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FORWARD OSMOSI S SEPARATI ON PROCESSES RELATED
APPLI CATI ONS Thi s application clainms the benefit of

w@eri0onsIsSye t o United States Provi sional Patent PCT/US2009/048137

Application serial nunber 61/074, 195, filed June 20,
2008; and to United States Provisional Patent
Application serial nunber 61/074,199, filed June 20,
2008; both glorWARD B5MBSISRRP AL PIOR PRECESNYES

reference in their entirety. FIELD CF THE TECHNOLOGY

One or nore aspects relate generally to osnotic
separation. Mire parﬁhfﬂgﬁbbﬁﬂﬂﬁ@gTﬂ5N§nre aspects

i nvol ve use of engi neered osnosi s processes, such as
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bPfEres: ec’ts%@blxt%I eladcty er%%&%@ Bgrﬁ&s'ls%}ocegeg QLI AEMd 80sis, to
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I
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tradi i onal reat ne net hods for ..
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m croor gani sns then belng separately renoved

BIC0GEHES DOURNRRIPChJweh solyeaf el amesingdirang Wlbc%lj? §?@?§ble to the
@&deﬂirgﬁthﬁ)@@m{e%le QSPLjceics BPRAlALE R 10f conRkidBsastcWater treatment,
solution. In accordance with one or nore enbodi nents,
sembrana bressivrdiase wedshr gplaend tisdbioad seqogdaty septowater trepfpeent
RlA58S for %Xrerﬁ Bf ot aﬂlplg‘lat?&'ﬁi%lﬂ{] u@on%age sﬁrgelrﬁkt 'AJ Hydrauhc
conprising a s ven one target specles
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L QG eSS Ty f.urt her .conpri.se |ntrqpu0|ng seconp
vé Solution Mmhnmwmaamwmu ymmogmmmwo@ﬁ%m
so}utlon conpri si anmohni a an b
microorganisms then being separately removed as sludge.
SUMMARY

Aspects relate generally to systems and methods for osmotic separation of solutes in
solution.

In accordance with one or more embodiments, a forward osmosis separation process
is disclosed. The process may comprise introducing a first solution comprising a solvent
and at least one target species on a first side of a semi-permeable membrane. The process
may further comprise introducing a second solution comprising ammonia and carbon
dioxide in a molar ratio of at least 1:1 on a second side of the semi-permeable membrane,

thereby forming an osmotic concentration gradient across the semi-permeable membrane
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dioxide in a nolar ratio of at least 1:1 on a second

side of the sem -perneabl e nenbrane, thereby formng
W@e00osssPé ¢ concentrati on gradi ent across the PCT/US2009/048137

sem - per neabl e nmenbranewhi ch pronotes the flow of at

| east a portion of the solvent of the first solution
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of a sem -perneabl e nmenbrane. | n sone
solvent and at least one constituent on a first side of a semi-permeable membrane. In some

embodiments, the process may further include introducing a concentrated draw solution
comprising ammonia and carbon dioxide in a molar ratio of at least 1:1 on a second side of
the semi-permeable membrane to maintain an osmotic concentration gradient across the

semi-permeable membrane. In some embodiments, the process may further include
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enbodi nents, the process may further include
i ntroduci ng a concentrated draw sol ution conpri sing

wapaonsmdand carbon dioxide in a nolar rati o oPCEHUS2009/048137

| east 1:1 on a second side of the sem -perneabl e
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follow ng detail ed description are nerely illustrative
eRbormen's.of haageeraresy s Pereingsaniinely P mervids, illyyratien and a

ﬁmh%m%grs{agdlﬂé Q¥ ihd € ahs QUL 'aﬁdverﬁﬁodlments, and are incorporated in and
constitute a part of this specification. The drawings, together with the remainder of the
specification, serve to explain principles and operations of the described and claimed

aspects and embodiments.
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framewor k for understanding the nature and character
of the clained aspects and enbodi nents. The

W@ewonpeEnyi ng drawi ngs are included to provi dePCT/US2009/048137

illustration and a further understanding of the
various aspects and enbodi nents, and are incorporated
in and constitute a part of this specification. The
drawi ngs, together with the remai nder of the
specification, serve to explain principles and

oper ati ons of HBrEHSTFSCRIEHOMAY JIHH RRAVESECct s and
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expl anation and are not intended as a definition of
the |FiH-doreents pechemetandipgpm of A senaetipn gigthed in gmeedance with one
dPheReMbsdidhcishemat i ¢ di agram of a separation nethod
I n accordance with one or nore enbodiments; FIG 2
pr esehiGs 2arygentad Heteiloslshlamatic élaﬁtaamfairﬁﬁmratwng@qﬁmdan aegerdance
@F‘E@%"“ﬂo@%ﬁ@’[’%@ﬁ@ with one or nore enbodi nents;

resents a diagram of an apparatus used in a
se p ar EI{G S praveitho diagamand @o kpzenates wsicd n aoweparationoethod in
SR Incl%ev[l]lt[hé eaor%gnogelg'bo%ngen%ss%%s a schematic diagram
o? an apparal% ¢S "RSed TN A séparation nethod in
ac cor Hahderastitha sthemeatic leEgrﬁn@lﬁb@ﬁbpmntsSlsedJE'EAbﬂaElﬁon method in

%I PTIC@I | n accor rgice wWith one or nore
MEEOnCH A GTRPUBPYY at i on net hods may be used

to extract various tppaalpED HHSARGBTIONM vari ous types
of solvents in solution. Desired products of the
di scl Bserrdmcn vt opagr re%feteﬁl@O%lmemémlSCIQS%S%%%msﬁhodS may be

RQRe edthcSRRBLE gp&%a&n@ froRBaNOSy PR f REvAAREH séiffiod NSesired

concentration of solutes. In at Ieast one enbodi nent,

progucit olsthe dis¢losed r@&w@é ma b thesolvpiHathersdea or bethsIngyome’
Qﬁlﬁ{?cﬁm&ﬂ]m%ﬂﬂﬂi§ nﬁg% dffﬁrctﬂé/ BS ROl BN AR AC §5 least one
n ot her 0]

stream i ments, waste streans suc
mb@@nmteproms soeh oy sghis, suRarD phmwﬁcqb&m d’thee domammds may be

rec rrgve‘i“j me?]t ;%%ceé'é sﬁrﬁ%ntl Inao(f‘he?hogn(? %er‘#lst as% S reams srr% & w%stewater

i ¢ et rac I'nNg Solven
frap e srodted uoaenonaypuglﬁadavvaﬂef for dmwnﬁtr\tan @¥qosi ng the
sol ut inoargcgrgan%e ];Vllt{w one grurglgr%%%bgcflim%nts, an osmotic method for extracting
solvent from solution may generally involve exposing the solution to a first surface of a
forward osmosis membrane. In some embodiments, the first solution (known as a process
or feed solution) may be seawater, brackish water, wastewater, contaminated water, a
process stream or other aqueous solution. In at least one embodiment, the solvent is water
but other embodiments pertain to nonaqueous solvents. A second solution (known as a
draw solution) with an increased concentration of solute relative to that of the first solution,

may be exposed to a second opposed surface of the forward osmosis membrane. Solvent,

for example water, may then be drawn from the first solution through the forward osmosis
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forward osnosi s nmenbrane. In sone enbodi nents, the
first solution (known as a process or feed sol ution)

woreapohsssseawat er, bracki sh wat er, wast ewat er, PCT/US2009/048137

contami nated water, a process stream or other aqueous
solution. In at |east one enbodi nent, the solvent is

wat er but ot her enbodi nents pertain to nonaqueous
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generally be able to withstand various process conditions to which the membrane may be
subjected. For example, it may be desirable that the membrane be able to withstand

elevated temperatures, such as those associated with sterilization or other high temperature
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menbr anes can be nmade of organic or inorganic
materials. I n sone enbodi ments, nenbranes nade of

woreoenssabe such as cel l ul ose acetate, cell ul oSBCT/US2009/048137

nitrate, polysulfone, polyvinylidene fluoride,
pol yam de and acrylonitrile co-polyners may be used.
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generally be Inactive. |In accordance th one or nore
ewbodi revwns, enrdpdingatst tho heusirgmar o vdanamdéast erembreaoe omaljamber
e Sit] Wit hi.n..a. houysi or . in The housi
RS 1BORCL 3R o l8 0 8 lhRHRIA o B PL Do U QTS 08 ot L
nendnladéscnnabd idusing thay lbeiulatedFor exanpl e, the housi ng

may be substantially cylindrical jf housing spiral

notnd BFUATEC Sefhoaf o kSR Bienthy b ORGTE PHRO By scpffiton system
ﬁﬁ? dbiRrdB)beoMuatid il ffaPgddsoRk @bl f @eCkoRifidn diiWsecond

SQ

utions to th dule as well as outlets for
SR bt AR gt %&o%gwd $$90BA HECK G grf I hecTRSERlf BeMPRISone

ERRQELBNA fhough €hdVRHNSInG 9o FRY sdMifdik 86h Rialn@@Fha@Neis preferred
reservoi r_or chanber _ i

that both the first and second solutions are introduced by cross flow, i.e., flows parallel to
the surface of the semi-permeable membrane. This may generally increase membrane
surface area contact along one or more fluid flow paths, thereby increasing the efficiency of

the forward osmosis. In some embodiments, the first and second solutions may flow in the

same direction. In other embodiments, the first and second solutions may flow in opposite
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for holding or storing a fluid to be introduced to or
withdrawn fromthe nodule. In at | east one enbodi nent,

w0 b@ohsiseé ng may be insulated. In accordance wWaTIUS2909/048137

or nore enbodi ments, a forward osnpbsis separation
system may generally be constructed and arranged so as
to bring a first solution and a second solution into
ARRLBRS Wt lleasft b4 RGO Sithit} HES d91f1an§ics may exist on both sides of
sem - per neabl e nenbr ane, respectlve y. Al though the
f imegtbragg dur§@@o Hbis saly (e iadlrieved am stratemis mtagratign @hthe ong off more

' econd sol utions are
?Jn? Sl%g%}g E%&bg%s;s]m%kg[{}édlﬁ%é h%ﬂgfl%ws parallel to the
sur f albewcodrdinoe with iwhe premore anbedimentsy ragtbods Tiysichimye a high yield of

neral ly.increase nenbrane surfa rea conta
RS Bl TR SRR QR SO R Sy B wase
gistHagdee 1solcf mayhie efx&ﬁdkaf td cOBITRSALS sollitds, Stilkas desirable target species,

nmbodi nents, the first d second sol ut
AN A A O A A S O
amtlorse&RBdd sellitds fr@mh%mce‘sé QWainmGPRARbitRAGNE BFIdu@RSSolutes in
In at | east sone enb nments, simlar fluid dynam cs

Hhsylray sdetionimayctye bsirerysledmithindbepiogise surface. This

may bg BGRieY Sehcby if hEBLRRCwit N RY: ok O Rfdith&es ARLInQSIve
nmore forward osnobsis nenbranes in the nodul e or

brnesing g firyt solagervieddinetsuiiicrtet a pemiarermendle erdnarehsesond
[smﬁtﬁb%d[ﬁat T8y a %@étﬁl\éﬁo@ EJ%thIhthXﬂ ﬁ%ﬁ%f‘?ﬁe di?rgg Sfftbn %EI %@8%0@&1 toa

out excessive ene demands an
eerwnd onpoegttsatthae off dmﬂﬁlambmast I sdins @tmbo@,men@dha/mmtemyon of the
ec n&( torllﬂf:otllerr(l:la t % 1coer]aceedlb rl?s'ine a 1r|sturt eséht t?)léll h t%ﬁe C 1b51%rk1)1| 0
? Poet’ Spad 18R a™p SSCStHEam i an ener g
solitiecwahin thmractefd sbhdbn foaﬁmrbetss tHeranfoiugtof\siselut. spm of solute

sol vent and vered sol utes fr m t he oces
SebaR sea 0l aE GO Bt e raicot BRIt FRf S ygeond
o516 nS € et iy tRBYOIah S0k ehd @Stk gt Wirdbhihd i PEREESIS .
A separ atl 0 rocess in accordance with gne or nore

