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BACKGROUND
Technical Field

Embodiments of the invention relate to the field of solid electrolyte production, and
more particularly {o an assembly and a method of producing solid electrolvte from

saline water.
Discussion of Related An

Saline waters, such as seawater, salt lake water, brackish water, or an industrial saline
water product are used to produce solid electrolyte. One conventional method of
producing solid electrolyte comprises a thermal process such as an evaporation
process to remove water from the saline water to obtain solid electrolyte. As the
amount of water in the saline water is usually very large, which is, for example, about
96.5% by weight i seawater, and the process needs to change phase of water from

haguid into vapor, energy consumed in the evaporation process 1s buge,

It may be desirable to bave a device or system for producing solid electrolyte from
saline water that differs from those devices or systems that are currently available. It
may be desirable to bave a method producing solid electrolyte from saline water that

differs from those methods that are currently available.
BRIEF DESCRIPTION

In accordance with one embodiment, a solid electrolyte producing system is provided.
The system includes a supercapacitor desalination device comprising a power supply
and a supercapacitor desalination unit. The supercapacitor desalination unit includes
a pair of electrodes electrically coupled to the power supply and operable in a
charging mode of operation and a discharging mode of operation. A feeding source 1s
configured to provide a feed liquid to the supercapacitor desalination unit when the
supercapacitor desalination unit is in the charging mode of operation. The feed liquid

comprises at least one determined electrolyte. A crystallization device is providing
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for receiving a concentrated higquid from the supercapacitor desalination device in the
discharging mode of operation, the concentrated liquid being a saturated liquid or
supersaturated liquid of the at least one deternuined type of electrolvie. The at least
one determuned type of electrolyte precipitates in the crystallization device as solid
electrolyte. The system further comprises a separation device for separating the solid

electrolyte from the lignid of the crystallization device as a sohd electrolyte product

In accordance with one embodiment, a method is provided for producing solid
electrolyte. The method comprises adsorbing dissolved electrolvte 1ons from a feed
hquid using a supercapacitor desalination unit during a charging step, desorbing 1ons
from the supercapacitor desalination unit into a concentrated liquid during a discharge
step, passing the concentrated liquid into a crvstallization device for precipitating the
dissolved electrolyte ions of the concentrated liquid as a sohid electrolyte in the
crvstallization device, and separating the solid electrolyte from the concentrated liquid

as an electrolyte product.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

FIG. 1 is an exemplary schematic diagram of a solid electrolvie producing system

according to one embodiment of the imvention.

FIGs. 2 and 3 illustrate an exemplary supercapacitor desalination {(SCD) device of the
sotid electrolyte producing system, respectively during a charging mode of operation

and a discharging mode of operation, according to one embodiment of the invention.

FI1G. 4 is a cross-sectional view of an SCD device of the solid electrolyte producing

system according to another embodiment of the invention,

FIG. 5 is an exemplary block diagram of a solid electrolyvte producing system

according to another embodiment of the invention.
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DETAILED DESCRIPTION

Embodiments of the invention relate to the field of solid electrolyte production. A
solid electrolyte producing system according fo an embodiment of the invention may
be emploved for producing solid electrolyvte from saline water such as seawater, salt
take water, brackish water, or industrial saline water product such as the saline water
product of chlor-alkali industry. Embodiments of the invention are discussed below
with reference to the drawing figures. For purposes of simplicity of deserniption,

commaon elements across different embodiments share the same reference numbers,

Approximating language, as used herein throughout the specification and claims, may
be applied to modity any quantitative representation that could pernussibly vary
without resulting in a change io the basic function to which 1t 15 related.  Accordingly,
a value modified by a term or terms, such as “about”, 18 not to be limited to the
precise value specified.  In some imstances, the approxumating language may

correspond to the precision of an instrument for measuring the value.

Unless defined otherwise, technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which this invention
belongs. The terms “first”, “second”, and the like, as used herein do not denote any
order, quantity, or importance, but rather are used to distinguish one element from
another. Also, the terms “a” and “an” do not denote a limitation of quantity, but

rather denote the presence of at least one of the referenced items.

As used herein, “electrolyte” refers to all substances that can be diassociated in water,

including salts such as NaCl, CaSOy, or alkalis such as NaOH for example.

