ectrochem cal cell of claim1, wherein said cathode and said
chargi ng el ectrode are individual and separate el ectrodes, and wherein said
charging el edbr dite réchangealil¢ tlovtesthbmicabest] sfaildmSBIP MhateR saalbniabekigat hode.
10. The rechargeabl e el ectrochemcal cell of claim9, further conprising a

borous _ copasompaiqutaiadidheioh i oTpk/hRRLGINAIRE R SLI0ARIAM0RA g cat hode.
11. The rechargeabl e el ectrochemical cell of claim9, Wherein said’anode is

a netal phogmbRELAM, dricBmblRoM @ERsr Of zinc, cadmium |ithium magnesium
iron, and alum num and said catﬁode is an air cathode. 12. The

rechar geabl e el ectrochem cal cell of claim11l, wherein said charging

el ectrode is selected fromthe group of platinum nickel, nickel oxide,

perovskite agg 'g.hs geri \{)il%l ves, carbon, and palladium 13. The

r echar geabl e>81 &8¢ FESRHErAY S Flectiqchemcal el ahclaim 3hwhesein seidi sdparatodbas a zi nc.
14. The . rechargeabl e el ectrochem cal cell of claim12, further conprising a
por ous l¥meaduebatyof ehlsastisbowtdel) Yaind chargi ng el ectrode and said air

cat hode. 15. The rechargeabl e el ectrochem cal cell of claim 12, wherein
said ionic species cones froman aqueous al kaline solution of potassium
hydr oxi de, sodi um hydroxide, |ithium 26 26 AUGUST 2003 hydroxi de, or

conbi nat i ons37.hehertharatBloestRicRershlttel o LRk i fion
rangi ng from about O. %af/%t % to about e55 Mﬁhgﬁ’)ewgﬁéln%ﬁgpgrgg%ﬁ{gggseabl e

concent o on o Y ahts Phd Sae Relehal L BePei,  RELIA WM i e ca

concentration of "about 37.5 arg

cel L Of bR AAvidtIBl €40 aRGlTog SRALALRg Fi2udle, of By'seia SORoqict VI Ty of at

| east also

respectively.

38. The rechargeable electrochemical cell of claim 1, wherein said support is a woven

or non-woven fabric selected from the group of polyamides, polyolefins, polyvinyl alcohol,

and cellulose.

39. The rechargeable electrochemical cell of claim 1, further comprising an aqueous

electrolyte in contact with said separator, said anode, said cathode, and said charging

electrode.
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18. The rechargeabl e el ectrochem cal cell of claim 12, wherein said ionic
species conme froma neutral aqueous solution conprising: 26 ANUGORTVIHD

chl oride and potassium sulfate; (b) amoni um chl ori de, potassium sulfate,
and sodiumchloride; or (c) potassiumsulfate and ammoni um chl ori de. 19.
The rechar gedl & echaprabihelnitamhenizhl cefifcoflpaibinl b.sepifbLiam&A Mogabhage and
said charging electrode are a single bifunctional electrode. 20. The

r echar geathode,@ahé alch@ghigreléalodee!l | of claim 19, wherein said anode is a
metal selected fromthe group of zinc, cadmium |ithium magnesium iron,

The rechar Goonk e et hanhar Fisc TR MBS hiand: e Sidiaighic -

The rechargeabl e. el ectrochemc C al

speci es ous al kal.ine solution of potassium_ hydroxide,
sodi um @Wﬁh&ﬁsﬁ% {TUPB ?%%A@&!s@rp% fh?ﬁﬁﬁg &5k gy ingay hysrowide speeies

t her eof at?d &hetbei n ?ald Igggglr%xi de. has a concentration ranging from about
0.1 wt. “ORPRCGRYHN a3plyiion phasetherephis forpadar geabl e el ect rocheni cal cel | of
claim 21, wherein said hydroxide has a concentration of about 37.5 w. %
23. The rechafgedbsad polzmer-based gebaimprists pafsutfond a4 polvierigition peddiict
separator has an ionic conductivity of at |east about 0.10 S/cm 24. The
r echar geébicthylenebitacodmidec adrylaatide, aid fletiatiyBOaciwher ei n sai d ionic species
come froma neutral aqueous solution conprising: (a) anmonium chloride and

pot assi um sukhatedi saldhyROXBE bpbties RbAES #6m aﬂ%ﬁﬁéﬁk H_E%agfrf% ﬁﬁf%@%@a‘)di um

chloride; or (c) potassiumsulfate and anmmorium c

" echar gealefirdloThigiid ROk MRt i 1§ hBISS 9. MRl aR0 088 21 ne-

hydroxide, lithium hydroxide, or a mixture thereof,
wherein said hydroxide species is added to said methylenebisacrylamide,
acrylamide, and methacrylic acid, and said polysulfone prior to polymerization,
wherein said air cathode and said charging electrode may be a single bifunctional

electrode or may be individual and separate electrodes,

wherein said separator is positioned between said metal anode and said charging

electrode,

wherein said polymerization is carried out using radical generating radiation selected

from the group of x-ray, y-ray, and ultraviolet radiation; and

wherein the ionic conductivity of said separator is at least about 0.10 S/cm.
41. The rechargeable electrochemical cell of claim 40, wherein a polymerization

initiator is added to said methylenebisacrylamide, acrylamide, methacrylic acid, and said - -.

hydroxide species prior to polymerization.
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26. The rechargeabl e el ectrochem cal cell of claim 19, wherein said anode
is zinc or zinc oxide, and said single bifunctional elecbhsplecuSTSHIgSt ed
fromthe group of nickel oxide, manganese dioxide, silver oxide, and
cobalt oxide. 27. The rechargeabl e el ectrochem cal cell of claim 26,

wher ei n sai d 42orhe reghergeetle elcommhemicahrahofatninoclls fitheatomgishl d# dq@BowRf

pot assi um hydr oxi de sodi um hydroxi de, lithium hydroxide, or a m Xxture

t her eof liqaikklevteiyed in @atadt With saidiselarAias sad GROGE 54id aithOuk, &ﬂf‘&id‘&laggiﬂﬁn about
0.1 wt. %to about 55 w. % 28 26 AUGUST 2003 28. The rechargeabl e

el ectrocghevdal cell of claim 27, wherein said hydroxide has a :
concentration of about 37.5 w. % 29. The rechargeabl e el ectrochem cal cell
of claim 28, wherein said separator has an ionic conductivity of at |east
about 0.10 S/cm 30. The rechargeabl e el ectrochem cal cell of claim 19,
wherein sai d,anode iis selected fromthe group of iron and cadm um and
said single 6?~r LfﬁB?l?/BﬁagaSSfCié@E%“dénwfﬁ}e REVSedn jaggleczachemigsl eads Raidgeabl e

el ectrochenical cell of claim30, wherein said ionic species cones froman
aqueous n%ﬁ“%é?‘}eﬁ@v%laﬂtli)@ﬁ spRclgs spatgised mithyma solutie pleedlofisaidypodymeritdeed | i t hi um
hydroxi de, or a m xture thereof, and wherein said hydroxide has a

concent gek whereinesaisl prdyheniasedipd comPridesuhe pSlyieriafiotor&factdfa % 32. The
rechargeabl e el ectrochem cal cell of claim 31, wherein said hydroxide has a

concent palyimerizaifondhitidtor, 3/ mbnovher s¥eddd frbREhE %M@F&%@a@r%oﬁbﬁceh{ﬂ&ﬂ%ﬁgc al cell
0

of claim 31, wherein said separator has an "ionic conductivity t | east

; i || of «cl ai .
Aher i n sar g anamits Al &l A, ARl R AERCRU O B g Bof el 5

mherein said anode is | ead, and sai e is | ead
oxi de.  ¢8uble and water swellable polymers,

wherein said ionic species is added to said polymerization initiator, said monomer,
and said reinforcing element prior to polymerization, and
wherein said polymer based solid gel membrane is formed on a matrix of a woven or

non-woven fabric, on a surface of an anode, or on a surface of a cathode.

44.  The polymer based solid gel membrane according to claim 43, wherein said
monomer is selected from the group of methylenebisacrylamide, acrylamide, methacrylic
acid, 1-vinyl-2-pyrrolidione, N-isopropylacrylamide, fumaramide, fumaric acid, N, N-
dimethylacrylamide, 3,3-dimethylacrylic acid, and the sodium salt of vinylsulfonic acid, and

combinations thereof.

