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(57) ABSTRACT 

A highly conductive polymer based Solid gel membrane is 
disclosed. The membrane is especially well Suited for use in 
Such electrochemical devices as, for example, aluminum/air, 
Zinc/air, Zn/MnO, Ni/Cd and hydrogen fuel cells, as well as 
in electrochromic devices Such as Smart windows and flat 
panel displayS. In accordance with the principles of the 
invention, anion- and cation-conducting membranes are 
formed. The gel composition of the membrane contains the 
ionic Species within its Solution phase Such that the Species 
behaves as in a liquid electrolyte, while at the same time, the 
Solid gel composition prevents the Solution phase from 
diffusing into the device. Methods of forming polymer based 
Solid gel membranes of the present invention are also 
disclosed. 
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SOLID GEL MEMBRANE 

FIELD OF THE INVENTION 

0001. This invention relates generally to solid gel mem 
branes, and more particularly to a Solid gel membrane in 
which an ionic Species is confined within the gel's Solution 
phase. 

BACKGROUND OF THE INVENTION 

0002 Electrochemical devices generally incorporate an 
electrolyte Source to provide the anions or cations necessary 
to produce an electrochemical reaction. A Zinc/air fuel cell 
battery, for example, requires the diffusion of hydroxide 
anions, and typically will incorporate an aqueous potassium 
hydroxide solution as the electrolyte. The lifetime of these 
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. 
0.003 Various methods have been used to address the 
many problems associated with the use of aqueous electro 
lytes in Zinc anode based Systems. Such as Zinc/air fuel cells. 
Additives, for example, have been introduced into the elec 
trolyte Solution to extend its lifetime and to protect the anode 
from corrosion. U.S. Pat. No. 4,118,551 discloses the use of 
inorganic additives Such as mercury, indium, tin, 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 very toxic. U.S. Pat. 
No. 4,378,414 discloses the use of a multi-layer separator 
between the positive and negative electrodes to reduce 
corrosion of the anode and contamination of the electrolyte 
by Zinc oxidation products. In addition, hydrophobic mate 
rials have been introduced into Zinc/air devices to prevent 
water permeation into the air channels of the cathode. 
Introduction of hydrophobic materials is however, a difficult 
proceSS and may result in decreased performance of the 
cathode. 

0004. In addition to zinc/air systems, other metal/air 
Systems, Such as aluminum/air Systems, also have the poten 
tial for many different applications due to their theoretically 
high ampere-hour capacity, Voltage, and Specific energy. In 
actual practice however, these very promising theoretical 
values are greatly reduced due to the corrosion of the metal 
anode in the electrolyte. 
0005. A solid state hydroxide conductive electrolyte 
polybenzimidazole (“PBI”) film is disclosed in U.S. Pat. No. 
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 PBI film, however, 
does not absorb water and therefore, does not hold water 
within the membrane, causing it to dry out quickly. 
0006 U.S. Pat. No. 3,871,918 discloses an electrochemi 
cal 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 within the gel. 
0007 With regard to devices that rely on the conduction 
of cations, while there has been a significant amount of 
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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 flu 
orinated polymer membrane, NAFIONCE (DuPont, Wilm 
ington, Del. USA) was introduced and has served as the 
basis from which Subsequent proton conducting membranes 
have evolved. 

0008 U.S. Pat. No. 5,468,574 discloses a proton conduc 
tive membrane that is characterized as a highly Sulfonated 
polymeric membrane composed of block copolymers of 
Sulfonated polystyrene, ethylene and butylene blocks. In 
1997, NASA's Jet Propulsion Laboratory disclosed the 
development of an improved proton conductive membrane 
composed of Sulfonated poly(ether ether ketone), commonly 
known as H-SPEEK. 

0009. An electrochemical reaction is also involved in the 
function of electrochromic devices (ECD's). Electro 
chromism is broadly defined as a reversible optical absorp 
tion change induced in a material by an electrochemical 
redox process. Typically, an electrochromic device contains 
two different electrochromic materials (ECMs) having 
complementary properties, the first is generally reduced, 
undergoing a color (1)-to-color (2) transition during reduc 
tion, while the Second material is oxidized, undergoing a 
Similar transition upon the loss of electrons. 

0010 Basically, there are two types of electrochromic 
devices, depending upon the location 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-phase device is typically more reliable and has a 
longer lifetime, however, in order to maintain the colored 
State, an external power Source must be continuously 
applied. AS the thin-film type device does not need an 
external power Source to maintain its colored State, power 
consumption is greatly reduced, making this an advantage 
for Such energy-saving applications as Smart windows. The 
drawback of the thin-film type device is that it has a short 
lifetime. After a certain number of cycles, ECM films can 
lose contact with the electrode, or they may no longer be 
capable of phase change and the device expires. 