“Supercapacitor” is an electrochemical capacitor that has a relatively higher energy
density when compared to a common capacitor. As used herein, “supercapacitor” is
inclustve of other high performance capacitors, such as ultracapacitors. A capacitor is
an electrical device that can store energy in the electric tield between a pair of closely
spaced conductors (called ‘electrodes™  When voltage 1s applied to the capacitor,

electric charges of equal magnitude, but opposite polarity, build up on each electrode.
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As used herein, “concentration” refers to the amount of an electrolyte that is dissolved
i a unit volume of water at a given temperature.  “Solubility” refers to the amount of
an electrolvte that can be disselved in a unit volume of water at a given temperature.
“Saturated water” refers to the water that is saturated with at least one determined
kind of electrolyte at a given temperature. “Supersaturated water” refers to water that
contains an amount of at least one kind of electrolyte that is greater than the solubility
fimit of that electrolyte at a given temperature. “Safuration rate” refers to a ratio of
concentration of one determined kind of electrolyte to a solubility of the determined

kind of electrolyte iy water at a given temperature.

Referring to FIG. 1, a solid electrolvte producing system 10 comprises a
supercapacitor desalination (SCD) device 12 The SCD device 12 15 controlled 1o
perform a plurality of successive operation cycles, and each operation cycle comprises
a charging mode of operation (FIG. 2) and a discharging mode of operation (FIG. 3).
A feeding source 14 provides a feed hquad 15, which 1s a saline water carrying
dissolved cations (M} and anions {X) of at feast one determined type of electrolyte
(M WX o), to the SCD device 12 when the SCD device 12 is in the charging mode of
operation. A cryvstallization device 16 receives g concentrate liquid 18 from the SCD
device 12 at the discharging mode of operation. The concentrate liquid 18 is a
saturated or supersaturated liquid of the determined kind of electrolyte (M, X') and
precipitates as solid electrolyte particles in the crystallization device 16, A controller
19 communicates with and controls appropriate valves, sensors, switches and the fike

1o control operations of the SCD device 12 and the crystallization device 16.

In the illustrated embodiment of FIG. 1, the concentrated liguid 18 from the SCD
device 12 in the discharging mode of operation is received by the ervstallization
device 16, In one embodiment, the concentrated liquid 18 in the crystatlization device
16 is further fed back to the SCD device 12 through route 32, and continuously
circulated and reused for the discharging operations.  Accordingly, the concentration
of cations and anions 36, 38 (FIGs. 2 and 3) in the concentrated ligud 18
continuously increases as the discharge continues, and the concentrated liquid 18
becomes a saturated or supersaturated water of the determined type of electrolyte
(M wX0). As a result, the saturation rate will increase to a point where precipitation
4
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of electrolyte (M, X)) begins to take place in the crystallization device 16, When the
precipitation rate in the crystatlization device 16 equals to the 1on removal rate at the
charging operation, the saturation rate of tons (M "wX g in the concentrated tiquid 18

will not imcrease any more and equilibrium will be established.

In the illustrated embodiment, the solid electrolyte producing system 10 further
comprises a separation device 33 for removing solid electrolyte (M X'y) precipitated
in the crystallization device 18 as an electrolyte product 54, In one embodiment, the
electrolyte product 54 comprises solid electrolyte particles each having a diameter
ranging from 0.001 nullimeters to 1.0 millimeters. 1o another embodiment, the
electrolvte product 54 comprises a slurry which contains the electrolyte particles.
Embodiments of the separation device 53 may comprise a settling tank, a filter press,
a microfilter, an ultrafilter, a hydrocyclone, or a centrifuge. In one embodiment, the
electrolvte product 54 is removed from the crystallization device at charging mode of

operation of the SCD device 12,

In one embodiment, the separation device 53 is a filter, Liquid after removal of sold
electrolytes in the separation device 53 are continuously fed back to the SCD device

12 during discharging mode of operation through route §5.

Fi1Gs. 2 and 3 illustrates an exemplary SCD device 12 respectively at the charging
mode of operation and the discharging mode of operation. In the illustrated
embodiment, the exemplary SCD device 12 comprises a desalination vessel 20
defining a volume, a power supply 21, and at least one SCD unit 22 housed in the
volume and electrically coupled to the power supply 21, The power supply 21 may be

a voltage source, a current source, OF an energy recovery converter, for example,

In the tlustrated embodiment of FIGs. 2 and 3, the SCD unit 22 comprises a pair of
electrodes 24, 26, and a compartient 28 detined between the pair of electrodes 24, 26.
In ove embodiment, the SCD unit 22 further comprises a flow spacer 30 between the
pair of electrodes 24, 26. Further, the desalination vessel 20 includes at least one mlet
{not labeled) from which the feed liquid 15 from the feeding source 14 enters the

compartment 28, and at least one outlet 34 for exiting of an output liguid from the
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compartment 28, The liquid may be guided wside the desalination vessel 20 by using

external forces. Suitable external forces may include gravity, suction, and pumping.