- 45..  The polymer based solid gel membrane accordingto claim 43, wherein said
reinforcing element is selected from the group of poly(sodium 4-styrenesulfonate),

carboxymethyl cellulose, polysulfone (anionic), sodium salt of poly(styrenesulfonic acid-co-

maleic acid), and corn starch.
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26 AUGUST 2003 35. The rechargeabl e el ectrochenical cell of claim 34,
wherein said ionic species cones froman aqueous acidic 26/A0GUST2003
perchloric acid, sulfuric acid, hydrochloric acid, phosphoric acid, or
conbi nati ons thereof. 36. The rechargeabl e el ectrochem cal cell of claim
35, wherein said separator has an ionic conductivity of at |east about
0.10 S/cm 37. The rechargeabl e el ectrochem cal cell of claiml, wherein

sai d separat db. i s The@olyeetr Bbded 3blid gél M isahSaRORMES oSl BNAh&kRG%he
el ectrode, or said cathode, whereby said support 1s provided by said

. . ] i . r.e fjively. 38.
e, e s oSS R .

The rechargeabl e el ectrochem cal” cell

woven Oor nopswov [ e omthe gro of | ya 'de_

pol yol efi ns, '@"Bm y\?'Féﬁﬁﬁig{é’?’fc\sgﬁgaﬁﬁ‘ﬁeag%‘g’fca&‘?% |n6‘3§@?“3§§.a°*ﬁq§&?/é85?£%‘gabl e

electrog nicq cell of claim1, further conprising an aqueous electrolyte

in conta e%ﬁ%h”@%&d separator, said anode, said cathode,h and faldlfharglng
. 30 26 AUGUST 2003 40. A rechargeabl e el ectrochem cal ce

glarenc): |r g?ﬁg a?‘%)epaﬂa@ﬂzy#?nehismlwni@a aeflamade, mathacdichoide andapudysalfohar gi ng

el ectrode, wherein said separator conprises a hydroxide conducting

pol yrrer (@%65d@); sol i d gel nenbrane conprising a support onto which a .

pol ymer - based gel having a hydroxi de species contained within a solution

phase t hereofc)i s hmﬂﬁmﬁmbMMEﬂemmk§gﬂ?@@@hMﬂE%q@ﬁéﬁﬂﬁﬁﬁk%ggg?ﬁhﬁﬁs

pol ysul fone and a pol ynmeri zation product of nethyleneb an de,

acryl am de, aRgny12thardlididne aﬁggg@dumgragg& §2i d hydroxi de species conmes from
an aqueous al kal'i ne 'sol uti on havi ng

(d)  methylenebisacrylamide, acrylic acid and a reducing agent.

47.  Anelectrochemical cell comprising first and second electrodes and one or

more polymer based solid gel membranes according to claim 43 disposed there between.

48.  The electrochemical cell according to claim 47 wherein the first electrode is a

zinc anode and the second electrode is an air cathode.

49.  The electrochemical cell of claim 48 wherein a first protective polymer based
solid gel membrane is disposed on the zinc anode and a second hydroxide conducting

polymer based solid gel membrane is disposed between said first membrane and said cathode.

50. . The electrochemical cell of claim 48 wherein a first protective polymer based .
solid gel membrane is disposed on said anode and a second protective polymer based solid - -
gel membrane is disposed on said cathode, and said electrochemical cell further comprises.an-

- aqueous electrolyte disposed between said first and second membranes.
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concentration ranging fromabout 0.1 wt. %to about 55 wt. % potassium
hydr oxi de, sodi um hydroxide, |ithium hydroxide, or a m xpsnt)&0STER 03
wherein sai d hydroxi de species is added to sai d net hyl enebi sacryl am de,
acrylam de, and nethacrylic acid, and said pol ysulfone prior to

pol ymeri zation, wherein said air cathode and said chargi ng el ectrode may be
a single bifunctional electrode or may be individual and separate

el ectrodes, gher eiffie SREFoHERAABAN of FaiROP HhQBRIDELNEE Ryt al anode
and said charging electrode, wherein said polynmerization 1s carried out
usi ng r ggli [ { AL r h Fou f .x-ray,
ooy, - SR AP RPBR] AL PR Bhodd AT an e B Rafieel 1 of
said se t i ast .about .0. 10 C 41. The rechargeabl e

el ectr ogﬁl&%egéﬁ‘geééﬁd %§ n&ﬁ“&f@ﬁ%ég‘%ﬂi‘ﬁ%e?yﬁmmri zation initiator is
added to said nethyl enebi sacryl am de, acryl am de, nethacrylic acid, and
said hydroxide species prior to polynerization. 31 26 AUGUST 2003 42. The
rechargeabl e el ectrochem cal cell of claim40, further conprising an
aqueous |iqd?d ellbeeledraghemical eblrafatatimwi7t whesein chesfirptasledtode issahydirogende,

sai d cathode, and said charging electrode. 43. A polyner based solid gel
menbr ananddemand se secormirel&ltiedé isemhiniatialde a8l b préién SbndiBFRRNENGDEEREORA | ONi C
species contained within a solution phase oip sai d pol ymer based gel,

wher ei Ng& ahdintitahd/RRlispbAQHerd BbtweeAP | ses the pol ynmeri zation product of a
pol ynerization initiator, a nononer selected fromthe group of water

sol ubl e ethylenically unsaturated am des and acids, and a reinforcing

el enent selected fromthe group of water soluble and water swell abl e

|p(r)1: %/Irrg{ gr , \AQS;’% .S' %ﬁ%ﬂgcrt'{ogﬂér&cesﬂpc%ﬁloefsclalinsq 4a/'C{Ndl%9ei;[1t es rlstdelgc?rlo QFsral lgy%trcl)goeg

anode and the second electrode is an air cathode and a hydroxide conductive polymer based

solid gel membrane is disposed there between.

54. An electrochromic device wherein electrochromic materials are contained

within a solution phase of a polymer based solid gel membrane.

55.  Anelectrochromic device according to claim 54, comprising first and second
electrode substrates and first and second polymer based solid gel membranes disposed there
between, each of said membranes having an electrochromic material contained within a

solution phase thereof.

56.... The electrochromic device according to.claim 55, further comprising an

electrolyte active species disposed between said first and second polymer based solid gel

membranes. -
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and said reinforcing elenent prior to polynerization, and wherein said

pol ynmer based solid gel nenbrane is fornmed on a matrix of 25 AWEE8T003
non-woven fabric, on a surface of an anode, or on a surface of a cathode.
44. The pol yner based solid gel nenbrane according to claim43, wherein
said rmonomeb7is Jék eletethiomindehize geaudingto BinhYS fRERISART Histdiddcond
acrylam de, nethacrylic acid, 1-vinyl-2-pyrrolidione,

\-i sopr elylrads ybaieieure EutfBiRAIABlatihiNREE, @4 dnalliiybloladl Mot hyl acryl ami de,
3,3-dinmethylacrylic acid, and the sodi um salt of V|ny§su fonic acid, and
conbi nati ons thereof. 45. The pol yner based solid gel nenbrane according to
claim43, wherein said reinforcing elenent is selected fromthe group of

pol y(sodi um 4psty | f onate), . carbo t hyl | | ul ose, pol ysul f one
(ani oni c), sé%ﬁ um@g?@&64°%°&§@§Y§? 8?1°é’§‘i(}¥g§)n‘?q%‘ma§7leﬁl‘%r in the pRNAUCHAYS §l3ss and
corn stanc?" 32 26, AUGUST 2003 46. The pol yner based solid gel nenbrane
accor di FgPfymsinpxiaglasiyher ein the pol ymer based gel conprises the

pol ymeri zati on product of a polynerization initiator and: (a)

nmet hyl enebi sacryl am de, acryl am de, nethacrylic acid, poly(sodium 4-
styrenesul fonate); (b) nethyl enebi sacryl am de, acryl am de, nethacrylic

aci d, and pob9.sul Aanethod affinhibiting; cofropioif hyletil albdeads hhaalferueR@lly ( sodi um
4-styrenesul fonate), acrylic acid, 1-vinyl-2-pyrrolidione and a reducing

agent ;  systenilporiprideyl o€ B ek a6 AR £lGir AUk saidﬁgétg%@gtﬂgﬁésﬁ@%ig%déglg%ggm-

47. An el ectrochem cal cell conmprising first a d one

or noregr ﬁ@fe%@y‘m&%%@éﬁs% ki glﬂ?hbfgﬁ?;ﬁ‘aq’cﬂ%s*}“%&%& ?eg’&%{q%lﬁ%?éwr%43 di sposed

t her e bet ween. '48. T_he el eCtrochem acco n %% wherei n
the fir §(;lut?clneﬁ{agé)$gre'of bBtween said anode and said cathode, wherein said polymer based gel

comprises the polymerization product of a polymerization initiator, a monomer selected from
the group of water soluble ethylenically unsaturated amides and acids, and a reinforcing
element selected from the group of water soluble and water swellable polymers,

wherein said ionic species is added to said polymerization initiator, said monomer,
and said reinforcing element prior to polymerization, and

wherein said polymer based solid gel membrane is formed on a surface of said metal

anode.

