WD 2011/ 103622PCT/ AU2011/ 000192 1 A DEVI CE FOR HEATI NG A LI QUI D COVWPRI SI NG
A SOLVENT AND SOLUTE, AND SEPARATI NG THE SCLVENT AND SCOLUTION Field of the
| nvent i orwOlnB/10862ent i on rel ates to a device for heati ngCa/Au2quiodo192
conprising a solvent and solute, and separating the solvent and solute. In
one formof the invention, the device is adapted for liquid purification
and waste treatnent system 5It is the idtention of the invention to
provide a thermally efficient and innovative neans of separating a sol vent
and sol ut e. AADEVIKDE FORAIHE ADINGoA LHQUIBVEQMBPRISING A 363k MHNTt ANI3e
evaporation to purify polluted industrial waste water or sea water, or the
like. The appl SEHLUEF%E,ﬁND\SEHARMBIM@yTH%Sﬁ)Iu‘s’EMT(AN&S@)ILHEHO(N]

pur poses, al so produces sodium chloride concentrate as a useabl e

by- pr oduct .. to the Invention In this specification where a
docunent, g&%lﬁc())r ﬁ?%%{rﬁggﬁ&l}now edge is referred to or discussed, this

ref erence .di scussi on, i nqgt .an. adm.ssion that the docunent, .act. or jtem
0F lnon cadbigeapRudRst T ford nE PR PR uld St g RS g Sihsoind. | o
avai | abl e, skn@whottRe §d19eRURd kSlutePah bn®forinhs tROMWBIY BeHRIdRYick OydaBRE ForOr
known to be relevant to an attenpt to solve any problem 15w th ich this

speci f i cat ilignid prigispder asvasihir¢asmentiestevent i on i s descri bed with
reference to water as the liquid, it will be understood that the term
“1iquidS idtinthe isntipmpf td iavedtion heprolidguaithismate elfseai lhed winbiativegneans of
invention. This.i nver11ti ﬁn (jnslatl sqQ rel.ated eE]fO thg i nvent i on.tdi scI.B etd in
PCT/ 2005/ 06TFEE & HE EBREBEHOIGE- AT IS ORHOBP 96 It B HIPH Ft BRSIPEF & Fahce) .
20 Descri ptelgidrafonttb@ulifyveiut@inde@@41 G RE WReorfsel SlateRSReRd lilf, THe
invention a device is provided for treating a liquid conprising a sol vent

and a sol ureplicafian sehay tgehnedpgynwhew hsedrfor dasalirasionarposete alde pras@icesswgiuns i ng

w0 2011/ 1038958 IGBRATAO 6 TERES bl no- (@one o fore drying zones:

10  Background to the Invention

In this specification where a document, act or item of knowledge is referred to or discussed,
this reference or discussion is not an admission that the document, act or item of knowledge or
any combination thereof was at the priority date publicly available, known to the public, part of
the common general knowledge or known to be relevant to an attempt to solve any problem

15  with which this specification is concerned.

Whilst the invention is described with reference to water as the liquid, it will be understood

that the term “liquid” is not so limited and other liquids are useable with the invention.

This invention is also related to the invention disclosed in PCT/2005/001796 (the content

of which is incorporated herein by reference).
20  Description of the invention

According to a first aspect of the invention a device is provided for treating a liquid
comprising a solvent and a solute, and separating the solvent and solute, the device

comprising a continuous flow treatment chamber including:
(a) one or more drying zones;

25 (b) one or more return zones to circulate heating fluid continuously through the

drying zone(s) and return zone(s) sequentially;



(c) a heating fluid inlet(s) in at |east one of the return zones for the

i ntroduction of the heating fluid; (d) a circulating fan to circul ate the
heat i ng fwWo0i2d11/108922a | iquid inlet(s) in the drying zonefP€y/Aucl1wddreg one or
nore nozzles through 5which liquid to be treated is introduced in m sted
forminto the drying zone(s); (Oa solute collector(s) located in the drying
zone(s) downstreamof the liquid inIet(sF; wherein the introduced
liquid is heated by the heating flui.d d the lute is separated from
10the liquid i n((jct)he Soregine fﬁwﬁﬁ@e&@“}ﬂvgﬁf_@awee Bé@‘%@é‘“’o?onfﬁ rithR BHpslygtion
facilitate managementyrafe Hegli@d fiv@l y | arge phase change energy fromliquid
to gas and gas to liquid by Keeping it within the one operating
environment . TheydeviGecQRRhR}ESo BeaflRSRdfiy pLfem from an ener gy
perspective but 'I's an open systemfrom a nass ow perspective. Therefore
only a small a nt qf,. ener i hput .to the ntrol. 15conponents .Ls.required
Lo manage thi o Rinsi QBT G] AR dhind 0he5] Bl Rind SROTERE M EH i Y
of noresdrying zones,wﬂiﬂeli(?in&'tdlge ZEINESis aiteoduoERinadisted fo@i (RS tirRnbyifRy be

| ocat ed substantially parallel to each other. Preferably, the device
further includes at 1288&%)one heat exchanger |ocated downstream of the
solute collector(s) to increase the tenperature of the heating fluid used
in a downstr ean(f20dr yisalpteemigctors) josatg@ il th doving £énels) tdewmetreaneot thp ligitidi es
in water that affect.Ht har dness. Hard water may cause scaling in
conventional water tﬂ%gﬁﬁént processes and equi pnent. Hardness refers to

t he presence of dissolved i.ons,. i n f cal ciym Ca2+ and nagnesi u 2+
ons iy oh Sieerin e redrer ugis et DR e b e SO SHaT BRI
the enypr onERuid i@e 28RRIILMEr(§) ectrical charges of these ions are

bal anced by the presence of anions (negative ions), of which bicarbonate

HCGB', car %?%Eﬁ]césﬁaf th@ et rpﬁ@itli?aéesg’alnae%ﬁ%n{ Q@reﬂi'ﬁ%& ilﬁ@? hhz?s@tchar%eenergy

solubility o ates and Dbi - carbonat ecrease t creasi
t enper at ur gromnhiguibl torpanmidtgaato fiquid by kextiind o mathid the romalbpgncess/itohment.
sul phat es %nd car bonat es . .
he device operates as a closed system from an energy perspective but is an open system
from a mass flow perspective. Therefore only a small amount of energy input to the control

15  components is required to manage this considerably larger energy.

Typically, where there are two of more drying zones, the drying zones are located in series

and may be located substantially parallel to each other.

Preferably, the device further includes at least one heat exchanger located downstream of
the solute collector(s) to increase the temperature of the heating fluid used in a downstream

20  drying zone.

