ENERGY CHARGE STORAGE DEVI CE USI NG A PRI NTABLE POLYELECTRCOLYTE AS
ELECTROLYTE MATERI AL FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel at es tWORRW/ISIRITd of el ectrochem stry and pol yner ch@girSG2909/0p§36
particular the el ectrochem stry of energy charge storage devices.
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e.g., of carbon based electrodes and an electrolyte.

(0004] An electrolyte is any substance containing free ions that behaves as an electrically
conductive medium. Because electrolytes generally consist of ions in solution, electrolytes are
also known as ionic solutions, but molten electrolytes and solid electrolytes are also possible.
ECs and other energy charge storage devices, such as batteries, employ both aqueous and
non-aqueous electrolytes in either liquid or solid state. The performance of the supercapacitor
is related to the characteristics of the electrode material and the electrolyte employed in the
device. The energy density (Wh/kg) of the supercapacitor is expressed as
zfi .
3.6
[0005] Where F/g is the specific capacitance of the electrode material and Vj is the cell

Energy density (Wh/kg) = %(F/g)x

voltage dependant primarily on the electrolyte used in the device. Liquid electrolytes like
aqueous electrolyte solution and organic electrolyte solution are the commonly used as
electrolyte in EC. Among these, aqueous electrolytes are popular, because of low cost, ease of
fabrication in ambient conditions. However decomposition voltage of aqueous solvent limits
the supercapacitor cell voltage to 1.0 V. Non-aqueous or organic electrolytes based
supercapacitors provide higher operating voltage (2 to 3 V) thus possess higher energy

density but are expensive and require handling under controlled atmospheres (glove box) to
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[0007] Hence there is an ongoing demand to obtain suitable candidate materials that can act

as electrolyte without compromising on the device performance.

SUMMARY OF THE INVENTION

[0008] In a first aspect, the present invention refers to an energy charge storage device
comprising a first and second electrode and an electrolyte, wherein said electrolyte comprises
a printable polyelectrdlyte. ‘
[0009] In still another aspect, the present invention refers to a method of manufacturing an
energy charge storage device, comprising:

preparing a polymer film made ofa printable polyelectrolyte referred to herein; and

arranging the polymer film in between a first and a second electrode.



preparing a polyner filmmde of a printable polyelectrolyte referred to
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(PS-NMe;"; Figure 3(B)); poly(styrenesulfonic acid) lithium (Figure 3(C));
poly(vinylbenzyltrimethyl-ammonium chloride) (PVTAC) (Figure 3(D)).
[0014] Figure 4 shows possible applications for the polyelectrolyte electrolyte referred to
herein for the manufacture of different energy charge storage devices. The left image in
Figure 4 shows a common supercapacitor utilizing high surface area carbon based electrode
material and an organic or inorganic liquid electrolyte comprising a liquid solvent and
inorganic/organic salt, (namely Et;NBF;). This electrolyte can be replaced by a
polyelectrolyte described herein. The middle image in Figure 4 shows a common Li ion
battery consisting of an Li containing intercalation compound (e.g.LiCo0O,) as cathode, e.g.
graphite as anode, and an Li ion containing salt (here LiPFs) as organic solvent electrolyte.
Also this electrolyte can be replaced by a polyelectrolyte described herein, such as a
polyelectrolyte further comprising a cation, such as Li". The right image in Figure 4 shows a
common electrochemical hybrid capacitor (HEC) having one electrode similar to a
supercapacitor that stores charge in the electrical double layer (left electrode) and the other

electrode comprises of lithium intercalation material, wherein the HEC contains a liquid



Also this electrolyte can be replaced by a polyel ectrolyte descri bed
herein, such as a polyelectrolyte further conprising a cation, such as Li+.
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form a single layer comprising the hydrophoblc and hydroph111c carbon material.

[0016] Figure 6 shows a clear solution which was heated to 60 °C for 6 hours in a petri dish
(left image) to obtain a polyelectrolyte gel film (right image) with a thickness of between
about 0.6 mm to about 0.8 mm (600 pm to 800 pm).

[0017] Figure 7 shows a supercapacitor device which was fabricated by stacking a
polyelectrolyte gel film in between two electrode strips which were secured onto a substrate
using double-sided adhesive tape.

[0018] Figure 8 shows an application of a polyelectrolyte 44 as electrolyte in a printable and
flexible supercapacitor 42 which is obtained by arranging the polyelectrolyte layer 44
between the carbon nanotube layer electrodes 40.

[0019] Figure 9 shows an application of a polyelectrolyte 52 as electrolyte in a
supercapacitor in which the polyelectrolyte layer 52 is arranged between two activated carbon
electrodes 54 which are arranged on an aluminium coated polyethylene terephthalate (Al-
PET) substrate 50.



[0018] Figure 8 shows an application of a polyelectrolyte 44 as electrol yte
in a printable and flexible supercapacitor 42 which is obtained by

arr angi ngvoRe106G1328| ectrol yte | ayer 44 between the car h&RTHEANIWBE3P ayer

el ectrodes 40. [0019] Figure 9 shows an application of a polyelectrolyte 52
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el ectlgpdrs whil e the ot her supercapacitor has an activated carbon el ectrode
deposited on Al -PET. [0023] Figure 13 shows cyclic voltamograns obtained
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supercapacitor using activated carbon el ectrodes. The activated carbon is

deposiuperdansnitey] anBPT A priflf BsREu foethe othren bypessapheitas. been used. In Figure 15(A)
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ran electrodes. Different electrolytes have been used. In Figure 14(A) PSSH has been used; in
Figure 14(B) PSSH + H3PO, has been used; and in Figure 14(C) PVA + H3PO4 has been
used.
[0025] Figure 15 shows galvanostatic curves obtained from a supercapacitor using activated
. carbon electrodes. The activated carbon is deposited on Al-PET. Different electrolytes have
been used. In Figure 15(A) PSSH has been used and in Figure 15(B) PVA + H3;PO4 has been
- used.
[0026] Figure 16 shows TEM images of AgCNT with Ag nanoparticle sizes of (a) 15 nm
(b) 6 nm (c) 3nm.
[0027] Figure 17 shows a TEM image of MnO, decorated nanoflake (scale bar 100 nm)..

DETAILED DESCRIPTION OF THE INVENTION
[0028] In a first embodiment, the present invention is directed to an energy charge storage
device comprising a first and second electrode and an electrolyte, wherein said electrolyte
comprises or consists of a printable polyelectrolyte. In another embodiment, the energy
charge storage device comprises a first and second electrode and an electrolyte, wherein the

electrolyte comprises a printable homopolymeric polyelectrolyte.
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is at least 0.1 Pa*s or at least 1 Pa*s. The dried or solidified polyelectrolyte electrolyte is still

flexible and has a gel like consistency.

