
BIPOLAR ELECTRODE AND SUPERCAPACITOR DESALINATION DEVICE, AND METHODS OF
MANUFACTURE. BACKGROUND OF THE DISCLOSURE [00011The invention relates
generally to electrodes and supercapacitor desalination devices using the
electrodes, and methods for making the electrodes arid supercapacitor
desalination (SCD) devices. More particularly, the invention on relates to
bipolar electrodes and supercapaci tor desalination deices using the
bipolar ec t rod es and methods for making the bipolar electrodes and the
SCD devices. 100021SCD devices 1,,,.enerally refer to supercapacitors that
are employed for desalination of seawater or deionization of other brackish
waters to reduce the amount of salt to a permissible Ivel for domestic and
industrial use. Generally, a supercapacitor cell has a double layer
construction, M which a pair of electrodes typically comprising particulate
activated carbon are separated by a microporous, electron-insulating,
ion-conductive spacer element, comprising a uniformly-dispersed electrolyte
component. The structure of the typical supercapacitor cell further
comprises electrically conductive current collector elements in intimate
contact with the respective electrodes. 100031For certain applications,
some supercapacitor cells used for desalination are stacked toQether to
form a SCD device, Since each of such supercapaci tor cells includes a pair
of electrodes and a pair of electrically conductive current collector
elements in contact with the respective individual electrodes. it is
complex to assemble such a SCI) device, and the cost for manufacturing such
a SCI) device can be high. 100041Therefore, there is a need for a new and
improved electrode and a supercapacitor desalination device using the
electrode, and methods for making the same.  



BRIEF DESCRIPTION OF THE DISCLOSURE [00051A bipolar electrode is provided
in accordance with one embodiment of the invention. The bipolar electrode
comprises an intermediate layer comprising one or more carbon materials.
The bipolar electrode further includes a first layer and a second layer
disposed on opposite surfaces of the intermediate layer and configured to
act as an anode and a cathode. The first and second layers comprise at
least one of one or more electrically conductive carbon materials and one
or more conductive polymers. 100061A supercapacitor desalination device is
provided in accordance with another embodiment of the invention.  The
supercapacitor desalination device comprises a first electrode, a second
electrode, and one or more bipolar electrodes disposed between the first
and second electrodes. The first and second electrodes, and the one or more
bipolar electrodes are configured to adsorb ions in a charging state and
desorb ions in a discharging state, Further, the supercapacitor
desalination device comprises one or more electron-insulating and
ion-conductive spacers disposed between each pair of adjacent electrodes, a
first current collector configured to contact the first electrode, and a
second current collector configured to contact the second electrode.
[00071A method for manufacturing a bipolar electrode is provided in
accordance with yet another embodiment of the invention. The method
comprises providing and stirring a mixture comprising a solvent and at
least one of one or more carbon materials and one or more conductive
polymers to form a dispersion of the at least one of the one or more carbon
materials and the one or more conductive polymers in the solvent, adding at
least one binder into the dispersion to provide a resultant mixture and
stirring the resultant mixture, processing the resultant mixture to form a
plurality of electrode sheets, and attaching the electrode sheets on
opposite surfaces of an intermediate layer  WO 2011/016903PCT/US2010/038129
100081These and other advantages and features will be more :understood from
the foil owing detailed description of pref.erred em bo di mous of the
invention that is provided in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS 



[00091FIG. 1 is a schematic diagram of a supercapacitor desalination device
in accordance with one embodiment of the invention; 10010]FIG. 2 is a
schematic diagram of a bipolar elec rode in accordance with one embodiment
of the invention; 100111FIG. 3 is a flow chart schematically illustrating
preparation of the bipolar electrode in accordance one embodiment of the
invention; 100121FIG, 4 is a schematic diagram of the supercapacitor
desalination device in accordance with another embodiment of the invention;
and 100131FIG, 5 is a schematic diagram of a supercapacitor in accordance
with one embodiment of the invention_ DETAILED DESCRIPTION OF THE INVENTION
[00141Preferred embodiments of the present disclosure will be described 