In cerfain embodiments, each of the first and second electrodes 24, 26 includes a
porous conductive portion exposed in the compartment 28, and a current collector
{not shown) within the porous conductive portion tor electrically counpling to the
power supply 21, The current collector may be formed of any suitable metallic
structure, such as, for example, a plate, a mesh, a foil, or a sheet In certain
embodiments, the current collector may nclude metals such as titanium, platinum,
indium, or rhodium.  In another embodiment, the current collector comprises metal
alloys such as stainless steel.  In still another embodiment, the current collector
comprises graphite or plastic material.  Suitable plastic materials may include, tor
example, polyolefins. Suitable polyolefins may nclude polyethylene, which may be

mixed with conductive carbon black or metallic particles.

In certain embodiments, the porous conductive portion comprises conductive
materials or composites with a high surface area. Examples of such conductive
matenials include carbon, carbon nanotubes, graphite, carbon fiber, carbon cloth,
carbon acrogel, metallic powders such as nickel, metal oxides such as ruthenium

oxide, conductive polymers, and anv mixtures of any of the above.

In one embodiment, the porous conductive portion of each electrode has a plurality of
pores. Accordingly, each of the first and second electrodes 24, 26 bhas a bigh surface
area in 4 range of from about 2.0 to about 5.5 x 10° £ 1b™ or about 400 to 1100 square
meters per gram (m°g” ). In one embodiment, the electrode surface area may be in a
range of up to about 1.3 x 107 £ b7 or about 2600 m*g”. In one embodiment, each
of the first and second electrodes 24, 26 has a relativelv low electrical reststivity,
which is, for example, less than 40 Ohm-cm®. In one embodiment, an additional
material may be deposited on the surfaces of the first and second electrodes 24, 26
where such an additional material may include catalysts, anti-foulants, surface energy

modifiers, and the like. In one embodiment, cwrent collectors and/or porous
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conductive portions of the first and second electrodes 24, 26 may or may not be the

Saime.

Due to the large surface areas of the first and second electrodes 24, 26, the SCD unit
22 has a bigh adsorption capacity, high energy density, and high capacitance. In
certain embodiments, the capacitance of the conductive material is greater than about
10 Farads per gram. In certain embodiments, the matenal capacitance may be i a
range of from about 10 Farads per gram to about SO Farads per gram, from about 50
Farads per gram to about 75 Farads per gram, from about 75 Farads per gram to about
100 Farads per gram, from about 100 Farads per gram to about 150 Farads per gram,
from about 150 Farads per gram to about 230 Farads per gram, from about 250 Farads
per gram to about 400 Farads per gram, from about 400 Farads per gram to about 500
Farads per gram, from about 500 Farads per gram to about 750 Farads per gram, from
about 750 Farads per gram to about 800 Farads per gram, or greater than about 800

Farads per gram.

Although 1n the illustrated embodiment, the first and second electrodes 24, 26 are
shaped as plates that are disposed paraliel to each other to form a stacked structure,
other embodiments, the first and second electrodes 24, 26 may have different shapes,
Such other shapes may include rugate and nested bowl configurations. In one
embodiment, the first and second electrodes 24, 26 may be disposed concentrically

relative to each other in a roll-type arrangement.

Suitable flow spacer 30 may include electrically insulative polymers. Suitable
electrically insulative polymers may include an olefin-based material. Suitable olefin-
based wmatertal can include polvethylene and polypropvlene, which can be
halogenated. Other suitable electrically wnsulative polymers can include, tor example,
poly vinvi chlonide, polytetrafioroethylene, polysultone, polvarylene ether, and nylon.
Further, the flow spacer 30 may have a thickness in a range from about 0.0000010
centimeters to about 1 centimeter. In one embodiment, the thickness may be in a
range of from about 0.0000010 centimeters to about 0.00010 centimeters, from about
Q.00010 centimeters 1o about 001G centimeter, from about 0.0010 centimeters to about