[0032] “Polyelectrolyte” means a polymer which is composed of macromolecules in which a
substantial portion of the repeating units contains ionic or ionizable groups or both. Terms
having the same meaning are polymer electrolyte or polymeric electrolyte. These terms, i.e.
polyelectrolyte, polymer electrolyte and polymeric electrolyte, should not be confused with
the term solid polymer electrolyte. A solid polymer electrolyte is not a polyelectrolyte. An
example of a solid polymer electrolyte is a solution of a lithium salt in a poly(oxyethylene)
matrix; the ionic conductivity of such material is due to the mobility of lithium cations and
their counterions in an electric field.

[0033] Polyelectrolytes comprise dissociable jons (+ or -) which form part of the polymer
chain of the polyelectrolyte. Depending on the kind ’of the dissociable ions polyelectrolytes
are divided into polyacids and polybases.

[0034] As to polyacids, upon dissociation in aqueous solutions (such as water) protons split

of and polyanions are formed. Polyanions can be inorganic or organic polymers. Examples for



havi ng the sane neaning are polynmer electrolyte or polyneric electrolyte.
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pol ywi I i i i N rvlic.acid. .[0035]
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additional salt added to it, however this additionall conponént can
el i mtp&esin heve emboimenfeaspeplpetraent ol thedksowafrolymet decttodyted bedansecthe

enboqg, for the kn . r_el.ectrol ytes because the
oty doDEeaPRECRLACEIENK |Gl I e, ARbBwE KR b o SoRBi e
nunb&headforzpwhenesing polbletedigtes theviervfiatingddabie sged (204¥ibea dohgudiise of

such gldsgi tional sal tﬁygaddi tional conductive salts) can be avoi ded. Thus,
in offatY /AR &e faded. Husqin onesmmbodisenfe hegringable polxpleetrolieavhish areawsed

el ecias elerkBly 00 SRR SPadtfiditldidt Qflorsl L component. [0037] The use of
S

pol yel ectrol'ytes referred to herein a ectrolyte results in a higher
[0037] The use of polyelectrolytes referred to herein as electrolyte results in a higher

specific capacitance of the energy charge storage device, avoids the need to encapsulate the

device because the polyelectrolyte membrane is leak proofed, forms flexible thin films with -
many different solvents (including water) and the polyelectrolyte films employed are

printable and easy to handle. |

[0038] Depending on the application, the polyelectrolytes referred to herein dissociate either

in positive mobile ion/negatively charged polymer (leading to cationic conductivity; see e.g.’
Figure 1) or negative mobile ion/positively charged polymer chain (leading to anionic

conductivity).

[0039] “Homopolymeric” polyelectrolyte means that this polymer electrolyte consists of

identical monomer units. Depending on the application, the homopolymeric polyelectrolyte

consists of monomers which are either an acid or a base. Therefore, in one embodiment, the

homopolymeric polyelectrolyte is a polyacid consisting of a polyanion and a dissociable

positive ion, or a polybase consisting of a polycation and a dissociable negative ion.



speci fic capacitance of the energy charge storage device, avoids the need
to encapsul ate the device because the polyelectrolyte nenbrane is | eak
proof ed, WORAHW/ISIBXi ble thin filns with many di fferent £6MB&2009/00023¢| udi ng
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handl e. [0038] Depending on the appl fcation, the polyelectrolytes referred

to hepein djissoci ate ei.ther in positjve nobile jon/negatively charged
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tetracarboxylic acid, norbornene tetracarboxyli
benz dpshemddazolee po bt sitre ehitosenapdlp(aning a8) 41k5]Bedemmedethylenac ethbryigleilc aci d,

' i d. al utam id, i vat i. f .t f tioned subst
onh s Rttt ARG pdlfEnBoi, oty RARRE  hURRIRERS | m ¢ ed
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chitosan, poly(am no and al kyl ated ami no) et hyl enes, et hoxyl ated
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(i ncletitilenedinzingy 1 Atpropaae dlidipiedil SHkybatedthnpine, yRL Bythaminmesdpane, cis-1,2-

cyclohexanediamine, trans-1,2-cyclohexanediamine, 1,3-bis(aminomethyl)cyclohexane, o-,

m- and p-phenylenediamine, tetramethyl o-, m- and p-phenylenediamine,
hexamethylenediamine, hexamethylenetetraamine, diethylenetriamine,
tetraethylenepentamine, pentaethylenchexamine, pentamethyl diethylenetriamine, tris(2-
aminoethyl)amine, 1,1,4,7,10,10-hexamethyl triethylenetetramine, tetramethyl-p-
phenylenediamine,  tetramethylethylenediamine, triethylenetetraamine,  4,4'-bipyridyl
derivatives of the aforementioned substances or combinations thereof.

[0042] A “copolymeric” polyelectrolyte consists of at least two different polymer electrolyte
monomers. In case the copolymeric polyelectrolyte is supposed to consist of a positive mobile
counter ion and a negatively charged polymer (leading to cationic conductivity), the monomer
is an acid which can include, but is not limited té phosphonic acid, acrylic acid, vinyl
sulphuric acid, vinyl sulphonic acid, vinyl phosphonic acid,  methacrylic acid,
anetholsulphonic acid, styrene sulfonic acid or derivatives thereof. In case the copolymeric

polyelectrolyte is supposed to consist of a negative mobile ion and a positively charged



pol ydi al I yl di met hyl anmoni um di (pentyl -5-tri met hyl am no) - 9- pol yfl uor ene,
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1, 2- cycl ohexanedi am ne, |, 3-bi s(am nonet hyl ) cycl ohexane, o-, m and

p- phenyl enedi ami ne, tetramethyl o-, S and p-phenyl enedi an ne,

hexanmet hyl enedi am ne, hexanet hyl enet etraam ne, diethyl enetriam, ne,
tetr é@!ﬁ%}’?re%@weﬁ?aémaﬁ@, AARE &@%ﬁgﬂﬁ@ﬁ% deafopemen Bt Bfsst Wiich can include,
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triethylenetetram ne, tetranethyl - an ne,

t et r aneylhyliding ttisedglamnoestyrens, edlhyjdneinet dinlipldimetbylammbniton.pydi{retytyl-5-
derivatiyes of af orenentj aned subst ances or conbi nati ons thereof.