It is well known that there are impurities in water that affect its hardness. Hard water may
cause scaling in conventional water treatment processes and equipment. Hardness refers to
the presence of dissolved ions, mainly of calcium Ca** and magnesium Mg** ions which
are acquired through water contact with rocks and sediments in the environment. The

25  positive electrical charges of these ions are balanced by the presence of anions (negative
ions), of which bicarbonate HCO5™, carbonate CO;*~ and sulphate SO,* are the most
important. The solubility of sulphates and bi-carbonates decrease with increasing
temperature, which means that in a traditional thermal process the sulphates and carbonates
preferentially form on the hottest surfaces, primarily the heat exchangers. This causes

30 fouling (scaling) and loss of performance of the heat exchangers and results in rapid



preferentially formon the hottest surfaces, primarily the heat exchangers.
This causes 30fouling (scaling) and | oss of perfornmance of the heat
exchangerwOand/maeel ts in rapid WO 2011/ 103622PCT/ AU20PCTQR0820@192ec! i ne
in systemthermal performance as well as increased mai ntenance costs and
downtinme. In the device of the present invention when applied to such

wat er, the sul phates and carbonates are é%bstantially trapped within the

liquid dropl ets .as they nmove along with e .S5heating.fluid and are dried.
As such t héiegl}flﬁ‘rﬂl éY%efEcS%qné‘éﬁ%er{:%mgﬁ%‘? KoY %{]ae“' IRGERSEE PHINERANSE CRit Mhat or) and

drai n away gwwhhmhe waste stream By positioning the heat exchangers
downstream of the solute collector, any adverse effect of the sul phates and

car bonat es yj e To TR L. hat mat eri al
cont act  uponiepusaeioh SR pl REUARA enClopTE ] i Ak Y Bl SR
heat exchargéosatangdesulgirtiatiantpped wibhin ter lepsésrophed 4s thonmotvenlong hethrrad

performance. Addjtionally,. since the solute cqllectors (mst_elimnnators)
oper at e”at %aatrr@v@d BT ety ASthehte ﬁéopg%ﬁ? gege op ﬂ&f@@ﬁt? PolseEy (Bats o

m ni mal - scaligibiddd) dndiBratdavdiYw RN Bldtwaskd stithabd e ARG RE BarleRBfanbhie
devices of the invention nmay be controll ed by ‘conventional pressure and
heat bal andewostrtanod! by seletrs-oll8dap ane adwofetehtzr eofi the sl portest andgadonatesls | oops

15f or internal.chanmber essur.e and heat bal ance .control will b

Focor por at cBMTEEeR SRITTHES foeDhe S PEGHEGRP LY Wit baehe
ordinary CQRVRIheAS! BSs fanf@BUl RHuddk PG M heat dkBhak@db&andRihifkahilpns and
wher e heat exchangers are present, as the surface water in the droplets

evapor P es ingeasgniheis 1gnregaine dprmal peaformances tdslitnetly.sircgrihe solaty spledtory t aken

of f 20downst ¢ e | ut.e | i st.elimn [S)aq 1t ]
A L L R
t he heat i ngnifintdl dcald beilGopid ly sy¢pt em i s designed to alter the speed of the
conpressor to conpensate for increases in chanber steam pressure. The

anount of eneoNe HpadciAk Bat Be BBviBstofIRCIvERId hEbUBSHBBIb HestveRNEANTET
to maintain thermal stability is also controlled by the conpressor flow
rate and pressure and heat balance control systems. Computer software incorporating control loops
15  for internal chamber pressure and heat balance control will be incorporated. The design
and function of such software is within the ordinary competencies of computer

programmers.

In water applications and where heat exchangers are present, as the surface water in the
droplets evaporates, steam is produced. A partial stream of steam is typically taken off

20  downstream of the solute collectors (mist eliminators). It is compressed by a compressor
and fed to an upstream heat exchanger to heat the heating fluid. The control system is
designed to alter the speed of the compressor to compensate for increases in chamber
steam pressure. The amount of energy available to be put back into the upstream heat
exchanger to maintain thermal stability is also controlled by the compressor flow rate and

25  operating pressure. Additionally an external heat exchanger may be incorporated into the
system to aid control of the steam mass balance so as to increase the stability of the system.
For example, a wall of the drying zone may be provided with a continuously variable valve
to vent steam mass and maintain the drying zone within set limits. The external heat
exchanger is connected to the outlet of the valve to recover energy from the vented flow

30 mass. Vented purified solute may also be recoverable.



250perating pressure. Additionally an external heat exchanger may be
incorporated into the systemto aid control of the steam nmass bal ance so as
to i ncreaso 20ti0362abi | ity of the system For exanpl e, aPaaiAv2efi/oobe2dryi ng
zone nmay be provided with a continuously variable valve to vent steam nass
and maintain the drying zone within set limts. The external heat exchanger
is connected to the outlet of the valve th recover energy fromthe vented

fl ow 30mass, Vented rified solute al.sq be recoyerabl e. ]

2011/ 103623“#9@#)&@%%@%%%%%%%0&@ﬁ@gwgfforttﬁféﬂpa&?ﬁrrsa n%%@i%ﬂﬂéoa% ghly
suited for (haemtd é&%tﬂ%@.eThaaiﬂs @@pa%f?s! éﬁdp@fh’%ing%ﬂ&uél&'ﬁ@héﬂ 46818 Pbdeh@Rtions They
are capabl e of operating at” much higher solUte concentrations than

conpet i ti véhamegemetiavpmonbdsme prod@eieneBsiot selioors aaddther high dengdntration

concentration. |iquids e beyond the technical..or econom c capahil.ities of
ever se. osiiguids Sl sBeRlE SR arGppRiaanag i S AR e RBB T otigh re

hi gh puspi @ﬁniwra?ma@&smm dppaRth@rreidifdhibnBuapmt pidssiBIRhANasedthdrivit he
concentrations of solutions they may treat. In contrast, the devices of the
i nventi on fegcaseolgpambraaes Iaitdhe emcebtiienaeintspivas theypnastsent.eInggontrgst the
mediumte at u - f t ' [.on, ' zone
o whi ch ¢ BEVE e inyep g BEpAREETHoR or B SRHEIEER mre s it 8.5 0y
i ncor por at infglivhh yaniygeraretek s whi ch are sub drying zones and recircul ati on of
heating fluid in particular ways. In accordance with this aspect, a device

for treati ngamothéridpstt bBtheliMeneledl (ROMRISIONE iRwhRhBNliq@l Gk AtS@hdéH @nd and
separating the solvent and solute, the device conprising a continuous flow

treat mdfAt dradbuy bederthariongmized (by)ioersperating diyingy Gellp grhidhne subadryinezzoneone of
the dryin i } . I t Vi cells, each drying cell

havi ng: (?)aﬁg?q%?ra{&%ﬁgwgﬁ%‘%@é ﬂ.mﬁ“‘??@a%‘t}#gﬁlaﬁ&é%gs through which |iquid to be
treated is.introduced.in msted formi.nto the dryi.ng cel]: ..

