SCLI D ELECTROLYTE PRODUCI NG ASSEMBLY AND M HOD BACKGROUND Techni cal Field
Enbodi nents of the invention relate to the field of solid electrolyte
producti omp 2angh2esne particularly to an assenbly and a wetrhsdolofo4gsroduci ng
solid electrolyte fromsaline water. Discussion of Related Art Saline

wat ers, such as seawater, salt |ake water, brackish water, or an industrial
saline water product are used to produce solid electrolyte. One
conventional neohas FefECIRIDILETAEPRIEbIId eGecs TINRL Y ABIPRIES@sDR t her mal
process such as an evaporation process to renove water fromthe saline
water to gbtain solid electrolyte. As the anmount of water in the saline
water is &g\i‘éﬁl@&}%\@ | arge, which is for exanple, about 965% by wei ght in
seawat er, and the process needs to change phase of water fromliquid into
vapor, engLgy;Gopsued in the evaporation process is huge It nmay be
desirable to have a device or systemfor producing solid electrolyte from
saline water that differs fromthose devices or systens that are currently
avai | abl eEmbpdimggpipel desivabbe reloteHavke federthodid piesdubithgroslobtian. eéhéct rol yt e

fromsaline water that differs fromthose. nethods.that. are current|y

avai | abl enoekp el B il BT R TiPRAT e SRl T s o

el ectrol ytginpragetci ng systemis provided The systemincludes a

super capaci tor desalination device conprising a power supply and a

super capaci.tor ;desalination unit The supercapacitor desalination unit

i ncl udes B¥ysaryorodt B @Ed f\odes el ectrically coupled to the power supply and
operable in a chargi ng node of operation and a di schargi ng node of

oper at i onga i RGINEH A LERdS, CONGLIULRH drRIOVAEE oRaf BRAsHkAHet O the
supercapaci tor desalination unit when the supercapacitor desalination unit

is in thewshkangihgt aodescddf tcoperdatd snid Fhardieled Dheuivabomplisabodtot| east
one deterni r&ed el ef]:t rql é/t‘? A cr,l¥stal | i zation device i,s providi NG
producing solid elecirolyie comprises a thermal process” such as an evaporation
process to remove water from the saline water to obtain solid electrolyte. As the
amournt 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
hguid into vapor, energy consumed in the evaporation process 1s bu

L
ge.

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 liquid fromthe supercapacitor desalination
device in the dischargi ng node of operation, the concentrated |iquid being
a saturatwo 2ilgued4or supersaturated liquid of the at | eastusens/oasver m ned
type of electrolyte. The at | east one determi ned type of electrolyte
precipitates in the crystallization device as solid electrolyte. The system
further conprises a separation device for separating the solid electrolyte
fromthe Firquédhviaf atdoacamatidldui 8bmoRe depdrepadsoralesdinhdoetiedtd ol fike

product In accordance with one epbodi nent, a thod is provided.for

produci ngf%veﬁmanan*@@itr of Wéamwfhé*l%pwaﬁéteﬁﬁmu§ §U§as"b?f'6'i“ﬁ§3ddli“§§‘é)Wed

el ectr ol yhg; Rarbl RALR J;ferﬁg ab 1AW cﬂmu&ké}ﬂmﬂdsﬁ @Ey?@ﬁ@&&l‘i R pesalination

unit durin argi ng step, desorbing, 1ons e supercapacitor
desal i nat b demhmnbmﬁxqmao{cﬂmamwbqm‘anlpltaqumokheluzwsng uatidh Seharcge sstidp,
passi ng the cccdncenltrat ed Ilqg@ into a crystalljzati.on device for

preci pi t af AP Be TS SPRdYTaPSOPHBIGT & SiaHopdeyies fegikpaatnathedold qui d as

a solid elgehs k}ﬂ&n LR s 6 M@L%’ a'ﬂ%h!u@ﬂmd&vé&ﬁm ang s8R Albing the solid
el ectrol yte from the concentrated liquid as an electrolyté product. BRI EF

DESCRI PTI ON OF THE DRAW NG FI GURES These and other features, aspects, and
advant age$* @fca ﬁ@cpr‘égbmml erubediment. vii miethne bmprdvededefor uprgdednpcdlidhen t he

fol | oni ng e 8l edy fesehLRtLAn L8 LEBHIM KDL RLEISNEs b fylG AocpIpanyi ng

drawi ngs | ¢h ers resen

drawi ngs, liwianging.a sdpkapdciios d&i&hﬁmmhﬂfd&uﬁ&hﬁﬂﬁlﬁ‘&!ﬁo dk@ga@mﬁaﬁn angol i d
el ectrol yte produm ng system according to one enbodi nent of the invention.
FI Gs. 2 akgmgh mewa%‘n asadiearl *ésrlyu%%é%fsb%t%@ Bruidslerns Aa e8I LE SCD)

devi ce of st%{g}ém%?lu‘s %ee&ﬁﬁér{t&lté/%l?cgﬂé BHHQ'LQ&tﬁMéin%g‘de(ﬁ W&C}?r‘e{ ? Il ng a

chargi ng no accordlng
to one enﬁmdtln@hteieou‘mitvteemrm\mntht:omnuﬁit@mﬂ m&daascnos»ﬁds@emtcﬁmalu1V§hew of an

SCD device of .the solid el ectrol. F st em accor di ng gnot her
enbodi n.engnétpll{z%oq NaGhs R sepamn <rt eaon ctrlyte from the concentrated liqui

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 invention.

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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DETAI LED DESCRI PTI ON Enbodi nents of the invention relate to the field of
solid electrolyte production, A solid electrolyte producing system

accor di ngvoaoarm2ershodi ment of the invention may be enpl egeastaw/opreasiuci ng
solid electrolyte fromsaline water such as seawater, salt |ake water,
bracki sh water, or industrial saline water product such as the saline water
product of chlor-alkali industry. Enbodinents of the invention are

di scussedpipdalaweEw DASCRIEriEnce to the drawing figures For purposes of
sinmplicity of description, comon el ements across different enbodi nents

share the_s ref erence nunbers pr o J th |l an used herein
t hr oughouti "?’”gméf‘b‘é%?ff ﬁ’@df“t %WOaﬁa*ath& ¢t B‘g Ja%ﬁgtf‘gﬁtet%‘) @8 £y any
quant i tat kyg HERfAE Ghici &8k &@Hhﬂupﬁtm éﬁt&tntam\ﬁammt\@%n {n@f ul ti | N9

in a change in th ic function to whiich it is related Accordi ng
val ue nodb¢ cegidy ydéﬂnemmu@ngsénhdgugu@htasn%dbuuwmxrMshnBthwame!mhn1ted to
t he preci val ue, s