BB RAR § SICANbIORE OB RESEFAG 2 dol prstridish el 118 a

flécbﬁan&bm@&% Rinoke SREBIREHITR ?Qtlti%n REMRLANESs nfdy SEERPEred from
sol ution that has a concentration gfeater t han that of

thgsolvprtsenrighpd geqopd setaonyadasqyelse i the davwsebigae Bppeswdry
H)%és@ gﬁel& Qkogl}zéﬂ‘? aad gtreab‘n %%n&%&%m@%&t alrs@g odléces a

oncent Fati on e secon ution may be incre
Bspletsd sudutmniontist ﬁmt@e@af tthet wmadgzm@ablt emétpai ihizhingay bef
[ut e e nto i.n a h
glgr%h&%ﬁeﬁ r!Plelb[I)r %seeﬁs c'i'gc' eé)zeq%cf golluq may 11 cfl]}]créno%? Rtte mgre target
secendf shikhitéomemtrafibe oceooent is dtsmadl gr ad i ent between

the f nd se ond sol ut | t hen dr aws tFe sol

fr om EHB-TFEE “ABP0R PORUERFBOTRE M SR 2igb gy fochon of s
@@F@ﬂt abm aomek Sﬁﬁl‘él@n 418 SRS Gigdloked. gnl dake QGMlﬁﬂtglgaembodiment of
sol vent - enrl ched sol ut accordance wt on

HSREPBHED dicAPAtatus Ba ngodir@ﬁ %lﬁmg?r wiiendpie{andgn pjetpd he Inlet of the
FRE oMeIRAmbY B dnhEci&Ob URBErEHI the NREsHRFANA &alilpkinAblc

and recycled to the draw solution. The recovery

membrane separates the first chamber from a second chamber. The second chamber has an
inlet and a first and second outlet. In some embodiments, a third chamber may receive a
solvent-enriched second solution from the first outlet of the second chamber and a reagent

from the second outlet of the second chamber. The third chamber may include an outlet

which is connected to a separation operation, such as a filter for filtering the solvent-
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process may yield a solvent product stream The
concentration gradient also produces a depleted

w@i0atssm on the first side of the sem - per meabCEUS2009/048137

menbr ane whi ch may be di scharged or further processed.
The depl eted solution may include one or nore target
speci es of which concentration or recovery is desired.
LiHAEE LSRN GRutivh t 'i‘h@ﬁl%er%ayrﬁ%eea BRPALY s@@cﬁ‘lh%uﬂé’s%th the first outlet
apparatus for the extraction of a solvent froma first
soingetrdie theinkg obbepesird v@n@p@@m@e@ regyelomprecipitated solute to the
[ t
Qe%gré(# gl{gb lﬂgrﬁgﬁ%? %E@S 'ﬁ]ﬁtﬁg aéf?tﬁ‘tw ﬁ%&n"ﬂa}i %ehxee tge solvent-enriched
wbhctetolutibhérannﬂhetsecoﬁd bkt bfiths Bepalhambeperanw ():5 fourth chamber
cont ect fo.a e the first s
Ferralsh o Ria S Eh bbbl 4 Rt gt n he
fcrmcaarﬁl&e amgl rahmrmﬁsrtltue]ih@ssee e®1he nﬂ&taﬁﬁersema chambanl &k
nd a f| rst and second out | In soma nts,
RS A R ai b S B RD TR PEROH - SRCoH o
sRLithtedsditd MothBe fhird Sharbtl | By &freéﬁ%d%ﬂl‘ﬁﬂﬁﬂe sy esuch
and a r eagent fromthe second outlét of the second

SleaiThEYY T Herodpicd obFampler o fisoraneichienabaarit Sisrsr@e MiFios At
HFRAPRRES. 64 sdcBnPoRRPANRL fodRh CREARE AP periiCH RS pl%duct the
filter for filtering the solventenric ed second
sgvant.ite pxit thhepifardteser nay have a first and second

out | eFIGMI éﬂmﬁyﬁo&%fvﬁw U Rlor G PNGEE glortlg s&{pel%llbﬂlhl%{hogﬁn

the secon er in order to recy cl
s@ordaace with ¢re & ammdnbrhimm thel detage nﬁwmnib@ndlfmmt g¢scabed with

ge? L tclré Otor(; Emm%s e vgré %:nongv uat ﬁo tlon ](105 nftgr eexre]urnl h%ee%wgt%lg %racklsh
oper,atasewated kenthinatel waka nbﬁhern;awlhmvﬁ“eﬁemats e ﬁrstrsolutlon is
eati t he sol ve e he co sol t|on Afir
Sotsed B 4 e ol 2 TR e RE oy it Al pmbshfon with a
gRSiSREmdt hémbrdatl 6 Pfs il Bea®e 69 Blow NEYDE EecoS solution havmg a
di scussed herein, various species, such as the

gas
FRNSRATTAHAN BEsaict thar haritse Folatien is conriaed igiseeond eh%qeaﬂé) Ihe higher

EorRBAtANEN bdlifich GRRBLRE 5ol PRY, 1RE HeQEHG! R id tt}btrbofulﬁﬁn in the first
system Such species may be introduced, for exanple to

@W@é@ém QSHQPRSFOsS Hie SeEpmAtble membrage (14) i the arosnt
héﬂc@ﬁtﬁtedﬁfeéo%ﬁ%&%&ﬁokaﬁéd évﬂhﬁllﬁ% sfegdﬁﬁtcﬁarﬁmw a% H@Xtrated by arrow

perm t i nal produc e solvent, to e
élpipaHamg lostFrn@h dof its halwent.ghe mnmgﬁvsmm@pam thé figst chamber (12)

Is com@engatgé m so ?e SR f‘%el rg%yh‘tgree% t%pde? gs il &9 rte%aq%rca%ovv\vn (tlg) if

mbodi ren
ﬁanrstdh&:d adz%terplrdilﬁldt Wiltdmatielertbasdutt mak Ib@a tadget cé\ﬁp@iﬂd\md may

a sol ution ,oreale .
b sl ot A PRt Sosh i Sy B T gy he resuling
@dl{?@&-eﬁgdhua se@alfad :Io@t{ti%h Eledlets&oa@ changef (1|8f;sf.s ﬂse?l Mﬁrr]cbd#ged, bsS
ose In a I IS C e 1r chanper .
ChSREEE0y sier (ol 0 A AP Ir P T e pplates i the
B ti-2Rrechtd SocomBsoliod Sty e @6habde Ui BMY fedyled HACIS BEPREond

sol ution having a concentration greater than the first

slsmiper d).ias ﬂblétmt%d Pretravn(28 b comaingitaihp epncentgtion phihe second

IR The remaining solvent-enriched second solution in the third chamber (22) may
then be introduced, as illustrated by arrow (23), into a fourth chamber (24). In the fourth
chamber (24) the remaining solvent-enriched second solution may be heated to remove any

remaining solutes to produce a solvent stream, illustrated by arrow (26). In some
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concentration solution enables the solvent, i.e., the
water, fromthe first solution in the first chanber

W@ 2®p/155590©snose acr oss the sem - per neabl e menbPEHES008)48137

into the nore concentrated second sol ution | ocated

within the second chanber (18) as illustrated by arrow
(15). Having lost nmuch of its solvent, the renaining
Et'nBécﬁm@ﬁL Lé{léhoéﬁ th(ﬁe Hﬂ%@lvﬁﬂéﬁ?&t&éﬁ@%ﬁs‘c&@a@r thé solvent stream may be
concentrated I n sol he solute may be di scarded as
puifipstwasdredn thy fenrthaheriliar(24)f haabmey rarore ary iwagingng solutes by

g{)ergr%g% {hgnﬂo‘ix/%rlﬂt%tﬂ%\é&!géft tﬁeéglt? %%9%55&18 g%&?{ﬁq e%’ & r'éf’ﬁhgﬁtto the second

and ma I’ processi
olnarrdmmﬁ& aseamtmmd bysrrawd@d)ite edinwrio du@bnceﬁtwlm@adhdmt n@the
g(%menr r@ggg%( I%tlon in the second chanber
f%@? i Fﬂé% 0 %;?%ﬁﬁstrated by arrow (19),

[ nlt 0 As hdted ﬁbo@ﬁ&l’%@frat(oﬁ%))rocebﬁr}nfgbtfbrdaht% witle PMemoré &ﬂlbobdnnents
sol utes .in vent - enr i ched second sol uf.io .
Dot B PR LR o epuRB SHER e SaBiitl b dkE afe: Slution
mh8be a@&qdeblllslb‘itnbﬁefqﬁébd@)éolaﬁérpt‘%t(lggémg frQutdbitea o thefRirpose of
concentrati on of e second sol utj on. The remai ni ng

BTN AT SOUTo8 Bl GBSy Y P SPIHis ok fordhsctpaRewRtion and
Qe%gsger%ﬁ’de%ﬁ&f’sohﬁes' M QRY Qﬁlgn% E'i‘ncdebllrelbléss‘b[u@és%ge e @fetl Qemically

into a fourth chanb n the fourth

malmh@iﬁe goduble sate sycbrraserivig clslgtldfeGNaCé)n fypiselkxemplene the first

|
RO AL B0 9 ST ARhTETRR) 2l
b@élilsh Wates onmeertizod vaeen tilslusmak:\hasaswathomei produsk wtrengls associated

t ment.. o t ewat t he a
tﬁ%ﬁh é)&rl%atpgwca% ps, pych fy thoFeE ﬁ% ?1 1th ?h(eztﬁ cmnﬁa ﬁflrm r[ﬁeutlcal
rrelnnmes ary fire g@lutionndes&tled ha%mbyaybj‘eeﬁilaqm@)ut ket ch@ta nonaqueous
to tge|r constituent .gasses @ s be
i B TS Y GGt TR PlEgy B F P CLaE gy By used
ﬁfrreﬁélﬁqﬂa Ghy b6lvem capable ra,ftvlftﬁstmcgetﬁ& gnat te@Perg@iuating dtheof
the second solution in chanb and act as

hesaraptiosd thigtay selpirne Thy ﬁéSé 5@%@4 B b flcsedsand pre-treated in
a&%afaﬁ!@%ﬁl Wokh t0RRiqREs RFRr RITRRAG]ATRINH SndBEenfisA st bl logical
the first solution contalned within the first
EOVHIBINREY, a(lqgwerwmrweﬂ%m@mm foglingrayionye ogmotitfgpuion and is

@Q@ﬁ%%@ﬁéﬁ%&’étﬁ%@ﬂﬁ ? ndléat&ledﬁgrow fpted, either

€ purpose o wat er ‘recovery, for the

re m)vhnl acgfrdanad wsth Dabblefn@fcleufoe@meoﬁs thofirst fdution may be any solution
Oonrt]?qglaé aoqgér%?) pa%n gnde rezIIICOrea qll}{esg% Uﬁ%h rse ?néa%g?fd) %ﬁcatlan or other
trba&men:tad; dogirpd. elmspmt alhbedisohtsbhefisedoligios ualy basos-poiabimwater

ori de | es of the fi.r )
SB S bRl har b bR R gl I RSt ot B iat wprer. 1 may
b¢ Ha@cddhredude pursiddiod PoEbl Wat@ MSm NERAE kidh fdﬁﬂ(ﬁ{?nstream use. A
m neral i zed wat er |ndu trlﬂ waste water, .and guct
BHoress YECaRs OACittapied My 119 S5 pthgr laﬁlmspicéﬂsl%vrbsasc leeie,