0.1 centimeter, or from about 0.10 centimeters to about | centuneter. The flow spacer
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30 may be in the form of a membrane, 8 mesh, 8 mat, a sheet, a film, or a weave. To
allow fluid communication, the flow spacer 30 may be porous, perforated, or have
fluid channels that extend from oue major swrface to another. The fluid chamnels,
pores and perforates may have an average diameter that 1s fess than 5 millimeters, and
may be configured to increase turbulence of a through-flowing liquid.  In one
embodiment, the average diameter 1s o a range of from about 3 millimeters to about 4
millimeters, from about 4 millimeters to about 3 millimeters, from about 3 milimeters
{0 about 2 sutlimeters, from about 2 millimeters to about 1 millimeter, from abowt 1
mitlimeter to about 0.5 millimeters, or less than about 0.8 millimeters. Such mcreased

turbulence may positively affect the performance of the proximate electrode.

Referring to FIG. 2, during a charging mode of operation, the first electrode 24 15
coupled to a positive terminal of the power supply 21 and acts as a posttive electrode.
The second electrode 26 is coupled to a negative terminal of the power supply 21 and
acts as a negative electrode. The feed liquid 15 from the feeding source 14 is made to
pass the SCD unit 22 and between the first and second electrodes 24, 26. Cations (M)
36 move towards and adsorbed on the conductive porous portion of the negative
electrode {second electrode) 26, and antons (X') 38 move towards and adsorbed on the
positive electrode (first electrode) 24, Ag a result of this charge accumalation inside
the SCD uait 20, the output liquid, which is a dilute liquid 40 coming out of the SCD
unit 20, has a lower concentration of cations (M) 36 and anions (X} 38 as compared
to the feed liquid 15, In one embodiment, the dilute hiquid 40 may be again subjected
10 electrolyte producing by being fed back to the SCD device 120 In another

erabodiment 40 1s output for industrial use for example.

Referring to FIG. 3, duving a discharging mode of operation after the charging mode
of operation, the adsorbed cations and anions desorb from the surface of the first and
second electrodes 24, 26, In certain embodiments, during the discharging mode of
operation of the SCD unit 20, the polarities of the first and second electrodes 24, 26
may be maintained the same, but the potential difference between the first and the
second electrodes 24, 26 become less, thus the anions and cations 38, 36 desorb from
the first and second electrodes 24, 260 While in other embodiments, during the

discharging mode of the SCD unit 20, the polarities of the first and second electrodes
3
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24, 26 are reversed, and thus the cations 31 adsorbed on the second electrode 22 move
toward the first electrode 24, and the anions 32 move from the first electrode 24 to the
second electrode 26, As a result, the output liquid, wlich is called concentrated liquid
42, has a higher concentration of cations and antons compared to the feed liquid 1S,
Meanwhile, the energy released from the SCD unit 22 can be reused or recovered

through an energy recovery device, for example, a bi-divectional DC-DC converter.

Referring to FIG. 4, an SCD device 44 according to another embodiment of the
wvention comprises a plurality of SCD units 22 housed in a desalination vessel 46.
Each SCD units 22 comprises a pair of electrodes 24, 26 and a compartment 28
between the pair of electrodes 24, 26, The SCD units 22 are arcanged in paratlel and
are insulated from one another by an ion-impermeable film 45 Suitable ion-
unpermeable film 30 may include electrically conductive materials.  Suitable
electrically conductive materials may include an olefin-based polymer filled with
conductive additive. Suitable olefin-based polymer can include polyethylene and
polypropylene, which can be halogenated. Suitable conductive additive may include
graplute powder, carbon black powder and active catbon. In the illustrated
embodiment, the desalination vessel 46 includes a plurality of inlets 48 for
simultaneously  intreducing  feed liquid 15 respectively  imto  corresponding
compartment 28 in parallel, and a plurality of cutlets 50 for exiting of output liquid
which is a dilute liguid 40 at the charging mode of operation and a concentrated liguid
I8 at a discharging mode of operation. In an alternative embodiment, which s not
shown in the drawings, only one of the mlets 48 introduces a feed liquid 15 to one of
the compartments 28, and the compartments 28 are interconnected 1 a manner that
the outlet 52 of one compartment 28 communicates the inlet 50 of another
compartment 28 in series, so that the hquid passes over each compartment 28, Only
one of the outlets 52 is an exit of the output liquid. Accordingly, the concentrated
Hquid 18 can have a higher concentration of electrolyte. 1n another embodiment, the
SCD device 44 can be configured in a combination way of the above described

paraliel and sertes modes.