Jvalt cified, in.so stances, the p 1 T ting | anguage
mmy bor r eBBBNE oo RRET s soraRe SRR s F o R et SR BE B PRt i ol e,
Unl ess dehiqdaae Qtdwtvmm inlg@Rni Fﬁttm@tmtmﬁscttﬁﬂtttttle@ztéleéfésdlh@@%dh%z&t n have
the same neaning as is comonl'y understood by one of skill in the art to

whi ch t hi $ithrigésetncgniobdlk ohgsingThegoreser ey Prpases of 'sueploiy" of desdriphan. | i ke, as
e e e R MRt G A B SR op AL it P o R ARyl 12t e

are used T énen rom-an erﬁs "a- and
"an- do not denote a Ilnltatlon of quantity, but rather denote the presence
of at | easppananafnglbegragé, efsexﬁabﬁetEitn&'hﬁmé@oulsmqﬁ&eiﬁehtﬁtm arel @gitdsohnyty e
refers to all ]&gstances t hat can be diassociated in cluding salts

such as NAEIAPPIESESH) meTyafiaranidyely Ee Rapaion fht ex F‘é‘““s‘ﬂ vary
" Super capaghh@resdlfo i LLBRLL AGRE &Qtahm%ﬁ&@ﬁi LBk hmé‘tmléléé @«L&?rtt@t‘d vely

hi gher energy density when tonpared to a conmon capacit “her ei n,
" super capacdatugr thoilified ol aséne oofter otshewchhmgmtmet T oy natntueb@ zbtpansdttorthﬁ such as
ul tracapacitors A ca devi ce that can store energy

ac is an electric
in the el BEERE Va1 L‘F&‘aeer’f‘ C L (o] i vi o@&l PRpIEEE e ﬁﬂ%%‘t?t%r%‘ﬁ{ cal l ed

" el ect r 0dgsdspoRNhY BLARR dfSndRRLRY: &P nideuhRRAcAQE, el ectric charges
of equal nagnltude but opposite polarity, build up on each el ectrode

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 “8” 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 i1s 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 anbunt of an el ectrolyte that
is dissolved in a unit volunme of water at a given tenperature. "Solubility-
refers towvoheliznroisat of an el ectrol yte that can be di ssecram20m/0a6ani t
volune of water at a given tenperature. "Saturated water" refers to the
water that is saturated with at | east one determ ned kind of electrolyte at
a given tenperature, "Supersaturated water" refers to water that contains
an anount A@fus@t hdréiastcoapmuigtiog efereltett celoybeoitdnatedndl g¢ eat 8rdidsbaadt he
solubility limt of that electrolyte at a given tenperature. "Saturation
rate" ref 8r&URibveiupgl 6ValF sk pSESRTPRRTBHTOf Db Bt dERrredhk Ryt

el ectr o V4 felu By RN s il 6 Sk AIINORE oK WARL B 2 Bl RALERp ot Brd N WA EF
at a given tenperature. Referring to :Fl I a sol i d &l'éctro yte produci ng
syst em 10"sauprdadsesicd sfipenc dpachtconhadas ahtumatd onh (BCB)st devideer@ed The SC. D

device 12 i ontrolled to performa plurality of successive operation
cycl es,  akOS SHreBPRIGH IRV Y TR | SUETSHHAT GG Hots [P pht i on

(FIG 2) andaas &h 86D&5HAIM01ARAR: Min OB AR (RLE erdder Bl 8RALAGiGPUr Ce 14
provides a feed liquid 15, which is a saline water carrying dissolved

cations (WnitwichantionmifiXy) agfivet tehpasturenéSdetagonirmed refypdocf ragbedt rol yt e
(M, , V"), tag the SCD deyice.l12 when.the § CD device, 12 is in the charging
ode of obISRTIRT R by amTI A TER: o B s TR ERI o Lhe eliPel e
liquid 18kfnkiomMetdgolSR idaviisan d2iah ithigerdiuschar gi ng node of operation. The
concentrate liquid 18 is a saturated or supersaturated liquid of the
determ ned kind of el ectrolyt eéNt ,."X"'") and precipitates as solid

el ect r ol yRetepang i 11 d30i nl.t Re selid stagiid et powvaay; ety 1A sgAPRSH| &r 19
conmuni cat, ' . gank Lol LARL 1At epyaky SensoEs .. swiit.eches and
the |ike %ng%é%gh%r%?rhg‘ﬁg@g{ﬁggcgf Ef ﬂgé é@)eggeslhfggs%eﬁﬁgeng“ E%ié{)@r%;]/ltseggﬁl i zation
devi ce 16petomt hplurdlitust satedivempodiimentclof akd &ckoptlaeocondentmated |1 qui d

18 fromthe SCD device. 1.2 in the discharging node of operation.is received
by the.or §SbaEEzaMoN ievid (F85) 1 Bie GAea Hemede OhabSBetPatkd | | qui d
18 in theacryahal {dufdl 1 9DrdQYLCE Ié&ii higuliur g, lhx‘»?ﬁicfw &d agﬁ’eﬁﬂﬁet@a:t%?g?lﬁgﬁ% devi ce

12 through rout€ 52, and continuously circulated and reused
di schar gi digsadpat atticonsM PesbardiwglX/) of midecomoedbcaninod tafe ofadewndytand

ani ons 36{\1%?\& I,::tLQ ¢ S%I?ngn%g 'I;IEQ&FI“;‘[ﬂQ.ethf(:: gef)en t;[\-’gi%t ﬁdisli:ii. %1“0' gwalrgsmg mode of
operation. A crystallization device 10 receives a 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 rouwte 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 wXa). As a result, the saturation rate will increase to a point where precipitation
4



continuously increases as the discharge continues, and the concentrated
liquid 18 becones a saturated or supersaturated water of the determ ned
type of ewecbriaizgtse As a result, the saturation rate w IPCTiuscoioasm7s 0 a
poi nt where precipitation of electrolyte (MX"") begins to take place in the
crystallization device 16. Wen the precipitation rate in the
crystallization device 16 equals to the ion renoval rate at the charging
oper at i ongf §ib@rdat YvAL KQhbéditeoakkd as i6 ivlén stalligagon devidae oc oxigenthe at ed
liquid 18 will not thcrease any nore and equilibriumw || be established In
the il | usPraPEaUSHGHITBAECY S a§8?ﬁ8“§?é%ﬁﬂﬁ}yﬁbﬁﬁﬁﬁﬂﬂ@“ﬁ@ EvsﬂéﬁFlo

further CQ&E‘Pfrxh%%gm%néﬁ ﬁé ehQRPEUL 8{5‘ 3 T Sgg\’ﬂcnc%m?&k}a@uﬂ'ﬁﬁ&{ iglyte

(VI mv, - itated in the cry st al Ilzatlon vice 18 as an e ectrolyte
pr oduct 54&&numnecmmmmgmnﬁﬂnndbmehbhantmﬁbytﬂa@rmdmct 54 conprises solid
electrolyte particles each having a dianeter ranging fromO0.001 mllimeters

to 1.0 m Ilne anot odi rent , the eIe trol ct, 54

conpr i ses it (T kgt SRowReal TGS CHBY ot ebds S Al RERSHR rent s o
the separ abih@iksed QUbSRatRRh FBRCeCANDY teffovihSRlilllelREol@ning & ) b&a@@%@ss a
era} | ter, an ultrafi "ter, a hy drocy c | one, 6r a cen tri fuge. in one

CM b od mitethetery %&%@7'@@@@%@4@&98 @s pn sHuEPlySu pioduetetio isdme resthodivesnt, the
crystal B ANIRRE 2 paPRI nOTRE B BEEe: 2 RhatE LSyhefipyl oo 12