hereinbelow with reference to the accompanying drawings. In the following
description. welf-known functions or constructions are not described in
detail to avoid obscuring the disclosure in ULMCCeSSal)," 100151FIG. 1 is a
schematic diagram of a supercapaci tor desalination (SCD) device 10 in
accordance with one embodiment of the ifiVell OD, In embodiments of the
invention, the SCI) device 0 is employed for desalination of seawater or
de-ionization of other brackish waters to reduce the amount of salt to a
permissible level for domestic and industrial use. Additionally, the SCD
deice 10 may remove or reduce other charged or ionic impurities from a
liquid, such as 'wastewater or effluents from agrictiltura1.. industrial or
municipal processes.  WO 2011/016903PCT/US2010/038129 [00161For the example
arrangement depicted in FIG. 1, the SCD device 10 comprises a first current
collector 11, a second current collector 1.2, a first electrode 13, a
second electrode 14, a bipolar electrode 15, and a pair of spacers 16. The
first and second electrodes 13 and 14 are in intimate contact with the
first and second current collectors 11 and 12, respectively. The bipolar
electrode 15 is disposed between the first and second electrodes 13 and 14.
The two spacers 16 are disposed between the first electrode 13 and the
bipolar electrode 15, and between the bipolar electrode 15 and the second
electrode 14 respectively. [0017]In some embodiments, the current
collectors 1.1 and 12 may be configured as a plate, a mesh, a foil, or a
sheet and formed from a metal or metal alloy. The metal may include
titanium, platinum, iridium, or rhodium, for example. The metal alloys may
include stainless steel, for example. In other embodiments, the current
collectors 11 and 12 may comprise graphite or a plastic material, such as a
polyolefin, which may include polyethylene. In certain applications, the
plastic current collectors 11 and 12 may, be mixed with conductive carbon
blacks or metallic particles to achieve a certain level of conductivity.
[0018]For the example embodiment: in 1.16. 1, the first and second
electrodes 13 and 1.4, and the bipolar electrode 15 are in the form of
plates that are disposed parallel to each other to tbrm a stacked
structure. In certain embodiments, the electrodes 13, 14 and 15 may have
varied shapes, such as a sheet, a block, or a cylinder. Further, these
electrodes may be arranged. in varying configurations. For example, the
first and second electrodes, and the bipolar electrode may be disposed
concentrically with a spiral and continuous space therebetween. 100191In
some applications, the first and second electrodes 13 and 14 may 



include electrically conductive materials, which may or may not be
thermally conductive, and may have particles with smaller sizes and large
surface areas. In some examples, the electrically conductive material may
include one or more carbon materials. Non-ihniting examples of the carbon
materials include activated carbon particles, porous carbon particles,
carbon fibes, carbon a.erogels, porous mesocarbon microbeads, or
combinations :thereof. In other examples, the electrically conductive
materials may include a conductive composite, such as oxides of manganese,
or iron, or both, or carbides of titanium, zirconium, vanadium:, tungsten,
Or combinations thereof. In some embodiments, the electrically conductive
materials of the electrodes 13 and 14 may be deposited on the current
collectors 11 and 12 by employing one or more deposition techniques, such
as sputtering, spraying, spin-coating, calendering or priming.
100201Additionally, the space n 16 may comprise any ton-permeable,
.electronically noncon.ductive material,. including membranes and porous
and nonporous materials to separate the first electrode 13 and the bipolar
.electrode 15, and the second .electrode 14 and the bipolar electrode 15.
In non-limiting examples, the spacers 16 may have or themselves may be
spaces to form flow channels .through. which a liquid for desalination
passes between the first .electrode 1.3 and the bipolar .electrode 15, and
the second electrode 14 and the bipolar electrode 15, 100211In certain
applications, as depicted in FIG. I, the first and second current
collectors 11 and 12 may be connected to positive and negative terminals of
a power source (not shown), respectively. Since the first and second
electrodes 13 and 14 are in contact with the first and second current
collect-ors 11 and 12, the First and second electrodes 13 and 14 may act as
an anode and a cathode, respectively. Accordingly, one side 17 of the
bipolar electrode 15 adjacent to the first electrode 13 may function as a
cathode and the other side 18 of the bipolar electrode 15 opposite to the
one side 17 and adjacent Eo the second electrode 14 may function as an
anode. In certain examples, the bipolar electrode 15 may be electrically
conductive and prevent ions from permeation. 