In some embodiments, the precipitation of the electrolvtes may not occur until the

degree of saturation or supersaturation thereof is very high. For example, CaSQy
Q



WO 2011/022154 PCT/US2010/042673

reaches g saturation rate of 500% under room temperature before its precipitation
occurs in a clear solution.  Accordingly, in certain examples, seed particles (not
shown) may be added mmto the corystallization device 16 of FIG. 1 to induce the
precipitation on surfaces of the seed particles at a lower degree of saturation or
supersaturation of the electrolvte.  For example, precipitation of CaSQ, may bappen
at a saturation rate as low as 105% to 120% with the presence of enough seed

particles.

In one embodument, the seed particles are electrolyte particles of the determined type
of electrolyle to be produced. In other embodiments, the seed particles can be other
particles such as sand. In certain embodiments, particles mayv have an average

diameter ranging from about 0.001 to about 1 millimeters,

In one embodiment, the feed hquad 15 from the feeding source 14 comprise mainly
one determined type of electrolyte. In one example, the feed liquid 15 15 a NaOH
solution which is a product of chlor-alkali industry, and comprises dissolved Na© and
OH. Concentration of dissolved NaQOH 1 about 10 to 30 percent of all dissolved
electrolytes i the feed iquud 15, Accordingly. the sohid electrolyte precipitated in the
crystatlization device 16 comprises very pure NaOH particles, and the electrolyte

product from the separation device 53 comprise very pure NaOH product.

In another embodiment, the feed lignid 15 from the feeding source 14 comprises at
feast two tvpes of electrolvies. Accordingly, the sohd electrolyte precipitated 1 the
crystallization device 14 may comprise a mixture of electrolyte particles of the at east
two types, and the electrolyte product from the separation device 53 may comprise a

mixture of the two types of electrolvies,

FIG. § illustrates a sohd electrolvte producing system 56 according to another
embodiment of the invention. The solid electrolvte producing system 506 comprises a
first and a second SCD device 38, 60, a first and a second crystallization device 62, 64,
a first and a second separation device 66, 68, and a controller 70. In certain
embodiments, the feed tiquid 13 provided by the feeding source 14 comprises at east

~

two types of electrolyvtes (“first electrolyte™ and “second electrolyte™). The feed

10
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Higuid 15 passes the first SCD device 58, Dissolved cations and anions of the first and
second electrolvtes in the feed hiquid 15 are adsorbed duning charging mode of
operation, and are desorbed during discharging mode of operations of the first SCD
device 58, In certamn embodiments, a dilute liquid 72 at the charging mode of
operations may be again subjected to electrolyte producing by being fed back to the
first SCD device S8 during charging mode of operations of the first SCD device 58, or

be output for industrial use for example.

In the illustrated embodunent, the first crystallization device 62 receives a
concentrated liguid 74 from the first SCD device 358, In certain embodiments, the
controller 70 1s configured to control concentrations of dissolved first and second
electrolytes in first crystallization device 62 such that only one of the first and second
electrolytes in the concentrated hiquad 74 precipitates in the first crystallization device

62, while the other of the first and second electrolytes will not.

In one embodiment, the controller 70 comprises a sensing device 76 measuring
concentrations of the first and second electrolytes in first crvstaliization device 62 at
given temperature, and sends the concentration signals 78 o the controller 70, In one
embodiment the concentrations of the electrolvies are measured under room
temperature ranges from 15 to 25 degrees centigrade ("C). Embodiments of the
sensing device 76 may comprise on selective electrodes, conductivity electrodes, or
periodically off-line measurement devices. The controller 70 caleulates saturation
rate (R} of the first and second electrolytes using the concentration signal 78

according to equation 1 below, respectively:
Re= CIC Equation |

wherern (7 1s the concentration of an electrolyte in the first erystallization device 62,
and C; 1s the solubility of the electrolyte. A higher saturation rate (R) usually means
that the electrolvie is easier to precipitate. The controlier 70 1s configured to control
operation of the first SCD device 58 such that the saturation rate of one electrolyte 1s

high enough and the electrolyte precipitates in the first crystallization device 62, while
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the saturation rate of the other electrolyte is not high enough and a precipitation of

that electrolyte will not occur in the first cryvstallization device 62.

