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SUPERCAPACITOR DESALINATION CELLS, DEVICES AND METHODS

BACKGROUND

[6001] This invention relates generally to supercapacitor desalination (SCD)
cells, devices and methods. More particularly, this invention relates to supercapacitor

desalination cells, devices and methods using ion selective layers.

[{6002] SCD devices generally 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 level for domestic and industrial use. Generally, a
supercapacitor desalination cell has a double layer construction, in which a pair of
electrodes typically comprising particulate activated carbon or other conductive high
surface area materials are separated by a spacer. The structure of the typical
supercapacitor cell further comprises electrically conductive current collector

elements in intimate contact with the respective electrodes.

[6003] In certain applications, the supercapacitor desalination cells employ a
plurality of ion selective layers in intimate contact with respective electrodes to
facilitate adsorption and desorption of cations and anions in electrolytes to and from
the electrodes when such supercapacitor desalination cells are in charging and
discharging states, respectively. However, in current applications, the ion selective
layers have more selectivity for polyvalent ions than to monovalent ions since the
polyvalent ions generally have higher polarities than those of the monovalent ions,

which is disadvantageous for removal of the monovalent ions.

{6004] Additionally, when calcium cations and magnesium cations are
selectively removed, divalent ions are preferentially attracted to the electrodes via the
respective ion selective layers causing high concentrations of Ca®" and Mg”', and high
concentrations of S04 and CO;” at respective electrodes. This causes decrease of
pH values in surfaces of cathodes, such as carbon cathodes during charging resulting
in scale formation within the electrodes, and/or between the electrodes and the ion

selective layers.
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[06065] Therefore, there is a need for new and improved supercapacitor
desalination cells, devices and methods equipped with ion selective layers for removal
of one or more monovalent ions and avoiding scale formation within the

supercapacitor desalination cells and devices.

BRIEF DESCRIPTION
{6606} A supercapacitor desalination cell is provided in accordance with one

embodiment of the invention. The supercapacitor desalination cell comprises a first
glectrode, a second electrode, a spacer disposed between the first and second
electrodes, and a monovalent ion selective layer disposed on at least one of the first

and second electrodes.

[0067] A supercapacitor desalination device is provided in accordance with
another embodiment of the invention. The supercapacitor desalination device
comprises one or more supercapacitor desalination stacks in fluid communication
with each other in series and one or more insulating separatérs disposed between each
pair of adjacent supercapacitor desalination cells. At least one of the one or more
supercapacttor desalination stacks comprises a plurality of supercapacitor desalination
cells stacked together and at least one of the supercapacitor desalination cells
comprises a first electrode, a second electrode, a spacer disposed between the first and
second electrodes, and a monovalent ion selective layer disposed on at least one of the

first and second electrodes.

{6008} Another aspect of the invention provides a supercapacitor desalination
device. The supercapacitor desalination device comprises one or more supercapacitor
desalination stacks in fluid communication with each other in series. At least one of
the one or more supercapacitor desalination stacks comprises a first electrode, a
second electrode, one or more bipolar electrodes disposed between the first and
second electrodes, and one or more spacers disposed between each pair of adjacent
electrodes. The at least one of the one or more supercapacitor desalination stacks
further comprises a monovalent ion selective layer disposed on at least one of the first

electrode, the second electrode and the one or more bipolar electrodes.
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[0009] A method for desalination of a liquid is further provided in accordance
yet another embodiment of the invention. The method comprises providing a
supercapacitor desalination apparatus and passing the liquid through the desalination
apparatus for desalination. The supercapacitor desalination apparatus comprises a
first electrode, a second electrode, a spacer disposed between the first and second
electrodes, and a monovalent ion selective layer disposed on at least one of the first

and second electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

{6016} The above and other aspects, features, and advantages of the present
disclosure will become more apparent in light of the subsequent detailed description

when taken in conjunction with the accompanying drawings in which:

0011} FIGS. 1-3 are schematic diagrams of a SCD cell in accordance with

various embodimenis of the invention;

{6012} FIGS. 4-9 are schematic diagrams of a SCD device in accordance with

various embodiments of the invention; and

[0013] FIG. 10 15 a schematic diagram of the SCD device in accordance with

one embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

{6014} Embodiments of the present disclosure are described herein with
reference to the accompanying drawings. In the subsequent description, well-known
functions or constructions are not described in detail to avoid obscuring the disclosure

in unnecessary detail.

