
ION-EXCHANGE DEVICE AND REGENERATION METHOD OF ION- EXCHANGE MATERIAL
THEREOF BACKGROUND 100011Embodiments of the invention generally relate to
the ion exchange technology, and more particularly.. to an ion-excharme
device utilizing ion-exchange materials and a regeneration method of the
ion exchange materials. 100021ion exchange materials are used to .remove or
replace dissolved solids, ions or other charged species in solutions, for
example, for producing high purity water, for deionization of waste water,
for water softening Ion exchange materials typically comprises two types,
namely cation-exchange and anion-exchange material, both types generally
being solids or gels which comprise .replaceable ions, or which chemically
react with :specific ions in the solution, 100031When the ion exchange
materials are saturated with ions extracted from the source solution, the
ion exchange materials can not perform ion exchanging any more, or results
in a low efficiency of ion exchanging. Accordingly, ion exchange materials
need to he regenerated to remove the extracted ions from the ion exchange
materials. One convention regeneration method of ion exchange materials is
a chemical method which has a rinsing step using acidic solutions or
concentrated salt solution e.g saturated sodium chloride solution) for
cation-exchanae material and basic solutions for anion-exchange material to
replace the extracted ions. However, in order to have a complete
regeneration of the ion exchange materials, the acidic solutions and basic
solutions usually include excessive ions, which result in a waste acid or a
waste base, which is considered to be hazardous waste and requires
additional treatment before discharge to the environment. Another
conventional regeneration method of ion exchange materials is an
electrochemical method which splits water into H+ and OH-under DC current
and then regenerating the ion exchange materials by the H+ and OH-. Similar
to that discussed with respect to the chemical method, in order to have a
complete regeneration of the ion exchange materials, the produced H+ and
OH- are generally excessive, and result in a waste acid or a waste base. In
addition, the electrolysis or water splitting process consumes a
considerably large electricity due to the low efficiency of electrochemical
water splitting. 



[0004jIn a word, the conventional ion exchange resin regeneration methods
are not efficient and costly. It may be desirable to have an ion exchange
device and a regeneration method that differs from those conventional
assemblies and methods. BRIEF DESCRIPTION 10005]One aspect of the invention
discloses an electrochemical device. The electrochemical device comprises
an electrochemical cell. The eltx:trochemical cell comprises a composite
cation-exchange member including a conductive base and a cation-exchange
material in .physical contact with the conductive base, a composite
anion-exchange member including a conductive base and an anion-exchange
material in physical contact with the cond.uctive base; and a compartment
between the composite cation-ex.change and anion-exchange members. The
compartment comprises an inlet for introducing a feed stream, and an outlet
for exiting of an output. stream out of the compartment. The
electrochemical device comprises a control device configured to transmit an
electrical current to the composite cation-exchange and anion-exchange
members at a regeneration stage in a manner that the conducfive base OR the
composite cation-exchange member loses electrons and the conductive base on
the composite anion-exchange member gains electrons. [0006jAnother aspect
of the imention discloses an electrochemical assembly. The electrochemical
assembly comprises a casing, and a plurality of composite ion-exchange
members arranged in parallel in the casing. The plurality of composite
ion-exchange members defines a plurality of compartments between every two
adjcent composite ion-exchange members, and comprises at least one bipolar
composite member between two compartments. The bipoar member comprises at
least one conductive base, a cation-exchange material on one side, and an
anion-exchange material on the other side. The electrochemical assembly
further comprises a control device configured to transmit a current at a
regeneration stage in a manner that the conductive base on the
cation-exchange side of the bipolar composite member loses  electrons and
the conductive base on the anion-exchange side of the bipolar composite
member gains electrons. [00071Still another aspect of the invention
discloses a regeneration method of an 