60. A method according to claim 59 wherein said metal/air fuel cell system is one
of an aluminum/air, a zinc/air, a cadmium/air, a lithium/air, a magnesium/air, or an iron/air

fuel cell system.
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zinc anode and the second el ectrode is an air cathode. 49. The

el ectrochem cal cell of claim48 wherein a first protectiyg AMpGysar2dpsed
solid gel nenbrane is disposed on the zinc anode and a second hydroxi de
conducting polynmer based solid gel nenbrane is di sposed between said first
menbr ane and64ai d Acatthod ef inkihitingherrelsataf achesisaade @el thetafaiehai #8148 wherein
a first protective polyner based solid gel nenbrane is disposed on said

anode asyktan semptisingh aietd ahyde 43l R caltRde bagiOhétlod Ssthp ool ch A1 Sposed
on said cathode, and said el ectrochenmical cell further conprises an

and al e sesan
AT 3005 R P RE POl aF el il AT RARE AR PR BE R >

electro beS Bk i e and.the.second el ectrode is an.air cathode
and a h rc%eéicg@a%g%%?gpf %&‘Q‘g"gﬂ R/h%%ef thyteof, §u ﬁ%f”cisa&&xh}‘fﬁ%l?aé%g‘?qés di sposed
there between, o2 The electrochem cal cell of claima7 wherein the first
el ect r odEPP¥ QGWGPS}BgﬁnO Saldirgthode vdiaein said pelymesdasedgehepmaprises tehode
and a proton conductive polyner based solid -gel nenbrane is disposed

t here bBPNBISHZatR pradyst @P e¥lptinsreompeisingpolymearizatorainitiadot, sdicioaiaspedies, hi r st
el ectrode is a hydrogen anode and the second electrode is an air cathode
and a hywnomedselesteddtmn theegrpay yfiveatedsahede ethplehidalgjelnsaRéBamidesadi Sposed

t here between. 54. An el ectrochrom c device wherein el ectrochromc

mat er i ahddgand & esthfdrdifgleldinkAt saledted Plowt ihe FratlpsTovadr sBluBRY aXﬁH%&até}gaz%ﬂabiQ' id
gel nmenbrane. 55. An el ectrochrom c device according to clalm 54,

conpri splgmbist St and second el ectrode substrates and first and second

pol ymer based solid gel menbranes disposed there between, each of said
menbr anes having an el ectrochromc material contained within a solution
phase thereof. 56. The el ectrochrom c device according to claimb55, further

conpri si ng ap,

A method according to claim 61, wherein said metal/air fuel cell system is one
of an aluminjum/air, a cadmium/air, a lithium/air, a magnesium/air, or an iron/air fuel cell

system.

63. A process for making a rechargeable electrochemical cell comprising a
separator, an anode, a cathode, and a charging electrode,

wherein said process comprises forming an ion-conducting polymer-based solid gel
membrane onto a support by polymerising one or more monomers selected from water-
soluble ethylenically unsaturated amides and acids, together with an ionic species in aqueous
solution and a reinforcing element selected from water-soluble and water-swellable polymers,
to thereby provide a separator wherein the polymer-based gel retains said ionic species in
aqueous solution phase within the gel after polymerisation,

-wherein said cathode and said charging electrode are provided as a single bifunctional - -

electrode or as individual and separate electrodes, and

wherein said separator is positioned between said anode and said charging electrode.
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el ectrolyte active. species disposed between said first and second pol yner:
based solid gel nenbranes. 34 26 AUGUST 2003 57. The el egémg_y@ugmz‘o@ew ce
according to claimb55 wherein said first and second electrode substrates
are conprised of platinum gold, or a conductive glass. 58. The

el ectrochrom ¢ device according to claimb57 wherein the conductive gl ass

is indiumtin oxide glass. 59. A nethod of inhibiting corrosion of a netal

anode in a métal / & protase hcovedihg tSHSIHEH3, ARSI S84 oRd oﬁn&%trﬁénoﬁfwéis and an
air cathode, said nmethod conprising disposing one or nore p ner based

solid g@ék%ﬁﬁﬂﬁ@thﬂ@ﬂé%c%ﬂn@@'& 8ﬁfd!e ?ﬁ% e&?@' \6\4[}{!:,' n°‘§1a (Y h) e

phase thereof, between said anode a sal ymer
based Sk SESobdRIRTMTRIL HILLARE i i R ey e,
Sel bt o VBRI the %ﬂﬁs@m%%ﬁiﬁqaﬁ%g@me' Gitessions prrepkor o,

wherein said ioni c speC| es is added to said polynerization initiator, said
nononer, and said reinforcing elenment prior to polynerization, and wher ei n
sai d poI ymer based solid gel nenbrane is forned on a surface of said netal

anode. 60. AShet hddreesoaationiing o i 68, SHemwhesatd fbnﬁallcdlgr@érﬁédtﬁ’d deldctidl cel |
systemis one of an alumnumair, a zinc/air, a cadm umair,

| t hi unfrainpoly(sodigmesityeheulfone), SiFboty U1 el p@eldifosy Hbthicy35 26
AUGUST 2003 61. A nethod of inhibiti ngﬁggo?}: osi on o g mgt aréngno?e in a

met al / abgdidri@hlt 6eﬂ>dly(s@ye${eﬁﬁfdﬁ%%ﬁd é& ARidc FEERhnARRESLARD an air cat hode,

said nethod conprising formn

66. A process according to claim 63 wherein polymerisation to form said
polymer-based gel comprises forming a polymerization product from

(a) methylenebisacrylamide, acrylamide, and methacrylic acid; or

(b)  methylenebisacrylamide, acrylic acid, 1-vinyl-2-pyrrolidinone and a reducing
agent; or

(c) methylenebisacrylamide, acrylic acid, and a reducing agent.

67. A process according to claim 63, wherein said polymerization is carried out
using radical generating radiation selected from X-ray, y-ray, and ultraviolet radiation at a

temperature ranging from room temperature up to about 130°C.

68. A process according to claim 67, wherein a chemical polymerization initiator
_sglected from ammonium persulfate, alkali metal persulfates and-peroxides is added to said = - o

one or more monomers and said reinforcing element prior to polymerization.
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surface of said netal anode one or nore polyner based solid gel nenbranes
having an ionic species contained within a solution phasggiAiftesT 2 h
that said pol ymer-based gel is disposed between said anode and sai

cat hode, wherein said polyner-based gel conprises the polynerization
product of a68ol uthimocespagoidigity gdaihy6d; vileedin oiid polyinedtfion iSedrHed Oia€
species, a nononer selected fromthe group of water soluble ethylenically

unsat ur atetpeasticaang@ng fromaoos, teperaturd & 4Hoaf BIOPQ, (ﬁJti%HﬁEl}I us%% gaicgd fromthe
group of water soluble and water swellable polyners. 62. met hod

accor di paesirfl i dhloel URITRIR XSl TR Bhd n@h%viB}égiaﬁgaglhé,SI iShigiihg one  of

an alumniunmair, a cadmunfair, 1 thiunfalr, air, or an

1 on el Endteh 68ler UG Bl et AR R LR B NG, 2 gk Rt geabl e

el ectrochemc C conprising e Bet4lode, and a

chargi ng_el.ectrode, wherein said process conprises formng an .

i on- cona?fé‘fl?fﬁ%s aﬁglpfilf?éf 1§ 553@&6@81 Wf{ 9’4 or mYRHIRaEeHAng saiddeinfueing by

pol yneri sing one or nore npnoners selected fromwater- sol uble

et hyl enfleBenipripiéapelymendzationi des and acids, together with an ionic species
in aqueous solution and a reinforcing el enment selected from water-sol uble
and water-swell able polyners, to thereby provide a separator wherein the
pol ymer - based gel retains said ionic species in aqueous solution phase

wi thin the ge0. af Agiodesd acaBidiriatoicRim 6% Wheleth Rl GhifAk BAESi@RRLRLI char gi ng
el ectrode are provided as a single bifunctional electrode or as-individual

and sepgeatRictEsbliae®ss indRuANgLEL ' LS | f,oned between
sai d anode and s’gibd charlgl;i ng el ect regéxg?éeg%&gg@i%@#rgﬁ%y@fapgﬁf rocess

ot hy1 cery Qeds Bty bIBE g St GRS TRIBAET 0. marytic acta,
1-vinyl-2- pyrrolidi no,ne, N-i sopr obyl acryl am de, fum,ar am de, fumari c acid,
N, N-di net hyl acryl am de, :

71. A process according to claim 70, wherein a porous spacer is positioned

between said charging electrode and said cathode.