[ 00427 MR 5HBe Y EkPrete ) AFy AeBUEF P | {IeTetine POt SPGFPIE Phadt CORAVEIFRS er ent

pol y RilycfdcBelyt® bRl BENOMRNSm Edhof@s® dMPnGOPRISpABHIL CacRRIfAbRCAGPLNd € 1S

supposed to consist of a positive nobile countef ion and a negatively

char gstylisotgjdreExammerd Ph grintabiea comphymserto nelvelecwolytey , canHochideopigrare 9104n aci d
whi ch. i ncl t..|imfed to. phosphoni id, i id,

o 0 e B 80 A o BRSPS BS0 APSobfert

et hagrplbdigileat§lic ask) edIs®upaileteartic did), OB/(&HYT AiiateddorflicOicid),

derivatives thereof. In_case the copolyneric polyelectrolyte Is supposed to
consipoly(gfyrenesadraleig eacidp ipoby(ptBileappropylsasiae |§p1®ha>p§éprpaylyn@acrazﬁ@i n

(I eadjpg to anionic conductivity), the nononer is a base which can include,
but is not limted to ethyl eneimne, vinylamne, 2-vinylpyridine,
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pol y(et hyl ene- propyl ene-acrylic acid), poly(propylene-acrylic acid). [0043]
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t et r afcldicopdyinyt. eflee (etbbuim) Witk behdafidal i iongudertain dne itondifferencks ¢ nmeans

that it s not; vater soluble. Pafion(r) can be preduced as both a powder
such as light scattering and gel permeation chromatography are not applicable because
Nafion® is of course insoluble, although the molecular weight has been estimated at 10°-10°
Da. Instead, the equivalent weight (EW) and material thickness are used to describe most
commercially available membranes. The EW is defined as the weight of Nafion® per mole of
sulfonic acid group. For example, Nafion® 117 represents 1100 g EW + 0.007 inch in
thickness. In contrast equivalent weight, conventional ion-exchange resins are usually
described in terms of their ion exchange capacity (IEC) which is inversely proportional to the
equivalent weight. ’
[0044] A general chemical structure of Nafion® can be seen below in Formula (I), where X

is either a sulfonic or carboxylic functional group, and M is either a metal cation in the

neutralized form or an H' in the acid form.



copol ymer and has therefore acquired several |UPAC nanmes. Nafion(r)-H, for
exanpl e, includes the follow ng systematic nanmes: From Chem cal Abstracts:
et hanesulWOR10/150228r i de, 2-[1 -[difluoro-[(trifiuoroet h&RYISGCEKMPI0AEBMYI ] -
,2,2,2-tetrafiuoroethoxy]-l ,1,2,2,-tetrafiuoro-, with tetrafl uoroethyl ene
or tetrafluoroethylene perfluoro 3, 6/%i oxa- 4- nethyl 7-octenesul fonic acid
copol yner. The nol ecul ar wei ght of Nafion(r) is uncertain due to
di fferences in processing and sol uti on norphol ogy. Conventional methods of
det erm ni ng nol ecul ar wei ght such as light scattering and gel perneation
chromat ography are not applicabl e because Nation(r) is of course insoluble,
al though the nol ecul ar wei ght has been estimated at 105-106 Da. |nstead,
t he equi val ent wei ght (EW EQ% ter eéﬁéhlckness are used to describe nost
comercially avail abl e mendramhes s defined as the weight of
Nafion(r) per nole of sulfonic acrd group. For exanple, Nafion(r) 117
represents 1100 g EW+ 0.007 inch in Ohickness. In contrast equivalent
wei ght, conventional ion-exchange resins are usually described in terms of
their ion exchange capacity (1EC) whi€hk is inversely proportional to the
equi val ent wei ght. [0044] A general chem cal structure of Nafion(r) can be
seen below in Formula (1), where X+sCetCR@F,a—saulif onic or carboxylic
functional group, and Mis either a nbtal cation in the neutralized form or
an H+ in the acid form[0045] Cbnpare@Fio ot her poneIect(BIytes referred
to herein, the preparation of Nation(r) is costly and requires hot pressing
nmethods to formfilnms or nmenbranes and is thus not printable as the other
pol yd0e¢ilr dlommsed tf eherepblycledtent pien reffHé@H 6] hetbie, thegsegiraiineotNufidT isi on of

the ol yel ectrol te referred to herern can |nclude but. is not limted to F
| G copgly an reanigy ot pRsing Figods 10 FrpPEES pypesmbranéynd is thus @obgrintabieg or
BF4 la@ tﬁ@%eﬁoly@édﬁg)lﬁéﬂﬁék@%&og&eﬁ@n include, but is not limted to H+,
NH4 +, Li+ +, K+, 'Rb+, Et4N+, BudN+Or Cs+ in case of using polyacids.

[ 0047P0%r Eheatigsoeiablgiconnterioarafifbe polyckrigelyte 2fcrictl th hepis sirbinelde, ige PSS
H+ ot Botlimitda 1o FObr, Br, I, OH, HSOL, SO, HoPO,, HPO, PO,>, ClOs, PF or BFy

in case of using polybases or can include, but is not limited to H', NH,", Li*, Na", K*, Rb",
Et4N+, BusN'or Cs* in case of using polyacids.

[0047] For example, with reference to Figure 2, it is possible to use PSSH' or PSSNH,", or
PSS'Li", PSSNa’, PSSK', PSSRb* or PSS'Cs". Figure 3(D) shows an example of a polybase,
namely PVTAC (poly(vinylbenzyltrimethyl-ammonium chloride)). Instead it would also be
possible to use PVTA'F’, PVTA B, PVTA™T or PVTAOH". For example, air batteries and
alkaline fuel cells use OH’, Li-ion batteries use Li", acid fuel cells use H" and supercapacitors
in general work with any ion.

[0048] Depending on the application different electrode materials can be used for the first
and second electrode. In one embodiment, the first electrode is composed of a first material
while the second electrode is composed of a material different from the material used for the
first electrode. In another embodiment, the first and second electrode are made of the same
material. The electrodes can be made of any material known in the art to be usable as
electrode material.

[0049] Examples for electrode materials include, but are not limited to metals, metal oxides,
alloys, conductive polymers, metal sulfides, graphit, carbonaceous materials, metal oxide

particle coated nanostructured materials, nobel metal particle coated nanostructured materials,



PSSXi +, PSS Na+, PSS K+, PSS Rb+ or PSSCs +. Figure 3(D) shows an exanple
of apol ybase, nanely PVTAC (pol y(vinyl benzyltri nmethyl-amoni um chl oride)).
| nst ead iWORBWIF1RIso be possible to use PVTA+F , PVTA+BET/SGRAPAM23Gr
PVTA+OH . For exanple, air batteries _and al kaline fuel cells use CH,
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Spinel Goup is AB2ZD4. The A represénts a divalent ne I on such as
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can ai82PCEYBYsr Ll [ presents trivalent netal ions such as
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i ncl ude 2t A0t Lpfiht MYy HeddnOuy2880:\M108);: BRE6SIN EOHSE02Li CoCe,
Li FeQe,0s, NiO, Co30,, CoO, Nb,Os, W,0; and mixtures thereof; wherein said metal oxide can

be either stoichiometric or non-stoichiometric (e.g MepsOmy, 0<x<1;0<y<l; 1<n<3;
1<m<5), to name only a few. Examples for an alloy can include, but are not limited to alloys
of lithium/aluminium, Au, or Pt, or Pd, or Cu, or In, or InSe, or CuSe, or SnS; or mixtures
thereof or Ag,Ni.