ion exchange material which is positively or negatively charged and have
absorbed negative or positive species. The regeneration method comprises
bonding the ion-exchange material material to a high-surface-area
conductive base, and exerting an electrical current to the
high-surface-area conductive base to drive electrons to flow to or from the
high-surface-area conductive base to expel absorbed species from the
ion-exchange material into a solution,. [00081Still another aspect of the
invention discloses an electrochemical process. The electrochemical process
comprises a deionization stage and a regeneration stage. The deionization
stage comprises introducing a feed stream into a compartment, absorbing
dissolved cations or anions on an ion-exchange material, and exiting a
dilute stream out of the compartment. The regeneration stage comprises
Physically contacting the ion-exchange material to a conductive base, and
exerting an electical current to a conductive base, and causing the
conductive base to lose electrons to expel anions absorbed on the
ion-exchange material, or causing the conductive base to gain electrons to
expel cations absorbed on the ion exchange material. 'DRAWINGS 100091In the
accompanying drawings like characters represent like parts throughout the
drawings, wherein: 10010]FIG. 1 illustrates an electrochemical device
according to one embodiment of the invention. 10011]FIG. 2 illustrates an
enlarged view of a portion A of the electrochemical device in FIG. 1 at a
de-ionization stage according to one embodiment of the invention. 



[0012jFIG. 3 illustrates the enlarged view of the portion A of the
electrochemical device in FIG. I at a regeneration stage according to one
embodiment of the invention.  WO 2010/077448PCT/US2009/064397 [0013]FIG, 4
illustrates an exemplary configuration for regeneration of a catio exchange
material. [001411FIG, 5 illustrates an electrochemical device according to
one embodiment of the .invention, 10015]FIG. 6 illustrates an
electrochemical device according to another embodiment of the MY enti on. 



100161FIG. 7 illustrates an enlarged view of a bipolar composite member
according to one embodiment of the invention. DETAILED DESCRIPTION
[0017]The invention includes embodiments that relate to an electrochemical
device and an electrochemical device utilizing ion exchange materials. The
invention includes embodiments that relates to a regeneration method for
ion exchange materials. 10018]Referring to FIG, I. an electrochemical
device 10 according to one embodiment of the invention comprises an
electrochemical cell 11. The electrochemical cell 11 comprises a composite
cation-exchange member 12. a composite anion-exchange meniber 14, and a
compartment 16 between the composite cation-exchange and anion-exchange
members 12 and 14, The electrochemical device 10 comprises a control device
17 comprising a power source 18 operable to transmit current to the
composite cation-exchange and anion-exchange members 12 and 14. In one
embodiment, the compartment 16 includes rn inlet 20 for introducing a feed
stream 22 containing ion species into the compartment 16, and an outlet 24
for exiting an output stream 26 out of the compartment 16. In certain
embodiments, the output stream 26 is a dilute stream at a deionization
stage and is a concentrated solution at a regeneration stage, which will be
discussed in detaiHater. In certain embodiments, the control device 17
further comprises a switch or relay 28 which is, in one embodiment, a
bidirectional switch for controlling connection and disconnection of the
composite: cation-exchange and anion-e:xchange members 12 and 14 with the
power source 18.  WO 2010/077448PCT/US2009/064397 [0019jIn one embodiment,
the composite cation-exchange and anion-exchange 