[6015] FIG. 1 illustrates a schematic diagram of a SCD cell (or apparatus) 10
in accordance with one embodiment of the invention. As depicted in FIG. 1, the SCD
cell 10 comprises a first current collector 11, a second current collector 12, a first
electrode 13, a second electrode 14, a spacer 15, a monovalent anion selective layer
16 and a monovalent cation selective layer 17. The first and second electrodes 13 and

3
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14 are in intimate contact with the first and second current collectors 11 and 12,
respectively. The spacer 15 is disposed between the monovalent anion selective layer

16 and the monovalent cation selective layer 17.

0016} In some examples, the first current collector 11 may be connected to a
positive tenminal of a power source (not shown), and the second current collector 12
may be connected to a negative terminal of the power source, so that the first
~electrode 13 may act as a positive electrode (anode) and the second electrode 14 may
act as a negative electrode (cathode). Accordingly, for the illustrated arrangement,
the monovalent anion selective layer 16 is in intimate contact with the anode 13 and

the monovalent cation selective layer 17 is intimate contact with the cathode 14.

{6017} It should be noted that the arrangement in FIG. 1 is merely illustrative.
In other examples, the first electrode 13 and the second electrode 14 may act as a
cathode and an anode respectively, so that the monovalent anion selective layer 16
and the monovalent cation selective layer 17 are disposed on the anode 14 and the
cathode 13, respectively. Although illustrated separately in FIG. 1, in some
applications, the first electrode 13 and the monovalent anion selective layer 16, and
the second electrode 14 and the monovalent cation selective layer 17 may be

- integrated together respectively to act as a cathode and an anode.

j6818] In certain applications, the first current collector 11 and/or the second
current collector 12 may not be employed, so that the first electrode 13 and/or the
second electrode 14 may be connected to a power source, and function as both
electrodes and current collectors. Additionally, as used herein, the term “layer” may

not indicate a particular thickness of the material.

{6819} For some arrangements, the current collectors 11 and 12 may be
configured as a plate, a mesh, a foil, or a sheet and formed from a metal or metal
alloy. Non-limiting examples of the metal include titanium, platinum, iridium, or
rhodium. In one example, the metal alloy includes stainless steel. In other examples,
the current collectors 11 and 12 may comprise graphite or a plastic material, such as a

polyolefin. Additionally, the plastic current collectors 11 and 12 may be mixed with
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conductive carbon blacks or metallic particles to achieve a certain level of

conductivity.

{6026} The first and second electrodes 13, 14 may be in the form of plates that
are disposed parallel to each other to form a stacked structure. Alternatively, the
electrodes 13, 14 may have varied shapes, such as a sheet, a block, or a cylinder, and
may be arranged in varying configurations. For example, the first and second
electrodes may be disposed concentrically with a spiral and continuous space

therebetween,

{0021} The first and second electrodes 13, 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 ome or more carbon materials, Non-limiting
examples of the carbon materials include activated carbon particles, porous carbon
particles, carbon fibers, carbon aerogels, 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 applications, 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 printing.

6022} The spacer 15 may comprise any ion-permeable, electronically
nonconductive material to separate the first electrode 13 and the second electrode 14.
In non-lumiting examples, the spacer 15 may have or themselves may be spaces to
form flow channels through which a liquid passes between the first electrode 13 and

the second electrode 14,

{6623] In embodiments of the invention, the monovalent anion selective layer

16 may be configured to produce a monovalent anion conductive transporting

pathway to and from the electrode 13. The monovalent cation selective layer 17 may

be configured to produce a monovalent cation conductive transporting pathway to and

from the electrode 14. Accordingly, during charging and discharging cycles, a
5
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relatively small amount of energy may be consumed fo adsorb and dissociate
monovalent anions and cations in a fluid (an electrolyte) to and from respective