T a0 or b BEOBMPEE b e aFse el Fetneealins p AYaas pRSisehcomening s ¢ ne

201 i qui d | RbREAtSIhd a&Bfhte, and separating the solvent and solute, the device comprising a

continuous flow treatment chamber including:

15 (a) one or more drying zones, at least one of the drying zones including at least

two drying cells, each drying cell having:

(1)  aliquid inlet(s) including nozzles through which liquid to be treated

is introduced in misted form into the drying cell;

(i)  a solute collector(s) located in the drying cell downstream of the

20 liquid inlet(s); and
(i) adrying cell inlet for heating fluid.

(b) one or more return zones to circulate heating fluid continuously through the

drying zone(s) and return zone(s) sequentially;

(c) a heating fluid inlet(s) in at least one of the return zone(s) for the
25 introduction of the heating fluid; and
(d) a circulating fan to circulate the heating fluid;

wherein the introduced liquid is heated by the heating fluid and substantially all the solute

is separated from the liquid in the solute collector(s).



(iti) a drying cell inlet for heating fluid. (b) one or nore return zones
to circulate heating fluid continuously through the drying zone(s) and
return zowe(slvweaaentially; (c) a heating fluid inlet(#®LTiAv20t1/00e83t one
of the return zone(s) for the 25introduction of the heating fluid; and (d)
acirculating fan to circulate the heating fluid; WO

2011/ 103622PCT/ AU2011/ 000192 5 In a preferred formof the invention, each

drying cell further includes a heat exchanger |l ocated downstream of solute
coil | ector tB2PHFELIOMI teelﬁiﬁ"é}i’é?ﬂlu‘?aéﬁéfyl{l 8611155@%6“3 Er‘i%ll.sleait B8 Her

preferred fiQLaBifowfedM¥ LR RN iM:&asE tlel eebed o OME nekHNigel | 1S
circulated to the liquid inlet of the dowmnstreamdrying cell. This is known

as a forwanf,pGAasGadngq hd}lne&ﬁthé)ﬂwgﬁtl}_’cingg% gé(dlﬁfeec'&leété'd fh Jn‘é&fr?@% lcQJIE gsf erred

formof the rnvention, the solute co I'n one drying

ci r cul at ed ciroultted té thgdiqdidointdt ef thefdotvnetrenns tiryéreeetls Yhinds kedwn asThfoswarsl known
as a backward cascading jnjection drying system It is to be understood
that the flcé%agmgé‘@F?Hog“lé@ﬁééﬁerBryi ng cells may take on any 10 desirable
configuration. For exanple, it may be a conbination of the backward and

forward cadeadiyrprifeEtd ormad fiengvaioneths solbtesolipgied gronsidrying cal&wi ngs The
| nvention i cﬁgéé’gftéjfhtehﬁ%ﬁnde%]tféfgf ﬁE?B%%ég Cdﬁﬁlfg%ﬁﬂﬁﬁg Fs%o% 41 IHERR ala

which: Fig I sect | VI ew 0 ont I"-nuous ow treatnent chanber.
cascading injection drying system.
It is to be understood that the flow of solute between drying cells may take on any
10  desirable configuration. For example, it may be a combination of the backward and

forward cascading injection drying systems.
Description of the drawings
The invention is now further illustrated with reference to the figures in which:
Fig 1 is a sectioned view of the continuous flow treatment chamber.
15  Fig. 2 is a process flow diagram of the chamber illustrated in Fig. 1.
Fig. 3 is a drawing of a drying zone of the invention.
Fig. 4 is a drawing of a forward cascade injection drying zone of the invention.
Fig. 5 is a drawing of a backward cascade injection drying zone of the invention.

A sectioned view of the main chamber is shown in Fig. 1. In this figure the arrows show

20  the flow paths followed by the gas filling the chamber. In operation this gas 100 consists of
a mixture of super-heated steam at close to atmospheric pressure, and contaminated water
droplets which travel along the left- and right-hand drying zones 101, 102. However, it will
be understood that that there can be significant advantages in some cases in operating the
process at pressures well above or below atmospheric pressure. For example if we operate

25  at well below atmospheric pressure then we can operate the chamber temperature at say 50
deg C, which is below the saturation concentration inversion temperatures for Mg and Ca

salts.

These zones will be referred to in the description of Figs 1 & 2 as zones A, 101, and B,

102, respectively. The drying zones are joined at the front and rear ends by the fan end box



15Fig. 2 is a process flow diagram of the chanber illustrated in Fig. 1.
Fig. 3 i1s adrawing of a drying zone of the invention. Fig. 4 is a draw ng
of a forwspaotaws@de i njection drying zone of the i nvenPCOAU2HI1PI0B2i s a
drawi ng of a backward cascade injection drying zone of the invention. A
sectioned view of the main chanber is shown in Fig. 1. In this figure the
arrows show 20t he fl ow paths foll owed by‘ihe gas filling the chanmber. In

operation thi as 100 consjsts a m xture of _super-heated steam at cl ose
6 5t nosphdl? L Lu e sﬁléj?%h(ﬁ)‘éw&]trs@%‘fe@f- Taes %?gr%ﬂsﬁe Y08 al ong
the left- qng the ﬁgﬁtfn@fgag b&hY URYeZ ABERd BT thlQZuldiRWeYR105! fn MWnhhndPGkin to

under st ood that that ere can be significant advantages in sonme cases in
oper at i ng thecydpeasis vandprmeskur es wel | above or bel ow at nospheric

pressure. For exanple if we operate 25 at well bel ow atnospheric pressure

t hen we carn epdrdayi@gtzhee thiamaer02tshopetiairel e aadunsisey obBletheqgts Cequided dbr the bel ow

the saturation _concentration jnversion tenperatures for. and Ca salts.
WO 2011P10§89r2tb@w§%2§ﬁ%ow O 2% oYy %ﬂ&ggachamae,rlaflaﬁ regﬁan B sbeﬁeaﬁwone)

respecti velpere kgt 4 Q81 fI96 B ohleARBAcLhS Vg, rMdwkdidie ﬁa%a&idﬁgn%gz@mﬁ@; ng
driven around it by the circulating fans 105, in a manner akin to an