100221Further, in some arrangements, a liquid source (not shown) may be
employed to provide an input liquid (as indicated by arrows 19 in FIG, 1)
for desalination through the SCD device 10. Accordingly, during a charging
state, when an input liquid 9 from the liquid source, such as a sodium
Chloride solution, having charged species passes through between the first
electrode 13 and the bipolar electrode 15, and the second electrode 14 and
the bipolar electrode 15, cations move towards the side 17 of the bipolar
electrode 15 and the cathode 4, anions move. towards the anode 13 and the
side 17 of the bipolar electrode 15. As a result of the charge accumulation
inside the SCE) device 10, an output stream (as indicated by arrows 100 in
FIG. 1), which is a dilute liquid coming out of the SCD device 10, has a
lower concentration of charged species as compared to the input liquid. In
certain embodiments, the dilute liquid may be again subjected to
de-ionization by being fed through another SCD device 100231During a
discharging state, the adsorbed ions dissociate from the surfaces of the
first and second electrodes 13 and 14, and the bipolar electrode 15. In
certain applications, in this state, the polarities of the first and second
electrodes 13 and 14 can be reversed, so that the adsorbed ions adsorbed in
the charging state move towards reverse polarities, as a result, the output
stream may have a higher concentration of charged species compared to the
input liquid. 100241In other applications, the anions and the cations in
the charged species may be absorbed to the respective electrodes in a
discharging state and dissociate from the respective electrodes in a
charging state of the bipolar electrode 15. 100251It should be noted that
the exemplary arrangement in FIG. 1 is merely illustrative. In some
applications, the first and second electrodes 13 and 14 may act as a
cathode and an anode, respectively. Accordingly, the side 17 of the bipolar
electrode 15 adjacent to the first electrode 13 may function as an anode
and the other side 18 of the bipolar electrode 15 opposite to the side 17
and adjacent to the second electrode 14 may function as a cathode.
[00261FIG. 2 is a schematic diagram of the bipolar electrode 15 in
accordance with one embodiment of the invention. For the example
arrangement, the bipolar electrode 15 comprises an intermediate layer 20,
and first and second layers 21 and 22 disposed on opposite surfaces (not
labeled) of the intermediate layer 20. 10027]In some embodiments, the
intermediate layer 20 may be electron 



conductive and ion non-conductive. in some examples, the intermediate layer
20 may comprise one or more carbon materials, such as carbon black and
graphite. In other examples, the intermediate layer 20 may further comprise
a polymer, such as  .polyethylene terephthalate (PET), polythene (PE),
polypropylene (PP), poly(vinylidenechloride) (PVC), and combinations
-thereof to be interspersed with the one or more carbon materials. 100281In
some applications, the intermediate layer 20 may be in the form of film. It
should be noted that the term "film" may be similar to the meaning of
layer," "sheet," "plate," or "slice," and may not indicate a particular
thickness of the material. In non-limitirm examples, the intermediate layer
20 may comprise a graphite film, In certain example applications, the
intermediate layer 20 may comprise a conductive film, sold under the
tradename 3M 1704, by 3M, of Saint Paul. Minnesota. Alternatively, the
intermediate layer 20 may comprise a film, sold under the tradename
Intelicoat 2252, by Intelicoat, of South Hadley. Massachusetts, [00291In
some embodiments, the first and second layers 21 and 22 may act as an
electronegative layer and an electropositive layer so as to function as an
anode and a cathode, respectively. Alternatively, the first and second
layers 21 and 22 may act as an electropositive layer and an electronegative
so as to function as a cathode and an anode, respectively. The first and
second layers 21 and 22 may comprise the same or different. materials. In
non-limning examples, the first and second layers may comprises
electrically conductive materials including at least one of one or more
carbon materials and one or more conductive polymers. The one or more
carbon materials may comprise activated carbon particles, porous carbon
particles, carbon fibers, carbon aerogels, porous mesocarbon microbeads, or
combinations -thereof. The one or more conductive polymers may comprise
polyaniline, polypyrrole, and combinations thereof. In certain examples,
the first and second layers 21 and 22 may further comprise other materials,
such as additives including, but not limited to polytetraftuoroethy ene
(PUT ). 100301In certain examples, the bipolar electrode 15 may further
comprise a pair of adhesive layers (not shown) disposed between the first
layer 21 and the intermediate layer 20, and the second layer 22 and the
intermediate layer 20 so as to attach the first and second lavers on the
intermediate layer 20 stably. Alternatively, the adhesive layers may not be
provided. In some embodiments, the adhesive layers  