[0053] Conductive polymers which can be used as electrode materials include, but are not
limited to polyacetylenes, polypyrroles, polythiophenes, polyanilines, polyfluorenes, poly-3-
alkylthiophenes, polynaphthalenes, poly(p-phenylene-sulfide and poly(para-phenylene
vinylenes, derivatives thereof or doped forms of the aforementioned conductive polymers.
[0054] Examples for other electrode materials can include metal oxide particle or nobel
metal particle coated nanostructured materials. The metal oxide used for the metal oxide
particle can include any one of the metal oxides already referred to above.

[0055] The particles are bound to the surface of the nanostructured material and can have a
maximal dimension of about 20 nm or between about 0.5 to 20 nm, or about 0.5 fo 15 nm, or
about 0.5 to 12, or about 0.5 to 5 nm, or about 5 nm to about 12 nm or about 5 to about 15

nm. The particle size distribution for particles with a size of between about >12 to 20 nm can
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Sn®2, Fe203, N O Co3M4, CoO Nb20s, W23 and m xtures thereof; wherein
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[0059] The nanostructured material can include, but is not limited to nanotubes, nanowires
(also called nanofibers), nanoflakes, nanoparticles, nanodiscs, nanofilms or combinations of
the aforementioned nanostructured materials in a mixture. The nanotubes can be single-walled
or double-walled or multi-walled nanotubes and can be based on carbonaceous materials as
described herein or TiO, nanotubes.
[0060] Nanostructured materials have dimensions typically ranging from 1 to 100 nm
(where 10 angstrom = 1 nm =1/1000 micrometer). They can be classified into the following
dimensional types:
Zero dimensional (0D): nanospherical particles. (also called nanoparticles);
One dimensional (1D): nanorods, nanowires (also called nanofibers) and nanotubes; and
Two dimensional (2D): nanoflakes, nanodiscs and nanofilms.
[0061] The nanostructured material can be made of carbonaceous material, a ceramic, glass,
such as soda-lime glass, borosilicate glass, acrylic glass, isinglass (Muscovy-glass),
aluminium oxynitride; a metal, such as titanium; a metal oxide, a polypyrrole or mixtures of

nanostructured materials made of different of the aforementioned substances.



4- am nobenzoi ¢ acid. The hydroxyl group can be conprised in a nolecul e

whi ch includes, but is not limted to phosphoric acid or sulfonic acid.

[ 0058] | iWORe10&H3di nent, bet ween about 5 to about 80 YPET/SGAINN2Bace area
of the nanostructured material can be covered with the particles and the
particles are evenly dispersed over13he whol e surface of the nanostructured
mat eri al . 0059 The nanostructured material can include, but is not
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and a nanastructured hydrophilic material. [0063] The nesopores in this
enbo&?li’?ﬁﬁlt’ ERHPShelh-e 2 PRsqTRRIsed i mslesHlerbiopds refamestio farther abgveim  They can

be RS TTARBBLAUGL St lnaty chieait helstiadshopomAE O,
mat emaddriahlcae bdymadef ef thedsanme duidiffeeent abaterals. These constructs comprised of a
hydrophilic and hydrophobic material can be arranged on a support material, such as a paper-
like free standing film. The paper-like free standing film can be a bucky paper or a sprayed or
printed active material on a flexible conducting substrate, such as Al coated PET; or a free
standing film of a nanostructured material.
[0066] In another embodiment, the nanostructured hydrophilic material can be mixed with
nanoparticles, such as catalytic nanoparticles. The catalytic nanoparticles can include, but are
not limited to noble metals, alloys, an intermetallic, such as Ag-Ni or Ag-Au; a metal oxide or
a transition metal oxide or mixtures thereof. These nanoparticles can have a size between
about 2 to 40 nm.
[0067] In one embodiment, the electrode layers comprising the hydrophilic or hydrophobic
nanostructured material do not comprise a polymeric binder or do not comprise poly(1,1-
difluoro-1,2-ethanediyl) (PVDF).
[0068] In another embodiment, the polyelectrolytes referred to herein further comprise a
solvent. Such a solvent can include, but is not limited to H,O, poly(vinylidene fluoride),
diethyl carbonate, propylene carbonate, ethylene carbonate, dimethyl carbonate,

dipropylcarbonate, dimethylsulfoxide, acetonitrile, dimethoxyethane, tetrahydrofuran, n-



[ 0064] In one enbodi nent, the nanostructured hydrophilic material can
conprise a linker (functional group) on its surface which can include but
is not |iWP28W/ 156222 hydr oxyl group, pyrenes, esters, thPETSG2HNRN0ARSS a
carboxyl group or mxtures thereof. Those |inkers have al ready been
referred to further above and the dii#f erent groups, such as hydroxyl group,
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el ectrochem cal capacjtor, a netal -hydride battery and a fuel cell.
substrate can be a paper-like free standing film or a polymer. Examples for polymers include,

but are not limited to polypropylene (PP), polyethylene (PE), poly(vinyl chloride) (PVC),
fluoroplastics, poly(vinyl fluoride) (PVF), polytetrafluoroethylene (PTFE), polystyrene,
polyetheretherketone (PEEK), polyurethane, polycarbonate, polyethylene naphthalate (PEN)
or polyimide (PI). The paper-like free standing film can be a bucky paper or a sprayed or
printed active material on a flexible conducting substrate, such as Al coated PET; or a free
standing film of a nanostructured material as referred to herein.

[0073] The polyelectrolyte polymer film can have any desirable thickness depending on its
application. A thinner polymer film can reduce the device resistance. For example, the
polyelectrolyte polymer film can have a thickness of between about 0.01 mm to about 1 cm,
or 0.01 mm to about 0.5 mm, or 0.02 mm to about 0.7 mm, or 0.06 to about 0.8 mm, or 0.1 to
about 0.8 mm, or 0.1 to about 1 cm.