Q8 k) B i, fsﬂll;m@tl&ﬁdémph& Beﬁ@ shansl, ARchephA SRGEY! pdidkium,
i ndustries., The first soFutlon described herein may be

aliratee redns ligwinathosm, grondunemaliidnys. @ngrpsnalupium, cadmium,
gl?rgf?ﬁlﬁlll coBHHY cc&%@ irg léa(all Xl@ﬁgl SQQHRL?H LiRlePatM Jilt. L SorflL & mples,

sol'ution nmay
the first solution may be brlne such as salt water or seawater, wastewater or other

contaminated water. In other embodiments, the first solution may be a process stream

containing one or more solutes, such as target species, which it is desirable to concentrate,
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for exanple, any solvent capable of w thstanding the
pH, tenperature and other characteristics of the draw

waloaussm The first solution may be filtered BETUS2009/048137

pre-treated in accordance with known techniques in

order to renove solid and chem cal wastes, biol ogical
contam nants, and ot herw se prevent nenbrane fouling,

RO ﬁ%&&&éﬁ%&&ﬁ%@hﬁ& bORroRd 1ﬁcﬁlsﬁ'ﬁﬁﬁo§é§§’alch gdato

the first chanb (12) as indicated by arrow 10. In
alecopctaiiesd onfoph gmde anlicatione Terdsbiicprenmay inchide pharpceuticals,

A T R L S
ormjpiuney, chansedl rpmaursos, dhemicakploducts, s@lvadsefvbd drodects e,

the first ol ter suc
blfhpat. O MR Ry B B BRRIAE LR HR i hadt B BEng

&memtrsglst&h o an\/\@tsteeram Udit apByatibe subhab inddsttigl fpsikigiig@any other

ur i |ed%ﬁ1t¥1 gotable wat er from such a stream for

g%\}'\i‘? USF-A process streamto be treated may

i ncl udige gRlflrst saMdo thtSecdranbtisPAGY s@axsé,t@leo@%olutlon ie., the

chloride, sulfate, brom de, sili cate i odid

ptleb Haraier dbeiherfmbedEray wenrawcartaliiony Bichet pigagic solvents may

Bé LBl thlS &M Blutibh ! NihE RcoR@EdMionShdyatal d#R) solution containing a
nol ybdenum nanganese, al um num cadm um chrom um

digberl conceptipipparof splpsriclativeae therfiraticelution ef evidairarictyi df eaw

! 0
B0y o D3OS, SRR 8% grb 1Sl QLD
sdlinam. do panagdmiztdeentia e ammbrm'a@ndh earbendodiadmy selutipemay be
fgéerd;%llglz S%jlt sus?cpe ssgimédulélﬁj g ]t‘?hca 1%1%: 9@%1%&%%%1}1%@?2&6%145568
daeMmeb{se;vHuch is hﬁelgnhb@p_eratea ablahﬂaya'efereﬁcenmefs enffeghor all

streans. na rom an i ndustri. al rocess such a
BHAP R B SRoUot, B shRH S e m B et ad fotufon of
SREGhRINABYbONGLLIEE RhAIARGEH thERtiSent B BiRw BREYHERY comprise
pr ot ej ns, cat al St S, m cr oor ganl sne,  Or ani c

é@WﬁB@ﬁa‘é carb%@l@%ﬁ? & aopplpoatieel ereaenihanal togr ecur sor s,

chem e@ 4 Q8lHGdSgenb@lly RAsdSoonf @aetidH @Mﬁieﬁr%er than that of the
contam nants. The first solution may be delivered to a

fasel vglndorp shibsinay brashicaereusingesgltutas fhat gipspluplereneiahdp produce a
y&ﬁt‘i({netﬁemhﬁyé Blgﬂ&%gﬁ’éehgﬂ}?ﬁ%ﬁttﬁ%few} gdill%oth' "(ljne o?%'olré éh}{racterlstlcs

or any ot ource suc ocean. Like
sbthgtifaprsolitior Hsietbo nd] usied betser‘nn ilma prdgess atlreeanquugi to the separatlon

%’n%e%l fo? prb%tmet?t ’Fo}* ¢xam i)g% M% 87 I Se H@ ?ate P]r congenl‘grgtlon of solutes in the

nonaque u bns SucC as orga
ot ventien rrm;ym’qﬂctume dr fnore IIaMS@s:geﬂmttaddbmhe omaw sﬂilmeon
econd soI uti.on raw sol uti,on ntaj nin
RGeS RO Pal U oS sbr e Peri FOLEE Tk Py o mpac
664 ¢itrhd?B ope%tvundlepawaﬁdt@@ yO@ikr 6fjcaitiond putaneRss rH@yamﬁoe varied
g For eéggpia the draw so] uti on may conprise_a
et Ap Y intadedanpligasion of B forpardssmeosis s EtiaR Rystem. Ryeferably, the

MR R iRirARE seBh PNt bh QKb IELAERN, SRNEBIO HoMBYIuREn HS&Eh a
such as those disclosed in U S." Patent Application

FRPETatie R PIO6esS. NVIEER SDO) SPpRIRIALEEEcss separates the solute into at least one

species that is more readily dissolved in the solvent of the solution, i.e., the soluble species,
and one species that is not readily dissolved within the solvent, i.e., the less-soluble species,
and the solute should pose no health risk if trace amounts remain in the resulting solvent.

The existence of the soluble and less-soluble species of solutes allows for the solutions to
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to MG nnis which is hereby incorporated herein by
reference inits entirety for all purposes. |In one

weerodsisent , the second sol ution may be a concRCIL/D&100%1048137

sol ution of amoni a and carbon dioxide. In at |east

one enbodi nent, the draw solution may conprise ammoni a

and carbon dioxide in a nolar ratio of greater than 1

B@ aci![uste-lznﬁ ngihgﬂla%lil NhbaRd g?ﬁﬁ&ﬂllyl the Q@lﬁbl@ afrPRGE LA éoﬁft‘e species
solute greater than t feed solution. This

rmyh bpoiacihiselyeen sy, gndeuth@svattﬁaltar eonditiop ltqmriceatera.quepisure, pH,

%‘% H&?%yﬁ)%m%sdgfgsg td ig'éuﬁé?g]r&aﬁg r@irro ?éec%lg h g@pgrp ét&?c{:ﬂlgé’@rfher iec.,

theeatdr afithswolubd tomlsnhl;laletseecadsj af! sscblatst nba&e:d Thin it taferpd Geass s

S(ﬁurélet?%ﬁ ;d)p Per_n 6[ d%az{tg a[l?rgog’ (glrs\a?g uM s{pg{le‘és o(g Isolute need not
bo eIt mat dnefto oic rad atteqslhbﬂurhh Ehlfoagldths @lditibrodf adhymical, referred

act one or npre mat ers sel ect d for t d
KORETT v kBt e DB Tt ot o s oo dbbge o
s e ark auuntbrﬁlh@mh/esgoﬁmbm 1 shiFted WP REteafdiBe Qﬁodﬁ@ bEthe
operational paraneters. ther operational paraneter

?Péyblaﬁ@swb of splifts. d dkpassersingp srodirssale thesppilibiaup PBW@ g¢lution
? bt Hined @ iRSERS aﬁl%ﬁﬁr(ﬁkﬂe%’ss%fﬁ%ﬁ%lu% sggc%salb;mp tht Rfdition
ute wwthin the second sol ution shoul e easil
r)%tnh@mmrés theaaticsefi spediesrof selpiss giay ata@épﬁaartamewde‘m Wb@hss favored
i SR O HERARA, 30, REAAERR AR AT 1 RGO h Esoluble
spes'ss bisdiit¢,n sedvad s«zimwnwﬂloa ccmq:entmbm tigap matutiatien qantbh @chieved, a
elilt?l g OE% n, 96 ann(R ?slso Se gnhat elosftﬂe Sollt eadl ly
e MIEH i PRIRNS 198 CRL R AR ISV anyiope Of G OIE bl &
speci Efsfenadl ebltthefoes ﬂiet.sbc&)né deI‘d‘l’v)iscﬂ)lﬂB)ﬁ niy teealnidnid dngllcaibbn
t.race anoun % inin the resulting sol.vent. bThe d
dipide gpes angt theif, Bm Y BMEOR g faskapatey, P‘E“@&écéf 0gatggan
s@hdh R @Atdaaws. TORmbIR asdéaInQskid) RBcdikddSicd th @hter at a molar
mani pul at ed as needed. Typically, the soluble and

raé@§f aleuiy by farma  pelyidoncoanriaed nradithy of asmeium ficadppats gl to a

|d3senhieh ,théjt@ﬁ?eﬁ pkdiicR afhoainAlarR@iahd SRnbEIRE AlatHa®,. The

pressure, E etc., neither species of solute is

equilifsiun Wdhie selitie fayors Bedesssplublc wpacies pEspheetamrepnie

Bltclé]t%Bnaté, er thﬁf Jb?ubrléasgoeaesoctf SBHL% Eﬁlnldﬁlluﬁl & ahﬁ H l?c! £lesser extent

speci es o ute i s static. Is1s referred to as

eqymiohiubr jadypnat€ Betering dlep;ahlltlpn; chraprised paingrily (o€ amfoninm
1carltj)gna?e \’Vltﬁ Qﬁ:“ exsces%colf % onla %%l t%atncﬁe %ﬂﬂl? }atlﬁ o{ %m%%l%gtto carbon

one ratro a T iam
diddidt iisogreaadr thanclheiil shit the b@flhelﬁmmdof the kt&ute]nrtoxa&dﬁthe more soluble
reagen e bal ance belijvveen 1t eci es.of sol utes

&5 58E b F‘p't‘ténamTEPWB carbpmpig, The (W&a, g45 IRy a?lflfﬂsel? tyafer and

afprétbRn eyl icPeddBthds g dinf B@duge@mrﬂitﬁﬁmwbaﬂwe arﬁmm teadily
of th sol ubL{e speci es of solute. Likew se, using

%@eﬁﬁ by &ggeient of e seenad ispIprot 6?n°fslilf@tl%r>mkredﬂcrﬁ@é9d foethe

sbihf W BGe 1R shiNEi RASRt AREHINPMBe PihctsBRId, €8 Sa®RMHRIIR some non-
sol ute species. After the addition of t he reagents,

%lﬁl@lmgmb@d@fen§pf@é FeuseRfFation Pfjsobuesighis fhibierendesohtion aghigyed by

ﬁgmgmgtm ib Brch@YALLEhoRY> FdRI GARCHh @R BTndidl or about 6 molal
nlpu ating t eeqw riumin favor of
td@osfolmmlel

Ammonia gas may be a preferred first reagent for ammonium carbamate since it is

one of the chemical elements that results when the solute ammonium carbamate 1s
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speci es of solute, a second solution with a
concentrati on near saturation can be achi eved, a state

WO p00ghs3she t he sol utions sol vent cannot di ssol VRCHE§I009/@48137

of the solute. Preferred solutes for the second (draw)
solution may be ammoni a and carbon di oxi de gases and
their products, anmonium carbonate, ammonium
B&&ﬁfgg%a&tﬁerw% Qet@ﬁr&p@ a4l g‘c&rﬁﬁ&@ﬁ@cﬁ&nenﬁ%@h@alaﬁ (ijs preferred that
carbon di oxi de, when dissolved in water at a

thatreagersffontbe salvent be oeensatugyeleniconoidomplits @dceﬁhrrpﬂm gnlyyexcess
9&@{8@%&&? D CRLDANRL th%%gluhg @zhlfner‘ﬁé ?{}v&fﬁser%o&éa?and, ina
refated product's amoni um car bonat e and anmoni um
pafdedrmbodiiiet, thgebhstibrentalemant t4i k& regicietliaptheffast ocagerithe

-sol.ubl e spe rbonat
KERE ot sfeR S fep o PR B R I e SRR RS 1
ﬂdldnmrﬁcdrmqﬂzﬁecﬁsd lefd asaHeETimgdeis(eas‘lbﬁﬁrab‘&d f&m{ the sblogon and the
the solutio c edplmarll of anmon
HiegHY Boist & e¢ie§n68fs ° ﬁ‘i‘g&n‘grﬁ@algdx’ ifhipthe figad solvent.

ol ar inf=tdr@aneé w&HTdSH@bram&r@ efBbBiARNE] 096h&etidrSprede8AineY begin by
than 1 will shift the equilibrium of the sol utjon

beipanaidie fifd selption and thipiceond selutien ingy conkigt wibh the dirst and second

SO DR AL DANREIE meiban@ T Nede d;J AHABIgR tﬁ@hﬁébin% skédnd
water and 1S preferentially adsorbe t he sol ution.