members 12 and 14 are planar. In another embodiment, the composite cation-
exchange and anion-exchange members 12 and 14 are cylindrical.At the
regeneration stage, the composite cation-exchange and anmembers 12 and 14
respectively electrically couple to a positive terminal and a negative
terminal of the power source 18. At the deionization stage, the
bidirectional switch 28 disconnects the power source 18 with the composite
cation.-exchange and anionexcb.ange members 12 and 14 and causes a short
circuit between the composite cation-exchange and anion-exchange members
11.2 and 14. in other embodiment, the deionization rate is further
controlled 1.)),, controlling the current between the cation exchange
member 1:2 and the anion-exchange member 14 with a .resistor or other
electrical methods. 100201Ms. 2 and 3 are respectively enlarged views of a
portion A of the electrochemical device 10 in FIG. I for better
illustration of the composite cation-exchange and anion-exchange membeis 12
and 14 respectively at the deionization stage and the regeneration stage,
according to one embodiment of the invention. The exemplary composite
cation-exchange member 12 includes a conductive base 30 operable connected
to a positive temiinal of the power source 18 and a cationexcharwe material
32 physically contacts with the conductive base 30. in certain embodiments.
the exemplary composite anion-exchange member 14 includes a conductive base
34 operable connected to a negative terminal of the power source 18 and an
anion-exchange material 36 physically contacted with the conductive base
34. 100211In certain embodiments, each of the conductive bases 30 and 34
has a high surface area, and in one embodiment. is a porous electrode, In
certain embodiments, the high-surface-area electrodes 30 and 34 each
comprise a conductive substrate 38, and a conductive high-surface-area
portion 40 on the conductive substrate 38. The conductive substrate 38 may
be formed of any suitable metallic structure, such as, for example, a
plate, a mesh, a foil, or a sheet. Furthermore, the conductive substrate 38
may be formed of suitable conductive materials, such as, for example,
stainless steel, graphite, titanium, platinum, iridium, rhodium, or
conductive polymer 0011ClUeliVe oxides or conductive polymercarbon
composite. In addition, the metals mzw be uncoated or coated. One such
example is a platinum coated stainless steel mesh. In certain embodiments,
one or more conducting polymers may be employed as the cond.uctive
substrate 38. Non-limiting examples of such conducting polymers may include
polyanil Me, polypyrrole, polythlophene, and. combinations thereof.
Examples of conductive oxides may comprise indium-doped tin oxide (ITO),
antimony-doped tin oxide (ATO), and aluminium-doped zinc oxide. In one
embodiment, the conductive substrate 38 is :a. titanium mesh. In other
embodiments, the substrate 38 is a stainless steel mesh, a
polyolefinl,,,,..raphite composite film, a graphite plate, or a. titanium
plate. In one embodiment, the conductive high surface area portion 40 may
be formed of any conductive materials or composites with a high surface
area. Examples of such materials for the conductive high-surface-area
portion 40 include active carbon, carbon nanotubes, graphite, carbon fiber,
carbon cloth, carbon aerogel, metallic powders, for example nickel, metal
oxides, for example ruthenium oxide, conductive polymers, and any mixtures
of any of the above.. [00221In another embodiment, which is not shown in
the drawings, the conductive 



bases 30, 34 comprises, for example, nano-patterned or nano-structured
conductive material and includes micro protrusions to form the conductive
high-surface-area portions 40. In one embodyment" the conductive bases 30,
34 comprises patterned arrays of carbon nanowires or nanotubes (CNTs). The
patterned array of CNTs is made due to the fact that the chemical bonding
of nanotubes is composed entirely of SP2 bonds, providing the molecules
with their unique strength. Nanotubes naturally align themselves into
rope-like formats held together by Van der Waals forces. In another
embodyment, e.g under high pressure, nanotubes tend to merge together and
exchange some sp2 bonds for sp3 bonds, thus giving the possibility of
producing strong, unlimited-length wires. In one embodiment, the nanotubes
grow on a conductive substrate 38. In another embodiment, the nano-tubes
grow in a pattern which can work without additional conductive substrate.
100231In certain embodiments the cation-exchange and anion-exchange
materials 32, 36 are solids, powders, fibers, gels containing ions which
will absorb,. or which will react with ionic species in the feed stream, so
as to de-ionize the teed stream 22  into a dilute stream 2.6 at a
deionization stage. In certain embodiments, the cation arid anion-exchange
materials respectively have an ion exchange capacity of a least 0.1
mequivig. More preferably it has an ion exchange capacity of higher than
0.5 mequi 10024]In one embodiment, the cation-exchange materials 32
comprise at least one of a weakly acidic cation-exchange material and a
strongly acidic cation-exchange material. The weakly acidic cation exchange
material is the inorganic or organic materials comprises weakly acidic
functionality Examples of weak acidic functionality comprises carboxylic
functionality, borate functionality or phosphoric functionality. Strongly
acidic cation exchange material is the inorganic or organic materials
comprises strongly acidic functi on ty. Examples of strongly acidic group
comprises s ul fon i c fun c ti on a 1 i ty or sulphate functional i ty .
In one embodiment. ENV 0 or more ion exchange materials may be combined,
for example, as a combination of a weakly acidic cation-exchange material
and a strongly acidic cation-exchange material a combination of an
inorganic cation-exchange material and an organic cation-exchange ateri a]
. [00251in one embodiment, the anion-exchange material 36 comprises at
least one of a weakly basic anion-exchange material and a strongly basic
anion-exchange material. The weakly basic anion exchange material is the
inorganic or organic material containing weakly basic functionality.
Examples of weakly basic functionality comprises primary, secondary,
tertiary -amine functionality and imidazoli UM, guaradinium or pyridinium
functionality. The strongly basic anion exchange material is the inorganic
or organic material containing strongly basic functionality. Examples of
strongly basic functionality comprises quaternary ammonium functionality.
In certain embodiments, one or more conducting polymers may he employed as
the anion exchange material, Non-limiting examples of such conducting
polymers may include polyaniline, polypyrrole, polythiophene, and combinati
ons -thereof. 