aer odynani dOWiand thennrselay nomzleasteniy 1 0ty A dieegab@kitgnd of éRhghoevherchieaaniar e a
nunber of el.enents jr for th operation of the device. At the gas
oty end SHruseH ObAattel i hibaied B B SiriRsRipae tRe B 0d R Bk Por 4
set of fl owngbidlyGiNughiteW o SKHRE Ber ikOheak Skdnaneds Py7 ad@adotle X8 RRG I theHX3)
107 and then a spray nozz%e assenbly 108. At the gas exit end of each zone

t here 18 adnyisg zenesddhandl02.ME) 109. The purpose of the flow straightening
screens 106 is to ensure uniformy distributed gas fl ow over the heat
exchanger s Il 8ddiaeom tosthe otam gasntiel engnAtand BAO y1 (g theongemidudesch 102. | n

addition to the main.chanber (zones. A an Bé Oé 102 tqg system i ncl udes
2 Conpr ess SRR idO A3 Gy T RAIERS F6a3S Bert M PE BN R eI anki ne
cycl e heat ppHpPThitRbSPEARANGNY shewiPil Blg Shaitybidalty Grawd s@fh fhditkdetiyn dr aws
steamfromthe return

end box 104, compresses it, and then feeds it to the heat exchangers HX3 107 where it

15  condenses and yields the purified water product stream of the machine. A consequence of
this scheme is that the heat energy given up by the condensing steam is used to heat the gas
in the main chamber 101, 102. As a result, a significant proportion of the thermal energy

contained in the condensing steam is re-cycled in the process thus increasing the overall

energy efficiency by a significant factor.

20  The contaminated feedwater 112 which is to be purified is pre-filtered and chemically
treated prior to being fed to the device. This feedwater is pumped by a high pressure pump
113 through a heat exchange 114 to the misting spray nozzles 108 and mixed with the
circulating gas 100 in the drying zones (A and B) 101, 102. As the fine mist travels down
the drying zones 101, 102, heat energy is exchanged between the gas 100 and the droplets

25  thus causing water in the droplets to evaporate and form steam. As a result the mass of the
droplets decreases and the salt concentration within each droplet increases. After the
droplets have travelled a distance down the drying zone and the bulk of the water within
them has been removed, the remaining droplets are collected by the mist eliminators 107

and collected at the base of the machine as the concentrate stream 115.

30  As purely illustrative, in the operation of the process the droplet diameter may be, for

example, in the range 15 to 40 um, and the gas velocity in the range 1 to 3.5 m/s. For an



end box 104, conpresses it, and then feeds it to the heat exchangers HX3
107 where it 15 condenses and yields the purified water product stream of
t he machiwie.20/wafgequence of this scheme is that the heat/Aanerigpoyeven up
by the condensing steamis used to heat the gas in the main chanber 101,
102. As a result, a significant proportion of the thermal energy contained
in the condensing steamis re-cycled in the process thus increasing the
overal | ener efficiency by a significant factor. 20 The contam nated

f eedwat er {bhi QRolEoR 8f B8 PeisERRYRassStypical pf fepwater) inhas RepR AxReaimpaptally

treated prior t ej ed to the vice. .This feedwater i.s,pugped b

i on or eosdrRobTipehfe b Folsdntle yeieGf adf sBe 1SR Ry Ry PG et
nozzl es 108hadshtdmhingEd ¥eedlyateh €106/ ra@UirBddditgbndi@BasIfddn dembh@ratidithaghgones (A
and B) 101, 102. As the fine m st travels down the drying zones 101, 102,
heat ener gyondengate pEcrjERCRS PREBIS WHer Gislandd0 and t he dropl ets 25t hus
causing water in the droplets to evaporate and formsteam As a result the
mass of 5t heAsropheetesn toor Bige theanan chambsgilis caoprsedvf tra dneplet diyiing zmeh

droplet in S. ter th ropl et s. have | ,ed, a djstance do he
Gy e zondOEaRET ind W Fin-BREr R BRaEER AR R S A F SadElk PaRBy S o
remai ni ng drigph &losn@fiR arkll et @ebpyirduingifsts B5i whdialdgiks mbeor spadisead | ect ed
at the base of the machine as the concentrate stream 115. 30As purel

i 11 ustrat i gentrolipdiyenciratrgnicorriglespeediirye ¢ YSD) 6. dhoipe drying arasessronksthbe,
to 35 ms b Sne 96 o Rk BBin O SEB-Y A s B8 TSR

of 3.5 per t b SS iC f seawater) i as been experinmentall
dermnatPat Sanpwie FRen it Zood Boite: frotnely 5 a8 PertePGiant Foh R
bel ow 30 pekcRAten@bot NE3 sRNEAM: ARt Rebche eOVRhede Jukpive idotitraloRteAdh thé @4k 1 t
has been denonstrated that the condensate stream neets potable water

st andar ds. fBasanddn epaire gerflay velpERgLs 2nifpre agrapsihe Fesios the heateeparesg Haf3 t wo
d | et dryj 0 ) - ) t - 04,
105" A snoi TR ghpdeard 3 pBRPO LG IR PRA I PRI EREBRHER 475,

ci rcul ati ngnfeanbhe h0h extlomgerdind\e&ithmititra tsppadararie: eandum 1ed bYyoan .
el ectronic variable speed drive (VSD) 116. As the drying process for both

zones i1§ egm@RUiadll qulohﬁn% H¥heal ék%hi@{ef oy ﬂgheeﬁﬁéﬁﬁ'&tziepﬂragqm%ﬁiélﬁérﬁﬁs on
Zone B 101. 10Followi ng the gas 100 along the Zone B, it is essentially dry

super heat epragtoginelasitgmized fergaminated feedwater at a temperature of approximately 99°C

which travels down the zone 102 mixed with the steam exiting from HX3 107. Because of
the droplet's close proximity to the surrounding steam there is significant heat transfer from
the superheated steam to the droplets. By the time the droplets have reached the mist

20  eliminator ME 109 the bulk of its water content has evaporated into steam, and the
contaminants are concentrated in the remaining droplets. Experience has shown that over
70 percent of the water can be evaporated during this process. A feature of this evaporation

process is that it occurs in a volume devoid of hot heat transfer surfaces so that problems of

scale formation on the hot surfaces, particularly by Mg ** and Ca ** ionic compounds, is

25  considerably reduced.