Baetins eamaieme i stagn et b mmf@tretdsthﬁf@p@ thﬁeﬁrst gl saepsd splationsypre
¥Md%&h%§ @rosrpﬁo&l *1% 5G9 B%ﬁ&'téﬂ{ egﬁ]rfaceto§ theQ ﬁgﬁcéﬂlé) n

creased td the pol nt t he so annot
agsbrdne ooy, nTinselncxfeaStehéle gmoumteof sulrf?@e alsapﬂthatsemlﬁpermmbgﬂnsnbrane
&%5 lﬁ :g{Qe{l ﬁPSurlgnJggrﬁ §olg ‘%I}S,lstclo%l Sinf oclrg)glv { w‘?h {htce)%bg 1ncreas1rlljé fiR
afficicpey @tthoforivadgsaadie rsmda:ame stbandt soﬁmn'm irethe savotidechahder (18)

e iy SR TP e RSt o

aN® fist 581 @ nRfRE StoIhd1&Lor d sol BioR BE fevatdtemeie MinGahe
el enents that results when the sol ute anmoni um
ebesimaite thediHeisnisda sonceyiasiop Rt B Ve utions o great that the

GO bAsu&NhiroBLIEIE Bmi-JePm8BNehahbrahd (16 Pwitkdt Bk raagiu&hértpressure
the reagent for the solvent be a constltuent el enment

trthe fest sadptipne Oyew@ethtsm@wn@hry%&@é@sreme% eheboghP0% to about
§%| of tlpees [V%ﬁ[tncﬁﬁgmea %frﬂ %j)tlﬁt%g H% {ﬂg%elﬁa‘&lt%ﬁ 'ﬂrocess, the
erre 6] t t'he

|s removed In a pre ,
ﬁcsm stlutiandetoradsamen t:oru:amtremfei asetdysrls etdvas anchige fdopsd solution

gL rno e}_%f%ede a8 ’1tfg91 golverﬁ 6l’?esprjte hf S. ocgurge%ce the coRé’en? gt?on

eeqw rrum of thé Sol ut e’ speci 681 n. gol ut! on
gmdieﬁrhmltxmeedhmolsthOMemMes mgmﬁamt T]se @@Etddwolueammﬂhe first

SHER Y e af R B el R b P ol BRERT SAGSH e efPme may

tded bk ifieer prokasedat for 1he r6 ey damlr\mdr&démai @rbdﬁtﬁf &or example,
a s ratlon rocess may be

enbodi nent s,
idﬁelﬁ%g SqlfiorTory Gt Mbyidh Pighe BRADEABTS RN §‘b‘}1‘i§§ WBigh are target
beRs GARcashceMrhthhntai@ rdcb &Y isaedirgie coRthagii &g, Sthé)ﬁ Iel?e% solution
sem - per neabl e nmenbr ane (b16CP respecti vel f[;
PR @ef£$t§tde Shhe secathmane may be discarded as waste. Li ew1se the dlluted solution
on the second side of the membrane may be rich in solvent which may be a desired product.
The discharge (14), i.e, the concentrated first solution has a greater concentration of

solutes. Thus, the excess solutes can be removed from the concentrated first solution prior

to returning the first solution to its source or recirculating the first solution through the
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solutions can remain stagnant, it is preferred that
both the first and second solutions are introduced by

wee@eds$show, i.e., flows parallel to the surfaP€r/os20091@48137

sem - per neabl e nenbrane (16). This increases the

anmount of surface area of the sem -perneabl e nenbrane
(16) a given anmount of the solutions cones into
gegén@ﬁfethwat il BE{ RRonb N6 SaSH gréqngaﬁe £dcL lnfi8p %aﬁbeélm%fﬂe by
orward osnosis. Sinc€ the second solution I'n

S@é@ﬁdg dﬁaznm@ntrﬁti@ﬁrshwéut@n hvltjlrﬁeaolas QVampethommecrhtamamOé pimple

[ [ e
{}ﬁlofn llti)&itrocsr H% 09 Q e&lphﬁ% 1#1&%3 érecé‘tﬂ%g;ﬁ?ﬁ%&%i%mt 39
sm:bllpttate thetyplufeo r’EAmpjecop;tmwl sslutd mays bnfarteeripocticssed tasakehesuitable
? ference. . ? % pcentratl on between the two sol utions
£ c%suﬁllg e in Hat* PHEOSEI vent passes through the
sem - gavifieabtactcdeizBoatg of IR)firwisblndod intdc addnd sobitioafby forward

ﬁ%@oss Wi '3%)}9 fqt{gll?l]-g];al 5:0 Vtﬁﬂé%lﬂlé%l O e alg}ll tltot%%llogef? begt%sgéble to

@fmdvb ﬁmsseluvee Font®BB Ts@lbéiﬁ—@nr\i‘éhteb] bé&oﬁ&@lﬁﬂdhs& issRtcUhd Qvent. In
Duri ng the separation process, the first saolution

BRIBORRNSIIFSRE cabeimamts.Ahis gerdee qepomplished ygroapifatiag thersplutes out

5RO M uSR Wi Qﬁ%ﬁ%&u@?fn@o @i W6RM0as Jabse@RaNporize out of
solvent. Despite this occurrence, the concentration

g}l@t@ﬁnemstllb@g W@éﬁlvgrﬁ@u‘t efishswluiion on abspetian pkthe solutes onto a surface.
n t

ﬁ# an %fsﬂ dndl ;bg% gl%ntd ?QSAO%L gdd c}ﬁ)?tudtﬁed o Elttélslg) p];écfp%thtlc?ﬂ (ge%reases the
smoon df sicdey r@qulteﬂeo heanthe aoletioratp deearhposethi mfrrnahmng solutes and

[ (())Cessi‘%e gn | ol{lts in ﬁl rcer%ol\é émo\flal of ts orlutm) oten 1ai re 1pitation and
produiet'sO" For ek amsP B rHe b et ed> 6T ut T oh - of ‘%%
ﬂd:doﬁﬁooﬁtl(o‘iestqj‘s at&t&:scrf&i&’ﬂ) frath @cfomyicecto micathind swal fotuels chaibeh(22, 24),
are target speci es whose concentration and recovery is
FSRSFEdY- Al ternatively, the depleted sol ution on the

firstTisd @echterridBedBRodNIADR OB thEscdbiRChbaBEl (28) MBSEcBvithdrawn
Li kewi se, the diluted solution on the second side of

forrethird hamahics Giy?s Beo v rerion € 8). Jbpsolvgit-eprighag sgsendysolution may

dRa bk atatl BALtGbve alftRtidh TeRaddfes(feh helsol€entlchfched solution by
concentrated first solution has a greater

ERiPEHtanat) weonsfreagshimasbe imediced toadpiictbe equaldirymeef thggeluble
D& LERYBE: J o(u?ﬂgé)‘e{;@s HIGE Bf{h@'ie%g sélhﬁlégolétg' FQMA PE P The first

to returning t Irst solution ts source or
reagént.cmly ahenmgaltch@bfa afsd usmguhe wlltbimnmug buitahlee &g it is easily
F%%ov?&j fr01inhthe soran e&mcge sebo solu%o ({Ii)osses tnﬁ A% th risk. Preferably

cO n
dencegnitriad enmsﬁnumﬁteleﬁr@hmf thrnso\Mtt htndi isthé aa'se ef/thp preﬁrrm solate

nechani sm.of reen fi tratlon dro

SR e e T BB G et b Ao e T iat B P b R, yhen the
Pl esit-phrli b€ sdcbfd Sltiohes difftided watheaitph dalkerd, o kit amyhonia to
be further processed to make it 9e((ﬂatabl e for. consuper

s (O ?masp lufjop Bk bs redpgsgita groant phwedd -1 M korrdne

Ouiihi€inf infiBd soPRhMEirRAed REABRI1SE SANHLRR kb dr@NhO¥ss-soluble
forward osnosis, thereby formng a sol vent-enriched

spestshaf sobiteemarenivn biggrponatee Ahe lesyrdihiageaics of solypey then
iﬁl@@llpﬁao,[t: UhéEst s {;15953 e RI%%M‘@[MH e R G RAG oL fﬂta§1 Rult in a

solate t sol ve
substantial reduction in the concentration of solutes within the solvent-enriched second

solution to about 2 to 3 molal. Preferably, the temperature of the solvent-enriched second

solution in the third chamber (22) is lowered to about 18 to 25° C, preferably 20 to 25° C to
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some non-limting enbodinents, this can be
acconpl i shed by precipitating the solutes out of the

waatssne deconposi ng the solutes into their PCT/US2009/048137

constituent gasses that vaporize out of solution,
distilling the solvent out of the solution or

absorption of the solutes onto a surface. In at |east

QORt SMROF BB Rtion LEIR\SING, @hé)ﬁ&lb@a@eaosfoluttg‘ﬁaysfﬁ'efﬂB@ﬁlttgyd from the
precipitation decreases the amount of energy required
s@utipmat t he sol ution to deconpose the remaining

sol ut S I s
oy e 1 B 2SR IEBHclrRalol AR o GTER KR witin the
thedahpobirt(22)nths s@p®onamnay @aﬁmcﬁe&bw ﬁ\htrtainorr dhmber(€®) asshown by

t he ird an urth c respe vel.