1.00261In one embodiment, a method of producing the composite
cation-exchange and anion-exchange members 12, 14 comprises producing a
high-surface-area electrode 30, 34. A method of producing the
high-surface-area electrodes are 7  described and illustrated in U,S. Pat.
Application Pub, No. 2.008/0057398 and pending Application Serial No.
11/947328 both to the common assignee herewith, the entire disclosures of
which are incorporated herein by reference. In certain embodiments, the
finished hivh-surface-area electrodes 30 and 34 respectively include a
plurality of pores, in one embodiment, the surface area of the
high-surface-area portion 38 may be in a range of about 100 mfg to about
5000 m2ig as measured by nitrogen adsorption BET method. In a specific
embodiment, the surface are of the highsurface-area portion 38 is in a
ranv;e of about 750 m.''fg to about 3000 m2/g. In a more specific
embodiment, the surface are of the high-surface-area portion 38 is in a
range of about 1500 in2ig to about 2500 m2/g. In one embodiment, zin
average diameter of the pores is greater than 1 nanometer. 100271The method
of forming a composite cation-exchange or anion exchange members 12 and 14
comprises forming a cation-exchange or anion-exchange material 32 on/in the
formed high-surface-area electrode 30 and 34 to be physically contact with
the high-surface-area portions 40. In one embodiment, the method includes
forming a mixture of an ion exchange monomer, a cross-linker and a proper
initiator, and dispersing the mixture on/in the high-surface-area portions
40 by, for example, casting, dipping, spray coating. screen priming, or
spin coating. Examples of anion ex ch aft e M011orner include 2-(Di
methylami no)ethy methacry late, 4-Vinyl ben zy trimethylammonium chloride
and all other quaternary/tertiary amino group containing monomers. Examples
of cation exchange monomer include 2- Acrylamido-2- methylpropanesulfonic
acid, 4-Styrenesulfonic acid sodium salt and all other sulfonic or carboxyl
group containing monomers. Examples of cross-linker include N.
Nmethylenebisacrylamide, ethylene glycol dimethacrylate and all other
mono-funcional or mutifunctional di bond group containing chemicals.
Examples of the initiator include azobisisobutyronitrile, benzoyi peroxide
and all other azo or peroxide chemicals. 100281In one embodiment. a contact
interface of the cation-exchange or anion exchange materials 32 and 36 with
the high-surface-area portions 40 is greater than 10 