[0074] The polyelectrolyte polymer films referred to herein can be used to manufacture
printed electronic devices using simple roll-to-roll printing processes. Compared to
conventional batteries/supercapacitors, the energy charge storage devices referred to herein

would be compatible with devices such as smart cards, electronic paper, wearable electronics,



[0070] A hybrid el ectrochem cal capacitor is an el ectrochem cal energy

st orage device where one electrode is froma battery (typically Li-ion
battery) WOARtWS1BIher from a supercapacitor. [0071] | nP&RGGANY/08&8ect, t he
present invention is directed to a nmethod of manufacturing an energy charge
storage device conprising: preparingsa polyelectrolyte polyner film nmade of
a polyelectrolyte referred to herein; and arrangi ng or stacking the polyner
fil naridltl‘belikwad%reexhinpw; paintibk sperdagaditors tiid Battdries aiingl the Jolwlest@yyte har ge
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present invention has been specifically disclosed by preferred embodiments and optional

features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[0078] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part
of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

[0079] Other embodiments are within the following claims and non-limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.



"consisting of. Thus, the phrase "consisting of indicates that the |isted
el ements are required or mandatory, and that no other elenents may be
present. WOQGVBYISBR7" conprising” it is nmeant including, BGI/S63009/0D¢E¢ed t o,
what ever follows the word "conprising”. Thus, use of the term "conprising"
indicates that the listed el enents &6e required or mandatory, but that

ot her elenents are optional and may or may not be present. [0077] The
inventions illustratively descr E3cAMBIESn nay suitably be practiced in the
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[0086] An activated carbon solution with a concentration of 3 mg/ml was obtained by
adding 90 mg of activated carbon powder in 30 ml isopropanol and tip sonication was carried
out for 10 minutes to ensure well dispersion. The solution was then drop cast onto an
aluminium coated polyethylene terephthalate (AI-PET) substrate which was heated to 150 °C,
until a black uniform layer formed on the substrate. The mass of the Al -PET substrate before
and after drop-casting was measured using weighing balance, which indicated the mass of
activated carbon was approximately 8 mg for a substrate area of 4.5 cm®.

[0087] Manufacture of an electrode based on carbon nanotubes

[0088] For preparing supercapacitor electrodes, a single walled carbon nanotube (SWCNT)
suspension (0.2 mg/ml in deionized water) was filtered through a filter membrane (Whatman,
20 nm pore size, 47 mm diameter). The carbon nanotubes (CNT) were trapped on the surface
of the filter, forming an interconnected network. After drying, the freestanding CNT network
was peeled off from the filter (thickness about 20 um) and used as electrode.

[0089] Assembly of a supercapacitor device and testing



carried out for 30 mnutes to obtain a clear solution. [0082] Subsequently,
the clear solution was heated to 60 C for 6 hours in a petri dish to obtain
a pol ynerWel8wslXfte film (0.6 - 0.8 mmthickness) (se&CES§apt2/080236

Pol y(styrenesul fonic acid) (PSSH) polyelectrolyte filmacts both as the
separator between the two el ectrodegy preventing electrical short-circuit
and also as electrolyte allowing ionic charge transfer to take pl ace.
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obtain the electrode strips,
viscous (like polymer) rendering them printable and flexible (Figure 8). The viscosity of a

printable electrolyte can be in the range of 0.1 to 20 Pa*s, and the viscosity of the
poly(styrenesulfonic acid) (PSSH) polymer electrolyte used herein is about 1 Pas as measured
using Physica MCR 501 Rheometers.

[0094] Versatility of polyelectrolyte as electrolyte in supercapacitors is tested using both the
conventional electrode materials namely activated carbon and carbon nanotube electrodes.
Supercapacitor device performance using polyelectrolytes was measured using galvanostatic
and cyclic voltammetry techniques and compared with acidic PVA electrolyte.

[0095] Supercapacitor performance measured using cyclic voltammetry (CV)

[0096] Cyclic voltammograms of supercapacitor made using pristine PSSH polyelectrolyte
and conventional polymer electrolyte (polyvinyl alcohol) are shown in Figure 10. As can be
seen, there is no current response from the polyvinyl alcohol (PVA) polymer, but PSSH
polyelectrolyte with CNT shows marked charge storage (about 27 F/g) as seen from the
charging and discharging of the supercapacitor device. Though PVA being a polymer can be
fabricated as a thin film just like PSSH, it is unable to store charge because of lack of ionic

groups in its polymeric chain. Similar behavior was seen with activated carbon used as



the freestanding CNT network referred to above or the activated carbon

mat eri al were drop cast on an alum nium coated pol yet hyl ene terephthal ate
(Al - PET) WOB81Y1312/fil mas shown in Figure 7. [0091] MeESHS&AR9{080230092]
Capaci tance was neasured using a two el ectrode configuration. A cyclic

vol tammetry and gal vanostati c charggg di scharge cycle test was carried out
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are shown in Figure 10. As can be seen, there is no current response from
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upon the application of an electric field. The protons move to the negatively charged
electrodes, while the immobile polyanion chains stay close to the positively biased electrode
which leads to the formation of an electric double layer thus contributing to the specific
capacitance (Figures 1 and 2).
[00100] Application of polyelectrolytes described herein in supercapacitors eliminates the
need for the addition of conducting salts, such as lithium boron tetrafluoride solute, to the
electrolyte as the polymer backbone itself acts as a charge carrier. Using such polyelectrolytes
the manufacturing cost can also be reduced substantially. Figure 13 shows the effect of
addition of phosphoric acid salt in to PVA, there is an enormous increase in the specific
capacitance but still PSS with HzPO4 mixture yields higher specific capacitance. This shows
the applicability and versatility of these polyelectrolytes in supercapacitors.
[00101] Supercapacitor performance measured using galvanostatic studies
[00102] Galvanostatic charge-discharge measurements on PSSH electrolyte based on CNT
electrodes indicates that PSSH is able to deliver higher specific capacitance (Figure 14, Table
1) as compared to PVA polymer electrolyte. From the galvanostatic curves (Figure 15 and the
data sumrﬁary in Table 1) of the devices with activated carbon on AI-PET with PSSH
polymer electrolyte also exhibited higher capacitance (13 F/g) and relatively lower internal



fabricated as a thin filmjust like PSSH, it is unable to store charge
because of lack of ionic groups in its polyneric chain. Simlar behavior
was seen WPt2R104G1327at ed car bon used asel ectrodes al so ( BCEHGE00P0P0236 n whi ch
PSSH showed | arge specific capacitance of 4 1 F/g which is five tines nore
t han PVA based el ectrolyte. [0097] Hbgure 12 shows a conparison of the
speci fic capacitance using PSSH pol yner el ectrolyte using activated carbon
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[00103] The galvanostatic studies corroborates the CV results on both CNT and activated

carbon electrodes clearly indicate that the PSSH without any solvent addition can perform at

about the same standard as the baseline gel-electrolyte PVA with H3;PO4. PSSH showed

higher capacitance as compared to PVA. The difference in the capacitance values is due to the

internal resistance of the device which plays a major role in galvanostatic measurements. The

internal resistance is however reduced significantly by the addition of HsPO,4 to PSSH. Other

possibilities would be to incorporate organic solvents such as benzimidazole.