TheY i%i)v S &rﬁ’I‘ %8%‘8%m§@8gb 8“%10315 ﬂ{h?/‘irﬂzy% “Fh &> %‘be&ﬁaa‘xn tank,
célamb éilltre(tlﬂ;ﬁ,)or ABinHe sordnfiliaion, tho peeciphitedsatita ﬁh@ I’be eaﬁ’r)w:d from

S shown ( solvent-enric
|SaltVFf8anHé§F%tSﬂlé‘ °Th éFgC{‘ F%%’E?Ig%r R TPERRiemaY E‘Uﬁ fomg t‘b%etﬂe out of
bd16ticnyUlr 88tyfah @ Bch @fph&%\bﬁn tThe mém&ﬂﬁg s Rdntthr@he®¥econd solution
precipitation. A second rea&ent may be introduced to

Bay bgfraﬁspﬁeéreéémn thp fijterRhamberR 29 )dp p fRIrd chpmber é&h. ashemst by

SRLWB)! 5\9&% 1@% théh ﬂe@fé@ o @cotPSiel BSS1RQ bl SQ@hMitent gasses.
speci es. the first reagent, any chem ca

lmmmr@femd fﬁl@hoehmnh dhaser eor@tqmmngwpmﬂy c Quinerip ked epgbon
LRR8e fhe eﬁleﬂtgﬁ r&RRkd ¥%r IRTR a?QloB %E‘e§s*1§th§ ‘BE&{ ‘%‘%‘rmrg&‘{o r%@@ﬁle

second so on and poss ealth res

teeperagag eﬁﬂhe s@utamdo n$¢mpemma “élllcrblrresmlﬂts ofth¢ tmnlﬁcﬂe mnazqval of the

and in th 1%5 h edlsolute my um .
garvavar @ |a§“aceaSP 1°0x1d ea § alsp Feadized o nake |“P mtihg

emst‘fmhnme of Iscat mhsfer bhtﬁe smha&pm eQmpomedn sriohtios of tht sdattes
used with carba ide, the ratio.of a ni
] BaRR e e NpaBedb! B Rec as dStime S anfig
bcﬁl"emﬁ-@ﬁh&e@ sc@Bk sbhbiod Aélddcbpesuntb it déRdtitient Bes, which leave the

sol vent -enri ched, second sol ution shifts back. towards

poletiane du saip giphadinagisy p edcugm & @irdlos) manbrompiined over the solvent-

BhEAEDL QL& Esolulidf WHAs & lssselﬁgwke‘atea RE6ISISto FhpDPL the @By with

then precipitate out of solution. The preC|p|tat|on of
rhichdateaeapashionpiss arosizerayt of ealytien. By ganasytingithgair Bow over the

it Q:Bérﬂ&r |1th p%mg g)t IreélIB{’é)éll {ﬁg soclg‘ée% gt%QOxg%rttQﬁlgergﬂaFe than

solvent-enric secon ution to about to

typlcally usl@rje”fleq: é@bylpoanth.m mhgngeian @rselvgtﬁ prdvmct, such as a potable water

?]%ESIC% whi nrrnla}cg: E% gil’f?lgl‘c eggetd ) Ltjl%ilggez gn éeltler ! hétg q? \gvgt%bnl?r duct

Rpuld Havas pHSIf about 7handgneieir thaajulsmIentsfmatyhte nscﬂssﬁrﬁto nidke the
eci ated solu then be filtered fromthe

BaRE sPlhR e Rty oot o P & 2.l t hough the

pr eci pid s@lx%ﬂt-@@ﬂchﬁdﬁiem sbmitibh hltagebeﬁeamtdaing atcb@binBiidntof

chanmber he sol ution directed to

F?FthP'f‘lé‘ceF‘tosﬁu@Fr%t b%nd(@g)pua@e%Wa%gﬁweareﬁawng%éﬁ f1981 the

Wetheri ROWRo IR 108 SassS 45T BRu@ (B8 dbPa%ELQRBal IRat source (34) may
sedi mentation tank, colum filtration, or a sinple

be pupehicd by any dhqrigal sopise instusieilen prszeathierina opgigy - bEhe sources may
LERRYIE ko tERFbf distillation. Tn some embodiments, the sources may be primarily from

cogeneration environments, making use of waste heat from power generation or industrial
processes. Furthermore, the process efficiency may be maintained by using a heat

exchanger (32) to capture the heat released during the previous steps in the present method
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the solvent-enriched solution. For exanple, the
precipitate nmay be allowed to settle out of solution

whyoognssspé y and t hen si phoned of f. The remai ni PGI/US2009/048137

sol vent-enriched second sol ution may be transferred
fromthe filter chanber (29) to a fourth chanber (24),
as shown by arrow (23), where it is then heated to

IeaammAe: Wishaol bf &8 aﬁawgstgyeu@@ﬁﬁ%ﬁ@ty 6Bt rg83SERom the

I'n one preferred enmbodi men hese consti'tuent gasses

pleeyniprd reantmans ivathamnitic sxsphxbanddhio rdenberFIEs, @Abmgy by eqmperiétdthe
B&R gﬁrﬂ? ﬁ? RAT @Jeﬁ gﬂn&r tﬁﬁ et te the %\ﬁ?hh%%ﬁl{oéﬁ%ltg g.%l& 91 heatlng the

ete the so a’‘tenp
Wﬂvenh}emwadi B@ondwsdhhenmmbd)\em by armm(fké)b Imﬁn alltmneamembment

t e, sol ut ddj ti.on uired to
RRBSEA L R Yo o iR R Phiatns ilebEEish Rftplon the
exttdi@lop tteshahbor @pnrin #aich e sarventssmhulﬁddcsecdnﬂ sblgorsiIbtihg Gcated,
within th cess ecificw

recycl ly,. heatin

G i et T PL GG B P Yo I B2, The

s@fdendtes hidh iiDéhet e FAREITRRIS Bndnb fsQnintRiiim 62D&hdté, w@tthen be
gases whi ch | eave the solution. In some enbodlnents

ecveedj@ﬁhwce}drsowlewway sgsendeliapbsi W8 over t he

sol veptem ﬁ%&bQQ& RIS e WH LR alidNRe b&nsﬁﬁexgﬁeﬂﬂwed from the
heated in order to inprove the efficiency wth which

sasendiwdwiopde Hnitdhe epaeymendg) dnpaceansiqostsf tlsed?r@ﬁentdneth@yof forward
g&ﬂcﬁfsaste#ﬂg?aotnh %h@gfec@ \Qﬁi Fo\{ﬁﬁ d¥sp§fiédoﬁj&£ B4 f@tﬁl@l]gp %ﬂarﬁﬁer HB¥ be

€ poss e to renove a e solutes at a
teepget @ty @cerdahamygi(EBIWherais eah, disshivs irdibe serpod mlulttm and
R {eleor esaﬂ{tatl i I(t; [l hlgﬁic%ln\éeen?r%tlcprbc%qﬁe Se soF1t1§S a 81P naby arrow (28).
Aﬁé}.tlohdilygﬂhﬁ em&htueﬂt gasﬁeakdn&w\fmfr&m t]iH smdmat etﬁhh)d:d sécd’nﬂ\seluaon in

Bt bey gt eyl r Rk ok e B i STRiER g
BROWROS Carro vl €209 @hd EY0h, resped BB dwb&s el aSth' Wdalg@1s. MRyndd@eferred

heated u3|ng a conbi nati on_of external heat sources

e3h9dinaRf. the 2 uis inpRoR NP SHGAMATCHihieh 1) deeramngesd ipmJts constituent

559551 hibgof QhDERPAnCdidNld aMElh QRs £ t&ﬁ%&%le@ﬂﬂh@ bt Eshamber
he external heat source (3

1&@ pt shegzyhtby agay (ZHebined the émm@elaulmpwpzv@leéénéhe gatiepn dioxide,
glf g{l'ﬁgdtrnﬁ}s gﬁe@&&gﬁéll 108138 "dggl%%e%){ Ot agﬂdl a®fs ol QréaE%}E By

t1on SONMEe e I ment's, sour ces
bféquing rﬂa@rqqhylbflummf tdogeheratdionn éver ofiﬁmnmmtls carbratheiterd’ he

%Je%namln g‘a’%ic'onr_dlo)il tlS fwﬁt%ﬂ%a%‘%m $§ rs]eecrogé LN bgr %1%51 gly to()vlne}tll arrow

proces ernore rocess e
(i), reihd itraesdierbiyd tol thenigirdachHambitr (éX):)hh?ﬂﬂ@ﬁ actf 33'&) rehgbncalpitalltbﬂ the

t he . heat | ease rin the revio te s i.n the
Ay 9!&?%@8%%(9 S&ﬂﬁlgw TP G R R OB S PP B sTerred
¢aBodimbets (hdmplite Fclzling, th@abtith &t g%@&’erfvé@ FofhBe decomposition
g£§h1cal reactions within the secogd and third

fERlptes, ctlrgay l@z)ec%%;’y %prﬁ(f}ﬁl’baé?j cpsghnepty ngf(t@Q%olutes to
thate thﬁ%ﬁo@ﬂ"%&str@y@leﬂ ﬁﬁtnalhﬁlﬂ e cfreihého ﬁﬁ@ﬁf@ﬁ:ﬁhﬁrgé&s

to assist in eatlng t he sol vent-enri ched secon
Sopicallyoremoymgsherimalh of the sewres rom solugiom by Arceipistignisheuld assure

BIEPQEHi BN bmounts of the constituent gases will be generated to maintain the present
process.
The process described herein may be conducted continuously, or in batches, to

better isolate the solutes from solvent throughout the process.
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addi tional heat is generated by allow ng the
constituent gases released to condense on the exterior

w@Roowhsssehanber (24) in which the sol vent - enr i BCBUS2009/048137

second solution is being heated, thus, transferring
the energy fromthis exothermc reaction to the fourth
chanber (24). The condensate, which in one preferred
embodppERn-lirfitATTRBs ML &Y BR Qi?gaﬁatusrmycoﬁlﬁ&rﬂmg wlp%@sw Bhod is
to the second solution in the second chanber (18). It
defaitddgn Fis.&f dhatriperatus haee itk ehanther G 8) thetdws amula 610) ped outlet
it lLuti o i
T e e L S
sattivodswh af @ holding tokrfosiolitios pavieg uralkergohipregreetrigni ordicets

solyte . discarded froma filtrati,on, chanher be ..
PlefeRador i o6 el SR ohagrbbl 4:3) SRREVE ho R uton. such s
thessqlaveke] dtrchii@r seotudics oF Whicomdanderivagy. @hy intaifsittiad first

t he hi concentration of. the second solution, as .

ShiowhsT gﬁ) DAY BRPIPoBe @ TR 10iO5TrAFq SPhopiRe }&‘S‘h%’?"r“f‘ﬁ grﬁfn 1ts source.
Q%5 8%y DIBVEE if JhARNhbi e P bR 16V1Ed sGR BRIcSBGAUS: the temperature

solution in the fourth charrberat(24 can be recycl ed
phIEK fifsh selpféons el lely ohe pwlct tr s amper §52)7may 1BCOTRAFGA PumMp

BYorBé 10 Wetrdc 2@} fitkR SblbRD frorh BRARG ChatRbeY (lZ?‘hﬁ{e%u’élQ?lyZ)?ﬁaty be used

as reagents. In one preferred enbodi nent, the sol ute
Fosregirawntd thenficsd satrrat directithiodhe Joyredderdhpistelutionpalthpesh
GRRSIUS 60N, ORRER  APT RRNdofRL0Y b oS5
stiogwretiypedap thovso(i20 pf thSifingt eoltifen. Swahorirecipisitinn devigohybingude a
000 BB B0ERD ShBHER oo DRkl RIS
bieciatptiogitrhadg oit dtkereqtlcdtionpointopdraticn@r sthktidypesdmeeh asthbse skilled

favor ia c amat e. e remaini car .
b B e S A P b RSB COR AT {28y +ssit-
SENEbIE Meabf@W(1630) , and transferred to the third

chanmber (22) where it acts as a reagent and alters the

equi | Thrseeandshambgs (50dbanen iglst (e el 4 st ad secordRptistLRe: 59)-

bhealde @iﬂ@%ﬁrvic@k RSSr&OREhR 5 8H8d S a6tiRTAe dlafBbshorate a pump as well
contenpl ate recycling the constltuentcsgases erived

y natinghdevirsc §f qutletrfopthe sesend gagber(30) is imggmrpgnication with a
| oi 1 at v _

PRERAEAO (0, BRI Tl A ORR AR R AR Bhond

relitvinetp thetthied efafibei @AL Fhoffirsthetigfesbnsecprdbdember (56) can

I%E@%%ltel 0% %unqpetr(;ov}/i][hﬁgatw guwtatep-atllrfi hgcfi setclgt?d ss’o‘i)lt#jl?%%sorﬂc hRecond

solution by ‘precipitation shoul'd assure that

shifinfbiec{18ntIn amoi embaedimthtenf cl@nstschilieviintig@ slesfingt dukletfor the

de061 Pisltrer/Qs P oy Poa o Rb R B U eon N e RaReieg Second
Betthedhes dist@s&pdtoes. The oddheolthrefos mel.sgeaﬁldfchﬁﬁbesgfg&) PRfvides a
t hr oughout the process. On limting enmpodi ment

sendui parreay g fearcdouradhs fffﬁ‘@?lto hm &regflgéwp Ut H&aawrgthrougﬁ the
Q&ﬁi;:ﬂehﬁ@hbier}ngdl@ane?m 6)lie tﬁ%&%rﬁi ééﬁ;ti'&lﬁﬁtvlﬁcﬁ infiBd preRaudper

(12) that has an inlet (50) and outle )
embodiment would be carbon dioxide gas, to be transferred to the third chamber (22).