0011. With regard to solution-phase devices, U.S. Pat. 
No. 5,128,799, for 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 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. 

0012. The foregoing problems thus present major 
obstacles to the Successful development and commercial 
ization of fuel cell technology, a green energy Source, and of 
electrochromic devices Such as Smart windows and flat panel 
displays, which have Several energy-saving and decorative 
applications. 
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SUMMARY OF THE INVENTION 

0013 The present invention provides polymer based 
Solid gel membranes that contain an ionic Species within the 
gel's Solution phase and that are highly conductive to anions 
or cations. In accordance with the principles of the inven 
tion, Solid gel membranes may be produced for use in Such 
power Sources as, for example, Zinc/air, aluminum/air, 
Zn/MnO, Ni/Cd, and hydrogen fuel cells, as well as for use 
in electrochromic devices, Such as Smart windows and flat 
panel displayS. 

0.014 With respect to a zinc/air fuel cell battery, for 
example, conductive membranes of the present invention 
may be used to protect the anode, as well as the 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 
electrolyte 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 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. 
0.015 Accordingly, the principles of the present invention 
relate to an electrochemical cell comprising first and Second 
electrodes and one or more polymer based Solid gel mem 
branes 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 by a Solid gel 
membrane of the present invention, and an aqueous elec 
trolyte is disposed between the two. 

0016. 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. 
0.017. Accordingly, the principles of the present invention 
also provide a method of inhibiting corrosion of a metal 
anode in a metal/air fuel cell System comprised of a metal 
anode and an air cathode. The method comprises disposing 
one or more polymer based Solid gel membranes between 
Said anode and Said cathode. 

0.018. In yet a further embodiment of the invention, the 
electrochemical cell is a proton or hydroxide conducting 
power Source, Such as a hydrogen fuel cell System. In this 
embodiment, a proton conductive Solid gel membrane may 
be Sandwiched between the hydrogen anode and the air 
cathode, thus Separating the hydrogen and the air, while 
allowing the diffusion of hydroxide ions. This 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 pre 
vious membranes, the Solid gel membranes of the present 
invention will function efficiently at room temperature. 

0019. The principles of the present invention may also be 
applied to electrochromic devices. Here, the electrochromic 
materials of the device are contained within Solid gel mem 
branes, thus providing the device with the reliability and 
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long lifetime associated with Solution phase EC Systems, 
and also the energy-saving memory properties associated 
with thin-film EC systems. 
0020. Accordingly, yet another embodiment of the 
present invention is an electrochromic device wherein elec 
trochromic materials are contained within polymer based 
Solid gel membranes. Typically, Such a device will involve 
two electrode Substrates and electrochromic materials con 
tained within Solid gel membranes Sandwiched there 
between. The device may optionally include an aqueous or 
a Solid electrolyte disposed between the Solid gel mem 
branes. 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Numerous other advantages and features of the 
present invention will become readily apparent from the 
following detailed description of preferred embodiments 
when read in conjunction with the accompanying drawings, 
wherein: 

0022 FIG. 1 is a schematic depiction of a zinc/air fuel 
cell incorporating an anode protective membrane and a 
hydroxide conducting membrane of the present invention; 
0023 FIG. 2 is a schematic depiction of another embodi 
ment of a Zinc/air fuel cell incorporating both an anode and 
a cathode protective membrane of the present invention; 
0024 FIG.3 is a schematic depiction of an aluminum/air 
fuel cell incorporating a hydroxide conductive membrane of 
the present invention; 
0025 FIG. 4 is a schematic depiction of a hydrogen/air 
fuel cell incorporating a proton or hydroxide conductive 
membrane of the present invention; and 
0026 FIG. 5 is a schematic depiction of an electrochro 
mic device wherein the electrochromic materials are con 
tained within membranes of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0027 Referring now to the drawings, FIG. 1 depicts a 
typical Zinc/air fuel cell, 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 (1) and the Second is a hydroxide conductive 
membrane (2). The membranes are not only the Source of 
ionic Species, and are highly conductive to that Species, but 
they also provide a protective layer to the electrodes to 
prevent the usual Sources of cell destruction. The mem 
branes prevent diffusion of Zinc oxidation product into the 
electrolyte Solution phase, they prevent corrosion of the Zinc 
anode by either the electrolyte Solution or air, and they 
prevent blockage of the cathode air channels by water from 
the electrolyte solution. The zinc/air system of FIG. 2 
includes a protective and conductive Solid gel membrane (5, 
6) on the surface of the zinc anode (3) and the air cathode 
(4), and an aqueous electrolyte (7) between the two. 
0028 Referring now to FIG. 3, an aluminum/air fuel cell 
System incorporating a Solid gel hydroxide conductive mem 
brane (8) between the aluminum anode (9) and the air 
cathode (10) is depicted. AS in the Zinc/air System, the Solid 
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gel membrane of this embodiment Serves to prevent the 
corrosion problems associated with the use of pure liquid 
electrolyte. 