In one e sep ar

renoval ofangbly ol econ o;hynﬁastuma heh sepasatdkonideudtoer babvadimeannhk nuousl y
fed back to the SCD device 12 during discharging node of operation through
route 55. SEFlegvieopadctady FPUgRTeAL b STUEN ‘eie@hpqwfws@ dedrdeeparidepect i vel y

at the Chg&%'o@%zéﬁggg& d:ﬂ& ﬁ{?ﬂﬂ%&x c%@u,%rkq ;Mleu 13 gkl gﬁ’ﬂea %ﬁte @%E gtion In

the illustrate e exenp evice 1
desalinathmﬁcmﬁ&sehnzmudﬁﬁmnahgmaummhwnegaaaﬂa%&m §upmkwnﬂ$dnmmd\me | east
one SCD unjt 22 housed._in the vgﬁune and el ectrical I% cqu?Le to the power
supply 21°%e5HAVISGRRTUCE g pi (Pt efiipnhidie £TXR5 Ezpen Sevire &t charets FEKE %our ce,

or an enegggqﬁ&p@wggg(ggﬂxﬁkUer for example In the illustrated enbodi ment
of FIGs, 2 and 3, the SO wunit 22 conprises a pair of electrodes 24, 26,
and a conpartnent 28 defined between the pair of electrodes 24, 26, In one
enbodi msnPﬂ ong mhisbmumlte szmiﬁww we’rmecbmm e élqm«é)wt@tnac@rva 39 seidween t he
pai r of elec ncl udes at

a S
P aast “onc“RTUTE Wbl wbtiitn St wh o e FBE el FEBE s dsh e
t 7eedi ng $DULGSE: Mm&lﬁéﬁuﬁb@f coirmand fiBRich28ue aRd at | east one outlet 34
for exiting of an output liquid fromthe
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 tllustrated embodiment of FIGs. 2 and 3, the SCD unit 22 comprises a pair of
electrodes 24, 26, and a compartiment 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

S



conpartment 28. The liquid nmay be guided inside the desalination vessel 20
by using external forces. Suitable external forces may include gravity,
sucti on, woadopumpisag. I n certain enbodi nents, each of treTfiseew/ossd3 second
el ectrodes 24, 26 includes a porous conductive portion exposed in the
conpartment 28, and a current collector (not shown) w thin the porous
conductive portion for electrically coupling to the power supply 21. The
current C@dnh@zﬁ‘tfﬂd‘m ey he lkardregy b eadyd Buideald ¢esaBhalohivese! PEbULENgsuch as,
for exanpl e, late, a mesh, a foil, or a sheet. In certaln enbodi ment s,

the curr eH‘E‘Ué‘é‘ F P oPuERje P FH@'I“&H’@IY?ét“ai"a“%'tji%“laéﬂi iSEEHIY AR BREPBUM
iridium or rhodium In another enbodi nent, the current collector conprises
metal all ﬂyée;%ﬂ&f&n%dﬁﬁahwa%&% &%aelfmlmsab&lld SRR X aﬂb@%%% athe
current collector conprisés graphite or plastic naterial. Suitable plastic
naterlalspmmybmnmnude;pﬁaﬂmewanwkbu:ﬁmhymﬂeﬁnnst“&umﬁhbkmnpmdyﬂbhaﬁlns may
i ncl ude pol e,h¥ ene w@i na m.xed with cogductﬁve car.bon qback or
metal |1 c B CPEVES LA APbi SRt R Root e PR oG RAR de Ber i on
conpr i sespeRaduginly @ 1 MY RE ioaténtOflCOIP St BS Mhﬁé&i af RhPRugaé as@a1BE ea,

Exanpl es of such conductive materials include carbon, ‘carbon nanotubes,

gr aphi t e, steentien sdhbes., for ardamlc | Dphfe. camigsh, aefodgalr, 2 wheesl | I i@@mﬂers such
R L2 L e R R R R 1
portion Ofnc&x&lﬁhaﬁf}ﬁﬂhﬂ@d% hasthar @hbkﬁ(ﬁhhhlyxﬁf upﬁmes;una%womhlﬁgty mgezﬁch of
the first and second el ectrodes 24, 26 has a hlgh surface area._:Iln one
embodi menfliovgagtibeteipingae a5 dnprihateheesmbediment dhe cBET) eillerkEe area
in a rang r 00 to
1100 squa?%ﬂé%¥%g§&§g§%§raﬁg% ﬂg@RQV %?néyégﬂgké$ﬁﬁmhﬁ?1%91n@%? (fode
surface ar:xean;ﬂawdb\a} efimsa $ange @iy q]ﬂntqcmaxbomludk idivetih0dne tvhhl ﬂna\;t ber about
2600 n2g I n on he first and second el ectrodes 24,
26 has a P%ﬁ%ﬁWW%FS”‘JUOQﬁQQﬁW?%Q;‘“H€§P ETHANES which is, for exanple, |ess
than 40 ChmcnR, In one enbodi nent, an additional material may be deposited
on the sugf %@t&nOfenﬁ)BQmﬂén&sSt tiﬁn@oﬁﬁQOM]dﬁbt@@ HREes aﬁnlla%@eé/\*&%&x&x%h an
additional nmaterial may include catalysts, antl-foulants surface energy
nodi f i er simagnglst fle chnRes e nvw@h@ bgboeifrenpreacul r@hpiewﬁ | sk opadutiae or
porous cQn ons the fi ) ctr o es 24 ma
by not el tuBR S Bl FrrigBh s BPPRIE GRS HBFL (R fdin 2ng
second el eghswdempdd madflictRedsld Judindd nitRethasetd Hiigh adsofspiddemingapaci ty,
hi gh energy. density, and high capacitance. In certain enmbodiments, the
capaci tan@§défmf}ﬁ@%6@éh@iﬁ*%é‘nﬁﬁﬂ‘éwﬁl‘f%@f giealtter 289M%n about 10 Farads per
gram 1In certain enbodi nents, the material capacitance nay be in a range of
from aboug, Q. & é:%c?a‘i’ﬁerﬁe{hegﬁwﬁms c%a&%% paRiohradsh AL AL 2 HiemaReut S0
Farads per gramto about Fara grant ron1a%out 75 "Far ads per gram
to about m&G&Fa&aM§wmbrcgﬂamﬁﬂwﬁmmnmb@wumﬁaﬁﬁﬁadad§$aéﬁmgmanﬂtmnﬁbaut 150

Farads per gram fraom about 1 0 Far ab ar ads per
gram fro?ﬁegbgg%’“ 78[(1‘—5@?15‘356% ElesHg f%" %‘%‘d@fiu%&c&mﬁs ﬁaiﬂ glgg g?'%i ““from
about 400,485 R6%.:R8 b1 GHAMHRL abqyab‘;%@@ sangds’ pehy WRMod fomoakgu:. 500