Because of the heat transfer from the steam to the water droplets as they travel together
along the drying zone 102 there is a corresponding drop in the steam temperature from its
exit temperature to a few degrees of superheat. Since this heat transfer process cannot
occur instantaneously the length of the drying zone 102 needs to be carefully selected to
30  ensure adequate time for the drying process to occur. The relationship between the drying

zone length, the gas velocity, the droplet size, the initial dissolved salt concentration, the



the fan end box 103 and enters the screens 106 whose purpose is to
straighten up the gas flow and to ensure the flow velocity is uniform
across t hwofRaue10ad22t he heat exchanger HX3 107. Typi cal | yCThazetigmmoni | | be
at or near atnospheric pressure with slight superheat as it enters the heat
exchanger and exits with a tenperature rise of around 10C to 20C .

151 mmedi ately foll owi ng the heat exchangesr 107 is the spray nozzle array
108 which emits a spray of finely atom zed contam pated feedwater at.

t enper at ur e%}fexslif&rgg&?’%{r‘at?@ﬂ)?a%@ tihicaperatyy eradidb ene i 20R89 §F TRIKED wit h
the steam @yjidenRgteli Q@3 edfilcly BEGAMR Eo s {ubfecHPRhBEMBHGH BRReMnshd Ly tO
the surrounding stéamthere is significant heat transfer fromthe

super heat edompensinylatios. dropl ets. By the tine the droplets have reached
the mst 20 elimnator ME 109 the bulk of its water content has evaporated
i nt 0 st eamAsanchtioned alonicarhicnahd droplees adne etnthe atigatlinindtbrel (9amdenthagbove

dropl ets. Exper.ience. has shown thftt g}\éer 70 perceﬂt. of .the water can be
evapor aP ed BRI g YK LTS eos imeps i P8 PEICeRHTShely Mt A3 ohl BrEtdss i s
that it OCGHRSnd fhe dpMaliNeBo Ry Ss Carfdf s PRlialVERE ob&rafsd RpeHiiRCSRI dQinkhat
probl ens of sScale formation on the hot surfaces, particularly by 2+ and
Ca 2+ i oni dengdnplmumadgituds of Beansiainhyiisld cen be eohtrdBed authen ofvidewangrest that

t f fr th to,th t d | et th t I th I
e dryi ng bRE36" frte ot ST eyt o Be i ients S walett oper at ure.
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102 neqds 49sbarfellubdivts BSheak otk 1), 3o 80 WELRASINRLEN HeinfiRliof I o

drying process to occur. The relationshi p between the drying zone | ength,
t he gas veldocsupgrhented sttnmpivbile gieabropletseolledtondhe elinsinatov et daln under gravity

concentrati.on,, the WD 2011/103622PCT/ Al 11/ 000192 .8 heat ex nger exit
Cenper at ur &K PEI ST BEEPRATEE AT o HE: DO L IHE" AR e
concent r at gephrftk thel EoS¥GERM B 94s GO0RI@aImBH 00 Pebi Ehitiehd TRbAEHBhE Cal
nodel | i ng and conputer sinulation. As nentioned above when 't he droplets

arrive at tdheplefidsameders giomat tul bedov atbeal sive oabowe Fopdratthapresanndi ti ons
they contain | ess than 30 percent of their initial s of water. By

varyi ng>t h&*BPERAERIAS18BhE T I8 2R GOBE YRS %Hrﬁsyg&oﬁ@?_aﬁm%rf T at ur es
and dryi ng c}igBdtklYe 11MeisRYBlhHRA. Rftef ﬁﬁsiﬁg%@{ﬂ%}{@%%iyﬂ Sinfln &8P 1dEne QR (@ | ed
within a wide range so that if necessary It can be reduced to less"than 5
per cent of flome arquindithd retms sndbondd4eand ige Zohe AgHY , ivbadble miotésstdagcridbed ed
droplets arrirzes t the mist elimnator 109 it functions 10to separate the
dropl ets frmeie G4EPFHS: The gas 100 passes through the elininator 109 as

OTHER IMPROVEMENTS

20 To improve the operating efficiency of the device a number of steps of energy recovery

have been implemented as discussed below.
Main Compressor Circuit

As discussed above, each HX3 107 is used to raise the gas temperature flowing around the
main chamber by around 10°C to 20°C . To supply the heat energy to achieve this,

25  superheated steam is drawn into the compressor suction line 117, as shown in Fig. 2, from
the return end box 104 and fed to the compressor inlet port 110. This steam is typically
adiabatically compressed in the compressor 110 to a pressure ratio in the range of 1.7-2.0.
In addition compressor cooling water is injected into the inlet cooling port so as to ensure
that the steam temperature at the compressor output is only slightly above the steam

30  saturation temperature 7, for the selected pressure ratio. Under some circumstances



dry superheated steam while the droplets collect on the elimnator and
drain under gravity into the concentrate drai nage pi pe-work 115. Typically,
the m st wDi2oimase@e 109 can separate the droplets from Po#/AJRs1100019% t h

al nost 100 percent efficiency so long as the droplet dianeters do not fall
below a critical size of about 5 [tm. For the present 15experi nental
designs it is inportant to control the sp?ray droplet dianeters so that this

critical size limt is pot breached. After ssi ng t hrough the m st

o i mi nat or “48§0RH| e syBerbeR) YA pEe t&‘i’ﬁ‘dnJFﬁB‘? FRfeire ﬂ&ﬂwa Seharper e gt er s
Zone A 101h¥DRhel ISR 8. OC §RS sHBR I sRath s WhendRl®o Beitho HBPLRLS dx cHAl FER

| MPROVEMENTS 20 To i nprove the operating efficiency of the device a nunber

of steps ofl02ned gipce kcowmeiatitavecdsdetheigapindetdenpatatse WicschuBXSdl Wehew. Mai n
Conpr essor Circui. discussed aboye, each 3 107 is used.tpo raise. the
gas’t emper AUTIRS Wl SRTAGMERSE M e bR b arsulta TotRed Baidel T,
suppl y the titeasane Rl 8dndefseo fMCaddHX3 197 Tuahherd REnsd £atdehsifls By | Nt 0
t he conpressor suction line 117, as shown in Fig. 2, fromthe return end

box 104 andx¢ha@gelo the conpressor inlet port 110. This steamis typically
adi abatically conpressed in the conpressor 110 to a pressure ratio in the
range of 1.As@reeult ¢ithasidimicondanenpmes soch HESI il gthpdatent hiest afpjppaizatonnf o t he