In some embodiments, the third chamber (22) is where a portion of the solute is
precipitated out of the solvent-enriched second solution. The third chamber (22), in addition
to the inlets for (56) and (58), has an outlet (60) in communication with a filtration device

(29) for separating the precipitate from the solvent-enriched second solution. The filtration
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(52). The inlet for the first chanber (50) is in
communi cation with a source for the first solution,

WG owb/153%59@ hol di ng tank for sol ution havi ng unBEr/yHve9/048137
pre-treatnent or being introduced froman upstream
operation, or to a natural source for the first
sol ution, such as the sea, a | ake, stream or other

99\%6%9)(% oY‘ﬁltyed'f t@%&@ﬁs@foﬁ@ya%ove-rgﬁldugh ﬁgmff%b ?I?sea sfe'dfn%tntatlon

chanber i hcorporate a punp rder to sip

tanks. Therfétratmld@wp@@% hasrwp vutlasy mlrecferst qwlete(ﬁ%)dnfrmgﬁ used to d15pose
[ r

?Pﬁl& g&@fgité(te% E‘o‘i"tug Q?er i & rtg%ggécoﬁ&’ 81#& f&%g h‘&ﬁﬁgh i QLS

8nambleamlley (54) mddu:tSIeeIndfouﬂett(h@ nﬁayr‘t@tusema mﬂaesfer(tﬁ@benmayng

RS ko B Ry oD Rprlb S ST oS B eppagiment.

tRYilfiodsledcd QY may bEkaperated éntd nlreahlr(saiauibblo(az)jihrvﬂﬁdﬂ dasc the
tot r the first solution, alt .
kDR 25 S R Bimalighid o e Pl S S LA e gergeigine

S @S SnidchBd SebiM Sohitiofo e Vo Fd dAhmBEr (249 ah@ hﬁtﬁhdr Bl Re8ispose of
to the source of the first sol ution.

Bredescpitied solHtepevin dhe mrefgredenhpdanat, §@P§1rth%9r§ﬁﬁ‘r“’é?4 Wipie to the

B&dnd ShaBENAR) BIBuGh th3isBRNE cBEfRe hidid4Hration, a
hy drocgcl one, or a precipitation mass or ot her

nucl e&hd fonrtlp diambeb(@é} BeY weoippragtdheatinggeartce kerdigptingghe remaining
Mwe%? eﬁ'tlfd e# ?ééoflcpsothﬁl%n dﬁe fﬂJ\ltr}_ﬁclfahga%t (2&%&@%01#&%)35 4 first outlet

separate roma secon

(en.vead mayrentrpenate a(veeyum, Tire os eﬂncm@vmh ﬁmgemerétm&)alrﬂaw, for
%ntllngl eetco %g%n?%alsses lgrgferatolyS glﬁrf%se Hgt f?ﬁlf'the rth %garnber ?éG) isin
smlhmtmleanoa rwdthredy inien €l fartiad s&c@dmhﬁmbeﬁﬂ Shed fecﬁﬂe the @bmstigient

SeLcCycTed gl B k2D 2RSSR SERET e e

Pha\bEEeS plodueElich s h@ablE baRsiRE kiag t he
solvent enrlched second solution to the third chanber
(22) . Arpateripls g1ay b ppedito fstrigi dheswaigmaholdingiiior stogyee devices

ERBMbACRIRY eﬁl‘d@ec@pﬁb’l@g doRdimst ﬁﬂfn%%tﬁih@laﬁé@%@hprﬁ&ft' KNG as they
second sol ution fromthe second

FilbwHettandriboupigkirmt thersotutiensy ﬁl@%‘@rﬁnrqvamrwnﬂbwy sphygesyithi the
Qd‘lﬁtlll(ﬁlg T icdl %te?ﬁﬁ%@?o%nﬁ%gg (n§1§-)rea@ﬁ‘yc ﬂl%&?l@&lrcﬁua&tﬁnless

cool 1 ng eV|ce to coo vent-enric second
sto¢luplistia, Eodyvaiyd cllssda(PAO Vebergiive, ad so fatholihd edssdloganttdke any

&8{% go@%%lm*olg ‘tgu":f §|I)e tgpr ?Qflfy Isncf‘rﬁglocn&u S%oniou ed %ttgf‘ tsémks and so

e so utton
ﬁa‘r&mﬂihd Reatighes bivaysiediiy-vpeermeadik, &yhiﬁh‘hﬁl&ﬁ]tﬂis( ébﬁi)ourerdto@ fitted

he secon 0 i on i ch. th i ment
0 6TES 0P dhr s aer A i s bl [ o Sy SRR shown
hﬂseﬁ%aﬁ hlag%)ﬁ[t tHedRYentibi 1s$1@ﬂ]3rtnﬂé'th@ Cﬂl}ldﬂ?d?}ﬁf%ura}hb? abh il where
cha er e, a ortron o 1e. sol.ute 1S
PRIERRTSHS AT Sofarhe SO bsiediod WaREG YG e, for cxample

S iHb @Mt TRE cahibed eﬁh@m he 2mi- ﬁe&n@a@w(&é&&aﬁ@(lgﬁe

Inlets for (56) and (58), has an outl et 2
c omu Frecisetingnhangdjceeling (femcgsrcglmbg glegaigal heaters, refrigeration units, solar

collectors, and heat exchangers such as steam condensers, circulators and so forth, such as
are well known in the art, but preferably heat exchangers. The heating and cooling devices,
along with any other equipment used within the process, that may have power

requirements, can derive their energy from any variety of commonly used sources,
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(29) for separating the precipitate fromthe
sol vent -enri ched second solution. The filtrati ondevice

w@ 20y/1558590f any of the types disclosed above, BOCT/KS20091048137

it preferably is a sedinentation tank. The filtration
device (29) has two outlets: the first outlet (62) may
be used to dispose of the precipitated solute or

FR R, %tméaﬁs 6ﬂﬁu§£ﬁ&ﬂﬁld%§‘ﬁfﬂﬁ5u&1§%sté B&Qﬁj lea; Q{%r wind or
secon nber inl et , and the second ‘outl et g(yé
ﬁm}h%@am@myt@ldwmmﬁ@wl @@eceserral ni ng sol vent -enri ched

t
o HR0L DS LR TS Ll g v
bebodinontp ordadcded. mk Grst baduticmi (1 pis ekpostrbto oh2 2ijle bfia folwvat osmosis

C Az% gt Qegl:i] i (Sﬁﬁleé]’? n‘bkber? E%g E’%sft g?lu‘&l%lgcao%]z)ﬁgﬁ%r%?wgaglet Sitl‘gig:ln? Ito be treated,
ﬂﬁ|ﬂtﬁmbluﬁd5tf ise¢yachlls aquoods &l cohtaime ats@lutlditeoffspuﬁéshuﬁhfﬁl’ml@sf,
R N R I T L N
ProgGétRichiadi@s] obeths@ndtRudnfie 15 aBmeNawhat tHeliBt sblution &htains
the second chamber inl et Sa@r The fourth chanber (24).
Aol HEst prseias & be RBeaniTg ceqycredy the BEY solgfiqniaay comprise a
bERL NG S@k Ve%Q}mee REJtGR et BRE AR 0§ RhHih Mgani\@nfpBitid h
chanber (24) 'al so i'ncorporates a first out% él é)
vilerggnicreamppndoelisorienl ereguryercehgmicat arﬁduqb,rcotl@lﬁeﬁoo prpidiaes or
r by

i RARL Thy Bbofles b oy RENRIL oS8 FOREbEHE Ry be
athagviod m 1H86) conﬁgurmticcn@,rtwu i watCih@n% immdnsimh@ thqyinemnbiabein the
aogjillgtéc}erlgo% éilf}rg %ﬁ)ﬂ%g the 8018? § ? t)ne ran gl(l;ﬁl S(Iﬂe S ol”?lg}%lléﬂts%'l] ro&uced
aaitBuaslyaircandioncelod maiy tnlﬁdsr a)m ﬂ@sdl bf:‘dlfdcﬂai m8@lsVEif input

r oduc uch as table or .pyrified . water. Any
oy s g Ban Lidot Sroar8 heatieThE var i ous hol di ng
and/ on ssdoal 8gletisha ), Gasexf@pia Eb@priscd @6 §RLRs ARkding water, arnmonla
recept acl es(% conduits, piping, and related e

qaphey digxidon gapalle of eictaag ahesMaiis PigsPgRYhish I q'ﬁéher fhan that of

8l st sONon, Fpb&d UHE AL bY e WchibrARYp Rt itRBepblddit the first
the sol utions. Typlcal mat eri al s are non-corrosi ve,

prdvtiane Bhis eyRoswra hiswibalashiened y arans teghpifeessbus mag|include immersion
f t"ﬁé h{eﬁﬂ? 43Q Iny tYlE l’s] clon& EHlﬁ{dnq&o&% @t 1f 1 n'n c 51(91 @88ed f@lntﬂe ARt
he vesse s can take any suitab I'e

s@utftqng or tat duectiobof tha B@Otl@/ piletadn| p}lstdlyd nnmibnau@diurfaem KBhe

m%? eﬁem runf I é-rtegkqe Qo q or’ so1%n ‘gf &1{? 1es of the t%?st 01ut10 such as
rece ac are | caaf a1 eEr
Bamkdlarged) aﬂidzkmlei@e nrolefculm erdcrba]rglmsma radd gzmléujutté hlattéksbut allowing

scusse 0 iS i otan to.note.that th

oo RO che saFRolb 8 s ehGlE i dher Plmprphptween
e fiQtand kdtbhEenitRnE dahde Bfﬂlul WF AhtePiMrou@h thewh@ii®ane from the first

' ers an be cont aj ne

appropri ate, . any nunber of

tﬁﬁ ﬁqw%f? &?%@Pe?(%ﬁ%may P%ﬁ‘ Qbﬁwlém 1ty Ragt @afargﬁ yghot
HnRe fRARAH SolaeRAI? doR¥ntdien 8RM rsiRERNBR Bofic RINBI R or one of
(16). The heating and cooling devices can be
dicaelestios sradh specish of the St ﬁ@@tﬁ@tmwlmq%pew tg pass through the
ﬁl% ?d(flg %eéendﬁ{édonhﬁ%eﬁmﬁé OQTL{E ln%tléfil&qg% Process usc.

condenser circul ators an ort .
A portion of the solvent-enriched second solution is directed (via stream 1) to a

draw solute separation operation (3), such as a distillation column, membrane distillation

operation, or pervaporation operation, which causes the solutes in the solvent-enriched
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are well known in the art, but preferably heat
exchangers. The heating and cool i ng devi ces, al ong