Farads per gramto aboqt 750 Farads per gram from about 750 Farads per

grain to albut pSUGARANELS). p@rmgrtalmodgnetgrTéatcéqumﬁamn&b@muw)@v Fapads per
gram Al though.in the illustrated. enbo 1 he €

el ect rode nggm‘ 58 %4 a@“"’%ﬁapédb b° at e Of*ﬂ%?ba’?e dlm Oéjé 8% maﬁﬁ%eﬁm?o each
other to Lo ﬂ;xshﬂﬁkaﬁulﬁtﬂ&ﬁhﬂée 241 16 ohbar rceRbedi l@&nélﬁmutﬁle{eﬁzkﬁﬁh and
second el ectrodes 24, 26 nay have dlfferant shapes. Such ot her shapes may

i ncl ude rB@aﬁemaﬁﬂ'ﬁﬁgﬂéﬁ b@MW&QOWf@bmﬂ@ttoﬁBOﬂ¢@ﬂ@ﬁ@ﬂEWbduiﬁ%hvﬂﬂﬂhe first
Zgghsgfﬁggxd (ﬁm mraéqfscétgpg ‘“é* ; ?zgﬁ% bﬁ%{‘ﬁ%tb gfo&ec% rgtoann%es% {nluf; a\lf..(.,fy'\)({f:& E%t b%’ eto

where such an additional material may include catalysts, anti-foulants, surface energy

y

modifiers, and the like. In one embodiment, cwrent collectors and/or porous
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Sui table flow spacer 30 may include electrically insulative
pol ynmersSui table electrically insulative polyners may include an
ol ef i n- bawedormkersual . Suitabl e ol efi n-based nateri al caoTiuseéoe2673
pol yet hyl ene and pol ypropyl ene, which can be hal ogenated O her suitable
electrically insulative polynmers can include, for exanple, poly vin' |
chloride, pol y tetr oroe th yl ene, polysulfone, poly arylene ether, and
ny 1 on Fusidaetive preohd ovheaseimd3Qesmyclbaveiea 26 M€ kness hdy sotrlange from
about 0, 0000010 centineters to about 1 centineter. In one enbodi nent, the
t hi ckness>H®% be in a range of front about 0 0000010 centineters to about
0. 00010 centineters, from about 0.00010 centineters to about 0.010
centi met epy;efi 9{@1@%%&@&%% GrofE RRLAE SedoaARRUbAL J4. OB TRUFLni OF f T OM
about 0.10 centineters to about centineter. ow spacer O may be in
the form @t has mebigh aﬁec;s namms;muta high, cnan-emé@ts tv.aafd high @maat&naavén To
al low fluid con the.fl ow spacer may be, porous, . perforated, or
nave 1 ui CTERARMBA Tense s nBiiapRonh BRcorus Bre Bt o B HrerSnbBhasst The
fluid chanfglagds R 8fmn@Nth RS R eAbediniiYs, RRY SRk PVaT:08e cdipaEbeiy hhat is
less than 5 millineters, and may be conflgured to increase turbul ence of a
t hr ough- fm@fﬁ@@fﬂﬂmmqﬂﬁ 1P Fagde peryad werout b Eamdepaigerani Sret drow 80i n a
range of )| Ler 0 A t 4
m I Timeter é&?]osg li!‘tu%'ﬁ%a AL\T 79%: a{ad?? éﬁ%l %igglmﬂggli{gul;?\ V?Iag né‘? ijil’?tnils gt? (lt; t 2
m || i met ensh Fimospehouh, | (>m(w:xxnmaerﬁgxaop@lm®utz td akimkliﬁﬂ”ﬂiﬁﬂds ptf gm@bout 1
mllimeter to about 0.5 mlIlinmeters, or less than about 0,5 ml|ineters.
Such i ncréagwovhkﬁh&?@%@%ﬁw%wwm@ “YRdekar HHR f&é}?%?‘%ﬁ@édb"ﬂd?t he
pr oxi mat e gl éﬁ‘%‘; tgqﬁ?ut%bqfd? idsg)e grahzm @onazaqnqyﬁbfpgar@ds Q&r@éﬁ?% R b@@
operati on, e f I's couple erm nal of the
power su pphmd;?;lexa.mdn alidm adsutad(PoSiridsver eteacto ddet “”*’smea;s{éq@m @rab dodmn ode 26
is coupled to_a negative termnal of the power suppl nd act
nogat 1 ve. S rRBdEHng" B Pt S04 B AR RT HET DL SBET EB 300e made
to pass the,eCRunkh 22 and between the first and second el ectrodes 24, 26,
Cations (M ) 6 “move towards and adsorbed on the conductive porous port| on
of the ne%& ive electrode (second el ectrode) 26, and anions (X—) 38 nove
t owar ds andthaegorbdy Grstried p@bﬁdlmﬁ@t dhedvstone f(eﬁmﬂcéﬁleéﬂl%rddéﬁ 4. As a
result of ugrul at ut.put
| Caut d, wilkE S AT AFE Ml S e d3heRy O Gropha Sl S Fhas
| ower conegit sabb@medls, Gatiransd(Mond3beddeaPi, AFSHEXhdvedBitaencgmpay ed to
the feed i UId 15. In one enbodinent, the dilute I'iquid 40 may be again
subj ect edSe8! SHEELRSH Bapriselugs nguﬁg‘f ‘i Prytere BNk SR BIUHESSCIP @89 ce 12
| n anot he f REUS} I I, J
Ref or 1 ng T RORTES g Ars b (Buhioclict 26 5% Hisdl oe MSSsrB ol
char gi ng mbzdaeoa‘;e@ﬂmthémmmmlﬂhgaeaﬁmagémﬂncat| ons and ani ons desorb fromthe
surface of the first and second el ectrodes 24, 26. In certain enbodinents,
duringth ar gi n nmoge of ration of the SCD unit 20, the polarities
of the ti Sufarl AR B e botito B e es ety Tt ikl e « el but
the pot entieghicgif fighienee Rt Waetineuhé En§bkﬁﬂdm%lﬁn&%ﬁ@l”C!:u%ﬂ@td&#\es 24, 26
becone | ess, thus the ani ons and ‘canons 38, 36 desorb fromthe first and
second el based ogwsesi, Lsﬁﬁ inyiile epdlpetdyt Iwr @frtquﬂmm@‘écm;dumhn@l tCIﬂE be
di schar gi nmode. hg . nd second
el ot r odelfoBR AR b BT dhkbidll B E hEV bl G S Rt The
second el gal 1088 cBiMeVIHIfeN@Edtotinlehd, ndtyselfetd horeryldhe eawal dridenydaii ons 32
move fromthe first electrode 24 to the second el ectrode 26 Asa result, the
out put | i uiter. i by isgacenPP stpicbicehtiigineth 10 furge4mm wﬁgutaﬁ APQREP
concentra t S n [
Veanuhi | oot s 48 shale) 2 ARLOTE: BRTRARGHHCR. 8 AiEGst bl G 00
r ecover edrdnlne @ Groanalgmut @GOH0 acorekprdeviboe; 0 HOD 1 (exatpkers, drdm alsbutect i onal
DC- DC cong%rb_er. ) , L L, o
) 00010 centimeters to abowt G010 centimeter, from about G.0010 centimeters to about
0.1 centimeter, or from about 0. 10 centimeters to about | centimeter. The flow spacer
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Referring to FIG. 4, an SCD device 44 according to another enbodi nent of
the invention conprises a plurality of SC D units 22 housed in a.