inlet coolin ort s.to ensure that, the steam.tenper.ature at th

corpr eseor ot s SRsfire SePfEn rdByas B s eiin SEURHbrLH AnER % ur e
T", for the sielRcho0oPEREThCXCRINger 10NTRE cERITRs AL, VOB {sPEIESd WA, is then
2011/ 103622PCT/ AU2011/ 000192 9 addi ti onal de-superheat water needs to be

i nj ect 8 clcobented fgomtike brstom ekeashhet 10hanstfed oyt Wrasan tha condgnsate Imiegl 1920 The
sat ur at ed m.i f to the two HX3 heat exchangers 107 and since
its tenper%%’%%éc%% %e gztlﬁg' gas inlet tenperature to each HX3 107, heat

energy wll be transferred fromthe inlet..steamto the gas., As a result of
Eh s heat  CHSAMIERIE! REGE SRR BN AENEE L YBCHPPt doiks EPATY ¢ hus
be termed ayERBAENHL AE J16&ss RN ANER ravAfion of @fWetorf L4 6f $h&aBdynamics.
condensation in each 3 107, the latent heat of vaporization of the steam

i's effecti\gwwﬁgﬁ@f ¢ and used to heat the gas in the main chanmber 101,
102 as it passes through each heat exchanger 107. The condensate, which is

purifigd waler, il 80y dOns 8hirGifibed cilr}%gk tlp? Ft%"s& o @ﬁ& ﬂfﬁ 107 and

fed out thr ougﬁ n#ehé condensat e (ﬁ?r?e ¥ o hea excH}aanlarér 2114,
corresponding to the selected compressor pressure ratio and is fed to heat exchanger HX2
114 which is used to recover the sensible heat in the condensate when it is discharged at
near ambient temperature. This sensible heat is used to pre-heat the contaminated

feedwater 112 prior to being fed to the spray nozzles 108.
20 Main Chamber Mass Balance Circuit

To maintain heat and mass balance in the main chamber an additional heat exchanger HX4
120 is used. Steam is drawn off the return end box 104 and fed to HX4 120 where it is
condensed and then fed to the condensate line 119. The mass of steam drawn off is
controlled by a control valve (not shown) so as to preferably maintain the main chamber
25  pressure at £500Pa around atmospheric pressure. This heat exchanger 120 also has a
secondary effect of varying the heat balance of the main chamber and so can be used for

fine-tuning the chamber internal temperatures.
Cascade Multi-Staging

In cascade multi-staging the treated liquid is injected into the drying zone multiple times

30 rather than using a single, long, drying zone. The original drying zone concept as



It will be noted that this energy recovery is achieved by the conpressor
doi ng nmechani cal work and thus the process is not in contravention of the
second Lawoabirfiese2aodynam cs. Feedwater Circuit 15 The eomiansaimwo1eaves
the bottom of each HX3 107 at the saturation tenperature corresponding to
the sel ected conpressor pressure ratio and is fed to heat exchanger HX2 114
which is used to recover the sensible hed? in the condensate when it is

di scharged at near. anbjent tenperature. This sensible _heat. is used t
pre-heat t Hiusgaw?éﬁﬁﬁé GesfoLeivae Patfﬁha&rgr:rp@t@a%giaﬁaﬁdg&mg 6019%@9%’6?6@
nozzl es 108, 3R Mt b Heaphen WesAt fRleadeethE dr Hb LorkO1 M0k RbBidtoNedbr @ide Mass
bal ance in the main chanber an additional heat exchanger HX4 120 is used.

Steam i s dehwmaydd 10%e platedioceligt thexolibdbwhet theeghblvant ppdpat9througdre it i s
condensed and then fed to the condensate |ine 119. The mass of steam drawn
of f i s cont(tastddedndiy-segoriireakls upahstedifyigt zosb d0M jnts @ nambeoofirudfzeneddlyng

mai ntain the i n.chanber 25 pressure at . 500 Pa around atnospheric

pressur . T BhgGHe ilﬂlﬂﬁ’e{fﬁg‘b%r“%%i ‘Qifee i visscelubdly Asphaee }rbflg@a‘# Yidng
the heat_b%[éﬂﬁ%&?ﬁgk@?l@ﬁ&&m&ﬂ@ﬁQﬁ%h%ﬂ%x@&u@éﬁuﬁﬁmﬁ%ﬁgﬂEQ&eﬁbﬂﬁﬂkyﬁhﬂg the
chanber internal tenperatures. Cascade Milti-Staging I n cdscade

mul ti - st agiimgt, aidsalnteapBettédn (qustctlimenater) d 89 etithe downstheand oyiletgnd ohéerduyingpl e
times 30rathﬁr {han using a single, long, drying zone. The original drying
zone conceftl 48! WO 2011/ 103622PCT/ AU2011/ 000192 10 illustrated in Fig 3
consi sts of_one heat exchanger 107 aced at the drying zone 102 inlet in
front of aTW8£EW3d§9%§%W¥¥@gﬁmﬁ\S?ﬂgh%W8 of the drying zone 102, a solute
collector (mst elimnator) 109 is placed to collect the solute but [et the
sol ventlOgag pashetliquslighe tGatedasimitallyisprayed giragetonezales 10p idadte festdisigezone

102 into a nunb%£H95ls¥£fzone

| an he path of the Liquid bei
treated to formm ni &?yfﬁbm%é?ﬁiefgfgéﬂgogﬁgﬁﬁvﬂﬁﬂﬁFggyHﬁggﬁ%ngwugggh
drying cell 121 heativd Biid a6d tteneoheatd Byx b adgartrdy said conegbaniassenbl y 108
at the inlet, and solute collector (mst elimnator) 109 at the downstream
outl et end of tK&MHRYPHdO%el | 121. The general node of operation is as
follows: 10the liquid to be treated is initially sprayed through nozzles
108 into tite fi thetsotitesanegpllected is circulated to another drying cell 121 pumped through the

15 nozzles 198 of that drying cell 121 where those droplets are evaporated further and
collected at the end of that drying cell 121 in the downstream solute collector (mist

eliminator) 109,
o the same sequence is followed in relation to other drying cells 121.

By way of example only, cascade multi-staging may have two configurations as discussed
20  below. However, there are innumerable possible arrangements of multi-staging which will

be readily apparent to those skilled in the art.

First is forward-cascading along the length of the drying zone where the drying cells are
located sequentially along the solvent steam path. The second is a backward-cascading
where the initial injection takes place in a drying cell and the collected solute is circulated

25  to an upstream drying cell.