surfaces of the first and second electrodes 13, 14,

[0024) In non-limiting examples, the monovalent anion selective layer 16
and/or the monovalent cation selective layer 17 may be freestanding to be disposed on
the respective electrodes 13, 14, Alternatively, the monovalent anion selective layer
16 and/or the monovalent cation selective layer 17 may be coated on the surfaces of
the respective electrodes 13, 14 in the form of membranes. In certain applications, the
monovalent anion selective layer 16 and/or the monovalent cation selective layer 17

may disperse into the respective electrodes 13, 14.

{6025] In non-limiting examples, suitable materials for use in the monovalent
anton selective layer 16 may include crosslinked copolymers derived from
vinylbenzyichlonide (VBC), dibutyl amine (DBA), tributyl amine (TBA), and
divinylbenzene (DVB). In one cxample, during making the monovalent anion
selective layer 16, the monomer of the vinylbenzyichloride (110.3g, 0.701mol), the
monomer of the dibutyl amine (86.3g, 0.484mol) and the monomer of tributyl amine
{117.7g, 0.629mol} are mixed while the divinylbenzene (86.3g), propylene glycol (PG)
{92.5g), and methylhydroguione (MEH(Q)} (500ppm) are added therein as a crosslinker,
a solvent, and an inhibitor respectively for reaction at a temperature of about 65°C-
70°C for about 3 hours to form a reaction mixture. Subsequently, a tert-Butyl peroxy-
2-ethylhexanoate (2wt%) solution is added into the reaction mixture as an initiator to
form a mixture. Then, the mixture is coated on a surface of the electrode and
polymerized at about 85°C for about 1 hour to form the monovalent anion selective

layer 16 on the electrode,

{8626] Suitable matenials for use in the monovalent cation selective layer 17
may include crosslinked copolymers derived from acrylamidomethylpropane sulfonic
acid (AMPS) and ethylene glycol dimethacrylate (EGDMA). In one example, during
making the monovalent cation selective laver 17, the monomer of the
acrylamidomethylpropane sulfonic acid (380g, 1.84moles) and a crosslinker of the

cthylene glycol dimethacrylate (360g, 1.82moles) are mixed with vinylbenzyl
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chlonide (VBC) or glycidyl methacrylate (GMA) (5wt%) in the presence of a solvent
of n-methylpyrrolidone to form a first mixture. Subsequently, the first mixture is
added with an initiator of a tert-Butyl peroxy-2-cthylhexanoate (1.5w1%) solution to
form a second mixture. Then, the second mixture is coated on a surface of the
electrode and polymerized at a temperature of about 85°C for about 1 hour to form the
copolymer on the electrode. Next, the electrode 14 coated with the copolymer is
soaked in a polyethyleneimine (PEI) (1wt%) solution at a temperature about 60°C for

about 5-10 hours to form the monovalent cation selective layer 17 on the electrode.

{6627} As illustrated in FIG. 1, an input liquid 18 passes through between the
first electrode 13 and the second electrode 14, In some examples, the input liquid 18
may have charged species including monovalent and polyvalent charged ions. During
a charging state, the monovalent cations move towards the cathode 14 through the
monovalent cation selective layer 17 and the monovalent anions move towards the
anode 13 through the monovalent anion selective layer 16. The polyvalent charged
ions remain in the input liquid 18 since the monovalent ion selective layers 16, 17 are
impassable for the polyvalent charged ions. As a result of the charge accumulation
inside the SCD cell 10, an output liquid 19, which is a dilute liquid from the SCD cell
10, has a lower concentration of the monovalent charged species as compared to the

input hiquid 18.

[6028] During a discharging state, the adsorbed monovalent ions dissociate
from the respective surfaces of the electrodes 13 and 14. In certain applications, in
this state, the polarity of the first and second electrodes 13 and 14 are reversed, so that
the monovalent ions adsorbed in the charging state move towards the opposite
electrodes. As a result, an output stream (not shown) may have a higher concentration

of the monovalent charged species compared to an input stream (not shown).