desal i natworrouvigesesh 46. Each SCD units 22 conprises a pacm/ustoeloemts odes
24, 26 and a conpartnent 28 between the pair of electrodes 24, 26. The SCD
units 22 are arranged in parallel and are insulated from one another by an
ion-inperneable film45. Suitable ion-inperneable film 30 nmay include

el ect ri cabi ynaganrducid femnatanb@bsne Suintahhenal e aitdei, aalihy ocaredct.i ve
material s may | ude an ol efin-based polyner filled with conductive

addi ti ve. 3 tih%cféo’ﬁf‘%‘lni%%’és‘@ﬁ 5561 §RiERT Amavnid DHOUH VTR el uhd

pol Ypr OpYhiEnee WALE i E AT fahagenal, %ﬂxu@u LB RufP At Addldd ve may
i nclude graphite po carbon ac wder and active car he
illustrat adceaﬂu&)ﬂerﬁc&mm ntapmckesmhwianmgcl (bm}mesﬁxehslt@w}mﬂ *unkﬁsanni unal ity of

inlets 48 for swrutaﬁ(gousl |ntro€ cmgtt g d 15 gech}velylnto
corresponiﬂr‘hgh‘”cCJH‘E)&P"[r AP ‘? RYF pa ‘QF‘I“@I Ot &n “‘é“‘:%f ’bj‘?‘é’i" 2 §ay °8ts 50 for
exiting OthH&QHan btk Ol bl I e S s Qh}lnuE %i hbﬁ\%l}@\lﬂonﬁlt]nﬁ(ﬂ% &hﬁﬂﬂ¥ pg node

of operation and a concentrated |iqui a di schargi ng node of
oper at i onmilfimedgrs.dhare phattitveilisnbiot ﬁnﬁh@ut vwhllhIMﬁess oty Sleown iiliintdtes

draw ngs, , 0 of the.inl 348 nt roduce t 0, one of
thecompald Tistt £ S4%haka ik Fipd vHEiERS8 5Eed | RPN LEraRolht 2 hanner
that the guftiheler32 agdut@MEmADARASS, BERLs B8n GRAINWN SaligstdeSddiligtred@d of

anot her conpartnment 28 in series, so that the |iquid passes over each
conpar t neAtbEgNCeany PasHE ehf affassthsueriepsarsy of egnoasiate dectide. out put | i qui d,
Accordingly, the concentrated |iquid 18 can have a hi gher concentration of
electroly . es d E i nfi.qured in
2 Corbi nat T e EICTh P b R R e R R e
enbodi nentsy 31&&1{@ qopeaaivpittatindrof ofie ;bdwee;eslup;dt 120l apti @stsrmy pmm»eemuno&mtl | the
degree of ers ratl on thereof is ver arrpl e,

t
o L iBRstrond sRhueda FOR P AR S § BOGHH eIl GhMA RSk S 86 are 11 s

pr eci pi t ag&@@q 5’%&%@&:%&«:@0&3 eflfe 58 Ham@rh %@@fe%agwm& LR R (gxanpl es,
seed particles (not s own) may be |nto the crystallization device 16

of FIG 1pass thndubemitia qox é*@txptmahxr bm cm swriddesralks tzﬁe.ése(eemopamth kles at

a | owner de ree o afion or, supersat tIOI’_l*Ofvthe eI ol vt.e For
exanpl e, o aeris lobronn el R SRR 20ul olforbit if Bk ow as
105%to 18@%(\!&1&{&&@&5%&0@6 aid SRLIR 1SeadoRALIVEReSd kiRl @ndedi ment
the seed particles are el ectroly particles of the determ ned type of

el ect r ol ypesity gectprigdiice ¢! Lﬁhc@fvhér b otiueitiis chivge seaunpanincin@idecan be
ot her par G ar ! have an
aver age dlmcasfrcr‘ie(ﬁZru ﬁﬁa?gﬁjﬁg&l ghqu@b&? (C%qggfﬁpgqg@giﬁi% f;%ﬁHcﬁ;'t 8{‘@1&5@9{ ne
enbodi mentmit thehdseadwhi guticenidhioh rodrbide (Meeds mgd smuhce\ 148 apupihipsed mai nI y
one determ ned type of electrolyte. In _one exanple. feed ljquid 15 is a
NaOH sol utdBs f\ml&w@ & *Dp?tﬁoﬁ&vétﬂdafw@hqhsﬂ'la1e|éa1uad ﬁfha@g ERRAFAHDESRPr i ses

di ssol ved e t on. of ol S 0. to 30
per cent o N%‘&Gglr Bﬂ‘dué&glr@c{%%{)@y%cgsbﬁl? 'Eun hctf egg?jldlug% 15%&:}%0%& ngly,

t he sol i dembedtueot 41 & cprreci@iitditsedi ume fohexanylst al i zati on device 16
conprises very pure NaOH, particles, and the electrolyte product fromthe

separati o eV| ce r.ise very pure H product, |.n another
enbod menRelried Rol 1 AR S 8 b aPe oot R s s M AR Trode. ar
| east twoof %}m&;&f iR fﬁﬁ&ﬂb@ﬂ YEiRShs 08 GATEE BBy fltohﬁhs. Qliiceebfant figd whe
precipitate n the crystallization device 14 may ncl)rlseamxture of

el ectrol yﬁ@ﬂ@@r@i%p@@ . 20h elnaétefQ‘lé'agltlbe@mewpé@wsaﬂw AR OgF Yl e
product T Lo §f1eo ;%gasﬁs L8R 28CHI G105 eTBY 1 OHRL hRP ol ¥etliaiat B WO

types of
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



FIG 5 illustrates a solid electrolyte producing system 56 according to
anot her enbodi nent of the invention. The solid electrolyte producing system
56 conpriwexon/Mfersgt and a second STD device 58, 60, a Prrals2and4sm7szecond
crystallization device 62, 64, a first and a second separation device 66,
68, and a controller 70. In certain enbodiments, the feed liquid 15

provi ded by the feeding source 14 conprises at |east two types of

el ectr ol yrea(aré kdvetset] mdtthed it efiicand | deebatoethecksmdydRihddhenfoeed i qui d
15 passes the flrst@ECD' evice 58. Dissgl ved Qatlingran ani ons of the
first and'®eeoil Epedeisnydsauidihe puopedamoryiom s tay eleaieds Bt Wer i ng
char gi ng a r21 1 00, &P BE SudaoEReS oy chrbakngs fode of
operati ong&gﬁﬁt CE{P‘If[‘)clﬁrst S g'(flgwtc{é ‘5@69} gﬁ Lge\rtg‘? %Qg %d?ﬁe‘%t g& ﬂ‘&gf?l ute
l'iquid 724athashehigharghaginnde ocbtalaperat iaonss vaypied ag dienfesdibjrecit Ed to

el ectrol y{, by beln fed back to the first evice 58 during
char g ng. WGAEYBHE B AP LS e BT Han T SC1Se GoviUebSEsEE ObEXGHERL 1 or