0029. As illustrated in FIG. 4, when applied to the art of 
hydrogen fuel cells, the principles of the present invention 
provide a proton or hydroxide conductive membrane that is 
easy to produce, 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 the invention, a proton or hydroxide 
conductive Solid gel membrane (11) is Sandwiched between 
the hydrogen anode (12) and the air cathode (13), thereby 
Separating the hydrogen and the air. 
0030. As shown in FIG. 5, the principles of the present 
invention may also be applied to electrochromic Systems. 
Here, the electrochromic materials are dispersed 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 physi 
cally confined, they can not diff-use into the devices bulk 
electrolyte and the device therefore also exhibits the Superior 
memory of a thin-film type device. AS shown, the device 
includes two electrode substrates (14, 15) having solid gel 
membrane encapsulated electrochromic materials (16, 17) 
there between. AS illustrated, the device optionally includes 
an aqueous or solid electrolyte (18) disposed between solid 
gel membranes (16,17). 

EXAMPLES 

0.031 Preferred embodiments of the present invention are 
hereinafter described in more detail by means of the fol 
lowing examples that are provided by way of illustration and 
not by way of limitation. 

Example 1 

0.032 The following 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-styrene 
sulfonate) were dissolved in 10 milliliters water and then 20 
ml 40% KOH was added to the resulting solution, which was 
maintained at room temperature. 0.05 g ammonium perSul 
fate was then added to the Solution. A piece of fabric was 
Soaked in the resulting monomer Solution and then Sand 
wiched 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 formed. 
0033. The resulting film is highly conductive of hydrox 
ide 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. 

Example 2 

0034. In this example, a polymer based solid gel mem 
brane was prepared in accordance with the principles of the 
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invention and applied to the Surface of a cathode. 0.75 g 
methylenebisacrylamide, 0.56 g acrylamide, 4.70 g meth 
acrylic acid, and 1.5g polysulfone (anionic) were dissolved 
in 10 ml water and then 20 ml 40% KOH was added to the 
resulting Solution, which was maintained at room tempera 
ture. 0.038 gammonium persulfate dissolved in 1 ml water 
was added and the resulting Solution was poured onto the 
Surface of a cathode. The cathode was then covered by a 
piece of PET film and heated on a 75 C. hotplate for 1 
minute and then irradiated under strong UV light, whereby 
a strong polymer film was formed. 
0035. This cathode may be used with an anode prepared 
as in Example 3, below, or it may be used directly with a 
plain Zinc Sheet or plain aluminum sheet in the formation of 
a Zinc/air or aluminum/air fuel cell battery. 

Example 3 

0036) 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 methylenebi 
Sacrylamide, 1.5g poly(Sodium 4-styrenesulfonate), 5.18 g 
1-vinyl-2-pyrrolidione, and 3.36 g acrylic acid were dis 
solved in 30 ml NHCl and KSO, saturated acqueous solu 
tion. 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. 

Example 4 

0037. A polymer based solid gel membrane was prepared 
according to the present invention and processed to form a 
hydrogen conducting film. 6.4 g 70% perchloride acid, 0.75 
g methylenebisacrylamide, 5.18 g acrylic acid, and 0.1 g 
potassium sulfite were dissolved in 27 ml water and then 0.1 
gammonium perSulfate was 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 an 85 C. hotplate for 
1 minute and then irradiated under strong UV light for 8 
minutes, whereby a strong polymer film was formed. 
0038. The resulting film is highly conductive of hydrogen 
ions, making it Suitable for use in a hydrogen fuel cell. In this 
embodiment, the membrane film is Sandwiched between an 
air cathode and a hydrogen anode, Separating the air and 
hydrogen while allowing the diffusion of hydrogen ions. 