may comprise at least one of graphite-based .polymer films, carbon black
based polymer films, conductive 14raphite adhesives, and carbon black
adhesives. The adhesive layers may be disposed on two opposite surfaces
(not labeled.) of the intermediate layer 20 by employing one or more
deposition techniques, such as sputtering, spraying, or spin-coating.
100311For some arrangements, a pair of reinforcement layers 23 may be
provided to reinforce mechanical property of the bipolar electrode 15. The
reinforcement layers 23 may be disposed on and/or within the first and
second layers 21 and 22. In non-limiting examples.. the reinforcement
layers 23 may comprise one or more polymers including polyethylene
terephthalate (PET), polythene (PE), -polypropylene (PP).
poly(vinylidenechloride) (PVC)" and combillati MS thereof The PET layers
may have netted textures or other shapes. In certain applications, the PET
layers may also he employed in the first and second electrodes 13 and 14.
100321in certain applications, the SC!) device 10 may further comprise one
or more ion selective materials (not shown), such as cation and anion
selective materials attached to andfor extended into the respective
electrodes 13, 14, and 15 to facilitate transmission of theions. In
non-limiting examples, the cation selective materials may comprise an amine
group, a pyridinium group, or combinations thereof in some examples, the,
amine group may comprise a primary amine, secondary amine, tertiary amine,
and/or quaternaly amine. The anion selective materials may comprise a suit
onic group, carboxylic group, phosphate group, or combinations thereof.
100331FIG. 3 is a how chart schematically illustrating preparation of the
bipolar electrode 15 in accordance with one embodiment of the invention. As
illustrated in FIG, 2, in step 30, a mixture of a first solvent and at
least one of the one or more carbon materials and the one or more
conductive polymers is provided and stirred so as to form a dispersion of
the carbon panicles in the first solvent. In some applications, the solvent
may comprise deionized water, ethanol, or any other suitable solvents. In
step 31, at least one binder including, but not limited to a
non-fibrillated PTFE emulsion is added into the above mixture and Mi xed to
provide a resultant  :mixture until at least a portion of the PUT, has been
fibrillated. The resultant mixture is then :mixed and dried. [0034jIn step
32, the resultant mixture is added into a second solvent so as to form a.
mixed paste. The mixed paste is :then processedas drying and calendering to
form a calendered sheet. In some examples, the process for drying the mixed
resultant mixture in the step 31 may not be employed, so that the, mixed
paste in the step 32 may be directly .lonned from the resultant mixture. In
step 33, the calendered sheet is shaped into a plurality of electrode
sheets with desired .sizes and shapes, and the electrode sheets are pressed
on two opposite surfaces of an electron conductive film to 1,b.r.rn the
bipolar electrode 15, 