72. A process according to claim 63, wherein said cathode and said charging

electrode are provided as a single bifunctional electrode.

73. A process according to claim 71 or claim 72, wherein said anode is a metal
selected from zinc, cadmium, lithium, magnesium, iron and aluminium, said cathode or said

bifunctional electrode is an air cathode,

74. A process according to claim 73, wherein said charging electrode is elected

from platinum, nickel, nickel oxide, carbon, palladium, and perovskite and its derivatives.
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2,2-dinmethylacrylic acid, the sodiumsalt of vinylsulfonic acid, and
conbi nations thereof. 65. A process according to claim 6326‘#41{%?9'5'? j3d
reinforcing elenment is selected from poly(sodium 4-styrenesu onatﬁé}iy
car boxymet hyl cel |l ul ose, polysul fone (anionic), sodiumsalt of

pol y(styreneddl f oAiroass accondingtosilaina®d, thheretnshid ode 3§ ARE br ziBBoxide, RRIACESS
according to claim63 wherein polynerisation to formsaid polyner-based

gel conpingkésfubetioiangedrdde iy setectetiord RidR eIk n{ahgﬁaegc@élioxide, silver oxide,

nmet hyl enebi sacryl am de, acryl am de, and nethacrylic acid; or (b)

met hyl epgbéshagb¥lqam de, acrylic acid, 1-vinyl-2-pyrrolidinone and a
reducing agent; or (c) methyl enebi sacrylam de, acrylic acid, and a

reduci ng agent. 67. A process according to claim63, wherein said

pol ymeri zation is carried out wusing radical generating radiation selected
fromX-ray, y-ray, and ultrayiolet radiation at a tenperature ranging from
room t enper a%l(?]r e (PeSESh¥saringEElaing’2, wheiehowikanede by selastpdtieone iran ands 7,
wherein a chem cal polynerization initiator selected from amonium

per sul f sadaniugy and saidyingle bifsnctionalalestrode th miekebsrkides is added to said one or
nmore nononers and said reinforcing element prior to polynerization. 37 26
AUGUST 2003 69. A process according to claim63, wherein said

polymeri zation is carried out at a tenperature ranging fromroom

tenperature 70 abAykockdfecoRidig ©Rimy73Utichn 7@ Yr ¢Bim ﬁf‘d?%%ﬂhhﬁ,gwﬁé@ihat ion
a

selected from X-ray, y-ray, and ultraviolet radiation, and wherein

chem cakaid Ry Bpetiédis sQBctbd %Wéqué@tlaség%a?q? E&lﬁ&xﬁ%’?&s‘gﬂ@ﬁ&iéeﬂ e, alkali

nmetal persulfates and peroxi des 0 sai d one or re ‘nononers and

said rej ' ag RN ion to polynerization. 70. A process according
to cl ai w&%ﬁmg)rﬂg?’nlﬁslal . }gc{é?’ﬁg%lé)r ﬁrﬁt%‘g& Séﬁeé? iﬂﬁiwﬁ?rﬁl&sﬁﬁg’éfa%"é{épr ovi ded
as indiyidual and.separat (—i;rel SCt rodes,_ and wherein said charging

has a'concentration fanging from 0.1 wt. % to'55 wt. %.

78. A process according to claim 77, wherein said hydroxide has a concentration

of about 37.5 wt. %.

79.  Aprocess according to claim 73 or claim 74, wherein said ionic species are
provided by a neutral aqueous solution comprising:

(@ ammonium chloride and potassium sulphate;

(b)  ammonium chloride, potassium sulphate, and sodium chloride, or

(¢)  potassium sulphate and ammonium chloride.

. 80. . A process according to claim 72, wherein said anode is lead, and said single ~ -+
bifunctional electrode is lead oxide, and said ionic species is selected from an aqueous acidic - -
solution of perchloric acid, sulphuric acid, hydrochloric acid, phosphoric acid, or

combinations thereof.
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el ectrode is positioned between said separator and said cathode. 71. A
process according to claim70, wherein a porous spacer isj2g9Qi&U8TES003

bet ween said chargi ng el ectrode and sai d cathode. 72. A process according
to claime63, wherein said cathode and said charging electrode are provided
as a single Bilf undtprosess aetaading dalelainy 83, vhepeincd sepeaior diftignetidirebti m 71 or
claim72, wherein said anode is a netal selected from zinc, cadm um

i t hi umontvesgitesiodensaidaharginglelattttticlorsaid caiode GRERGSIEsRT su%?&n@is Rbdiaet i onal
electrode is an air cathode, 74. A process according to claim73, wherein

sai d chayghidanedL 6y kAidhhngif @&ied il | ' , _nickel oxi de,
car bon, gal | adi um S,zind pglr%g%lski te %%W{%lﬁg%ﬁb@%ﬁs glét%% 26 AUGUST 2003

75. A process according to claim 72, wherein said anode is zinc or zinc
oxide, said single bifunctional electrode is selected from nickel oxide,
manganese dig i de, silver oxi.de, and cqbalt oxide. 76. A process according
to claim 72, Sher & RfOSSH aording g anvaneof claims 935814 Whrelnsald seppiatonhasand sai d
single bifunctional electrode is nickel oxide. 77. A process according to
cl ai m 720M cendyetivity pf gt leastabapt1Q$/cat ai m 76, wherein said ionic species
is selected froman aqueous al kaline solution of potassium hydroxide,

sodi um hydr oxi de, 1ithium hydroxide, or conbinations thereof, and wherein
said hydroxi de has a concentration ranging fromO0.1 w. %to 55 wt. % 78.

A process ac8lr di Agrbeess heordifd to SMIE] 63, wherdislsdiy §619 el Badt@Selis GtegNt r at i on
of about 37.5 wt. % 79. A process according to claim73 or clalm 74,

wher i n i gblyAlibfie SRELHAFmPHiSarioR R HESH &&hgﬁﬁ]&géﬁpg}%%@g&%%ﬂﬁmﬁﬂ! Hid on

conprising: (a) amoni um chl oride and potass
methacrylic acid,

wherein said hydroxide species is provided by an aqueous alkaline solution having a
concentration ranging from 0.1 wt. % to 55 wt. % potassium hydroxide, sodium hydroxide,

lithium hydroxide, or a mixture thereof,

wherein said hydroxide species is added to said methylenebisacrylamide, acrylamide,
and methacrylic acid, and said polysulfone prior to polymerization,
wherein said polymerization is carried out using radical generating radiation selected

- from X-ray, y-ray, and ultraviolet radiation; and

wherein the ionic conductivity of said separator is at least about 0.10 S/cm.