{0029} Accordingly, in the illustrated example, due to the presence of the
monovalent ion selective layers 16, 17, the monovalent ions are removed from the
input liquid 18 with lower energy consumption and the polyvalent ions remain in the

output liquid 19 based on certain applications. For example, the arrangement shown
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in FIG. 1 may be employed to produce monovalent salts, such as sodium chloride

salts.

{6030} In some embodiments, only one of the monovalent anion selective
layer 16 and the monovalent cation selective layer 17 is employed. In this case, an
ion selective layer may be provided within a SCD cell to be paired with the respective
one of the monovalent ion selective layers 16, 17. As used herein, the term “ion
selective layer” may indicate an ion selective layer configured to be passable for not

only the monovalent ions but also the polyvalent ions.

[0031} FIG. 2 is a schematic diagram of a SCD cell 20 in accordance with
another embodiment of the invention. It should be noted that the arrangements in
FIGS. 2-10 are merely illustrative. The same numerals in FIGS. 2-10 may indicate

similar elements.

[6032] As illustrated in FIG. 2, the arrangement is similar to the arrangement
in FIG. 1. The two arrangements differ in that the SCD cell 20 in FIG. 2 include an
anion selective layer 21 to be paired with a monovalent cation selective layer 17 for
desalination of a liquid. Alternatively, as illustrated in FIG. 3, a SCD cell 30
comprises a cation selective layer 22 employed to be paired with a monovalent anion

selective layer 16 thereof for desalination of a liquid.

{6033] In some examples, the anion selective layer 21 may indicate an ion
selective layer configured to be passable for not only the monovalent anions but also
the polyvalent anions. The cation selective layer 22 may indicate an ion selective
layer configured to be passable for not only the monovalent cations but also the
polyvalent cations. In certain applications, the ion selective layers 21, 22 may have
higher selectivity for the polyvalent ions than for the monovalent ions. Ia non-
limiting examples, the anion selective layer 21 and the cation selective layer 22 may

be polyvalent ion selective layers.

[6¢34] For certain arrangements, suitable materials for the anion selective
layer 21 may include an ionic polymer including an anion group, such as a quaternary

amine group, for transmission of the anions. The cation selective layer 22 may

8
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comprise an ionic polymer including an anion group, such as a carboxylic acid group
(COG’) group, for transmission of the cations. Other descriptions of the suitable
matenials for the anion and cation selective layers can be found in a patent application
of EP 0757586 B1, which is hereby incorporated by reference.

18035] For the illustrated arrangement in FIG. 2, during a charging state, when
an input liquid 18 passes through between the first electrode 13 and the second
electrode 14, at least a portion of the monovalent cations in the input liquid 18 pass
through the monovalent cation selective layer 17 to accumulate on the electrode 14.
A larger portion of the polyvalent anions and a small portion of the monovalent
anions in the input liguid 18 pass through the anion selective layer 21 to accumulate
on the electrode 13. Due to the presence of the monovalent cation selective layer 17,

the polyvalent cations may remain in an output liquid 19.

(6036} Similarly, for the illustrated arrangement in FIG. 3, during a charging
state, at least a portion of the monovalent anions in the input liquid 18 pass through
the monovalent anion selective layer 16 to accumulate on the electrode 13. A larger
portion of the polyvalent cations and a small portion of the monovalent cations pass
through the cation selective layer 22 to accumulate on the electrode 14. Due to the
presence of the monovalent anion selective layer 16, the polyvalent cations remain in

an output ligmid 19,

16037] For example, for the arrangement in FIG. 2, the input liquid 18, which
contains the charged ions including, but not limited to SO4*, Ca**, Na' and CI, passes
through the SCD cell 20. The anion selective layer 21 has higher selectivity for the
polyvalent anions, so that a larger portion of SO4” ions and a small portion of Cl” ions
pass through the anion selective layer 21 for adsorption to the electrode 13.
Meanwhile, due to the presence of the monovalent cation selective layer 17, at least a
portion of Na' ions are adsorbed to the electrode 14. Thus, a larger portion of SO
ions are removed from the input liquid 18 without precipitating the less soluble salts,
such as CaS0,, and Ca*" ions and/or a portion of CI” ions may remain in the output

liquid 19.