[0035jIn some examples, in step 31, vapor grown carbon fibers (VGCF) and/or
conductive carbon blacks may be added into the mixture of the carbon
materials and the first solvent so as to improve the conductivity of the
formed bipolar electrode 1.5. Altem.atively, the VGCF and the carbon
'blacks may not be employed. In one non-limiting example, the conductive
carbon blacks may comprise carbon blacks, sold under trademark SUPER P. by
Timcal Graphite & Carbon, of Switzerland_ [00361in step 32, one or more
pore-forming agents, such as sodium chloride powders may be mixed with the
dried resultant mixture, and then the second solvent is added into mixture
of the sodium chloride pore-forming agent and the dried resultant mixture
to form the mixed paste so as to improve the -porosity of the formed
bipolar electrode 15. In certain examples, the sodium chloride pore-forming
agent may not be added into the resultant mixture, and the first solvent
may be different from or the same as the second solvent. hi non-limiting
examples, in step 33, the adhesive layers and/or the on selective el
elneflts may be provided with the electrode sheets to form the bipolar
electrode 15. 10037]In some examples, the pore-forming agent may comprise
other materials, such as ammonium chloride, potassium chloride, calcium
chloride, sodium carbonate, potassium carbonate, cacwm carbonate, ammoni
carbonate. ammonium acid carbonate_ titanium oxide_ zinc oxide, or
combinations thereof'. 9  WO 2011/016903PCT/US2010/038129
100381Additionally, in certain applications, the electrode sheets may also
be disposed on the current collectors 11 and 12 respectively to form the
first and second electrodes 13 and 14 100391One non,limiting example for
preparation of the bipolar electrode 15 is 



now described. EXAMPLE 1 100401800g, of activated carbon particles, 16g of
VGCF, 40g of SUPER P conductive carbon blacks, and 3500ml of deionized
water are mixed and stirred for about 15 minutes, so as to form a
dispersion of the active carbon particles in the deionized water. .53g of a
60%(w/w) PTFE latex are added into 60m1 of deionized water for dilution to
form a non-Fibrillated RIFE emulsion, and then the non fibrillated PTFE
emulsion is added into the above mixture and stirred together for about 4
hours so as to form a resultant mixture until at least a portion of the
PTFE has been fibrillated. 10041]Then, the resultant mixture is dried at a
temperature of about 100- 130T for about more than 48 hours. Next, for easy
preparation, about 200g of the resultant mixture is weighed and mixed with
60g of the sodium chloride powders and one liter of ethanol for about 5
minutes to form a liquid mixture. The liquid mixture is dried at a
temperature of about 60'C so as to form a mixed paste weighing about 650g.
[00421Next, the mixed paste is calendered to form a catendered sheet. For
calendering, a calender (not shown) with two rollers is employed. A
distance between the two rollers is set to about 4 mm, the mixed paste is
put through the rollers to lonn a thin sheet, and then the thin sheet is
folded and reinserted into the calendar for about 3 to 5 times, After that,
in some applications, the distance between the two rollers may be set at
about 3.5mm, 10mm, 2.5-mm, 2.0mm, 1,5m-m, 1.0mm, and 0.75mm in turn to
calender the thin sheet, so that the calendered sheet is I-brined.  WO
2011/016903PCT/US2010/038129 100431Subsequently, the calendered sheet is
shaped into a plurality of electrode sheets with desired sizes and shapes,
and the electrode sheets are dried at a temperature of about 40'C for about
half hour. In some applications, the electrode sheets may not be dried
After that the electrode sheets are immersed into deionizcd water for about
3 hours to resolve and remove the sodium chloride from the electrode
sheets. Then, the electrode sheets are put into a ventilated oven (not
shown) at a temperature of about 45'C for about 3 hours to remove water. 