[00104] Polyelectrolytes may also be used for applications in batteries, fuel cells (in lieu of

widely used Nafion membrane), and also for hybrid electrochemical devices. The schematic

in Figure 4 shows the embodiment where the polyelectrolyte is used to enable a Li ion

battery. A new breed of charge storage devices known as Hybrid Electrochemical Capacitors

(HECs) that combine the advantages of lithium ion batteries and supercapacitors have the

potential to revolutionize energy storage where a high energy-density, fast power capability,

and long cycle life can be established. Schematically shown in Figure 4, HECs can also



el ectrodes indicates that PSSH is able to deliver higher specific

capaci tance (Figure 14, Table 1) as conpared to PVA polyner electrolyte.
From t he WYAI208MWG%324t i ¢ curves (Figure 15 and the data sBEKRGRGIN0NRER| e 1)

of the devices with activated carbon on A -PET with PSSH pol yner
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internal resi stance (190 W as conpared to sane el ectrode materials with PVA
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mixed with the pH adjusted AgNOs; solution and stirred vigorously. The Ag-decorated

SWNTs were separated from the mother liquor by centrifugation (15,000 rpm, 10 min), after
that excess Na ion and nitrate were removed by multiple washing with deionized water. The
final product was then redispersed in deionized water before use. The silver decorated single
walled carbon nanotubes have been characterized (see Figure 16) with a transmission electron
microscope (TEM) operating in high resolution mode was conducted using JEOL 2100F
operating at a voltage of 200 kV.

[00108] Gold decorated single walled carbon nanotubes. Gold stock solutions were prepared
by adding 0.1 M NaOH (Sigma-Aldrich) dropwise to 20 ml of 3.0-6.3 mM HAuCl,
(HAuCl4.3H,0, Alfa Aesar) until the pH stablized at predetermined values ranging from 4 to

12. SWNTs suspension (0.08 g in 15 mL of deionized water) was dispersed in the solution

which was aged at 75°C with vigorous stirring for certain period (15-60 min) after which the



3(C)), produce layers of positive ions at interfaces under the influence of
applied electric fields. Polycations with hydroxide counter ions, including
but not cY¥A2PHEFIR26 pol yners shown in Figure 3(A) PCT/S5G2009/000236

(di (pentyl-5-trinethylam no)-9-fluorene) and 3(B) (PS-Nwe3 +), produce

| ayers of negative hydroxide ions aplinterfaces under the influence of
applied electric fields. [00106] Synthesis of netal decorated single walled
car b@oldlaadddudagdytOGeE/dolIScted by fdeaomatnddy sshad) kepeatetilyewlitic deibninedsvater ubes.

To pre are r nanoparticles decorated single-walled carbon nanot ube,
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si ngl-e have been characterized (see Figure 16) with
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water to renove num orate |ng vva ¢ar bon
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wat er, st.ed t ede5|rabe . SWNTs _suspension (0.08 g in
15 nﬂo@ﬁﬁb decorated smele wall g gpotghe (VN Sor sol uti on

[00112] Solution A containing 0.2 g - 0.5 g of manganese nitrate Mn(NO3), or manganese
acetate dissolved in 10 mL — 20 mL of distilled water was added under vigorous stirring to
Solution B containing 0.5 g - 0.9 g of KMnO;4 in 10 mL - 20 mL of distilled water. 0.05 -
0.2 g of SWNT was dispersed in the solution under stirring and heating at 50 — 80°C. The pH
was controlled from 1 — 7 using 0.01 M HCl or 0.01 - 0.05 M HNOj (depending on the pH the
MnO, particle size/dispersity varies). The resulting suspension after stirring for 1 - 2 h is
centrifuged, washed with distilled water and dried in oven at 100°C for 24 h.

[00113] Manufacture of an electrodes comprising hydrophobic and hydrophilic
nanostructured materials

[00114] Two different type of electrodes were manufactured, namely AE (air electrode) Type
1 and 2 electrodes.

[00115] In one embodiment, AE Type 1 electrodes consist of hydrophobic CNT (100 %) and
hydrophilic CNT (100 %) laminated or stacked on top of each other. These may (or may not)
comprise Ag decorated CNTs (manufacture described further above). Described is the
manufacture of an air electrode based on carbon nanotubes (CNTs). Hyrophobicity can be
controlled by carboxylic acid functionaliztion of CNTs. Carbon in both the layers are replaced
By high surface area CNTs. In this configuration, the hydrophilic layer consists of carboxylic



foll owed by the addition of nethanol (Merck) as a reductant. The suspension
was aged at 750C for 10-60 min and washed several tinmes with deionized

wat er. [ O§Q2O1V/I§§Rhesi s of MO? nanofl akes Sol uti on A CORS&2MI94080236 2 g of
manganese nitrate Mi(NO 3)2 dissolved in 10 nL of distilled water was added
under vigorous stirring to Solution2B containing 0.5 g O KVMhO4 in 10 nL of
distilled water. The resultant solution was stirred for 2 h and then

t r ansdidrioedidnalizedaCNaf (COOELEDA]) ;and thedyptopbebicilaydrhis madnuatof tpeispiee at ur es
140-&§$Eé5&ﬁ@,1-24 h to obtain the product which was washed several tines
W th I & water until the pH of the solution was 7. This was air dried
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made U
electrode. Circular pieces of these air cathodes were punched out using a die set (16 mm). The

electrode material can be supported by a substrate, such as bucky paper.



[00116] I n another enbodi nent, AE Type 2 el ectrodes consist of a
honogeneous m xture of hydrophobi c and hydrophilic CNT m xed with each

ot her. TH¥O&0HW¥W1328r may not) conpri se Ag decorat ed CNTECTS&AWPA0236 e
descri bed further above). This represents a unified approach to fabricate a
single layer air electrode that conggsts of hydrophilic, hydrophobic and
the catal yst conponents. The hydrophilic |ayer of the air electrode wll
consi st of COCHCNT, namely P3CNT (with or without a catalyst) and the

hydr ophobi c | ayer conprises of P hydr ophobi ¢ CNT). [00117] The AE

el ectrodes of Type 1 and 2 were by the follow ng, the COOHSWCNT
(single wall carbon nanotubes) (Carbon Solutions Inc.) or Ag-decorated
single wall carbon nanotubes suspension (0.2 ng/m in deionized water) or a
m xt br e Avf eRE@UOBhaEYCNTOreger devict tnygutising eufjist anfli $dcond nadedimoda eandVaat man,