It will be also understood that an approach which uses a combination of the two is

possible.



cell 121 where a percentage of each droplet is evaporated by interaction
with the heating fluid and then collected by the downstream sol ute

col | ect orwQreosIf108622m nator) 109. the solute so col | ect @dTiau2eivooout9at ed to
anot her drying cell 121 punped through the 15 nozzles 198 of that drying
cell 121 where those droplets are evaporated further and collected at the
end of that drying cell 121 in the downstteam sol ute col | ector (m st
ellmnator) 109 t he sane sequence is followed in relation to other drying
cells 121. %@/“’6 eé‘%fﬂﬁ’fle only, cascade nulti-staging may have two
confi guratl ons as di scussed. 20 bel ow. However, there _are innunerable

possi bl e arlhirrpeRenREoRfs depicted igtthgidn gl MeHiretiingicelhd 2F ésaRlgeg aagﬁaﬁﬁaéh@f to

t hose skill i t of
the.dryi ng SoauheRaRe A st b i e £r e O e AP U Ak
sol vent st eatil t;hatﬁlnal digmgsettdad as shoambaEzicWahrydﬂga«sltm mgesm}@metagmef thai ti al
injection takes ace inad cell and the col| ected sol

ci rcul abedd ?%‘P%Z‘g?‘? PPN %M %@‘%@aPorammwqqtaﬂ;laea&|fgle>cq9ﬁ gﬂgﬂt%wgt hat an

approach Wi G, HS®S cftire AL PRbAON BfbelibRdUR thSeRPSRkiBh ?unctlwpls closer to a
2011/ 103622P /AU2011/ 000192 11 Forward Cascade Injection This

confi gur at |1ann|tlgnd®pomee$:b 4 highergprogortigimef miasssis 1abt fmnngeacbﬂmplezm ths pl aced at

th tart the d t d |
o o Ty P Re e e R SRE MR R BB Rl S Felsiseh e, PR aRof

Each dryi ngok@ibh diepleté Rlshesdvant age of the 5drying zone phenomenon that
dropl et evaporation is not a linear function of the drying length of the

entire gryig adPMageb bf forwhel da@é’aﬁgl iB@fontdier S¥ERLH aPylﬁg‘szérb?é hahgs Iy§1g0| oser
to a logarithm response so a high erJ proportion of rmass is |ost from each

dropl et at Ctalﬂnaarb@gmpicntmgramfge,tdmé pdnynn@wnbnellwwrselmhereteanbedmgnc@ A
di fference between.the solvent ,gas and,sol ut on droplets.i i ghest. 10 The
Cvant soes PRRIBEARIASs SR iR Ete B RO ARG R e S P u T WL ¢ O

dryi ng cel lefinifRorS), Hﬁiﬁestﬁdﬁfuhﬂiggﬁlulﬁﬂ%a‘ﬂw@mﬂ& hednled BhiRCERE. SRWeEr, are
easily designed. A genal ty capital cost is incurred with nore heat

exchanger s siesdicaney tglhﬁrem@ﬁssmg plmesiG thrmmhputslf acm@@"émmwng‘gmwme
required than. a L& {ﬁégleg%ggs{:% YS9 70N or Vrec(rghtrgl' iy ;[,é]dylflhflegher

processi ng vo?urr?sj;l ro it §O%cHl Svedusion ng cel

15t here i s despist cﬂ}dﬁglpgjceﬁlwiﬂmﬂﬁﬁwodch, cost. In add| tion, cl oser control
can be achieved in the

Backward Cascade Injection

A further variation of the cascade multi-staging is to use backward cascade where the

drying cells 121 are placed in reverse order relative to the fluid flow. As illustrated in Fig.
20 5, instead of the first drying cell 121 being placed at the beginning of the drying zone, it is

instead placed at the end of the drying zone. Each subsequent drying cell 121 is placed in

front of the previous until the start of the drying zone is reached. Essentially the higher

concentrate collected solute is circulated backwards through the drying zone process.

This configuration has the advantage of using greater differences in temperature within the

25  overall drying zone compared with forward cascade injection, and hence allows further
shrinkage of the drying zone. However, there are additional costs with this configuration as
the pumping mass flows need to closely managed and a higher order control system is
required to balance the mass and energy flows within the system.Whilst three drying cells
are shown in the Figs. 4 and 5, the number of drying cells in a drying zone is not so

30 limited.



droplet drying process with this approach. Backward Cascade Injection A
further variation of the cascade nmulti-staging is to use backward cascade
where theworgimgie@el | s 121 are placed in reverse order PET&AG208/00192he
fluid flow As illustrated in Fig. 205, instead of the first drying cel

121 being placed at the beginning of the drying zone, it is instead placed
at the end of the drying zone Each subséﬁuent drying cell 121 is placed in

front of t preyious until e st rt of the drying zone is. reached.
Essenti al | N i ISEtgn&% EE’I Yt eYnRiGiing & “éedclf“rt%ﬁldﬁﬁcél@tlﬁ%é%ar ds

through the, ﬁ{e)éllﬁﬁhs 488En N NPGHEHe mvEBh@n Sl d YRt AR ak\PParll® RAMambage of
using greater differences in tenperature within the Z5overall drying zone

conpar ed Wi d g5 yaf ﬂ]oﬁeaa?%?a EEGE 12 th g;ﬂ%dﬁ%ﬂ%%s&ibleém’ém rﬁrs ts{:]'s%rept%]é tkage
of the drying zone. wever re are additional costs wth this
conf i gur at ivanatéss tahé npdifjatignebe thdtroﬂvssm@edlfmdly:die:ss&ﬂ)qd iheel 5 eeglecu el cht@od
hi gher order control. systemis required to ce t he_mass and ner gy
f1ows wt hithft El?‘FemWéltOéﬁ?Wﬁqn oft spely ¥Hiageyt f»ﬂfb isatigns. Ehowpentione Figs. 4
and 5, the;punRen of iyl dﬁgfeﬁﬁkésscdrﬂpcﬁltgfn)f'aﬁ@c@rﬁﬁ@an'ﬁ réfebeSR BWdiditLd WO
2011/103622PCT/AU2011/00 192 12 The word ‘conprising’ and forns of the word
' conpri si nghis agecifgrton,nndimidsaldiesicedlistiiaty,and annandal cdrbinstiaie @ amptwd o1 t
the invention c d to xclude any variants or additions. Those skilled
in the art W'FP %Bgeseﬁgi St the i nvention described herein is
susceptible to variations and nodifications other than those specifically

described. It is to be understood 5that the i nvention includes all such
variations and nodifications. The invention al so