Example 5 

0039 The principles of the present invention may also be 
applied to electrochromic devices. For example, one or 
Several electrochromic materials are 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 electroconductive materials. 
The Solution is polymerized according to either of the above 
methods wherein the ECM’s are contained within the poly 
mer membrane formed on the Surface of the Substrate. Two 
Such modified electrodes, containing the same or different 
ECM's, are used in the electrochromic 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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0040 Examples of other monomers that may be used in 
the formation of a Solid gel membrane of the invention 
include any water-Soluble ethylenically unsaturated amides 
or acids, including, but not limited to, N-isopropylacryla 
mide, fumaramide, fumaric acid, N,N-dimethylacrylamide, 
3,3-dimethylacrylic acid, and the sodium salt of vinylsul 
fonic acid. 

0041. Other cross-linking agents may include, for 
example, any water-soluble N,N'-alkylidene-bis(ethyleni 
cally unsaturated amide). 
0.042 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 acid), and corn 
Starch. 

0.043 Suitable fabrics onto which the monomer Solution 
may be applied include, for example, woven or non-woven 
fabrics of, for example, polyolefine, polyamide, and poly 
vinyl alcohol. 
0044) With regard initiation of the polymerization reac 
tion, in addition to other chemical initiatorS Such as, for 
example, alkali metal perSulfates and peroxides, the reaction 
may be initiated by radical generating methods Such as, for 
example, X-ray and the like. 
0.045. This invention has been described in terms of 
specific embodiments, set forth in detail. It should be 
understood, however, that these embodiments are 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 prepara 
tion of a Solid gel membrane for use in Such other electro 
chemical systems as for example, Ni/Cd and Zn/MnO cells. 
Additionally, other monomers, polymers, polymerization 
initiators, reducing agents, and the like, other than those 
particularly 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 following claims, and 
all Such modifications and variations are intended to be 
included within the Scope of the present invention. 
We claim: 

1. A polymer based Solid gel membrane for use in an 
electrochemical cell, Said membrane having an ionic Species 
contained within a Solution phase of Said polymer based gel. 

2. A polymer based Solid gel membrane according to 
claim 1 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) methylenebisacrylamide, poly(Sodium 4-styrene 
Sulfonate), acrylic acid, 1-vinyl-2-pyrrolidione and a 
reducing agent; or 

(d) methylenebisacrylamide, acrylic acid and a reducing 
agent. 
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3. A polymer based Solid gel membrane according to 
claim 2 wherein the polymer based gel is formed on a matrix 
of a woven or non-woven fabric. 

4. An electrochemical cell comprising first and Second 
electrodes and one or more polymer based Solid gel mem 
branes according to claim 1 disposed there between. 

5. An electrochemical cell according to claim 4 wherein 
the first electrode is a Zinc anode and the Second electrode 
is an air cathode. 

6. The electrochemical cell of claim 5 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. 

7. The electrochemical cell of claim 5 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 electro 
chemical cell further comprises an aqueous electrolyte dis 
posed between Said first and Second membranes. 

8. The electrochemical cell of claim 4 wherein the first 
electrode is an aluminum anode and the Second electrode is 
an air cathode and a hydroxide conducting polymer based 
Solid gel membrane is disposed there between. 

9. The electrochemical cell of claim 4 wherein the first 
electrode is a hydrogen anode and the Second electrode is an 
air cathode and a proton conductive polymer based Solid gel 
membrane is disposed there between. 

10. The electrochemical cell of claim 4 wherein the first 
electrode is a hydrogen anode and the Second electrode is an 
air cathode and a hydroxide conductive polymer based Solid 
gel membrane is disposed there between. 

11. An electrochromic device wherein electrochromic 
materials are contained within a Solution phase of a polymer 
based Solid gel membrane. 

12. An electrochromic device according to claim 11, 
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. 

13. The electrochromic device according to claim 12, 
further comprising an electrolyte active Species disposed 
between Said first and Second polymer based Solid gel 
membranes. 

14. An electrochromic device according to claim 12 
wherein Said first and Second electrode Substrates are com 
prised of platinum, gold, or a conductive glass. 

15. An electrochromic device according to claim 14 
wherein the conductive glass is indium-tin oxide glass. 

16. A method of inhibiting corrosion of a metal anode in 
a metal/air fuel cell System comprised of a metal anode and 
an air cathode, Said method comprising disposing one or 
more polymer based Solid gel membranes having an ionic 
Species contained within a Solution phase thereof, between 
Said anode and Said cathode. 

17. A method according to claim 16 wherein said metal/air 
fuel cell System is one of an aluminum/air or a Zinc/air fuel 
cell System. 