percent of the surface area of the high-surface-area portions 40. In one
specific embodiment, a contact interface of the cation-exchange or anion
exchange materials  32 and 36 with the high-surface-area portions 40 is
greater than 40 percent of the surface area of the high-surface-area
portions 40. In a more specific embodiment, a contact interface of the
cation-exchange or anion exchange materials 32 and 36 with the
high-surface-area portions 40 is greater than 70 percent of the surface
area of the high-surface-area portions 40, 100291Referring to FIG 2, at a
deionization stage, the bidirectional switch 28 disconnects the power
source .18 with the composite cation-exchange and anion-exchange members 12
and 14, and the circuit between the composite cation-exchange and
anion-exchange members 12 and 14 is shorted. Cations M ionized in the feed
stream 22 are absorbed on the cation-exchange material 32 and anions X-
ionized in the feed stream 22 are absorbed on the anion-exchange materials
36, thereby de-ionizing the feed stream 22 to produce a dilute stream 26
exiting the compartment 16 through the outlet 24. 100301Referring to FIG,
3, at a regeneration stage, the bidirectional switch 2.8 connects the power
source 18 with the composite cation-exchange and anion-exchange members 12
and 14 and respectively charges the composite cation-exchange and
anion-exchange members 12 and 14 as the positive and negative electrodes.
Under the electrical current, the conductive base 34 of the composite
cation exchange member 12 loses electrons, and the electrons transmits in a
direction as indicated by the arrow of the phantom line to the conductive
base 34 of the composite anion-exchange member 14. Accordingly, anions X-
absorbed on the anion-exchanges materials 36 are expelled to the solution
in the compartment 16, and the cations M+ absorbed on the cation-exchange
materials 32 are expelled into the solution in the compartment 16. The
output stream 26 at the regeneration stage is a concentrated solution with
a relatively high concentration of ions. [0031]In one embodiment, the power
source 18 is controlled that a differential voltage between the composite
cation-exchange and anion-exchange members 12. and 14 is between 0 to 10V,
in one specific embodiment, the differential voltage between the composite
cation-exchange and anion-exchange members 12 and 14 is between 0 to 5V in
one more specific embodiment, the differential voltage between the 



composite cation-exchange and anion-exchange members 12 and 14 is between 0
to 2V. [0032jin one embodiment, when the bidirectional switch 28
disconnects the power source 18 with the composite cation-exchange and
anion-exchange members 12 and 14, and shorts the circuit between the
composite cation-exchange and anionex:ch.ange members 12 and 14, the
electrochemical device I() returns 'back to the deionization. stage. A
current caused by the differential -voltage flows from the composite
c,ation-exchange member 12 to the composite a:Mon.-exchange member 14,
electrons flow from the composite anion-exchange member 14 to the composite
cation-exchange, member 12. Accordingly, more positi-vely charged groups on
composite anion-exchange member 14 is released to absorb anion species in
the feed stream 22, and -more negatively charged groups on the composite
cation-exchange member 12 are released to absorb cations, 100331The
regeneration method discussed above is not limited to be used with 'both
composite, cation-exchange and ion-exchange members 12 and 14 as working
pair or pairs. in one embodiment, a regeneration method of a separate
cation-exchange or anion-exchange material comprises bonding the ion
exchange material to be :physicall contact with a high-surface-area
conductive base, and transmitting a power energy to the high-surface-area
conductive base to drive electrons to transmit from or to the
high-surface-area conductive base to expel absorbed ions from the
cation-exchange or anion-exchange triaterial. into a solution. FIG. 4
illustrates an exemplary configuration for regeneration of a
cation-exchange material 32. The cation-exchange material 32 is bonded to a
high-s:urface-area portion 40 of a conductive base 30. Di.i.ring
regeneration of the cation-exchange inaterial. 32, a power source 18
transmits a current to the conductive base 30 and pull electrons from the
conductive base. Accordingly, cations WI+ absorbed on the cation-exchange
material 32 are, expelled Mto the solution.. [0034jReferring to FIG 5, an
electrochemical device 42 according to another embodiment of the invention
comprises a casing 44, a plurality of electroche.mical cells 11 each
comprising a composite cation-exchange and an anion-exchange member 12 and
14 and a compartment 16 therebetween. and a control device 17. In 