9
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[0638] Similarly, for the arrangement in FIG. 3, when the input liquid 18
passes through the SCD cell 30, the cation selective layer 22 has higher selectivity for
the polyvalent cations, so that a larger portion of Ca’* ions, a small portion of Na’
ions are removed from the input liguid 18. Meanwhile, due to the monovalent anion
layer 16, at least a portion of Cl ions are also removed. The S0,% ions and/or a
portion of Na' ions may remain in the output liquid 19. Thus, for the illustrated
arrangements in FIGS, 2-3, scale formation may be alleviated or avoided in the SCD

cells.

{6039} In some applications, more than one SCD cell may be provided in
series, so that an output liquid from a SCD cell may be reintroduced into a next SCD
cell for further desalination, and for such arrangements, the SCD cells having the

same or different configurations.

[6040] FIGS 4-9 illustrate schematic diagrams of a SCD device in accordance
with various embodiments of the invention. As depicted in FIG. 4, a SCD device 40
comprises a SCD stack 31. The SCD stack 31 comprises a plurality of the SCD cells
10 configured in parallel so as to be stacked together with one or more insulating

separators 32 disposed between each pair of adjacent stacked SCD cells 10.

{6041} The arrangements in FIGS.5-7 are similar to the arrangement show in
FIG. 4 and the arrangements in FIGS. 4-7 differ in that a SCD stack 33 in FIG. 5
comprises a plurality of SCD cells 20 stacked together with one or more insulating
separators 32 disposed between each pair of adjacent stacked SCD cells 20. A SCD
stack 34 in FIG. 6 comprises a plurality of SCD cells 30 stacked together with one or
more insulating separators 32 disposed between each pair of adjacent stacked SCD
cells 30.

{8042} As depicted in FIG. 7, a stack 35 comprises a pair of the SCD cells 10
and one SCD cell 20 stacked together with a plurality of insulating separators 32
disposed therebetween. It should be noted that the arrangement in FIG. 7 is merely
illustrative. In some applications, the SCD stack 35 may comprise two or more of one
or more SCD cells 10, one or more SCD cells 20, and one or more SCD cells 30
stacked together. In certain applications, the SCD stack 35 may comprise one or more

10
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SCD cells each comprising the cation selective layers 21 and the anion selective
lavers 22, and one or more of the one or more SCD cells 10, the one or more SCD
cells 20 and the one or more SCD cells 30. For example, as illustrated in FIG. &, the
SCD stack 35 comprises one SCD cell 10 disposed between two SCD cells each

comprising the cation selective layers 21 and the anion selective layers 22.

{6043] Thus, the arrangements shown in FIGS. 4-8 may be used for
desalination of a large amount of the input liquid based on different applications. In
other examples, as illustrated in FIG. 9, similar to the arrangements in FIGS. 4-8, a
SCD stack 36 may be provided and comprise first and second electrodes 13, 14, a pair
of current collectors 11, 12 attached to the respective electrodes 13, 14, one or more
bipolar electrodes 37 disposed between the pair of electrodes, and a plurality of
spacers 15 disposed between each of the pairs of adjacent electrodes. Each bipolar
electrode has a positive side and a negative side, separated by an ion-impermeable
layer. A plurality of the monovalent selective layers 16, 17 disposed on the first
electrode 13, the second electrodes 14 and/or one or two surfaces of at least one of the
one or more bipolar electrodes 37. In certain applications, one or more of the
monovalent anion layers 16 or one or more of the monovalent cation layers 17 may
not be employed. One or more of the anion selective layers 21 and/or one or more of
the cation selective layers 22 may be employed. Additionally, one or more bigﬁ@lar

electrodes may be employed in the one or more arrangements shown in FIGS. 4-8.

[6044] In some examples, the one or more bipolar electrodes may not be
limited to any particular bipolar electrodes. In non-limiting examples, other
descriptions of the bipolar electrode can be found in a publication application of
US/20110024287, which has the same assignee as this application and the contents of

which are hereby incorporated by reference.