i ndust ri aly4s8 foQhmeRNATRLRy ddidd RurlchhMpler RbRE - &RRRHITEMG cdierdd 1 st
crystallization device 62 receives a concentrated liquid 74 fromthe first
SCD device 58 In certain enbodinents, the controller 70 is configured to
control cBateinyg & Féhs 4okn dis3olovisd *1ﬁ@ﬁH@nQi@é@@ﬁ@féméﬁﬂﬁ@ﬁvﬁé§htn first
crystallizatio L £ C nd

el ect r ol {m U&l g h?{;gxg%ﬁ g\é ;tn%g ét é& I) Lﬂ t% nﬁ?ugéd %\d{akah%lgtm {] he'%%el x&

crystal |'i Fag @n‘lldemnce‘? Gompihed @ ;iahemotlheﬂm&t, 24he‘:@f artdS h tﬁ;ﬂﬂmﬁﬁ:@ﬂﬂdg
electrolytes will not In one enmbodi ment, the cogtroller 70 co |ses a
sensi ng dBYIMERN 8 NSRS HGIeDHb At ridte Brid uaf% t‘-’h arerqrradged Hypaal

el ectrol ytes r t atd Q Vi t V&N ¢ eIRer akure, and
sends thet“%o!r%{csgr‘i%érdatﬁlt(%]C Xaﬁ ?r{(%tlﬁ@r % t‘{c?)1 ?(ﬁle ]@ ?‘h {7:ﬁ Iér% one g&r‘bodl ment
t he concentpaticaris ﬂﬁnth@ ehgchnhk&te&cﬂma neasm%e@wunﬂﬂ&uﬂmoﬁmndﬁﬂerature
ranges fron115 0 25 degrees centigrad nb nts of t sensi ng
Govoe 6oy b PRt b et G 1 e Ml b GEen TEORUACE YT (151 BER T odas,
or peri odt&@iuw\@tz&mkk@esﬁ%wn;@ém%as&w)ﬁ% & ezsﬁRﬁ‘l‘erﬁH&ﬁyIZﬁ’e %ﬁacul ates
saturation rate (R) of the first and second electrolytes using t

concent r apdlopropiignal w lﬂsh asic be éiulngtltmdeq&atdbbrmndb@h@w,ddﬁes peot mvlexk V.

¢/ C, Equati on, wher ei con entrg n_of En el ectrol n the

h
st orys IS i acthon R Ao haf e orarBiy.f g b *tiiated

el ectrol ye@boddthohge 8adalbaldnORessaf et ﬁ%)cimahl luPRin Soft Rabtst B for
electrolyte is easier to precipitate The controller 70 is configured to

control operdienenslf mHedddinst fadl igali ¢2 Fpsubisyt hito t kerrewptdiagi on rate
of one el I h { y 1 in the
first crhé@hé¥#§%§fgﬁugg%?%gnéggiMﬁﬂﬁﬁ Eﬁgﬁég E?gi]%ﬁnﬁhﬁgbﬁ%ﬁfiﬁﬁ%ther

el ect r ol ytwidhds adiloRilghicadughe andgiag prRigigfopatii@naal a thatnelieciqgoliyte wl |
not occur .in the first crystallization device 62. The solubilitjes of the
first and!3atandcapgss WP%? 85 OpgigRes- irgﬂwéhmpé‘mfe@a?fewealr skt i al |y
constant, (e FALKALHAR, bANSHATTAREAL 96 RetcuON Vrebfliahad |8 e
concentratlons 0 eIectroTytes I'n crystallization
devi ce 62ﬁmﬁumuhanwnaﬁﬁtanﬂhmacmnpannmaﬁﬁBh&:hmML@hEc&dohﬁuamuwnﬂhme feed

liquidis deternlggd frat o of the tﬁg el ectrol qﬁélq c?nce trated
i qui d 74%%s O80Bsranth APFyCUBREIENE A COPERHEFYES e IRi6ht et 757 s

conf i gur e Pu et 28linded Al 8b 1Rk ARl K %%@@&%r&%&a&mﬁmﬁmh@ ggpgent rat ed
liquid 74 of the first S CD device 58 such that one of the first and
second el eet r}btlyrt @slew thissahighef theacuipet liomd r dcecidsidhi. ghe @ﬁrwghatfed)r

preci pitat.io J N ond ect.r S, haV|ng a
| ower sat UHA |‘{5’n*~'a %aée f‘i“ q‘ﬁhf?“‘?“ﬁ%ﬁ‘&“ﬁ* Htl‘cﬁé“ﬂ“pr t i“?o“f% {418 ﬁ”‘{‘ﬁ" Pfrst scr)
devi ce 58schcaeried ngl s theosi@etd ol Wt onpigsidy Lat ed the dobee fdesdibed
crystalllzatlon device is a very pure electrolyte and is further separated
fromthe qu@¢dm5yi@%@ﬂ$¢$st separation device 66 as a first electrolyte
product .

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



In an exanple, cations and anions in the feed liquid 15 conprises Ca' ,
504- Na, and CI. Accordingly four types of electrolytes mght precipitate
froma comoentwveatesd |iquid 74 in the first crystallizat Pom/usesione2662,

i ncludi ng cal cium sul phate (-CaSO4-), sodiumchloride (".NaCr), calcium
chloride (-CaCl2"), and sodium sul phate (NaSO4). Solubilities of the four
el ectrolytes under a tenperature at 20 C are as in Table 1 below Table |
El ectr ol yte@aSadsupishtutapiot gaRndf 100 Unldet tdei Jekipda BkoNa@d IoeDhifaaGh274. 5

Na2S 0419.5 I n_one enbodi ment, concentration, of each dissolved el ectrol yte
in the fipegurs in a clear solution. Accordingly, v certain examples, seed particles (not
shown) may be added mto 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 s about 10 to 30 percent of all dissolved
electrolytes 1 the feed hiquad 15, Accordingly. the sohid electrolyte precipitated in the
crystallization 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 sohid 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 56 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 liquid 13 provided by the feeding source 14 comprises at east

two types of electrolyvtes (“first electrolyte™ and “second electrolyte™). The feed
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crystallization device 62 is nmeasured and sent to the controller 70. The
controller 70 is configured to calculate saturation rate (R) according to
Equat i on wousimg2tshe nmeasured concentration and t he sol mbirhisteies4i6m3 Tabl e
1, and further controls operation of the first SCD device 58 such that the
el ectrolyte with the |argest saturation rate (R) precipitates, and
saturation rates of other types of electrolytes are not high enough and

pr eg i E: t atliiqm IGfpSES{Q@tKHﬁ‘r@ﬂ’ %ﬁg}t}&gt kokyt @a {sypes cﬁkﬁbﬁi@(ahd @ﬁl@ﬂi ofr‘1 A8 firs 200 rrpa][ ed
in Table ility of i.S .nuc ortanotertreetypeso

el ectrol y@f@@nq? Pl H@l‘é%aﬁblﬂé? Itteﬁes@aflulﬁaf% SOHteE GHIUCa SIS PREE ©

concentra and I, 74 1s a
super sat u%‘g{?gg&ﬂgb grazc ?é éa&%iﬁugi?f%%%emgg?u?}g?}’ Sir:] P&mt“{&ar;ietq “g§o(§fb is