10 the illustrated embodiment, the cation-exchange members 12 of different
cells 11 are connected in parallel, and the anion-exchange members 14 of
different cells 11 are connected M parallel The control device 17 comprises
a power source operable to transmit a comm to each cell 11 and thus
cation-exchange members 12 having a higher potential than the corresponding
anion-exchange members 14 at the regeneration stage. in the illustrated
embodiment, the electrochemical device 42 further comprises a plurality of
insulative film 46 each between two adjacent cells .11. [0035]FIG, 6
illustrates an electrochemical device 50 according to still another
embodiment of the invention. The electrochemical device 50 includes a stack
of composite ion-exchange members 12, 14 and 54 supported M a casing 52, a
plurality of compartments 60 defined between every two adjacent composite
ion-exchange members 12, 14 and 54, and a power source 18. Each composite
ion-exchange member 12, 14 and 54 is planar and is arranged substantially
parallel to one another. The opposite outermost or exchange members, which
are nearest to the casing side, are respectively composite cation-exchange
and anion-exchange members 12 and 14 which are similar to those described
in the electrochemical device 10. The composite cation-exchange and
anion-exchange members 12 and 14 are respectively operably connected to
positive and negative teminals of the power source 18. 100361Referring to
FIG. 7, in one embodiment, each composite ion-exchange member 54 between
two compartments is a bipolar composite member. The bipolar composite
member 54 includes at least one conductive high-surface-area base 62, and
cation-exchange and anion-exchange materials 32 and 36 respectively on
opposite sides of the at least one conductive high-surface-area base 62.
The cation-exchange materials 32 ue adjacent to a compartment 60 relatively
close to the composite anioneXCIlarlQ,e member 14, and the anion-exchange
materials 36 are adjacent to a compartment 60 relatively close to the
composite canon-exchange member 12, In one embodiment, the bipolar
composite member 54 fluffier comprises a conductive and ion-impermeable
member 64 between or within the conductive high-surface-area base 62.
-10n-i mpermeable" here actually means "permeable to neither ions nor
water". In one embodiment, the conductive and ion-impermeable member 64
comprises a composite film of polyolefin and graphite. In one embodiment,
the bipolar composite  member 54 is a composite component to have one
conductive and ion-impermeable member 64 tightly sandwiched between
cation-exchange and anion-exchange members. In an alternative embodiment.
the bipolar composite member 54 is integrally made. 100371In the
illustrated embodiment, the casing 52 includes a plurality of inlets 56 and
a plurality of outlets 58, in one embodiment, only one, of the inlets 56
introduces a feed stream 22 to one of the compartments 60, and the
compartments 60 are interconnected in a manner that the outlet 58 of one
compartment 60 communicates the inlet 56 of another compartment 60 in
series, so that the feed stream 22 passes over each compartment 60. Only
one of the outlets 58 exiting the output stream 26 which is a dilute stream
at the deionization stage and a concentrated solution at a regeneration
stage. Accordingly, the feed stream 22 can have a very clean &ionization
through the plurality of compartments 60, which can be, in one embodiment,
used to produce high purity water. In an alternative embodiment, the casing
52 includes a plurality of inlets 56 for simultaneously introducing feed
streams 22 respectively into corresponding compartments 60 in parallel, and
a plurality of outlets 58 for exiting of output streams 26 which is a
dilute stream at the deionization stage and a concentrated solution at a
regeneration stage. In another embodiment, the electrochemical system 50
can be configured in a combination way of the above described parallel and
series mode, Accordingly, the electrochemical system 50 has a high
deionization efficiency. 



100381Referring to FIGs, 6 and 7, at a deionization stage of the
electrochemical system 50, one or more teed streams 22 flow through the
compartments 60, the cation-exchange materials 32 absorb cations M+ in the
solution, and anion-exchange materials 36 absorb anions X- in the solution
The feed stream 22 is de-ionized and exiting the co mpartmems as a dilute
stream 26, 100391At a regeneration stage, the switch 28 controls the power
source 18 to transmit a current to the outmost composite cation-exchange
and anion-exchange members 12 and 14 with the composite cation-exchange
member 12 as a cathode and the composite anion-exchange member 14 as an
anode. As discussed with reference to FIG, 2, under the electrical current,
the composite cation-exchange member 12 12  loses electrons and the
composite anion-exchange member 14 gains electrons. Accordingly, cations
absorbed on the composite cation-exchange member 12 and anions X- absorbed
on the composite anion-exchange member 1.4 are expelled into the solution.
At the same time, the conductive high-surface-area base 62 at the side of
cation exchange material 32 loses electrons While the conductive
high-surfac:e-area base 62 at the side of anion exchange material 36 gains
electrons. By this kind of charge re-distribution under electrical field,
cations and anions in the bipolar. composite member 54 are expelled into
the solution. Accordingly, both cation-exchange and anion-exchange
materials 32 and 36 of each composite bipolar member 54 are regenerated. At
the deionization :stage, the conductive high-surthce-area base 62 is
recovered from the charge re-distribution built in regeneration stage, with
electron transmitting front anion exchange side to cation exchange side. By
this means, the positively charged groups in anion exchange material 36 and
negatively charged groups in cation exchange material 32 are released to
absorb anions and cations, .respecti 