{6045} For some arrangements, the SCD device 40 may comprise more than
one SCD stacks disposed in series, so that an output liquid from one SCD stack (a
first SCD stack) may be reintroduced into a next SCD stack (a second stack) for
further desalination. In some examples, the SCD device 40 may comprise a plurality

of the same SCD stacks disposed in series. In other examples, the SCD device 40

11
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may comprise a plurality of the SCD stacks disposed in series and having different
configurations. For example, the SCD device 40 may comprise two or more of the
one or more SCD stacks 31, the one or more SCD stacks 33, the one or more SCD
stacks 34, the one or more SCD stacks 35 and the one or more SCD stacks 36, which

are in fluid communication in series.

[6046] In one non-limiting example, as depicted in FIG. 10, the SCD device
40 comprises the SCD stacks 34 and 33 in fluid communication with each other.
Thus, during a charging state, when an input lquid 18 passes through the SCD stack
(a first SCD stack) 34, which contains charged ions including, but not limited to SO,
Ca®*, Na* and CI', a larger portion of Ca®" ions, a small portion of Na™ ions, and at
least a portion of CI ions are removed, so that the output liguid 19 has lower
concentration of the Ca®’, Na* and CI' ions compared to the mput liquid 8. The

SO4* ions remain in an output liguid 19.

16047} Subsequently, the output liquid 19 is mtroduced into the SCD stack (a
second SCD stack) 33, the residual Na* ions and the 804% ions are accumulated on
the surfaces of the respective electrodes 50 as to be removed from the output liquid 19
to produce a product stream 38.  In certain applications, the output liquid 19 may be
recirculated into the SCD stack 34 for further desalination before being reintroduced
into the SCD stack 33 and/or the product stream 38 may be recirculated into the SCD

stack 33 for further desalination.

{6048} During a discharging state, when two input streams (not shown) are
introduced into the SCD stacks 34 and 33 respectively, a first output stream from the
SCD stack 34 may have a higher concentration of Ca®" and CI' ions, and a second
output stream from the SCD stack 33 may have higher concentrations of the S04~

and Na' ions.

16049] Accordingly, in embodiments of the invention, the SCD device 40 may
be employed to desalinate a larger amount of the input liquid 18 and selectively
remove the polyvalent and monovalent ions. Compared with conventional SCD
devices, a relatively low energy may be consumed and precipitation of the less soluble

salts may be avoided so as to alleviate and/or avoid scale formation.

12
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[60506] While the disclosure has been illustrated and described in typical
embodiments, it is not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the
spirit of the present disclosure. As such, further modifications and eguivalents 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

through the spirit and scope of the disclosure as defined by the subsequent claims.
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WHAT IS CLAIMED I5S:

I. A supercapacitor desalination cell, comprising:

a first electrode;

a second electrode;

a spacer disposed between the first and second electrodes; and

a monovalent ion selective layer disposed on at least one of the first

and second electrodes.

2. The supercapacitor desalination cell of claim 1, further
comprising a first current collector configured to contact the first electrode and a

second current collector configured to contact the second electrode.

3. The supercapacitor desalination cell of claim 1, wherein the
monovalent ion selective layer comprises a monovalent anion selective layer and a
monovalent cation selective layer, and wherein the monovalent anion selective layer
and the monovalent cation selective layer are disposed on the respective first and

second electrodes so as to be paired with each other.

4, The supercapacitor desalination cell of claim 1, wherein the
monovalent ion selective layer is disposed on one of the first and second electrodes,
and wherein the supercapacitor desalination cell further comprises an ion selective
layer disposed on one of the first and second electrodes to be paired with the

monovalent ion selective layer.

5. The supercapacitor desalination cell of claim 4, wherein the ion

selective layer comprises a polyvalent ion selective layer.