| ar ger t hdewidg SBn bnectemimﬁlmmﬁntmm he ddont hglitief2 70 tloonbarging thad of
saturation rates % and \Na2SO 1suc{)1 ghat %{Fg are, each

smal | er t ABEAHONS! phe b o fard 0 ERETGIREP PRG0N BOPR Pd8fi ng
source 149 s@lrmw&rrtsr&km%mnw ﬁWié&éﬂl@atmh!i gh @rfus%t@lrb u@\a&éw device 62
for bal anci ng when saturation rates of any of hree types of

el ectrol ybesulpst feeaxdustoial uselfor ovepdnbodi nent part of the feed liquid 15 is
fed to a second SCD device 60 during the chargi ng node while the liquid
fromthe ~ [ cond .§ vice 60
during the dlﬁg ch Ugia&ﬁé E‘Pﬁjﬁl\(lﬁ& a@‘goﬁ%tnEQGFqg” emz)r%'\?& éu??%%ﬁceﬁarggl ng and
di schar gi a@m@@mm;q@me%amﬁﬂﬂm Rt svemdmfev@onﬁe.mmmt@ﬂbdqumt@l @80 in the
di schargi ng node of operation is received by the second crystallization
devi ce 64wﬂméi%8ﬁcléﬁ10ﬁa®éad|ti>q@ri%w*sw@m&ﬁ@apév shesabvat dysi pfurerosf the at

| east twoLypaS .0ty ﬁ#ﬁ?&h&ﬁh%ﬁiﬁgﬂ d?\rf?e 58 %F&%ﬁétm {; ﬂ‘a(ﬁ? ﬁ?st aﬁid %}c%ﬁ& rol yt e

which is a mxture e soli
el ect r ol ytlectmdixtes irethessoheumtded syanh‘r’ap@d: 3f1at@mrt the flrstiquy »{ﬂalhmutmheiesleeond

separation dev econd el e 0 duct. The enbodi nents
descri bed®het %ﬁ‘éf&’eéﬁi‘(aﬁﬁl’é%taB “%’H‘gB%F Q“’ t“Phctur es, systems, and
nmet hods having el enents corresponding to the elenents of the invention

recited i, the GhiRidBentNtiRe WoiddRP 7MesGhhleh ON séM¥hendhte 7T6hRsauahy or di nary
skill in the art to nake and use enbodi nents having alternative el enents

that |i kewlwfi%ﬁwlés%ﬁmfi*t%baw%@ﬁ@hféﬁ@ﬂﬁ@i‘rb‘ﬁ ip h!esiquécﬁ&umnﬁi@mw@é dtn the
clains. The s i nve structures,
ot ors alSeRiehSalle Ao WRUEINE' GRediRon SERIR TS i PERGR e 5 Ja bk T he
clai s, apgihbdiblcherthé nednvdastiohiest sid UgdonbBaes SYStOBuaRd uRBérhessnwi th
insubstantial differences fromthe literal |anguage of the clains Whi le

only cert EFPeFBEEURBESaEMe bRl TreAtFeHat@UBEER (¢ udtrbrdnerind dbscri bed
herein, ”ﬁml}xm'\ﬂ fl@!gbfﬂs ;%23% @Hnée i%ﬂdscg:lag\ncgﬁ&t@% &%H{mf»@tvon e 0?' nhary
in rt.

skill vant a e appende alns cover nodi fications
and changpsiodM4RT $Bligk AdddenSnt 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 electrolyte s 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



1. Asolid electrolyte producing system conprising: a supercapacitor
desal i nati on device conprising a power supply and a supercapacitor

desal i natworzourni2e154t he super capaci tor desal i nati on unit PCOMseeISion7R pai r
of electrodes electrically coupled to the power supply and operable in a
char gi ng node of operation and a dischargi ng node of operation; a feeding
source configured to provide a feed liquid to the supercapacitor

desal i nat Hensaurhtomhenof e ehgedeapaat tonodeighlcntgdt ol ¥pidcigititibA ofhe
chargi ng node of operation; the feed |iquid conprising at |east one

det er mi neﬁ"aéP‘é@W*b‘W‘{‘g NORAEPUR LG i %ucrwéw!@ﬁn 48VFe8ir ecei ving a
concentrated liquid fromthe supercapacitor desalination device in the
dischar gi g MBRIIALs PIRE Mgt REGPIREALLALGhabt JUierP RB: AR kYT at ed
liquid or supersaturate I'1 qui e at Ieast one determned type of

el ect r ol ytbstanhehatcohgtasit tbanesatettiernriraiesl etrs;fpxecorfdnaélﬂeomﬂ‘ol ytaecdonecthpi t at i ng

in the cr stalllzatl delc SSOId el.ec : aration devi ce
sopan ot | nEOT AR R e SRR R Rt il B sBlaaBod REFI AT o

devi ce aspangal %1ﬁ|ceeth@%ﬁt@ﬂntﬁf@h@ﬁﬂd&@dm Wes Jme sasatiRm ok d@!eﬁhmea, raiyer ein
each of the géu r of electrodes conprises a porous conductive portion and a

current cof ltectivp decedies nothcheoenvusd dowadictl Ve ﬂp*@rmmtl@m constant. The
syst em of

system of LBl HNELELD! A, BOUSLERNANE YO PUL AN PAS B aign
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portion conprise
second eleutmlvte» with a higher saturation rate 15 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 liguid 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 types of electrolvies might precipitate from a concentrated
fiquid 74 in the first crystallization device 62, including calctum sulphate "CaSQy™),
sodium chionde ("NaCl™), calcium chlornide (*CaCly™), and sodium sulphate (NaSQy).

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

below:
Table
Elecrolyte | Solubility (gram/ 100millifiter)
{asSO, 024
Nafl 359
CaCl, 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



carbon, carbon nanotubes, graphite, carbon fiber, carbon cloth, carbon
aerogel, netallic powders, conductive polyners, or any m xture thereof, WO
2011/ 022150RCTI/125310/ 042673 5. The system of cl ai m 1, pamarsesnn/osiees
supercapaci tor desalination unit conprises a flow spacer between the pair
of electrodes. 6. The systemof claim 1, wherein the supercapacitor desa
I nation device conprises a plurality of :supercapacitor desalination units.