84. A process according to claim 83, wherein a polymerization initiator is added
to said methylenebisacrylamide, acrylamide, methacrylic acid, and said hydroxide species

prior to polymerization.
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(b) ammoni um chl ori de, potassium sul phate, and sodium chloride, or (c)

pot assi um sul phate and ammoni um chl oride. 80. . A processgcQes

claim72, wherein said anode is |ead, and said single bi gnctl ;ﬁ'rg;rlgzéds

el ectrode is | ead oxide, and said ionic species is selected froman aqueous
acidic sol utd%n ok ppsessicorrdingde ickim $3) whereinanaqiiehus hiydidatdttolytcisaci d,
phosphoric acid, or conbinations thereof. 39 26 AUGUST 2003 81. A process
accor di mgovidectinaionabBwitheid séparae, chis @RRIALAd cdtBode itPRidiHagEhS YectHe0 Sai d
anode, said charging el ectrode, or said cathode, mhereby said support is

provided by ssai d apetiagelile SRkibchBAl] 80 ShAFIAYSepMhoPYn 3714 621 NOdE,

respectively. 82. A process according to any one of , Wherein

sai d seRamdb®fandaShdBind AQHggonductivity of at |east about 0.10 S/cm 83.
A process acc’gPdi ng %)n celqal mdé’B, wherein said pol yner-based gel is forned

from pol ysul fone and a palynerization, product of mnethyl enebi sacryl am de,
acryl am d, and q’r‘?éeé? 5‘?‘9 %epgﬁa}tar, c‘WPé‘rsgﬁ 3 19g1candirpg RPlyEeEpaser é§1¥4 gel

provi ded by an qtueous, al kal i ne sol ution havi n% a concentration ranging
from O. Imw{bra]%tﬁa SOTNRRISES 3SYRPOE SBtoNIRY 8 Pelinte-bassddiclibaviyriaoivhidespeciés t hi um
hydroxi de, or a mxture thereof, wherein said hydroxide species is added to
sai d nmetcRyREadHibiranyaqrpdsoluonyhase thereof iatficknted; hacryl i ¢ acid, and said

pol ysul fone prior to polynerization, wherein said polynerization is carried

out using radi cal wherein did palym@etbadet @8] coMRibLalpollneMafioh JYodu¥t JfHhe ofNd
ultraviolet radiation; and wherein the ionic conductivity of sald separator

is at | east nRBombrsQelbbie® oM witktr-sdublE @g@ﬁlﬁgf %lx%igrﬂ]gtg& Qm?ciegiragﬂmg cés,\gﬂc? rein a

pol ynmeri zation initiator is added to I sacry

acryl ama‘iléinfdi@hg fehthi L1 d%rorR %te?—%i)ﬁbpeya%h%aiteq'-eswseﬂg&ie %glymers,
wherein said ionic species remains in aqueous solution within the gel after
polymerisation of a solution containing said one or more monomers, together with said ionic
species and said reinforcing element,

wherein said cathode and said charging electrode are provided as a single bifunctional

electrode or as individual and separate electrodes, and
wherein said separator is positioned between said anode and said charging
electrode.

87.  The rechargeable electrochemical cell of claim 86, wherein said one or more
monomers is selected from methylenebisacrylamide, acrylamide, methacrylic acid, acrylic
acid, 1-vinyl-2-pyrrolidinone, N-isopropylacrylamide, fumaramide, fumaric acid, N, N-
dimethylacrylamide, 2,2-dimethylacrylic acid, the sodium salt of vinylsulfonic acid, and

. combinations thereof.
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prior to polynerization. 40 26 AUGUST 2003 85. A process according to claim
83, wherein an aqueous liquid electrolyte is provided i nogARjEGETY sai d
separator, said anode, said cathode, and said chargi ng el ectrode. . A
rechargeabl e el ectrochem cal cell conprising a separator, an anode, a

cat hode, and8& ch&hgesbprgeablsa eletrochethienlaictl of alaiin 86 p avhateir saibraifbhgs an

i on-conducting pol yner-based solid gel nenbrane that conprises a support
ont o whelement ipstlyeted frbmgety(geliuthavitngnanlfoRid)ccaPaGurthyl 66lifladened wi thin an
aqueous sol ution phase thereof is fornmed, wherein said pol yner-based gel
conpr i spslysulfoat Yimsi®asdddin BAIPEESy@fyrQR8ulRnic 4F-8 TRRGORGY), g&‘d &thed from
wat er - sol ubl e ethyl enically unsaturated am des and acids, d&an a
reinforgihng el ement selected fromwater-soluble and water-swel | able

pol ymers, wherein said ionic species remains in aqueous solution within the

gel after pgly i sation ol uti.on cgntaj ni sai d one or nore
nonomers, toget H‘:ﬂlwe fﬁmg‘?fi%& q?%qiqogﬁer@ﬁ&aeﬂg%%an gg1 ‘Gﬁerr@flﬁﬂérp@lyﬁ'&fel enent ,
wherei n_ sai d .cat hode and said charging el ectrode are provided as a single
bi functbﬁﬁégelCép@gﬁ?sosé@wyfa@ﬁaﬁﬂﬂm%ﬁﬁlﬁand separate el ectrodes, and
wherein said separator is positioned between said anode and said charging
el ectrode. 8@ Thaethglshehisperipide) acylamilecmdoatthaeylic afid;cl ai m 86, wherein
said one or nore nononers is selected from net hyl enebi sacryl am de,
acryl am de, @t hanethylenetdeicelamideydcrdic a%fd,dfviﬂylld-%bﬂolﬁﬁtﬁm%ﬂdl h AGIRS
N-i sopropyl acryl am de, fumaram de, fumaric acid, N, N dinethylacrylam de,
2, 2-di fyl acrylic acid, the sodiumsalt of vinylsulfonic acid, and

conbi nat1 ons thereof. 41

© methylenebisacrylamide, acrylic acid, and a reducing agent.

90.  The rechargeable electrochemical cell of claim 86, wherein said
polymerization is carried out using radical generating radiation selected from X-ray, y-ray,

and ultraviolet radiation at a temperature ranging from room temperature up to about 130°C.

91.  The rechargeable electrochemical cell of claim 87, wherein a chemical
polymerization initiator selected from ammonium persulfate, alkali metal persulfates and
peroxides is added to said one or more monomers and said reinforcing element prior to

polymerization.
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26 AUGUST 2003 88. The rechargeabl e el ectrochem cal cell of claim86 ,
wherein said reinforcing element is selected from poly(segiayyBusT 2003
4-styrenesul fonate), carboxynethyl cellul ose, polysulfone (Aanl onic),

sodi um salt of poly(styrenesulfonic acid-co-maleic acid), and corn starch.
89. The rec h&?-geaﬁz@reeh@gcamﬁemmémme] dellaff ctiirai86) Bhereitmatdei n sai d

pol ynmer- based gel conprises said polynerization product of (a)

net hyl epelyistzatichdstattied acray haghpteaturrangiBg hosy ﬁﬁbi.noceﬁ?&rgt:ure( #®)about
met hyl enebi sacryl am de, acrylic acid, 1l-vinyl-2-pyrrolidinone and a

r educi ng3@geBbtionall : i I [.c~acid reduci ng
agent. 90. Th%hor ec gﬁlg%g%illgﬂg%ez?ﬁ%h(g%%gﬁel%gdﬁdﬁ )gfdgﬁnra%g&(\ﬁ\lher ein said

pol yrmer | i i rri ; [ adi cal. gener.atjing.radjation sel ected
from X- ?‘g‘g?f"%? ?dél?ﬁtﬁ’ﬂa#ﬁﬁ“%}?‘%ﬁ g’le@?ca! B%V?FF% B atP’ég%%‘i?eéitfg‘?rﬁ rangi ng from
roomtenperature u 0 ﬁﬁ%PUt ?],SOC. Ql.ggre rechar geabl e el ectrochem cal

cel | of Ppyrgpers alkgh et digrsuliptes and Reseridesis pddeditn saif gpoer meteect ed
from ammoni um persul fate, alkali metal persulfates and peroxides is added
to sai dMGRAVEE apdpaid peinforking elamantsion to polpmerizitioy. el enent prior to

pol yneri zation. 42 26 AUGUST 2003 92. The rechargeabl e el ectrochem cal cell
of claim86, wherein said polynerization is carried out at a tenperature
rangi ng fromroomtenperature to about 130C, optionally using radical

gener ating resli atTigreskRirgeabRtlédti@thetitalitell ¥f ERdn 88NFhertih shid \thBb&d an
radi ati on, and wherein a chem cal polynerization initiator selected from

anron, WSEOaphE Ablirodd e lrdiIBA &3l ALaRBN I ShAth{IGR bty dflg et ©

said one or nbre nononmers and said reinforcing el enen
pol ymer 412a1Jd@% positioned between said separator and said cathode.

94.  The rechargeable electrochemical cell of claim 86, wherein said cathode and

said charging electrode are provided as a single bifunctional electrode.

95.  The rechargeable electrochemical cell of claim 93 or claim 94, wherein said
anode is a metal selected from zinc, cadmium, lithium, magnesium, iron, and aluminium, and

said cathode is an air cathode.
96.  The rechargeable electrochemical cell of claim 95, wherein said anode is zinc.