6. A supercapacitor desalination device, comprising:
one or more supercapacitor desalination stacks in fluid communication
with each other in series, at least one of the one or more supercapacitor desalination
stacks comprising:
a plurality of supercapacitor desalination cells stacked together,

at least one of the supercapacitor desalination cells comprising:

i
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a first electrode,
a second electrode,
a spacer disposed between the first and second
electrodes, and
a monovalent ion selective layer disposed on at least
one of the first and second electrodes; and
one or more insulating separators disposed between each pair

of adjacent supercapacitor desalination cells.

7. The supercapacitor desalination device of claim 6, wherein the
at least one of the supercapacitor desalination cells further comprises a first current
collector configured to contact the first electrode and a second current collector

configured to contact the second electrode.

8. The supercapacitor desalination device of claim 7, wherein the
monovalent ion selective layer comprises a monovalent anion selective layer and a
monovalent cation selective layer, and wherein the monovalent anion selective layer
and the monovalent cation selective layer are disposed on the respective first and

second electrodes to be paired with each other.

g, The supercapacitor desalination device of claim 7, wherein the
monovalent ion selective layer is disposed on one of the first and second electrodes,
and wherein the at least one of the supercapacitor desalination cells further comprises
an ion selective layer disposed on one of the first and second electrodes to be paired

the monovalent ion selective layer.

10, The supercapacitor desalination device of claim 9, wherein the
ion selective layer comprises a cation selective layer and wherein the monovalent ion

selective layer comprises a monovalent anion selective layer.

I1.  The supercapacitor desalination device of claim 9, wherein the
ion selective layer comprises an anion selective layer and wherein the monovalent ion

selective layer comprises a monovalent cation selective layer.
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12.  The supercapacitor desalination device of claim 6, wherein the
supercapacitor desalination device comprises two or more supercapacitor desalination
stacks in fluid communication with each other in series, at least one of the two or
more supercapacitor desalination stacks comprising:

a first electrode;

a second electrode;

one or more bipolar electrodes disposed between the first and
second electrodes;

a monovalent ion selective layer disposed on at least one of the
first electrode, the second electrode and the one or more bipolar electrodes; and

one or more spacers disposed between each pair of adjacent

electrodes.

13.  The supercapacitor desalination device of claim 6, wherein
supercapacitor desalination cells further comprise at least one supercapacitor
desalination cell comprising a cation selective layer and an anion selective layer to be
disposed on respective electrodes with a spacer disposed between the cation and anion

selective layers.

14, A su;:emapacitbr desalination device, comprising:
one or more supercapacitor desalination stacks in fluid communication
with each other in series, at least one of the one or more supercapacitor desalination
stacks comprising:
a first electrode;
a second electrode;
one or more bipolar electrodes disposed between the first and
second electrodes;
a monovalent ion selective layer disposed on at least one of the
first electrode, the second electrode and the one or more bipolar electrodes; and
one or more spacers disposed between each pair of adjacent

glectrodes.

1%
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15.  The supercapacitor desalination device of claim 14, wherein the
at least one of the supercapacitor desalination stacks further comprises a first current
collector configured to contact the first electrode and a second current collector

configured to contact the second electrode.

16.  The supercapacitor desalination device of claim 15, wherein the
monovalent ion selective layer comprises at least one monovalent anion selective

layer and at least one monovalent cation selective layer.

17.  The supercapacitor desalination device of claim 15, wherein the
at least one of the one or more of the supercapacitor desalination stacks comprises an
ion selective layer disposed on at least one of the first electrode, the second electrode
and the one or more bipolar electrodes to be paired with the monovalent ion selective

layer.

18. A method for desalination of a liquid, comprising:

providing a supercapacitor desalination apparatus comprising a first
electrode, a second electrode, a spacer disposed between the first and second
electrodes, and a monovalent ion selective layer disposed on at least one of the first
and second electrodes; and

passing the liquid through the supercapacitor desalination apparatus for

desalination.

19. The method of claim 18, wherein the supercapacitor
desalination apparatus further comprises a first current collector to contact the first

electrode and providing a second current collector to contact the second electrode.

20.  The method of claim 18, further comprising providing one or
more bipolar electrodes disposed between the first and second electrodes, and wherein

the one or more spacers are disposed between each pair of adjacent electrodes.

17
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