20 nm paore, size, .47 .mm.di ameter). The CNT.falls through the pores and is
t r apped e@ﬁ?trf)hée’&}}efeé%émgfl%fﬁﬁ%ly{el)qof’mseﬁ‘ %P’Fr‘i‘taldegﬂfyFi;?Fg&é’Eﬁﬂnect ed net wor k.
After drying, the CNT network was peeled off fromthe filter as a

freestanding thin filmof thickness of approximately 20 nm and was
di r edt | YThgsenergy ehege starageodievice pasatding poeclkeimnol, tWiesenasaid cpritiddes wer e

punched | e 16 .. _The el ectrode material can be
supporté’%ﬁ{%e%gljo%%@qeggg %liaégéﬁngémﬁ%ﬁlﬁﬁﬁgqu&ﬂl M5 1. An energy charge

storage device conprising a first and second el ectrode and an el ectrol yte,
wherein said electrolyte conprises a_printable polyelectrolyte. 2. The
energy cHSr gSTSt 6harge stpsigecdovie aperdigstte daim m ar, 2wmbersi saidi prinsabilet abl e

pol yel e L NG it onponent. 3. The
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printabl e polyel ectrolyte conprises a printable honopol yneric

pol yel ectrolyte. 4. The ener char storage device according to claiml
or 5% LiiecrftSh pbergs SESE GASEH §ETOBGRE dbyA G bt P BYCEp S RIIC
copol Y MepiyelddRbiel @Rk Brintble B3BISRREE Yo FBREGSIRL OF age device of claim
4, V\he?g)ibnﬁsai dwgéri nt%bl e g%%m ;?rregci) gﬂfm ygﬁgct roP]%t e consists of at |east
two different nononmers which are selected fromacids or bases; wherein said
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polyelectrolyte consists of at least two different monomers which are selected from acids

or bases;

. wherein said acids are selected from the group consisting of phosphonic acid,
acrylic acid, vinyl sulphuric acid, vinyl sulphonic acid, vinyl phosphonic acid,
methacrylic acid, anetholsulphonic acid, styrene sulfonic acid and derivatives thereof:

. wherein said bases are selected from the group consisting of ethyleneimine,
vinylamine, 2-vinylpyridine, 4-vinylpyridine, 2-methyl-5-vinylpyridine, trimethylamino
styrene, allylamine, diallyldimethylammonium, di(pentyl-5-trimethylamino)-9-fluorene

and derivatives thereof.

6. The energy charge storage device of claim 3, wherein said printable homopolymeric

polyelectrolyte is a polyacid or a polybase.

7. The energy charge storage device of claim 6, wherein said polyacid is selected from the
group consisting ofalginic acid, phytic acid, polyvinyl sulphuric acid, polyvinyl sulphonic
acid, polyvinyl phosphonic acid, polyacrylic acid, polymethacrylic acid,

polyanetholsulphonic acid, polystyrene sulfonic acid, oxalic acid, maleic acid, succinic



met hacrylic acid, anethol sul phonic acid, styrene sulfonic acid and
derivatives thereof; wherein said bases are selected fromthe group

consi st i NYO@P10&ESKH32Tenei mi ne, vi nyl am ne, 2-vinyi pyri di n@CTAGMPPERF6 i di ne,
2-met hyl -5-viyl pyridine, trimethylamno styrene, allylam ne,

di al I yl di met hyl ammoni um di (pentyl -3 trinmet hyl am no)-9-fl uorene and
derivatives thereof. 6. The energy charge storage device of claim 3,
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pol ybase, 7. The ener chay.ge storage device of claimpg, erein said
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acid, polyacrylic acid, polymethacrylic acid, pol yanet hol sul phoni ¢ aci d,
pol yst yil@iecyudliaxaine tichdoxygical dcid,adi,24-cyelbhéxane c irtcarbonyles naaidcei 163,5-
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tri car bauy) iagpaeé dgid, tglhtamidatitly ldeivaivies!,of 1the, ffofenteatiamide sitatanacsaatbxyl i ¢
acid, norbornene tetracarboxylic acid, 3,3',4,4'-benzophenone

t et r acaco@Rinatiensibegof.1 2, 3, 4, 5, 6- benzene hexacarboxylic acid, aspartic
acid, glutamc acid, derivatives of the aforenentioned substances and
conbi nati ons thereof. 8. The energy charge storage device of claim®é,
wher gi n Thaietlezyl chhagestirsgesddvinet efcbldinodn winereigrsaidppalyhese & sehgteadf from the

ol yvi nyl pyri di ne, polyvjnyl azir.idine ol.yi.m.dazol g, pol yl ysine, . chitosan,
Dol o ameoita e aitiogt 8t SabA TGk TSRS 2oBimEBrY el RPPEREN ne,
pr opoxylcﬁﬁ@sqnf%m&:mﬂoea?d R Bate @ UNBERMyRACE NERExyIREH YUY RhABAdSinePOl Y ( 2-

g
vi nyl pyridi ne pol y(4-vinyl pyridine),” poly( 2 met hyl - 5-'vinyl'pyri di ne),
tri met hprepeixplatgolol vl patieyiencimpiviey al pellyethilensimied, y dipalyvidytinmee.hy | rokyteni um

di (pentyl-5- trinethyl am.no)-9 pqlyfluygre t hyl enedi am ne, . 1, 2-propane
ai am ne vyl RO ETRAb GRS, Y PRR Ry PRGN e drafiRS
ci s-1, 2pepetephirx anediaydlRBimihé,ans - poRdidtlykliabhypatbmdhne, di(pentyl-5-
|, 3- bi szpan‘i nomet hylgcycl ohexane, o-, m and p-iphenyl enedi am nhe,
trimethylamino)-9-polyfluorene,  ethylenediamine, ,2-propane  diamine, 1,3-
propanediamine,  1,2,3-triaminopropane,  cis-1,2-cyclohexanediamine,  trans-1,2-
cyclohexanediamine, 1,3-bis(aminomethyl)cyclohexane, o-, m- and p-phenylenediamine,
tetramethyl 0-, m- and p-phenylenediamine, hexamethylenediamine,
hexamethylenetetraamine, diethylenetriamine, tetraethylenepentamine,
pentacthylenehexamine, pentamethyl diethylenetriamine, tris(2-aminoethyl)amine,
1,1,4,7,10,10-hexamethyl triethylenetetramine, tetramethyl-p-phenylenediamine,
tetramethylethylenediamine, triethylenetetraamine, 4,4'-bipyridyl derivatives of the

aforementioned substances and combinations thereof.