97.  The rechargeable electrochemical cell of claim 93, further comprising a

porous spacer positioned between said charging electrode and said cathode.
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93. The rechargeabl e el ectrochem cal cell of claim86, wherein said cathode
and said charging el ectrode are individual and separate & a¢jcQ8gs2003"d
wherein said charging electrode is positioned between sald separator and
sai d cathode. 94. The rechargeabl e el ectrochem cal cell of claim 86,

wherei n sai dggath i harging, el.ect node,Aar rovi.ded as a single
bi functi onal 9§] ec'??{ gagc!ﬂg@ggﬁa_glg&rr ec %1%(8%5?}?% Cé‘illgh%ﬁg@ﬁgeﬂﬁ ?:aé(?%lflg of claim
93 or clai 4, erei.n said anode,is. a netal selected.fromzjnc, cadm um
it hi ume?%ga%ﬁ is%fte‘? hBPP, plaipng Mickeh indfkel %Bﬂée PELgVEKIEeANH dg CleTTeatiygs.aj r

cat hode. 96. The rechargeabl e el ectrochem cal cell of claim95, wherein

sai d ané@®opgngdipaladiom. “The rechargeabl e el ectrochenical cell of claim 93,
further conprising a porous spacer positioned between said charging

el ectrode and said cathode. 43 26 AUGUST 2003 98. The rechargeabl e

el ectrochem cal cell of claim93, wherein said charging electrode is

sel ected fromppl atrhe %&mgbém@blccﬂ%dh%ﬁﬁcap&l%clﬁﬁ{%{%kfeﬂl #idlardd® is zinc
derivatives, carbon, and palladium 99. The rechargeabl e el ectrochem cal

cel | of oehab Bk, an‘ﬁ@‘ﬁfd@h&léﬁ&lﬂleﬁ@ﬁﬁ%lécﬁoéé ?%ele%%ﬁioﬂfthggh%?of apgd.said

single bifunctional electtode is selecte rom the grou ni ckel oxi de,

manganese: di 9xi si:l ver gxide,. and. cobal t. oxi de. 100. The rechargeabl e
el ect ro?ﬁggﬁlg%g%g%ﬁeldlé lgedlsg}'%%%i,e’ W‘?{e“roi’ﬁ °§]z§lled anode is selected fromiron
and cadm um and said single bifunctional electrode is nickel oxide. 101.
The rechargeabl e el ectrochem cal cell of claim94, wherein said anode is

| ead, and said single bifunctional electrode is |ead oxide. 102. The
rechar geabl e 180-ecilherashaigeahle eleftrochemidabeel afFlaimide mbireinssmidiaiodnic speci es
is selected froman aqueous acidic solution of perchloric acid, sulphuric
aci d, hyeledgehfromiioon aadicddmpimnsypt eaid singtd td funotiom:d sletciadd i AR kélhsidof .

101.  The rechargeable electrochemical cell of claim 94, wherein said anode is lead,

and said single bifunctional electrode is lead oxide.

102.  The rechargeable electrochemical cell of claim 101, wherein said ionic species
is selected from an aqueous acidic solution of perchloric acid, sulphuric acid, hydrochloric

acid, phosphoric acid, or combinations thereof.

103.  The rechargeable electrochemical cell of claim 95 or claim 99 or claim 100,
wherein said ionic species is selected from an aqueous alkaline solution of potassium
hydroxide, sodium hydroxide, lithium hydroxide, or a mixture thereof, and wherein said

hydroxide has a concentration ranging from 0.1 wt. % to 55 wt. %.

104.  The rechargeable electrochemical cell of claim 103, wherein said hydroxide -

has a concentration of about 37.5 wt.%.
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103. The rechargeabl e el ectrochem cal cell of claim95 or claim99 or claim
100, wherein said ionic species is selected froman aque i

sol ution of potassium hydroxide, sodi um hydroxide, |ithi %?ln%%trggzggm or a
m xture thereof, and wherein said hydroxide has a concentration rangi ng
fromO0.1 w. %to 55 wt. % 104. The rechargeabl e el ectrochem cal cell of
claim 103, wherein said hydroxide has a concentration of about 37.5 w. %
44 26 AUGUST ﬁ 03.105. . The rechargeabl e el ectraochem cal  cel |l of claim 95,
wher ei n sai d Poni gﬁﬁéﬁabl%?@cﬁcg‘ﬂn&é‘bcﬁbo@kﬂ&ﬁ% Hihergin s onicoIPgeipHn
conprising: (a)_ ammnium chloride and potassi um sul phate; (b) ammoni um

chl ori dére peyided by aneuirgh savesus seldtigsoetinggrisitg: or i de, or (c) potassi um

sul phat e and anmoni um chl ori de. 106. The rechargeabl e el ectrochem cal cell
of claim 86, (Or cheinmnhf2 chloridehmd potdBRym wighatd;n sai d separator has an
ionic conductivity of at |east about 0.10 S/cm 107. The rechargeabl e

el ectrochem ¢gl  cahimodiurg tEbAIS GotabllBmBuphaR] shSRRRMAEbidS or f OF Med
directly onto said anode, said charging el ectrode, or said cathode, whereby

said suppori.yi s Is i . id charging el ectrode, or by
said cat hode,tc) r eg%%%%lg{égw@{at%%%&;ja@@gﬁg%E%?ggéabl e el ectrochem cal cell of
claim86, wherein said support is a woven or non-woven fabric sel ected
from pol yam des, pol yol efins, polyvinyl alcohol, and cellulose. 109. The
rechar geabl e ¢l ectréochﬁrri cal cell of claim86, further conprising an
aqueous el ectP®l ythe reshargeable elecirqohemigalicallafelaima6, oxelpim Hivs qeclagmiles,
cat hode, and said charging electrode. 45

wherein said separator has an ionic conductivity of at least about 0.10 S/cm.

107.  The rechargeable electrochemical cell of claim 86, wherein said separator is
formed directly onto said anode, said charging electrode, or said cathode, whereby said
support is provided by said anode, by said charging electrode, or by said cathode,

respectively.

108.  The rechargeable electrochemical cell of claim 86, wherein said support is a
woven or non-woven fabric selected from polyamides, polyolefins, polyvinyl alcohol, and

cellulose.

109.  The rechargeable electrochemical cell of claim 86, further comprising an

aqueous electrolyte in contact with said separator, said anode, said cathode, and said charging

- electrode.
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26 AUGUST 2003 110. The rechargeabl e el ectrochem cal cell of claim 86,
wherein said separator conprises a hydroxi de-conducti ng Q@'MJ%US
solid gel nenbrane conprising a support onto which a pol yner-based gel

havi ng a hydroxi de species contained within a solution phase thereof is

pol yor i zati anVpr aier i ElE RS FeoER BT PR iRl G o

met hacrylic .acid, wherein said hydroxi de species is provided by an aqueous
al kal i nEOLBIRS; ﬂwdmwnéuctw ?Q%%S%S gl MEMPFERCOMPIIGNE AGHRRITES Wt .
% pot assi um hydr oxi de, sodi um hydroxide, [|ithium hydroxide, or a mxture

t her eof onighwhigh g pelyimerpspdsel bavisge bydroxide wpdcins contametl itithima vélutiompltabe gel
after polynerisation of a solution containing said nethyl enebisacrylam de,
acr yl anitiereofanfbrmed,hacrylic acid, together with said hydroxi de species,
and sai d pol ysul fone, wherein said air cathode and said chargi ng el ectrode

are provi ded varein §didgbl§mePbhdsd el Qundprisel Bl ERMRe Bhd A PolyRidlivhitbidroded

separate el ectrodes, wherein said separator is positionéd between said

met al aQ?ﬁéﬂameﬁﬁ&Q%ﬁgg#g%gﬁkmﬁhé%h&ﬂﬁ@ugﬁ@§QEMU sai d polynerization is

carried out Udsing radi erati'ng radi n sélected from X-ray, y-ray,

and ultraviol gt radi.ati on:..and wherein. ionic conducti vit f said
separator is'a erﬁ“é%?é‘?*‘%‘%fﬁ?tde PSSy B’f‘ﬁvmlfg %_y aFRauGels H&?E‘é“a@‘&%&mﬂg a

el ectrochenical. cell. of claim110, wherein a polymerization initiator is
added t GORPHARNRYSRE EBMSGE M1 e de Wia e Batassiumehy drestide spdinmcydeaxdde, and
said hydroxide species prior to fpol ymeri zation. 46 26 AUGUST 2003 112. The
r echar gdi#tipa hydeaxidepetyemixuate thesedt, of cl ai m 110, further conprising an