100441Finally, the inconductive film, the electrode sheets, and the PET
layers are pressed toether at a pressure of about 15 Mpa for about 40
seconds to form the bipolar electrode 15, as depicted in FIG, 2. In
non-limiting examples, the electrode sheet may weigh about 25-30 g, and
have a thickness of about 0,8 mm, The bipolar electrode 15 may weigh about
55-60g, and have a thickness of about 1.6 mm. 100451In certain examples,
the adhesive layers and/or ion selective materials are also pressed within
the bipolar electrode 15. Additionally, for some arrangements, the
electrode sheets may be pressed on Ti-meshes at a pressure of about 15 Mpa
for about 40 seconds to form the lust and second electrodes 1$ and 14.
Alternatively, the first and second electrodes 13 and 14 may be formed with
other materials in addition to the prepared electrode sheets. 100461It
should be noted that the depicted example is merely illustrative. The order
of the steps in the depicted example may be changeable, for example, the
removal of the sodium chloride may be prior to shaping the calendered sheet
the plurality of electrode sheets, Additionally, some steps including, but
not limited to the steps for adding and removing the sodium chloride, may
not be strictly necessary. 100471Accordingly, as depicted in FIG, I, an
example assembling process for the SCD device 10 comprises providing the
first and second electrodes 11 and 12, providing first and second current
collectors 13 and 14 to contact the respective electrodes 11 and 12,
disposing the bipolar electrode 15 between the first and second electrodes
11 and 12, and disposing the spacers 16 between the two adjacent
electrodes. In non-limiting examples, the order of the steps of the example
process  may be Changeable, and the process may further comprise other
steps, for example pressing. PET layers on the first and second electrodes
II and 12.. 10048jFor some arrangements, the SCD device 10 may comprise
more than one bipolar electrode 15 an may be in the form of a stack for
desalination of relatively large quantity of a liquid. FIG. 4 is a
schematic diagram of a stack SCD device 10. The same numerals in FIGS, 1
and 4 may indicate similar elements. For the illustrated arrangement the
SCD device comprises a first current collector 11, a second current
colle..ctor 12, a first electrode 13 attached on the current collector 11,
a second electrode 14 attached on the current collector 12, multiple
bipolar electrodes 15 disposed between the first and second electrodes 13
and 14. and a plurality of spacers 16 disposed between each of the pairs of
adjacent electrodes, 



[00491in certain example; applications, the SCD device 10 may be used as a
:supercapacitor for energy storage, FIG. 5 is a schematic diagram of a
supercapacitor 40 in accordance with one embodiment of the in The same
numerals in FIGS. 1, 4 and 5 may indicate the similar elements. As depicted
in FIG, 5, the illustrated arrangement is similar to the arrangement in
FIG. 1. The two arrangements in 'FIGS. 1 and .5 differ in that an
electrolyte 41, such as sodium chloride is enclosed within the structure so
as to form the supercapacitor 30 for energy storage. [00501For the
illustrated embodiment in FIG. 5. the first and second current collectors
11 and 12 may be connected to a power source (not shown) for charging the
supercapacitor 30. Duri fig discharge, the released energy generated due to
dissociation of the adsorbed ions from the surfaces of the respective
electrodes 13, 14, and 15 of the supercapacitor 30 may be used to drive an
electrical device (not shown), such as a light bulb, or recovered through
an energy recovery device (not shown), such as a bi-directional DC-DC
converter. Additionally, in other examples, the supercapaci tor 30 may
comprise a plurality of bipolar electrodes 15 and a plurality of spacers
16, as similar to the structure depicted in FIG. 4, [00511While the
disclosure has been illustrated and described in typical embodiments, it is
not intended to be li Mited to the details shOW11. since various
modifications and substitutions can be made without departing M any way
from the spirit of the present disclosure. As such, further modifications
and equivalents of the disclosure herein disclosed may occur to persons
skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and
scope al' the disclosure as defined by -the following claimi.z  WHAT IS
CLAIMED IS: 1,A bipolar electrode, comprising.: an intermediate layer
comprising one or more carbon materials; 



and                   a first layer and a second layer disposed on opposite
surfaces of the intermediate layer and configured to act as an anode and a
cathode, wherein the first and second layers comprise at least one of one
or more electrically conductive carbon .materials and one or more
conductive polymers. 2.The bipolar electrode of claim 1, further comprising
one OT more cation selective materials disposed on the first layer and one
or more anion selective materials disposed on the second layer.
The bipolar electrode of claim 2, wherein the one or more anion selective
materials are selected from the group consisting of an amine group, a
pyridinium group and combinations thereof, wherein the amine group
comprises one or more of a primary amine, secondary amine, tertiary amine,
and quaternary amine, and wherein the one or more anion selective materials
are selected from the group consisting of a sulfonic group, carboxylic
group, phosphate group, and combinations thereof              4. The
bipolar electrode of claim 1, wherein the intermediate layer is electron
conductive and ion non-conductive, and wherein the carbon materials forming
the intermediate layer comprise one or more of carbon black and graphite,
5. The bipolar electrode of claim 1, wherein the intermediate layer further
comprises a polymer selected from the group consisting of polyethylene
terephthalate, polythene, polypropylene, poly (v invlidenechloride), and
combinations thereof.              6. The bipolar electrode of claim 1.,
wherein the first layer and the second layer comprise the same one or more
electrically conductive carbon materials.  WO 2011/016903PCT/US2010/038129
7, The bipolar electrode of claim 1, wherein the one or more electrically
conductive carbon materials forming the first and second layers are
selected from the group consisting of activated carbon particles, porous
carbon particles, carbon fibers, carbon aerogels, porous mesocarbon
microbeads, carbon nanotubes, carbon cages, and combinations thereof, and
wherein one or more of the conductive polymers are selected from the group
consisting of .polyaniline, polypyrrole, and combinations thereof
8, The bipolar electrode of claim 7, wherein the one or more electrically
conductive carbon materials forming the first and second layers comprise
activated carbon particles, and wherein the first and second layers further
comprise polytetralluoroethylene, 