9. The energy charge storage device of any one of the preceding claims, wherein said
printable polyelectrolyte comprises a counter ion which is selected from the group
consisting of Et,N*, Bu,N*, H", NH,", Li*, Na", K*, Rb" and Cs".

10. The energy charge storage device of any one of the preceding claims, wherein said

printable polyelectrolyte comprises a counter ion which is selected from the group



tetramethyl o-, m and p-phenyl enedi am ne, hexanet hyl enedi am ne,

hexanmet hyl enet et raam ne, di ethyl enetriam ne, tetraethyl enepentam ne,

pent aet hyWOR8HERA ne, pent anet hyl di et hyl enetri am ne, PCT/SG2009/000236
tris(2-am noethyl)amne, 1,1,4,7, 10, 10-hexanethyl triethyl enetetran ne,

t etramet hyl - p- phenyl enedi am ne, tetxsnmet hyl et hyl enedi am ne,

triethyl enetetraam ne, 4,4'-Dbipyri dyI derivatives of the aforenentioned
subst ancessising ocfdiﬂIDnaS(DﬁnﬁzP@e; HBD,* PO h €10iePBy oc BE;,§E Glf,Bradeantkvi ce of
any one Qf the preceding clains, wherein said printable polyelectrolyte
conpris a counter ion which is selected fromthe group consisting

Of Et AN+, Bud4N+, H+, NH4 +, Li+, Na+, K+, Rb+ and Cs+. 10. The energy charge
storage device of any one of the preceding clains, wherein said printable
pol ytl.edthe chotgy dergsr sterge aevioe nf elaimch wilkdreih sagl pentablegrplyalestrotyite is

groupconsj stin HSA. ., 2, H2POM; HPOX 2 , P4 3, dO4 , PF6 r BF4,
F, d ?Ofgftyfengsgf@n@aﬂdqgﬁ)rhe energy charge storage device of claim 3,

wherein said printable polyelectrolyte is polystyrene sulfonic acid (PSSH).
12. The energy charge storage device of any one of the preceding clains,
wher &2.n Thaiegerzy robargarpregs deviescefridyainecafrtbel pregeding glirps nilessein paideldst of a

TRt er | 2l Skt et QIS O AUR SN BLALG: TndIBLRLexB) hONSme SRRt i v

pol yner §%¢ §raphi car onaceou oxirdeparti tf

nanost r ugisistiag ofah&ils dibys,whehctive palynpag, tg'r@}@t embmemnﬁstbnugtmman
materials, ceramc, glass, isinglass (Miscovy-qgl assi borosi |l i cat e%gl ass,

acryl i cogl a%ﬂﬁmcﬂ%ﬁq@pﬂmca% meferigls, nabgl pariisteyspated legestarchyr
devi ce 9{) atéHa®, Torknic, "WSsCis 5%5 Mgstok»ggfs@p%r c9fe' Qgss' 8c é@gﬁgssaﬂ&mt ur ed

hydr ophobic material” Tormn rrang

nanost r aluminich dwadhitvidhi | i c material formng a second | ayer. 14. The energy
charge storage device of claim 12, wherein said carbonaceous material is a
single layer conprising a m xture of a nanostructured hydrophobic materi al

and 3. The energy charge storage device of claim 12, wherein said carbonaceous material is a
nanostructured hydrophobic material forming a first layer which is arranged on a

nanostructured hydrophilic material forming a second layer.

14. The energy charge storage device of claim 12, wherein said carbonaceous material is a
single layer comprising a mixture of a nanostructured hydrophobic material and a

nanostructured hydrophilic material.

15. The energy charge storage device of any one of the preceding claims, wherein said

printable polyelectrolyte further comprises a solvent.

16. The energy charge storage device of claim 15, wherein said solvent is selected from the
group consisting of H,O, poly(vinylidene fluoride), diethyl carbonate, salt containing
solutions, propylene carbonate, ethylene carbonate, dimethyl carbonate,
dipropylcarbonate, dimethylsulfoxide, acetonitrile, dimethoxyethane, tetrahydrofuran, n-
methyl-2-pyrrolidone and combinations thereof.

17. The energy charge storage device of any one of the preceding claims, wherein said energy
charge storage device is selected from the group consisting of a supercapacitor, a hybrid

electrochemical capacitor, a metal-hydride battery and a fuel cell.



nanostructured hydrophilic material. 15. The energy charge storage device
of any one of the preceding clains, wherein said printable polyelectrolyte
further cN¥OPP18E8223 sol vent. 16. The energy charge st or §&/SG3W9B023¢ cl ai m
15, wherein said solvent is selected fromthe group consisting of HQ

pol y(vinylidene fluoride), diethyl z@rbonate, salt containing solutions,
propyl ene carbonate, ethylene carbonate, dinethyl carbonate,

di propyl carbonate, dinet hyI sul f oxi de, acetonitrile, dinethoxyet hane

tetraphydrofuran, nmeth rro i done a d conbi nat i t her eof . . The
ener 59 Clbr 616151 SHARGe SEMELEETS ShyTBABecH DRGSR RN WL of
said en ﬁ}ﬁbfém%élfo@ﬁ gealg{gylh&egeqs sel ected fromthe group consisting of

a supercapacit a hybrid ‘el ectrochem cal capacitor, a netal-hydride
battery and a fuel cell.18. The energy charge storage deV|ce of any one of

gor . 1o Thp e e e U aREhE Rl e o s O bl Thrdncihg

clai ms, pARELR Pol§abstrdlitemaabd els%htyaim&ét«r@énya%uhm Pa*’d £C 06 iPays @fm@gft ween
about 0 1 Pa*s t0 20 Pa*s during printing. 20. A nethod of manufacturing an

ener gy mﬁg& storage device of any one of the preceding cl ains,
conprising: preparing a polyner filmnade of a printable polyel ectrol yte as
referred to in claim1; and arranging the polyner filmin between a first

and 0. ec afethod Fehdmdeturdip anldiRrdyRiHant stbragd aévitedf anwheleaiMhsplededing st and
second el ectrode are supported by a substrate which is | ocated on the side
of the SlBBECOEPISHE f aci ng sai d polyner film 22. The nethod of claim 20

about 1 crp oo} SoIpBley BEE nddt Ot Rafafinte YefERT e RIS 0 Mk T °
pol ymer ahdl m and said el ectrodes are manufactured by a roll-to-roll

rintin rocess
P gp ang?ng the polymer film in between a first and a second electrode.

21. The method of claim 20, wherein said first and second electrode are supported by a

substrate which is located on the side of the electrode not facing said polymer film.

22. The method of claim 20 or 21, wherein said polymer film has a thickness between about

0.1 mm to about 1 cm.

23. The method of any one of claims 20 to 22, wherein said polymer film and said electrodes

are manufactured by a roll-to-roll printing process.