wherein said hydroxide species remains in solution within the gel after polymerisation
of a solution containing said methylenebisacrylamide, acrylamide, and methacrylic acid,
together with said hydroxide species, and said polysulfone,

wherein said air cathode and said charging electrode are provided as a single
bifunctional electrode or as individual and separate electrodes,

wherein said separator is positioned between said metal anode and said charging
electrode,

wherein said polymerization is carried out using radical-generating radiation selected
from X-ray, y-ray, and ultraviolet radiation; and

wherein the ionic conductivity of said separator is at least about 0.10 S/cm.
111.  The rechargeable electrochemical cell of claim 110, wherein a polymerization

initiator is added to said methylenebisacrylamide, acrylamide, methacrylic acid, and said

hydroxide species prior to polymerization.
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aqueous liquid electrolyte in contact with said separator, said anode, said

cathode, and said charging electrode. 113. A polymer baSQdAﬁ%UQTQﬂos
menbrane for use in an el ectrochem cal cell, said nenbrane having an ionic

species contained within a soI ution phase of said pol ymer based gel,

wherein said sed ri se r i on product of a
pol ymeri zati ¢ EQI nﬁﬁeéqcﬁprgeg ﬁﬁlr%tirr% CHGA Zﬁ?lgﬁf‘ﬁ?‘m %‘H&ﬂe Iﬁ’%“é‘?ﬁ“cal ly
unsat ur at ed ai’a des. and acids, and a reinforcing el enent selected from
wat er s@AvIUE ligwd elgsiralyteinerontast with said sensrator, wngla@@d@ sd epthesie andsyset es
remains in aqueous solution within the gel after polynerization of a
sol uti oﬁh@guygc@lle,ctmder zation initiator, said nononer, together with said

i oni c species and said reinforcing elenent, wherein said pol ynmer based
solid gel nmenbrane is forned on a matrix of a woven or non-woven fabric,
on a surface of an anode, or on a surface of a cathode. 114. The pol yner

based solid ges n'@f@lﬂftﬂ@r Mse&kcﬁidr%elﬁl%mb‘l’éh%rf@ ﬁbe%ﬁhﬂe@t’?&'ﬁ@ﬁncal celb gct ed

from met hyl enebi sacryl a acrylam de, nethacrylic acid, 1-viny

pyrroli f

N i ot EyaEan et SRR B SRENCATh Hfred vTER £ Zfion éﬁ’%?e%%m@é%ﬁf&%“%aasﬂ of
vinyl sul fonic acid nd c tions, th r eof 115 The mer based solid
gel nenﬁ?gﬁ'geli?fn %‘%P‘ﬂ?"ﬁ% a%@%éﬁoﬁlpgﬁ?s& ? BPIXPISFERtNG pr%cil@ i s sel ected
from pol yl(sodl um 4- styrenesul f onat e%@ﬁ car box%/rreﬂw%/ cel lul ose, pol ysul fone
(ani oni EPlymssiantinn igitator ;¢ mepemersselacied denmn selnble ethyiamically #ma@n@teéemer;es and
corn starch. 47 26 AUGUST 2003 116. The pol ynmer based solid gel nenbrane
of cl ai and agds, ahda edinfording ploingntselected San geter sdnpleiasé svatdnewplddbjerer i zat i on
product of a polynerization initiator and: (a) nethyl enebisacryl am de,

acryl ampdgmepet hacrylic acid, poly(sodium 4-

wherein said ionic species remains in aqueous solution within the gel after
polymerization of a solution of polymerization initiator, said monomer, together with said
ionic species and said reinforcing element,

wherein said polymer based solid gel membrane is formed on a matrix of a woven or

non-woven fabric, on a surface of an anode, or on a surface of a cathode.

114.  The polymer based solid gel membrane of claim 113, wherein said monomer
is selected from methylenebisacrylamide, acrylamide, methacrylic acid, 1-vinyl-2-
pyrrolidione, N-isopropylacrylamide, fumaramide, fumaric acid, N, N-dimethylacrylamide,

3,3-dimethylacrylic acid, and the sodium salt of vinylsulfonic acid, and combinations thereof.

115.- The polymer based solid gel membrane of claim 113, wherein said reinforcing
element is selected from poly(sodium 4-styrenesulfonate), carboxymethyl cellulose,

polysulfone (anionic), sodium salt of poly(styrenesulfonic acid-co-maleic acid), and corn

starch.
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styrenesul fonate); (b) nethyl enebi sacryl am de, acryl am de, nethacrylic

acid, and polysulfone (anionic); (c) nethylenebisacryl an'hglg_\u(gggyr(%mg um
4-styrenesul fonate), acrylic acid, 1- vinyl-2-pyrrolidione and a reducl ng

agent; or (d) nethyl enebi sacrylam de, acrylic acid and a reduci ng agent.
116. An el ectrochem cal cell co ising first.gnd ond el ectrodes and one
or nore polyhég b§5%8°§8FF aﬁ@ﬁgﬁiﬁ%ﬂ%ﬁ%@ﬂﬂig%ﬁaﬂhgﬁfSaéﬁai P sposed
therebeé&een. 118. . The el ectrochem cal cell of claim11l7, wherein the first
el ect r od@sgdgeheomprises Hisoluneizatien Bwdssi@l anobtmesationiniiatariandcat hode.  119.
The el ectrochem cal cell of claim 118, wherein a first protective pol yner
based solid @ mmdthdensbisgeriiagpds ecrybmititenathaylanaith palygsodiveedond

hydr oxi de conducting polyner based solid gel nenbrane is disposed between

sai d fi ssremeuifonated, and sai d cat hode. 120. The el ectrochem cal cell of
claim 118, wherein a first protective polymer based solid gel nenbrane is

di sposed on i d act] lid gel
g‘iﬂs po?ggijy‘?e&l}ga&yﬁﬁﬁ@é? deilR4i8E, rhé{ﬁ‘ao?fﬁcyﬁﬁf, gﬁgﬁl&gsqlfoﬁg

menbrane i s on said cathode and said electro al cell further

conpri ses,; gueous el ectrol yte di sposed between said first and second
Fnicie? | _

nmenbr anes. >26 AUGUST 2003 121. The el ectrochenical cell of claim 118,

wherein the first electrode is a m.ni um anode and the second el ectrode
is an air calfode né?ﬁ&'q%fleﬁ?a?rﬁg’f”d@e’ egixgqyé{% -st)gg}esswgqnap;;,sa@@ﬁg@p}ddl-gm
menbrane. i s _di sposed there between. 122. The el ectrochem cal cell of claim
118, whewi-d-rymelidiong andp geducipgagen; @ hydrogen anode and the second

el ectrode is an air cathode and a proton conductive polyner based solid
gel nenbrane(ds dinstodenbishaykntds, wewtic adidand Theldvelngagerdcheni cal cel | of
claim 118, wherein the first electrode is a

116.  An electrochemical cell comprising first and second electrodes and one or

more polymer based solid gel membranes according to claim 113 disposed therebetween.

118.  The electrochemical cell of claim 117, wherein the first electrode is a zinc

anode and the second electrode is an air cathode.

119.  The electrochemical cell of claim 118, wherein a first protective polymer
based solid gel membrane is disposed on the zinc anode and a second hydroxide conducting

polymer based solid gel membrane is disposed between said first membrane and said cathode.