9.The bipolar electrode of claim 1, ftirther comprising one or more
reinforcement layers disposed on at least one of the first and second
layers, wherein the one or more reinforcement layers are selected from the
group consisting of polyethylene terephthalate (PET), polythene (PE),
polypropylene (PP), poly(vinylidenechloride) (PVC), and combinations
thereof lf.)The bipolar electrode of claim 1, further comprising a
-plurality, of adhesive llyers disposed between the first layer and the
intermediate layer, arl d between the second layer and the intermediate
layer respectively, wherein the adhesive layers comprise at least one of
graphite-based polymer films. carbon black based polymer films, conductive
graphite adhesives, and carbon black adhesi V es, 11,A .supercapaci tor
desalination device, comprising:. a first electrode; a second electrode;
one or more bipolar electrodes disposed between the first and second
electrodes:                   one or more electron-insulating and
ion-conductive spacers disposed between each pair of adjacent electrodes; a
first cun-ent collector configured to contact the first electrode: and 



a second current collector configured to contact the second electrode.
1.2.The supercapacitor desalination device of. claim Ft, wherein each of
the first electrode, the second electrode, and. the bipolar electrode is
configured to adsorb ions in a Charging state and desorb ions in a
discharging state. 13.The supercapacitor desalination device of claim H,
wherein each of the first electrode, the second electrode, and the bipolar
electrode is configured to adsorb ions in a discharging state and desorb
ions in a charging, state. 14The supercapacitor desalmaLion device of
clailn 11, wherein the bipolar electrode comprises an intermediate layer
COM prising one or more carbon materials, and a first layer and a second
layer disposed on two opposite surfaces of the intermediate layer and
configured to act as electrodes, and wherein the first and second layers
comprises at least one of one or more electrically conductive carbon
materials and one or more conductive polymers.              15. The
supercapaci tor desalination device of daim I 4, wherein the one or more
electrically conductive carbon materials are selected from the group
consisting of a.cuvated carbon particles, porous carbon particles, carbon
fibers, carbon aerogels, carbon nanotube,s, carbon cages, porous
me,socarbon microbeads, and combinations thereof, and wherein the one or
more conductive polymers are selected from the group consisting of
polyaniline, polypyrrole, and combinations thereof              16. The
supercapacitor desalination device of claim 14, wherein the first and
second layers further comprise polytetranuoroethylene, 17,The
supercapa.citor desalination device of claim 14, wherein the 