7. The syst emffral & Ruituld t;hﬁrraticmnﬁ@s{mﬂac&om;m abiEghaibn seednpahtdes

di sposed within the crystallization, devi ce i nduce, prec.ipitation, 8.
The syst efafured geneeniratignaydithe shebiiisesgn Tabia B?é‘éﬁﬁﬁi"éeé’“ﬁ? SIPERHoRwo t ypes
of di ssol . K19l A3 \Wher & he diher. . e

controll e\réggu E#I?{S%Jd;{gg%lg(?cghfi ro C&RE 'ﬁ:f ﬁée{ﬁ:('g‘rq?(tzlféﬁ{brlgf ég%ﬁ{ﬁ%{l 73%? 'nqtRhe
crystalli z}m:;mmcel,e;mticsmurcmw rgtas uf athedy pws Fnenshtesrat ook at erough aothe of the
at | east two. %P Leectrol tes, and is under-saturated with the other
of the at PICERERUPRR! Iy SHIET plEcly é‘i?t‘}‘leﬂq)‘iif’é‘é“t ONG wherein the el ectrol yte,
saturated or supersaturated in water precipitates in the crystallization

devi ce. 9RRes svapao af TehBiiMGubivResed IRONR HQM bReLhahDtcPMkowRd to
calculate a saturation rate of each of the at |east two types of d| ssol ved

el ect r ol ypeslepiolyis. clonerneramme tl}wq%awdmw@n@&t@hﬂasmtiﬁéhcsa@matrﬁt@ﬁ rate of

2N ot colifl e Rhe IR YRES GRS EE 7% Ao e BB DR Pios Bl ©
of electr GhS()@Snd thebawkass HRaR) loi (‘,45(34 is 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 crystallization 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 liquid 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 separated from the hiquid by the second separation device 68 as a second

electrolvte product.

The embodiments described 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 claims. 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,
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10The systemof claim9, wherein the feed liquid is also controlled to flow
to the crystallization device for bal ancing, when the saturation rate of

t he ot herwofotie2est | east two types of electrolytes is meamstaobh42611The
systemof claim@8 further conprising a second supercapacitor device, a
second clystallizati On device and a second separati On device, wherein
after renoval of solid electrolyte, aliquid fromthe first crystallization
devi ce i ssus@eh asl meftedd Wiilgukebstotial bigfes@cantosupernaaphtinkeigedgsaki nat i on
device during the discharging node of the second supercapa ci tor

desal i nat FiRHeWhde Opd THEAIS Jstlgrasofnde prbadiments Ygver kg 'iluéf&ﬁ@gmlé at ed

1 qui d_ T 90chDes REEQANM SURRIUAARACH! Bla ARKEGSHOTRLY BESnfoSalHhAl 8811 OF
supersaturated electrolyte of both of the at l'east two types o

el ect r ol ytreibe réodhnt sitr €bepmeddél/clhie @econidsueh ysidahdaripad areichdesisce, and
wherein both of the at |east two types of electrolytes precipitate as solid
el ectrolytes, and are renoved fromthe second crystallization device by the
second. separation device. 13. The systemof claim1, wherein the

. Seperation device conprises conprises a settling tank, a filter press, a
mcrofilter, an ultrafilter,. a hydrocycl one, or a centrifuge..



14. A method for producing solid electrolyte conprising: adsorbing
di ssol ved el ectrolyte ions froma feed liquid using a supercapacitor
desal i natworrouni2e1sduri ng a chargi ng step; desorbi ng i on®cfrrusaomioe2673
supercapacitor desalination unit into a concentrated liquid during a
di scharge step; passing the concentrated liquid into a crystallization
device for precipitating the dissolved electrolyte ions of the concentrated
i qui d asvaHsolikdieldgEnakyte in the crystallization device; and separating
the solid electrolyte fromthe concentrated liquid as an electrolyte
product, 15The nmethod of claim 14, wherein the feed liquid conprises at
| east twoltyped BHcE %E'BHF‘%WO&%E& $0157 EETREE met hod of claim 15 further
conprising controlling the concentrated liquid

a supercapacitor desalination device comprising & power supply and a supercapacitor

desalination unit, the supercapacitor desalination unit comprising 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 teeding source configured to provide a feed hiquid to the supercapacitor desalination
unit when the supercapacitor desalination unit is in the charging mode of operation,

the feed higqund comprising at least one determined electrolyte; and

a corvstallization device receiving a concentrated liquid from the supercapacitor
desalination device in the discharging mode of operation, the concentrated liguid
being a satorated liquid or supersaturated liguid of the at least one determined type of
electrolyte, the at least one determined type of electrolyte precipilating in the

crystallization device as solid electralvte; and

a separation device separating the solid electrolyte from the liquid of the

crystallization device as a solid electrolyte product.

2 The system of clavm 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 1n a range of from about 2.0 to about 5.5 x 10°
b,

-

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



to be saturated or supersaturated with one of the at |east two types of
electrolytes, and to be under-saturated with the other of the at |east two
types of wbeeotwmbistes, 17The nmet hod of claim 16, wherei RCTarsko10/0kions)
conprises neasuring concentrations of the at |east tw types of

el ectrolytes in the concentrated liquid and cal cul ating the concentration
rate of each of the at least two types of electrolytes, and controlling the
sat urati on. r at €hobysaae odtialhe, twerehiyhesuphcpheiatrrdelyinesot onibeoregial to or

| ar ger than 1, and controlling the saturation rate of the other of the two
types of aLlEoRtMFeFHERVaeH 1'%”1”‘0%1’9@?‘1’3% B
6. The system of claim 1, wherein the supercapacitor desalination device

comprises a plurality of supercapacitor desalination umits.

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

within the crystallization device to induce precipitation.

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

device.

9. The system of claim 8, wherein the controller 1s configured to calcudate a
saturation rate of each of the at least two types of dissolved electrolytes in the
concentrated liquid, and countrol 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 electrolvies to be less than §

16, The system of claum 9, wherein the feed liquid is also controlled to flow to the
crystatlization device for balancing when the saturation rate of the other of the at least

two types of electrolytes s near to 1.

11, The system of claim 8§ further comprising a second supercapacitor device, a
second crystallization device and a second separation device, wherein after removal of
solid electrolvte, a liquid from the first crystallization device is used as a feed hiquud
for the second supercapacitor desalination device during the discharging mode of the

second supercapacitor desalination device,

12, The system of claimn 11, wherein a concentrated biquid from the second

supercapacitor device comprises a saturated or supersaturated electrolyte of both of
16
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the at least two types of electrolytes, and is received by the second crystallization
device, and wherein both of the at least two types of electrolvtes precipitate as solid
electrolytes, and are removed from the second crystallization device by the second

separation device.

13, The system of claim 1, wherein the seperation device comprises comprises a

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

adsorbing dissolved electrolyte ions from a feed liquid using a supercapacitor

desalination unit during a charging step;

desorbing 1ons from the supercapacitor desalination unit inte a concentrated liquid

during a discharge step;

passing the concentrated liguid into a crystallization device for precipitating the
dissolved electrolyte tons of the concentrated hquid as a solid electrolyvte n the

crystallization device; and
separating the solid electrolyte from the concentrated liquid as an electrolyte product.

15, The method of claim 14, wherein the feed liquid comprises at least two tvpes

of dissolved electrolytes.

16.  The method of claim 15 further comprising controlling the concentrated liquid
to be saturated or supersaturated with one of the at least two tvpes of electrolytes, and

to be under-saturated with the other of the at least two types of electrolytes.

17 The wmethod of claun 16, wherein controlling comprises measuring
concentrations of the at east two types of electrolytes in the concentrated liquad and
calculating the concentration rate of each of the at least two types of electrolytes, and
controtling the saturation rate of one of the two types of electrolytes to be equal to or
targer than 1, and controlling the saturation rate of the other of the two types of

electrolytes to be lower than 1.