The solubilities of the first and second electrolvtes under a given temperature are
substantially constant, the saturation rates are accordingly only related to the
concentrations of the dissolved electrolytes in the first crystalhzation device 62
Further, since the content of the two electrolytes in the feed liquid is determined, ratio
of the two electrolytes in the concentrated liquid 74 is substantially constant.
Accordingly, the controller 70 is configured to control a total electrolyte concentration
in the concentrated hiquid 74 of the first SCD device 58 such that one of the first and
second electrolytes with a higher saturation rate is high enough for precipitation, and
the other of the first and second electrolytes having a lower saturation rate is smaller
and will not precipitate in the first SCD device 38, Accordingly, the electrolyte
precipitated in the first crystallization device is a very pure electrolyte and is further

separated from the liquid by the first separation device 66 as a first electrolyte product.

In an example, cations and anions in the feed liquid 15 comprises Ca'™”, S04, Na',
and 1. Accordingly four tvpes of electrolvies might precipitate from a concentrated
tiquid 74 in the first crystalhzation device 62, including calcium sulphate (“CaSQOy4™),
sodium chionde ("NaCl™), calcium chlornide (*CaCl:™), and sodium sulphate (NaSQy).

Solubilities of the four electrolytes under a temperature at 20 °C are as in Table 1

below:
Table 1
Elecrolyte | Solubility (gram/ 100millifiter)
{asSO, 024
Naf’l 359
CaCly 745
NSOy 16.5

In one embodiment, concentration of each dissolved electrolyte in the first

crystatlization device 62 1s measured and sent to the controller 70, The controller 70

12
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is configured to calculate saturation rate (R) according to Egquation 1 using the
measured concentration and the solubilities in Table 1, and further controls operation
of the first SCD device 58 such that the electrolyte with the largest saturation rate (R)
precipitates, and saturation rates of other types of electrolytes ave not high enough and

precipitation of the other electrotyte types do not oceur.

As is compared in Table 1, solubility of CaSQy is much lower than other three types
of electrolytes. In one example, the saturation rate of CaSOy in the concentrated
fiquid 74 1s the Jargest, and the concentrated liquid 74 is a supersaturated water of
CaS0y and the saturation rate (R) of CaSOy 18 larger than 1. In one embodiment, the
controlier 70 controls that saturation rates {R) of NaCl, CaCl,, and NazSQ, such that
they are each smaller than 1. In one embodiment, the feed Hquid 15 from the feeding
source 14 15 also controlled to flow to the first erystallization device 62 for balancing

when saturation rates of any of the three types of electrolytes is near to 1.

In one embodiment, part of the feed liquid 15 is fed 1o a second SCD device 60 during
the charging mode while the liquid from the first separation device 66 is fed to the
second SCD device 60 duning the discharging mode. By adsorbing and desorbing
during charging and discharging mode of operations, an even more concentrated
fiquid 80 in the discharging mode of operation is received by the second
crystallization device 64, The concentrated hiquid 80 1s a supersaturated liquid of the
at least two types of electrolytes, and is precipitated as solid electrolyte which is a
mixture of the at least two types of electrolytes. The solid electrolyte mixture is
further separvated from the hiquid by the second separation device 68 as a second

electrolvte product.

The embodiments descenbed heremn are examples of composttions, structures,
systems, and methods having elements corvesponding to the elements of the ivention
recited in the claims. This written description may enable those of ordinary skill in
the art to make and use embodiments having alternative elements that hikewise
correspond to the elements of the invention recited in the clatms. The scope of the
mvention thus includes compositions, structures, systems and methods that do not
differ from the literal language of the claims, and further includes other structures,

13
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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 ocour to one of ordinary skill

i the refevant art. The appended claims cover all such modifications and changes.



WHAT IS CLAIMED IS:
1. Asolid electrolyte producing system comprising:

first and second supercapacitor desalination devices each comprising at least one supercapacitor
desalination unit, each supercapacitor desalination unit comprising a pair of electrodes electrically
coupled to a power supply and operable in a charging mode of operation and a discharging mode

of operation;

a feeding source configured to provide a feed liquid to the first supercapacitor desalination unit
when the first supercapacitor desalination unit is in the charging mode of operation, the feed liquid

comprising at least two determined electrolytes;

a first crystallization device configured to receive a concentrated liquid comprising the at least two
determined electrolytes from the first supercapacitor desalination unit in the discharging mode of
operation, and to precipitate a single one of the at least two determined electrolytes;