bipolar electrode further comprises one or more reinforcement layers
disposed on at least one of the first and second layers, wherein the one or
more reinforcement layers are selected .from the group consisting of
polyethylene terephthalate (PET), polythene (PE), polypropylene (PP),
poly(vinylidenechloride) (PVC), and combinations thereof,  WO
2011/016903PCT/US2010/038129 18,The supercapacitor desalination device of
claim 14, wherein the bipolar electrode further comprises a plurality of
adhesive layers disposed between the first layer and the intermediate
layer, and between the second layer and the intermediate layer
respectively, and wherein the adhesive layers comprise at least one of
carbon-based polymer films and carbon conductive adhesives, 19.The
supercapacitor desalination device of claim 14, wherein the first and
second electrodes comprise the same electrically conductive materials as
the first and second layers. 20,The supercapaci tor desalination device of
claim 14, further comprising one or more cation selective materials
disposed on the first layer and one or more anion selective materials
disposed on the second layer,              21. The supercapacitor
desalination device of claim 20, wherein the one or more anion selective
materials are selected from the group consisting of an amine group, a
pyridinium group and combinations thereof, wherein the amine group
comprises one or more of a pinnary amine, secondary amine, tertiary amine,
and quaternary amine, and wherein the one or more anion selective materials
are selected from the group consisting of a sulfonic group, carboxylic
group, phosphate group, and combinations thereof              22. A method
for manufacturing a functional electrode, the method comprising:
providing and stirring a mixture comprising a solvent and at least one of
one or more carbon materials and one or more conductive polymers to form a
dispersion of the at least one of the one or more carbon materials and the
one or more conductive polymers in the solvent; 



adding at least one binder into the dispersion to provide a resultant
mixture and stirring the result= mixture; processing the resultant- mixture
to form a plurality of electrode sheets:, and attaching the electrode
sheets on opposite surfaces of an intermediate layer.  WO
2011/016903PCT/US2010/038129 23,The method of claim 2.2., wherein the
functional electrode comprises a bipolar electrode, and wherein the hinder
comprises non-fibrillated polytetrall uoroethylene.              24. The
method of claim 22, Wherein the mixture further comprises one or more of
carbon fibers, conductive carbon black, and carbon nanotubes,
25. The method of claim 22, wherein the solvent comprises water, ethanol,
and combinations thereof              26. The method of claim 22, wherein
processing the resultant mixture comprises mixing one or more pore-tbrming
agents with different particles sizes and the resultant mixture with
another solvent to form a mixed paste and processing the mixed paste to
form the electrode sheets. 



27. The method of claim 26, wherein the one or more pore-forming agent are
selected from the group consisting of sodium chloride, ammonium chloride,
potassium chloride, calcium chloride, sodium carbonate, potassium
carbonate, calcium carbonate, ammonium carbonate, ammonium acid carbonate,
titanium oxide, zinc oxide, and combinations thereof              28. The
method of claim 26, wherein processing the mixed paste comprises
calendering the mixed paste to form a calendered sheet, immersing the
calendered sheet into deioni zed water to remove the one or more
pore-forming agents, drying the calendered sheet after removal of the one
or more pore-forming agents, and shaping the calendered sheet into the
electrode sheets after drying.                   The method of claim 22,
further comprising attaching one or more reinforcement layers disposed on
at least one of the electrode sheets, vherein the one or more reinforcement
layers are selected from the group consisting of polyethylene terephthalate
(PET), polythene (PE), polypropylene (PP), pol y(v nyI i de n echl ori de)
(PVC), and com bi n at i on' thereof WO 2011/016903PCT/US2010/038129 30,The
method of claim 22, further comprising disposing one or more anion
selective materials and one or more cation selective materials on the
respective  electrode sheets. 31.The method of claim 30, 'herein the one or
more anion selective materials are selected from the group consisting of an
amine group, a pyridinium group and combinations thereof, wherein the amine
group comprises one or more of a primary amine, secondary amine, tertiary
amine, and quaternary amine, and wherein the one or more anion selective
.materials are selected from the group consisting of a sulfortic group,
carboxylic group, phosphate group.. and combinations thereof 32,The method
of claim 22, wherein the one or more carbon materials are selected from the
group consisting of activated carbon particles, carbon aerogels., carbon
nanotubes, carbon cages, carbon fibers, porous carbon particles, porous
mesocarbon microbeads, and combinations .thereof, and wherein the one or
more conductive polymers are selected from the group consisting of
.polyaniline, polypyrrole, and combinations thereof. 33.The method of claim
22, wherein the intermediate layer comprise one or more of carbon black,
graphite, and a polymer, and wherein the polymer is selected from the group
consisting of polyethylene terephthalate, polythene, polyprop?,lene,
poly(virtylidenechloride), and combinations thereof 