WORE0B/158596 ot her equi prent used wit hin the procRPGEUS100%048137

may have power requirenents, can derive their energy
fromany variety of comonly used sources,including by
means of illustration and not limtation, waste steam
Sebad so@lﬂﬁﬁlgﬁ()r e AAmSRL L LB a@&gc[e%luté@nﬁ?lcludm species of
conventional sources. Wth reference to %

eomopmnY |tts, @bq)ne@@e@% by ﬁ@@hﬁaﬁ@rthedwmlumépmthmperatlon 3)
glﬁ}gégrs g@{ﬁgsa &Jrgss@eg %g toft@? %,asessébo%) l«lﬁ&/&r%'?ocﬁ%éd ﬁrf’the firaw solute
sapbadomertrgionhdhs ptchiecefﬂ arsstvestaltmarn,ahmgnmw stses 2awhab ise

t t d, th t ti t
EEATh e bR Al RS sart RS Ll 15 P uly” sl RhG Rl &
S@hplsmlypmit Byt al Streaf dediytted strédnt B Q0 h G i gSHS renﬁivgdiipeele@from
i norg enlcals chem cal precursors or. prqduct

&5l rea 169H%°Fedct8 A8 O B S SR CERB TP THEWE ev%ﬁ%’ing solution

tRhTHI 5 useals b e € QP e N neb@thin @b dhafaBetistRP 8E£1hE Secbd
be concentrated and recovered, the first solutjon pay

edminm: sish 45 pelumAREERETRIion. sHily opcetioy mey ipslisiegiivolving the
%‘bék Mls&zater”h 5619915 Sﬁﬂﬂb §&bn@£o@lﬁ{6hcp1€8ﬁ9a‘?&!ﬂ Gnd ﬁlﬂ{i’r{g&%ﬁ the second
conpound chem cal wgrecursor hem cal product,
@Qiuﬂlqm o somfg peipnesbies sudbrthat dit S@mlwafnmoverihe 3 em@mtrp@csd to the
S e n be
L g A0 S e O AR AT B
commpomsite nf wiutiohd maefrhmemequrfrqnh slgwinut p@“mdmall}gjow @@tmmusly, as
Ofatetr ﬁe o 0| t g)cr)nnthp f t1 1. e'll"lgg I(’)rﬁperr n e t C%/r}h%%%egsle%élﬁlll 0 %({IH)& clone
deﬁﬁﬂon tp@ecq)ma&ﬁs ﬁircc:)gradibﬂitemch anclomeas or hagetioNplotvdown or other
first.sol ution shown in the

t i |
Suhaee. TRE kR SOl | iR a TS, tn some

600 inSRel s@tans Paly ®S aidogitcd PrdictVBLSN or ABYBdiscar®Ads waste. By
car bon di oxi de, —capabl e of generating an osnotic
Hicesstsehndtugh OB ROt GSPTRSSHIRAT USCH SHCTR¥E sabyent fﬁ@mfa.SP%lflon by osmotically

aﬂtéﬁtm&nhmh@l £3RASRANd Sl tientthilerop bxdnl}fe SBARANG Ivent from a
opposite that exposed to the first solution. is

e gweca\*rﬁ«gmwnécfh%meéu%wr ey desehsiicsiaeid solytien, pa jreating a
H)%l:sg g@e lrﬂ(mgﬁ v ot fﬁ%ﬁcsﬂ@@?&lﬁ’t@@to'p@ocfu@@ a ﬁ!ggﬁr%'agaﬁoeduct stream.

qutlon I 'mrersion i's used
f i r st Hsohgmavo rhf)scnlvedtShme dlmemwe(@mbodmteme of the amgntion, it should be

%pé)ayenlt Ponth(p %f(lll%{P f tFEaIIFE) h?p e ol'rlé f ng 1'? mtef]e %&P&tlve gﬂdfnot Hrmtlng,

Speci es
hamlsg besn h)tetsd:rmem, by&\u@fbfmarﬁlab bsly tharged mdrﬁ/camtonls andjether

no| ecul es ani s art.i. te matter, but
APPORPRYS e (o Ca GG Tire D61 PR U Bh T G 4F GonsHplted o
adllipwwitiih ehe At d e ®IF RGEY chilo) SARhtG IBF, e& ?e ey VMO ctdigles
first and.second so]lutions to |ndu | ux of

ter .
PHGHToTR NG PR RPBRPERRIS Pf FSthof 8°t Fevate ents, it should

8O [ctRdd 1 kisé hddXan@BNosh lcAlchQWRY bk @ofibiglBd fl SRR WaYs to
partly, or largely not dilute the second sol ution

agrampHshetbe 690 Q04CHHI- t he first sol uti on. Some, none
few, Rls 8BE aﬁ;remated that embodiments of the devices, systems and methods

discussed herein are not limited in application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the

accompanying drawings. The devices, systems and methods are capable of implementation

19



10

15

20

25

30

the select or target species of the first solution may
al so be expected to pass through the nenbrane,

walepensiseg on t he nenbrane type and/or the i ntRCI/USV0DH48137

the process use. A portion of the solvent-enriched
second solution is directed (via stream1) to a draw
splu;e separation operation (3), such as a

91 &ﬁér ehﬁBﬂlﬁfén& gh&'mel tléekﬁor(yf %Eﬂn% Icﬁhb(@@ut%’%rﬁﬁlk %ys

or pervaporation operatlon whi ch uses the solutes
Enarmples efobecefin implametidscsonvised bercioror ifloytragyeappypases only and

' di;0 0
o%{}'ma%ﬁ?%o g}g ifRhes 1 éérﬂ‘?lg%b%% %E:Bwh‘@ ﬁ%‘y% fﬁﬁes%?s%@s@&n
térmedroawigoinytoee elaparreambodlmpe rEEL 1100 mte(nayd arhd/emluded from a
ssur.e dlfference to the gases above

SRRl Bal LB Rl s <ol ute separat: on
operarmaaﬂﬂﬁhimtmiﬁdﬂ@emapmﬁahwemﬁﬂﬁ@@ﬁﬁﬁkndmamgﬂagmﬁmns
tream 2, .whi ch | redﬁijglﬁ i n concentratjion qf the il
Eeée?eéiéle@ﬁn UEFEEMRIAY 2pd fhaksctshpaaetety andpRopH B RUqns i

QEpeh@BPRIspecYfic PPHcatiof aSwBItH 8RRy stéRSdndNehBduss JFe@ hvention are
cont ai ning_the renoved species fromstream 1. Stream 3

peedqiTpeserskidled 81 the arg phopul 4lwefa€§12@ RaPLP1q 19 pesEais g fogmore

Hﬁﬁ rSRRO BeheSIRleHh i) Y AbhtWolthe HECiHS SHLEBMAHIFEAL invention. It
| ace, or nmaintain the characteristics of the second

§d areforsrto bs yedersieodbit ieerdiodimanmesetesqribed bereinpid pyesented by way
i I

gp%%?l Ieg%bg%bétthﬂ C\LMQI? th séO?ﬂ% L?::f !tﬂg%pf)%?g% iagﬁ%sgl“:ﬁ%i %(Enh Q!ﬂ%%r thereto;
thexivegtiou mhy bma@@e@nme@dmlham specifsmbe dcst:h‘@ad met h od
o B BRFE S R Pa 30 Pl QLRI s
ty3end asheders] sreaqimidue a&pﬁ&ﬁeﬁrenﬂmﬂmﬁe ndsrﬁbmitlo&@if tto ﬁmnore

be rennv d fron1so|u1|on i odi ¢
B st bR st oy st Re R amlesPiinegan of two

ShinsreTRraY, is @i YubisTiednil] en B&trhdthd¥g, if bued ragyted, @yseems
separation preC| pitation, force gradient such
sibsrtsme ard isehnigghare g muthpllyeRmsis Rt sranayidgisd to be within the

@&ee 8t ihO fhverdtiinSis $tb6AR Afth CAMBRNEBifer R ADMEHertS, qm featufes
hown as stream 5. In sone enbodi nents, stream’s

é@c‘«%sqsiemﬂ}f iagopceticyith prcephodimanhyre pet igtendedrtel bel e@éu ed from a
mﬁf;memlﬁyl o'ﬂféf@rﬁb&ﬁ?@rﬁé gues, osnotic pressure is used
to renmove solvent froma solution by osnotically
d r i vehhef plmasewlhgsouglherallmémy ped herab lisfonthetpnaes, offdgscription and
i?(;rhoﬁgec’ 9%31@%5 ‘?18 gg {rlsegtrhgrreg}n?gi% Stglr%ne &)?urgﬁtgclaekers to two or
ﬂmkaﬂtdmsmr connpdnreemt iTh@teanmaon@ﬁsing,t’ fe malmding,”t“bmyn@b\m#vmg,
ndesj r ed, ut es uce. a urlfled pro

gﬁfoglgagﬁpg, r]1 VOL%W d‘gb%ﬁ[‘)? 11, fhe Cﬂﬁg FﬁCUBtttc}nactr kn/e C alrns and the like,

erxlopeh-sRiRl Ser@f, ileh @ mBMenhdl@ing bt n610kitdd the BRPaheMe of Guch
those skilled in the art that the forggm nq is merel

y
FIIRG SIRGRRT 19 SeATPatORe IR KStSrghorRaiarigd pare eﬁ%@eﬁwias well as

Baydin@¥l RfmEeXHIPIHR 1QRdiNena cQUnIBigfdre atd ‘@Bssing cssentially
ot her enbodi nents are within the scope of one of

> OFTA floyedsqeispii- ¢1ﬁsetiﬁ@nsafrlqnahﬁaa5ﬁﬁ despefitvelyptvik egpegsto the claims.
tJ@«l: l)f d} ) tEIlﬂdsrﬁuil i £ Pese% ’hﬂhﬂrdﬂ*’%{&tré’ lke th'the claims to modify

parti c many ol "t he exanpl e
a claim element does not by itself connote any priority, precedence, or order of one claim

element over another or the temporal order in which acts of a method are performed, but are

used merely as labels to distinguish one claim element having a certain name from another
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presented herein involve specific conbinations of
met hod acts or systemelenents, it should be

W pwensseo®d t hat those acts and those el enment SPEEYS1969/048137
conbi ned in other ways to acconplish the sane
objectives. It is to be appreciated that enbodi nents
of the devices, systens and nethods di scussed herein
glreﬁleﬁ}q{awlng q]ssrﬁgndnrﬂe (@Qpi}of ﬁétdf 2 otr&inﬁln&mq & @ktln%ugfl the claim
constructron and e arrangenent of conponents set
tlomenisi n t he follomnng description or illustrated in
t he g@gﬂg@gﬂﬁ&@rdraMAngs The devi ces, systens and
nmet hods are capa Bl e of i mpl enent ati oni n ot her
enbodi nents and of being practiced or of being carried
out in various ways. Exanples of specific
i npl ementations are provided herein for illustrative
pur poses only and are not intended to be limting. In
particul ar, acts, elenments and features discussed in
connection with any one or nore enbodi nents are not
intended to be excluded froma simlar role in any
ot her enbodi ments. Those skilled in the art should
appreciate that the paranmeters and configurations
descri bed herein are exenplary and that actua
paraneters and/or configurations wll depend on the
specific application in which the systens and
techni ques of the invention are used. Those skilled in
the art should al so recogni ze or be able to ascertain,
using no nore than routine experinentation,
equi valents to the specific enbodi nents of the
invention. It is therefore to be understood that the
enbodi nents described herein are presented by way of
exanple only and that, within the scope of the
appended cl ai ns and equi val ents thereto; the invention
may be practiced otherw se than as specifically
descri bed. Moreover, it should al so be appreciated
that the invention is directed to each feature,
system subsystem or techni que described herein and
any conbi nation of two or nore features, systens,
subsystens, or techni ques described herein and any
conbi nation of two or nore features, systens,
subsystens, and/or nethods, if such features, systens,
subsystens, and techni ques are not nutually
i nconsistent, is considered to be within the scope of
the invention as enbodied in the clains. Further,
acts, elenents, and features discussed only in
connection with one enbodi nent are not intended to be
excluded froma simlar role in other enbodi nents. The
phraseol ogy and term nol ogy used herein is for the
pur pose of description and should not be regarded as
l[imting. As used herein, the term"plurality” refers
to two or nore itens or conponents. The terns
“conprising,” "including," "carrying," "having,"
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"containing,"” and "involving," whether in the witten
description or the clains and the |ike, are open-ended