a second crystallization device configured to receive a concentrated liquid from the second
supercapacitor desalination unit in the discharging mode of operation, and to precipitate a mixture
of the at least two determined electrolytes; and

first and second separation devices configured to separate solid electrolytes from liquids from the
respective first and second crystallization devices as solid electrolyte products;

wherein the second supercapacitor desalination unit is configured to receive the liquid from the
first separation device for introduction into the second crystallization device for precipitating the
mixture of the at least two determined electrolytes, and wherein the precipitate of the at least two
determined electrolytes are based on saturated or supersaturated concentrations thereof, produced
by circulation of the at least two determined electrolytes through the respective first and second

supercapacitor desalination units in the discharging mode of operation.

2. The system of claim 1, wherein each of the pair of electrodes comprises a porous conductive

portion and a current collector attached to the porous conductive portion.

3. The system of claim 2, wherein the porous conductive portion has a Brunauer-Emmet-Teller
(BET) surface area in a range of from about 2.0 to about 5.5x106 ft2lb—1.

4. The system of claim 3, wherein the porous conductive portion comprises carbon, carbon
nanotubes, graphite, carbon fiber, carbon cloth, carbon aerogel, metallic powders, conductive

polymers, or any mixture thereof.
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5. The system of claim 1, wherein each supercapacitor desalination unit comprises a flow spacer

between the pair of electrodes.

6. The system of claim 1, wherein each of the first and second supercapacitor desalination device

comprise a plurality of supercapacitor desalination units.

7. The system of claim 1 further comprising a plurality of seed particles disposed within the first

and second crystallization devices to induce precipitation.

8. The system of claim 1, wherein the system further comprises a controller configured to control
that the concentrated liquid in the first crystallization device is saturated or supersaturated water of
one of the at least two types of electrolytes, and is under-saturated water with the other of the at
least two types of electrolytes, and wherein the electrolytes saturated or supersaturated in water

precipitate in the first crystallization device.

9. The system of claim 8, wherein the controller is configured to calculate a saturation rate of
each of the at least two types of dissolved electrolytes in the concentrated liquid, and control the
saturation rate of one of the at least two types of electrolytes to be higher than or equal to 1, and

control the saturation rate of the other of the at least two types of electrolytes to be less than 1.

10. The system of claim 9, wherein the feed liquid is also controlled to flow to the first
crystallization device for balancing when the saturation rate of the other of the at least two types of
electrolytes is near to 1.

11. The system of claim 1, wherein each of the first and second separation devices comprise a

settling tank, a filter press, a microfilter, an ultrafilter, a hydrocyclone, or a centrifuge.
12. A method for producing solid electrolyte comprising:

adsorbing ions of at least two dissolved electrolytes from a feed liquid using first and second

supercapacitor desalination units during a charging step;

desorbing the ions from the first and second supercapacitor desalination units into respective

concentrated liquids during a discharge step;

passing the concentrated liquid comprising at least two dissolved electrolytes from the first
supercapacitor desalination unit into a first crystallization device for precipitating a single one of

the at least two dissolved electrolytes;

passing the concentrated liquid from the second supercapacitor desalination unit into a second
crystallization device for precipitating the other a mixture of the at least two dissolved

electrolytes; and
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separating, by first and second separation device, solid electrolytes from the respective

concentrated liquids as electrolyte products;

wherein the second supercapacitor desalination unit is configured to receive the concentrated
liquid from the first crystallization device first separation device for introduction into the second
crystallization device for precipitating the mixture of the at least two dissolved electrolytes, and
wherein the precipitate of the at least two determined electrolytes are based on saturated or
supersaturated concentrations thereof, produced by circulation of the at least two determined
electrolytes through the respective first and second supercapacitor desalination units in the
discharging mode of operation.

13. The method of claim 12, further comprising controlling the concentrated liquid in the first
crystallization device to be saturated or supersaturated with one of the at least two types of
electrolytes, and to be under-saturated with the other of the at least two types of electrolytes.

14. The method of claim 13, wherein controlling comprises measuring concentrations of the at
least two types of electrolytes in the concentrated liquid and calculating the concentration rate of
each of the at least two types of electrolytes, and controlling the saturation rate of one of the two
types of electrolytes to be equal to or larger than 1, and controlling the saturation rate of the other
of the two types of electrolytes to be lower than 1.
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