[00401The singular fomis "e, "an" and "the" include plural referents unless
the context clearly dictates otherwise.Approximating language, as used
herein throughout the specification and claims, may be applied to modify
any quantitative representation that could permissibly vaiy without
resulting in a change in the basic function to which it is related.
Accordingly. a value modified by a term or terms, such as -about" is not
limited to the precise value specified. lit some instances, the
approximating language may correspond to the precision of an instrument for
measuring the value. Similarly. "free" may be used in combination with a
term, and may include an insubstantial number, or trace amounts, while
still being considered free of the modified term. [0041jThe embodiments
described herein are examples of articles, systems arid methods liming
elements corresponding to the elements of the invention recited in the
claims. This written description enables those of ordinary skill in the art
to make and use embodiments having alternative elements that likewise
correspond to the elements of the invention recited in the claims. The
scope of the invention thus includes articles, systems and methods that do
not differ from the literal language of the  claims, and further includes
other articles, systems and methods with insubstantial differences from the
literal language of the claims. While only certain features and embodiments
have been illustrated and described herein, many modifications and changes
may occur to one of ordinary skill in the relevant art. The appended claims
cover all such modifications and changes,  CLAIMS:  1. An electrochemical
device, comprising.: an electrochemical cell comprising: 



a composite cation-exchange member including a conductive base and a
cation-exchange material in physical contact with the conductive base.,
a composite anion-exchange member including a conductive base and an
anion-exchange material in physical contact with the conductive base; and
a compartment between the composite cation-exchange and amonexchange
members, the compartment comprising an inlet for introducing a feed stream_
and an outlet for exiting of an output stream out of the compartment; and
a control device configured to transmit an electical current to the
composite cation-exchange and anion-exchange members at a regeneration
stage in a manner that the conductive base on the composite cation-exchange
member loses electrons and the conductive base on the composite
anion-exchange member gains electrons.        2. The electrochemical device
of claim 1, wherein the control device is operable to discharge the
composite canon-exchange and anion-exchange members at a dei onizati on
stage.       3. The electrochemical device of claim 1, wherein the
cation-exchange material comprises a weakly acidic cation exchange
material, a strongly acidic cation exchange material or combination
thereof.       4. The electrochemical device of claim 1, wherein the
anion-exchange material comprises a weakly basic anion exchange material, a
strongly basic anion exchange material or combination thereof       5. The
electrochemical device of claim 1. wherein the anion-exchange material
comprises conducting polymers including poly aniline, poly pynole
polythiophene, or any combination thereof       6. The electrochemical
device of claim I, wherein the conductive base comprises a conductive
substrate and a conductive high-surface-area portion,         7. The
electrochemical device of claim 6, wherein the conductive substrate
comprises any of or an.y combination of stainless steel, graphite,
titanium, platinum, iridium, rhodium, conducting oxides, conductive
polymer, and carbon composite, 