W@ 200985556 €., to mean "including but not |im tRCI/U2009/048137

Thus, the use of such terns is nmeant to enconpass the
itens listed thereafter, and equival ents thereof, as

well as additional itenms. Only the transitiona

phrases "consisting of anddiGaR& sting essentially

of ," are closed or sem -closed transitional phrases,

1 es pedtfornardosmaisis kenatagion process, Ctompri@ilnai ms. Use of

ordin ) ,

the |5 @ rg&%#ﬁ?ah Ialu_@ign c%ﬂélgrf’s‘in& afso ala}r%e%ﬁtt Ié{rlr%s %{get %blggies ona
ﬁ0¢mbyofasmhﬁmnmnhbmemamywpr|orlty, precedence or

or der. gpdone over anot her .or

t enp ot uc&t@earsef%l@\m{ g?]n conRIisihe aglw%%lg cgrrbgn 810x1de in a molar
peiofobitedt 1:0wh adt@nd sidd oMt 8éryi-@sméabahsmbr@ne, thereby forming an

di sti ngui sh one cJ.ai mel enent .having a certa

PR B BB BB RT T S A O T Sameies the
HB® ophdeareh pérabirhf th@sdﬂie‘iﬁ bﬂtﬁél Fisdn sd it nGlRs$he k @hEftiBeable
What is clained is;CLA . A forward osnpsi s

BEPRFAE fOI9TP @é@e%@luteaﬁwhesﬁrﬁgﬂdeutﬁ thesgmtpigieabls megiprane and a
R L AR HMRE k&bRdside Shy &l RALk Bl h&@RincOne target
species on a first side of a sem -pernmeabl e menbrane;
intr om@lph@g e dewordt lsot apogian ebitp fqusihglubiemion sgpaREpn
8@& tg &hg@bg%eﬁ at@‘dlquI Blutds E3Ltsl) ist?tfstr ,l east 1:1 on a

co e sem - per nea rane, thereby
f or m wgrEing te ot solgentodin seednidoidegf Huti semt-permndéenmmbrane; and
sem - perne ran e fl ow of at
st REO B 1S AT B b RE B Ve PR Bl aR ) Rkl on
acr 0SShd frecesedti climrinedblk @ thefist mhelohriws dnoaqoecs sblutieh.

olution on the first side o er neabl e

br SEPTASE O Fdre WhEEINET %’i‘? t’toﬂéoggrdﬁ‘?ﬁa ST P @

Fmﬁmﬁﬁﬂhaﬂafﬂﬁa@hge foane; pronoting the flow of at
east_a portion of the fourth solution to a separation
dper al 1oHoss @ﬁrféaﬂ@éyweeﬁertg? @regt HACISOIURESCLR W) Vg cnzyme,

Sl @RM micRiowiRishy the draw solutes to the second side
of the sem -perneabl e nenbrane; and recovering the at

Peast Thamsosesy efedlaimpevhessinfipisedueing theHirpcpoligprien s first e of the
Ié?ﬁ m&%ﬁssm&{lbr%eaéompkses\qﬁzﬂ{eﬂn% & ?etﬁl'-ﬂ’eg‘{ieaﬁfy e iR the first

ueous sol ution cess of al m
ﬂﬁemeun t he flrst sol ution conprises a strean1fron1a

ghar MRACE réce% V\?]f Jai alm 401?%61%*11 19‘[?0 ue%r ?he 2nd solutllelne co?nprlsg dcirectlng

of cl ai rein eci es conpr
fhalstcond wgjation ﬂmﬁesecmdﬁldﬁ Gf thod seml@Em&abjla Imeﬂrhran!é The

rocess. of cI MFCFEI 'nér uci. n
Qol ut "?Iierprgeessa Cilaru%]tl 81‘8111&? ﬁlﬁ so?uqlon i troclPucecE con%muously
The process of claim 1, wherein introducing at least a portion of the fourth solution
to a separation operation comprises introducing at least a portion of the fourth solution to a

distillation column, membrane distillation system or pervaporation system.

9. The process of claim 8, further comprising supplying waste heat to the separation
operation.
10.  The process of claim 8, further comprising processing the solvent stream.
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sem - per neabl e nenbrane conprises i Mmersing the
sem - perneabl e nenbrane in the first solution. 6. The

WEe@eassIof claim4, wherein introducing the sRCDOR009/048137

sol ution conprises directing the second sol ution al ong
the second side of the sem -perneabl e nenbrane. 7. The
process of claim1, wherein the first solution is
|1[1t r Oﬁllt’ecﬁgce%@@ftdleﬁﬁqu%&em&ecoﬁ@ﬁngotﬁé)thga%t 6Het g@t’ sgkclres comprises
wherein i ntroducing at |least a portion of
gwilodudiemthe thirgd sghupan tetd ssrlingreassel.ibyArogaignei Bre@pltator or force
' at least a portion of the fourth solution
Fﬁh{eﬁ gtaﬂ??'ati on columm, nenbrane distillation system
o2. peTheza;pocrem ofarteigyldt femthelgsom"ﬁhsinp moodggngthe af ladshvi@, recovered

LBl PRF R Dbt R E e T "B ocess of cl aim 8,

fiir t helic osgs ofsdldig 101 hethasdongriting sgplynenthe stltaammclieated target
The, %)r OC@SS of claim.1l, wherein recovering the at

PRESEE ©h Wlﬁ?ﬁaé‘fp‘g’&té’&ué% conpri ses introducing the

Ui r dAFedwakd @dsia vasts @lehithicRGHrY&SS bmpyel: ocycl one
precipitator, or force gradient operation. 12. The

pr oc eSgogeing afitish sphution EORIE N SO AN gt eatt P%I‘if&lﬁtﬁﬁent ona
m@maéoﬁae&%ﬁ-p@%aﬁl%%m&g target species to a further
treatnment unit. 13. The process of claim 12, further '
conpr ingpﬁglwm@nwnﬁgteti Hewagolytion sempyiréng gnaraerad andsgaghen dioxide
RPLRbESratif of"atCiQa‘QPﬁ‘i LRGN RAk Rhe OF thé‘ §‘e%f11 rp]eﬁneafﬁ\lefrﬁéﬂ{ﬁﬁr% to
osnosi s waste treatnent process, I'SI ng:

imatntaoe ercosmeptia Cbmqesttrat@olgmdmnnacw«zmplra ssmngeralesldb vembraand

gteml e]%‘éltnﬁe%ﬁlo%&g 0p etﬁ%e:,auteaglgorp 1on.¢ o% ﬂ(lleuscoi?vr?él? oafqgeoﬁ irst sr?%utlg{l agross the
sknaivip cerod abbtel roemlinremgxn |f@nﬂzgseammhmoﬁnﬁi tiediriieile dif fh)élsdlﬁl in

a nolar ratio of a st 1-1 on second. si the
BEgmC2hpe Bi"e a%?‘r‘ﬁﬁl aYVc?OWHP?]P%ﬁ‘ﬁ SERNA BT ge semi-permeable
aRAGEMtr ati on gradi ent across the sem - pernmeabl e

menbr ane: promoting flow of at |east a portion of the

S ol Ve]ﬁfro@%mqghaé lepstagortiog|af thegluts dray solyptpm to a separation operation to

REAIRADE TRARLANE sdIfert RrhA Second sol ution on
the %,I rst side of the sem perneable nenbrane and a

di | ut Btugriasths sraye soHeon thnscadsisisef dlegemppermgeble membrane; and
sem &ﬁ{og@gt &at ?Fﬂ%ﬁ@ @%Stl{ugltitrw&lle R&ofll sdifdRt 2@

portion raw solution to a separation
dper athaymogess @ﬂtémmdyl gbﬂ@ﬂ&h@ﬁrdtrsawtlsm Ferhpsseawastavater.

38 | Ve’PlIle Spréce?? (?f‘ clahr%tlgr hergntt eﬁrg s%yvtlgﬁ) | Ut r‘?s_eg %rl]té,ho?ganic matter,

second sen -
suspended colloids or biological orgamsrns

17.  The process of claim 14, wherein introducing the first solution on the first side of
the semi-permeable membrane comprises immersing the semi-permeable membrane in the
first solution.

18.  The process of claim 14, wherein introducing the concentrated draw solution
comprises directing the concentrated draw solution along the second side of the semi-
permeable membrane.

19.  The process of claim 14, wherein the first solution is introduced continuously.
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renoving the at | east one constituent fromthe second
solution. 15. The process of claim 14, wherein the

WO 20091153506 ut i on conpri ses wastewater. 16. The PCDUSNEY/048137

of claim 15, wherein the first solution conprises
salts, organic matter, suspended coll oids or
bi ol ogi cal organisnms. 17. The process of claim 14,
%‘ef e*rﬁle l%rﬂée%,?&'ﬁ)&dlﬁlgl 4t Qﬁ rfn'n EtI'odﬁah% b 1043 onrhl?f?oif thé &iute draw
he sem pernea e conprises
sqimlstp Agenakegios emratpmrmbls@ inteadorianat legst ¢ hertipi pEthe dilute draw
" 0 -
§0Cl t Cfgg dlsglﬁ%tho-érbgg%%lé th%r %d% rlﬁ‘&lvbfasl é?st?r}l{\gﬁﬁeg{é o?aflg% gystem.
di r echnemgod:dseoﬁmmmémt ﬁaathacbodrpawng supptyiignwastoegt tohige separation
second side of the sem perneabl e nenbrane. 19. The
BPBYs of claim 14, wherein the first solution is
eRt r Oﬁh&@dce@@dgﬁdlaﬁmquSﬁlytih&(bom-ﬁhﬁn@ peceshg ?Zﬁe sﬁlvahﬂ_’ﬂtr&éhl
erein intro east a .portion of the di
g?aw £y Rﬂ"feé%ofci %é'eﬁg‘?rslflurﬁﬂwd thg e lggt BWF%@EIG constituent
bothpadémirogucate the@bnBsoR@ioh t®@Nsc@ing D& sdl] hydtRyeb@or blowdown
solution to a distillation colum, nenbrane
8PEHHIN at i on system or pervaporation system 2 1. The
B4 0CesR: Hhocs! & Rind3, flthNSmpHanp '[ﬂtl%ﬂﬁkgloﬁ lﬂféoa!t Yéaﬁ%ne undesirable
wast e heat to the separation operati on. .
perotieset toh furthgl eatment operatiasy  conpri si ng proceSS|ng t he
solvent stream 23. The process of claim 14, wherein
renovi ng the at | east one undesirable constituent
conprises introducing the second solution to a
settling vessel, hydrocyclone or bl owdown operation.
24. The process of claim 23, further conprising
i ntroduction the at |east one undesirable constituent
to a further treatnent operation.
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