120.  The electrochemical cell of claim 118, wherein a first protective polymer
based solid gel membrane is disposed on said anode and a second protective polymer based.
- solid gel membrane is disposed on said cathode, and said electrochemical cell further -

comprises an aqueous electrolyte disposed between said first and second membranes. -
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hydr ogen anode and the second electrode is an air cathode and a hydroxi de

conductive polyner based solid gel nenbrane is disposed I Lr\m
124. A pol yner based solid gel nenbrane for use in an el e% ?‘é&@% cal cell,

said nenbrane having as its source of conducting nedia a basic ionic
species contagined . within an .aqueous sol ution phase of said polyner based
gel,vmhereinﬁggidjﬁ%FGﬁg?c 8%%@CﬂgPP@6W$rf§é@w“¥%@w63$fﬁﬁﬂpé%ﬁﬁén pr oduct
of a polynerization initiator, a nononer selected fromthe group of water
sol ubl e uah praslielapd thessaeandlesiroderiscrasingathasle iand 2 hadraxisle cendifctingi ng

el ement selected fromthe group of water soluble and water swell able

pol ymer polynieebesed sehd delimembraspeciigesédsthaddetvden. sai d pol yneri zati on
initiator, said nononer, and said reinforcing elenent prior to

pol ymeri zati on, and wherein said polynmer based solid gel nmenbrane is forned
on a matri x of a woven or non-woven fabric, on a surface of an anode, or

on a surface (6% amg%ﬁgﬁgcheﬂgcaigmfﬁﬁl tf_%g%vh%% théfﬁﬁgséezg&éée)ﬁs“ed solid gel

menbrane according to clarm 12 yner conpri ses

t he pol rization praduct of .a polyneri.zation initiator and. (a

ot by e Xuniosal PRt s Shoth e dble WRRSERE and pito o e brer

styr ene?')ul f.on ée); (b) net hyl en%pi sacryl am de, acrylam de, nethacrylic
acid, a aseﬁ‘épﬁ gFliBrrmbrang isshypeyed thergybe yl enebi sacryl am de, pol y(sodi um
4-styrenesul fonate), acrylic acid, 1-vinyl-2- pyrrolidione and a reducing
agent; or (d) nethyl enebi sacrylam de, acrylic acid and a reduci ng agent.
126. The pol yner based solid gel nenbrane according to claim 124, wherein
said nononen2s.s gakektecchemionl tékofilaiupl 8 wiretchythe fehickaaodd @@ de,
acrylam de, nethacrylic acid, 1-vinyl-2-pyrrolidione,

N-i sopr Qp&ﬂog@ﬁ ¥oAEIaH@ thefseddd iR de fsuBiii CatlRfde dnd Nhydoxide BBAdtaET y! am de,
3,3-dinethylacrylic acid, and the sodiumsalt of vinylsulfonic acid.

polymer based solid gel membrane is disposed there between.

124. A polymer based solid gel membrane for use in an electrochemical cell, said
membrane having as its source of conducting media a basic ionic species contained within an
aqueous solution phase of said polymer based gel, wherein said polymer based gel comprises
the polymerization product of a polymerization initiator, a monomer selected from the group
of water soluble ethylenically unsaturated arnides and acids, and a reinforcing element
selected from the group of water soluble and water swellable polymers,

wherein said ionic species is added to said polymerization initiator, said monomer,
and said reinforcing element prior to polymerization, and

wherein said polymer based solid gel membrane is formed on a matrix of a woven or

non-woven fabric, on a surface of an anode, or on a surface of a cathode. - -
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127. The pol yner based solid gel nenbrane according to claim 124, wherein
said reinforcing elenent is selected fromthe group of pQé ng)g'ster 03
4-styrenesul fonate), carboxynethyl cellul ose, polysulfonée %an ronic),
sodi um salt of poly(styrenesulfonic acid-co- naleic acid), and corn starch.
50 26 AUGUST . 2003 ,128. A pol r. based solid gel nenbrane for use in an

el ect rocheni &é - cé I?O?YIE%ﬁ Se‘%ﬁ‘ﬁ‘rg& BeA{ATS GCePTHRg i Clatgm i ¢4 §’g%r€}net§econt ai ned
wi thin an aqueous sol ution phase of a_ polyner based gel backbone, wherein
sai d poPglygir bassd gelyompsisesthe melysrsiriienerrodins of poplymsrizationi ivitiafor eddict of a
pol yneri zation initiator, a nononer selected fromthe group of water

sol ubl e et hy(®miatimflénebisasratanride, adrydamidesmethatrelid atéd, pahdsaliure4nf or ci ng

el enent selected fromthe group of water soluble and water swell abl e

pol ynmer styredsilfonftegai d i oni c species is added to said polynerization
initiator, said nononer, and said reinforcing elenent prior to

ol ynmeri zati gn, i 3 r SO i r d

Forn B e kO A 14, S BBl R i B

formed on a ven or rion-woven ric, ace o

R g e T S e s

aqueous KOH.sol ution. 130. The pol yner based solid gel nenbrane according
to cl ai RYHliongandarducingpgeghiof speci es conprises a basic aqueous
solution. 131. The pol yner based solid gel nenbrane according to claim 130,

wher ei n sai d(d)omiteylepsbreylasydpracedis agid aadaeodiwinglidestol uti on. 51 26 AUGUST
2003 132. A polyner based solid gel nenbrane for use in an el ectrochem cal
cell, said nenbrane having hydroxide ions contained within an agueous
sol uti on phase of said pol yner
126.  The polymer based solid gel membrane according to claim 124, wherein said
monomer is selected from the group of methylenebisacrylamide, acrylamide, methacrylic
acid, 1-vinyl-2-pyrrolidione, N-isopropylacrylamide, fumaramide, fumaric acid, N, N-

dimethylacrylamide, 3,3-dimethylacrylic acid, and the sodium salt of vinylsulfonic acid.

127.  The polymer based solid gel membrane according to claim 124, wherein said
reinforcing element is selected from the group of poly(sodium 4-styrenesulfonate),
carboxymethyl cellulose, polysulfone (an ionic), sodium salt of poly(styrenesulfonic acid-co-

maleic acid), and corn starch.
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based gel, wherein said polyner based gel conprises the polynerization
product of a polynerization initiator, a nononer sel ect egewmgl?ez(ﬂkoup
of water soluble ethylenically unsaturated anm des and acids a
reinforcing elenment selected fromthe group of water soluble and water
swel | abl e poI Jrer s, erein said ionic species i s added to said

pol yrreri zat i OA%i n%[P(ﬁhIBPr bag IW&?@H@F“ brang {gr ‘ésﬁllﬂailéeﬁqf‘%ﬁhé’i’#f'@l elesaidt prior
to polymeri zatl on, and wherein said polymer based solid gel nmenbrane is
formed @rembrarethevingst bagiodewie spesies caplaingd wethi abaqusousseletiannbhsecef 20f an
anode, or on a surface of a cathode. 133. A polyner based solid gel

menbr an@olowo baked gel mckbanemwhain saitbpeymet hrsed gellbpokeionbaseprigeltheconpri ses
t he pol ynerization product of a polynerization initiator and: (a)
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129.  The polymer based solid gel membrane according to claim 128, wherein said

ionic species comprises an aqueous KOH solution.

130.  The polymer based solid gel membrane according to claim 128, wherein said

ionic species comprises a basic aqueous solution.

131.  The polymer based solid gel membrane according to claim 130, wherein said

ionic species comprises an aqueous KOH solution.
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132. A polymer based solid gel membrane for use in an electrochemical cell, said
membrane having hydroxide ions contained within an aqueous solution phase of said polymer
based gel, wherein said polvmer based gel comprises the polymerization product of a
polymerization initiator, a monomer selected from the group of water soluble ethylenically
unsaturated amides and acids, and a reinforcing element selected from the group of water
soluble and water swellable polymers,

wherein said ionic species is added to said polymerization initiator, said monomer,
and said reinforcing element prior to polymerization, and

wherein said polymer based solid gel membrane is formed on a matrix of a woven or

non-woven fabric, on a surface of an anode, or on a surface of a cathode.

133. A polymer based solid gel membrane according to claim 132, wherein the
polymer based gel comprises the polymerization product of a polymerization initiator and:

(a) methylenebisacrylamide, acrylamide, methacrylic acid, poly(sodium 4-
styrenesulfonate);

(b) methylenebisacrylamide, acrylamide, methacrylic acid, and polysulfone (anionic);

(c) methylenebisacrylaride, poly(sodium 4-styrenesulfonate), acrylic acid, 1-vinyl-2-
pyrrolidione and a reducing agent; or

(d) methylenebisacrylamide, acrylic acid and a reducing agent.
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134.  The polymer based solid gel membrane according to claim 132, wherein said
monomer is selected from the group of methylenebisacrylarnide, acrylamide, methacrylic
acid, 1-vinyl-2-pyrrolidione, N-isopropylacrylamide, fumaramide, fumaric acid, N, N-

dimethylacrylamide, 3,3-dimethylacrylic acid, and the sodium salt of vinylsulfonic acid.

135.  The polymer based solid gel membrane according to claim 132, wherein said
reinforcing element is selected from the group of poly(sodium 4-styrenesulfonate),
carboxymethyl cellulose polysulfone (anionic), sodium salt of poly(styrenesulfonic acid-co-

maleic acid), and corn starch.
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