includes all of the steps, features, conpositions and conpounds referred to
or indicated in this specification, individually or collectively, and any
and all ocsoonatd@as of any two or nore of said steps oPCTAROrE®H019213
Claim 1. A device for treating a liquid conprising a solvent and a sol ute,
and separating the solvent and sol ute, t2§ devi ce conprising a continuous
flow treatnment chanber including: (a) one or nore drying zones; (b) one or
nore returig@mes to circulate heating fluid continuously through drying
zone(s) and return zone(s) sequentially; (c) a heating fluid inlet(s) in at

| east one qf th%«k%k%ﬁﬂr%&ﬂﬁgaﬁ hﬂi&ﬁn&ﬂ%ﬁﬁﬂﬁﬁ$&@QmP£s&ﬁﬁ,Qﬁﬁkbaﬁﬁﬁéﬂkdi
(d) acirculating fan to circulate the heating fluid; (e) aliquidinlet(s)

in the drying zonbgs)andselugithrdavecedospristigugionthiaty flovwgueatimens dhembereat ed
is introduced in msted forminto the zones; (0Oa solute collector(s)

|l ocated in the dPyIHESzone(s) downstream of the liquid inlet(s); wherein
the introduced liquid is heated by the heating fluid and the solute is
separated from fHe | PRFATINGR HHRE &St e col | ector(s). 2. The device of claim
1 wherein at |east two of the drying zones are located in series. 3. The

devi ce of clai M whekeTiNe retaEszoNee icutatfehedfipe Hyidonesuasly thewghed

substantially paralIg%yhgzgﬂggaﬂagﬁﬁnlﬁﬁggﬁgﬂgé%&QYPf anyone of clains 1 to

3, further including east ‘one heat ex

(c) a heating fluid inlet(s) in at least one of the return zones for the introduction

of the heating fluid;

(d)  acirculating fan to circulate the heating fluid;

(e) a liquid inlet(s) in the drying zone(s) including nozzles though which liquid
to be treated is introduced in misted form into the zones;

(f) a solute collector(s) located in the drying zone(s) downstream of the liquid
inlet(s);

wherein the introduced liquid is heated by the heating fluid and the solute is

separated from the liquid in the solute collector(s).

2. The device of claim 1 wherein at least two of the drying zones are located in series.

3. The device of claim 1 wherein at least two of the drying zones are located

substantially parallel to each other.

4. The device of anyone of claims 1 to 3, further including at least one heat exchanger
located downstream of the solute collector to increase the temperature of the

heating fluid.

5. The device of claim 1 wherein at least one of the drying zones include at least two
drying cells, each drying cell having:
(1)  aliquid inlet(s) including nozzles though which liquid to be treated is

introduced in misted form into the drying cell;

(ii)  a solute collector(s) located in the drying cell downstream of the liquid

inlet(s); and



| ocat ed downstream of the solute collector to increase the tenperature of
the heating fluid. 5. The device of claim1l wherein at |east one of the
dryi ng zowexoimwBade at | east two drying cells, each drycmgpwelooh@ei ng:
(i) aliquid inlet(s) including nozzles though which liquid to be treated
is introduced in msted forminto the dréing cell; (ii) a solute
collector(s) located in the drying cell bwnst ream of t he liquid inlet(s);
and 14 (iii) a drying cell inlet for heating fluid. 6. The device of claim
5 where each dr%%Hg‘% Ying gsllip F£¥ 8@8@3@“@ heat exchanger | ocated

downstream of the solute collector(s) to increase the tenperature of the
heating fl & d. Fhodevieref danbt Whsks cgrfedingged fihe ipgludesieaesehagsr sol ut e
collected in on i i i b QUi d. i f

downst ream dryi 28&?5 M@&%Hel Ogteh\% i S({?feiﬂéo?[}l%gg(/ﬂg%{ghg?&%ﬁgg?%h@e%&mg ,Of@?’ erein
t he sol ute col | éettaek flidone drying cell is circulated to the liquid outlet
of an upstreamdrying cell. 9.A device for treating a liquid conprising a

sol vent and.a sThetievicasthnyemaoatiaigs § BL6 sdkkentheabritsallidtRd il e deiigce
conprising a continuous flow treatnent chanber including: (a) one or nore
dryi ng zones, atcelléagtculnigd tofthe hguid inlptrf adonestreie dodnherlat | east two
drying cells, each drying cell having: (1)a liquid inIetﬂs) i ncl udi ng
nozzl es t hdugh Whe dévied efudng one obelaimeaped wherein the solute collected in one drying

cell is circulated to the liquid outlet of an upstream drying cell.

0. A device for treating a liquid comprising a solvent and a solute, and separating the
solvent and solute, the device comprising a continuous flow treatment chamber

including:

(a) one or more drying zones, at least one of the drying zones including at least

two drying cells, each drying cell having:

(1)  aliquid inlet(s) including nozzles though which liquid to be treated is

introduced in misted form into the drying cell;

(i)  a solute collector(s) located in the drying cell downstream of the

liquid inlet(s); and
(iii) a drying cell inlet for heating fluid..

(b)  one or more return zones to circulate heating fluid continuously through the

drying zone(s) and return zone(s) sequentially;

(c) aheating fluid inlet(s) in at least one of the end zones for the introduction of

the heating fluid; and
(d) acirculating fan to circulate the heating fluid;

wherein the introduced liquid is heated by the heating fluid and the solute is

separated from the liquid in the solute collector(s).

10.  The device of claim 9 where each drying cell further includes a heat exchanger
located downstream of solute collector to increase the temperature of the heating

fluid.



introduced in msted forminto the drying cell; (ii) a solute collector(s)
| ocated in the drying cell downstreamof the liquid inlet(s); and (iii) a
dryi ng ceWb2onlmwse2tor heating fluid.. (b) one or nore r@CUAU200/(061920
circulate heating fluid continuously through the drying zone(s) and return
zone(s) sequentially; (c)a heating fluid inlet(s) in at |east one of the
end zones for the introduction of the heé?ing fluid; and (d)a circulating

fan to circylate the heatin | ujd; wherein the introduced |iquid is heated
by the heatiing AM% evici el e im_ lﬁdgh?rgmstggé?la@eﬂhm%%91@ dryigg ellin"the

sol ute col | ect or{SdlatedQo HRAFRYIn%E oPh d6hAliRath MBIL&egach drying cell

further includes a heat exchanger | ocated downsfream of solute collector to
i ncrease t te : : ' [ “ ' .of claim
0 or 10 wharei n Taca & Hlint LIPS Heofine ccheibdin HEaRBLER 0"t o

t he i quid inl etcirofilageddovirediquéhoutibt gt agugsalebm diying €6é device of claim9 or
10, wherein the solute collected in one drying cell is circulated to the
liquid outlet of an upstreamdrying cell.