8. The electrochemical device of claim 6, wherein the conductive
highsurface-area portion comprises any of or any combination of carbon,
carbon nanotubes, graphite, carbon fiber, carbon cloth, carbon aerogel,
active carbon, metallic powders, and metal oxides,        9. The
electrochemical device of claim 6 wherein the conductive high-surfacearea
portion has a surface area of 100 to 5000 m-Ag as measured by nitrogen
adsorption BET method.        10. The electrochemical device of claim 9.
wherein a contact interface of the cation-exchange or anion-exchange
materials with the conductive high-surface-area portions is greater than
10% of the surface area of the conductive high-surface-area portions.
11. The electrochemcal device of claim 9, wherein a contact interface of
the cation-exchange or anion-exchange materials with the conductive
high-surface-area portions is greater than 40% of the surface area of the
conductive high-surface-area portions.        12. The electrochemical
device of claim 6, wherein the conductive highsurface-area portions
comprises a plurailly of pores. and wherein an average diameter of the
pores is greater than 1 nanometer,        13. The electrochemical device of
claim I, wherein the conductive base comprises nano-patterned or
nano-structured conductive material and comprises micro protrusions to form
high-surface-area portions.        14. 'the, electrochemical device of
claim 1, wherein the current transmitted to the composite cation-exchange
and anion-exchange members is controlled that a differentical voltage
between the composite cation-exchange and anion-exchange members is between
0 to 1.0V at the regeneration stage,        15, The electrochemical device
of claim 1 further comprising a casing for supporting the electrochemcial
cell.        16. The electrochemical device of claim 15 further comprising
at least two electrochemical cells each defining a compartment within the
casing.         17. The electrochemical device of claim 16 further
comprising at least one spacer between adjacent two electrochemical cells. 



18. An electrochemical assembly, comprising:       a casing including at
least one inlet for inducing a feed stream to be de-ionized and at least
one outlet for exiting of a dilute stream during a deionization stage;
a plurality of composite ion-exchange members arranged in parallel in the
casing. and defining a plurality of compartments between every two adjcent
composite ion-exchange members, the plurality of composite ion-exchange
members comprising at least one bipolar composite member between two
compartments, the bipoar member comprising at least one conductive base, a
cation-exchange material on one side, and an anion-exchange material on the
other side; and       a control device configured to transmit a current at
a regeneration stage in a manner that the conductive base on the
cation-exchange side of the bipolar composite member loses electrons and
the conductive base on the anion-exchange side of the bipolar composite
member gains electrons.        19. The electrochemical device of claim 18,
wherein the bipolar composite member comprises a conducti'e and
ion-impermeable film between the cation and anion-exchaill2e materials.
20, The electrochemical device of claim 1.9, wherein the conductive and
ion-impermeable film comprises a composite film of polyolefin and graphite.
21. 'The electrochemical device of claim 18, wherein the plurality of
composite ion-exchange members comprises one composite cation-exchange
member connected to a postive terminal of the power source at the
regeneration stage, and an composite anion-exchange member connected to a
negative terminal of the power source at the regeneration stage.        22.
The electrochemical device of claim 21, wherein the anion-exchange material
of the bipolar composite member is closer to the composite cation-exchange
member than to the composite anion-exchange member, and the cation-exchange
material of the bipolar composite member is closer to the composite
anion-exchange member than to the composite cation-exchange member.
23. A regeneration method of an ion exchange material, the ion exchange
material is positively or negatively charged and has absorbed negative or
positive species, comprising: bonding the ion-exchange material to a
high-surface-area conductive base; and 



exerting an electrical current to the high-surface-area conductive base to
drive electrons to flow to or from the high-surface-area conductive base to
expel absorbed species from the ion-exchange material into a solution.
24. The regeneration method of claim 23, wherein bonding the ion exchange
material to a high-surface-area conductive base comprises bonding the
ion-exchange material to a high-surface-area portion of the conductive
base" and wherein the highsurface-area portion has a surface area of 100 to
5000 mfg.       25, The regeneration method of claim 24, wherein bonding
the ion-exchange material to a high-surface-area portion of the conductive
base comprises contacting the ion-exchange material with the
high-surface-area portion, and a contact interface of the ion-exchange
material and the high-surface-area portion is greater than 10% of the
surface area of the high-surface-area portion. 26. An electrochemical
process comprising: a deionization stage comprising: introducing a feed
stream into a. compartment; absorbing dissolved cations or anions on an
ion-Ad-lane material: and exiting a dil-ute stream out of the compartment;
and a regeneration stage comprising: physically contacting the ion-exchange
material to a conductive base: and 



exerting an electical current to a conductive base, and causing the
conductive base to lose electrons to expel anions absorbed on the
ion-exchange material, or causing the conductive base to gain electrons to
expel cations absorbed on the ion exchange material.        27. The
electrochemical process of claim 26, wherein the deionization stage and
regeneration stage repeated periodically and alternately. 




