WO 2011/ 103622PCT/ A1J2011/ 000192 1 A DEVI CE FOR HEATI NG A LI QUI D COVPRI SI NG
A SOLVENT AND SOLUTE, AND SEPARATI NG THE SCLVENT AND SCOLUTION Field of the

I nvention This invention relates to a device for heating a li

conprising a YOHEAPZNd sol ute, and separating the sol é&dtA Uéﬂd"’%ﬂb?zute I'n
one formof the invention, the device is adapted for liquid purification
and waste treatnent system 5It is the intention of the invention to
provide a thermally efficient and innovative neans of separating a solvent

and sol ute. As auopyICE Iﬁ@R HEATIRG A*HQUIE@OM@RISINGSAMEVEM Anyse
evaporation to purify polluted industri waste water or sea water, or the

i ke. The appli cat$OhUNEtAND $SERARNDING THie SOIsEBNToANd2 SQILUTEIONN

pur poses, al so produces sodi um chl ori de concentrate as a useabl e

by- product. 10 (g “PQ Shthe Invention In this specification where a
docunent, act or |temo Enow{ edge is referred to or discussed, this

reference or difpGUsSh@h biaeiRta d%%c@%[‘h&%h@@hélh@&mﬁﬂ"&nd@%!ﬂ&ﬂhnd Rl @fd 1 tem
of know edge or any conbi nation thereof was at the priority date publicly

avai | abl e, knoweParagng the sgluast pnsl solyigy tn exfe fporeoicthantisrtige nits devick odrrigider or

known to be religyiaptifiQtidandtla88RtachOncSQdhe any problem 15w th which this
specification is concerned. Wiilst the 1nvention is described with

reference tg Wadi€the agerkib® of theltahvéhtioh to pﬂ)\luhe Melumdsaéﬁe@mna babvdihemtak oF
"liquid" is not so limted and other qui ds_are_yseabl e

i nvention. Thi SSPRRYEHT Fb¥Ent Wd spluts: rAéIS‘éﬁhe‘B oppifRat | ﬁ\f@’ﬁ‘ftf‘)&nlt Hlpgglﬂ)g%t@dls‘? n

PCT/ 2005/ 001796ydpbhgoicopueRtpoditcdii€liial §ad1aREpQket wderhartd Ikebhé ef erence) .
20 Description of the |Ej\éq\efntion Ac ordl first as%ct of the

n
Cventi on & dodREHIME SbAVFHBUOFOATCT A TG a1 URRPUP EEwpLT SRR EbrY ent
and a sol ute, aReri&epadeatritdgs zilneabwiyv[ﬁsducand sol ute, the device conprising
a continuous flow treatnent chanber including: (a)one or nore drying zones;
25(b) one orionoBackgebuiidtozkdi@seritionCi r cul at e heating fluid continuously

t hrough the drying zone(s) and return zone(s) sequentially;
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;



WO 2011/ 103622PCT/ AU2011/ 000192 2 (c) a heating fluid inlet(s) in at |east
one of the return zones for the introduction of the heating fluid; (d) a
circulating fan to circulate the heating fluid; (e) aliquid inlet(s) in
the drying zoRE€WHH udi ng one or nore nozzles thr ough"%é'r Y% Hui d to
be treated is introduced in msted forminto the drying zone(s); (f) a
solute collector(s) located in the drying zone(s) downstreamof the liquid
inlet(s); wherein the introduced liquid is heated by the heating fluid
and the sol ute is separ athedtiferfbid itBt(hen hilepsi aheiohthe haturg gdngs éor ¢fel ihtewingiofis) .
The devices of the inverbtfith%q]e;tgl%iﬂluldt ate managenent of relatively |arge
phase change energy fromliquidto gas and gas to liquid by keeping it

within the one oper@{ing &ovih&RMIPERLIIlendevineneRer ates as a closed
system from an energy perspective but 1s an opeh systemfroma nmass flow

perspective. Therefgre onlicansq@hd w0 s) GREMSY ohBthort QodzRE trQk! Ol
15conponents is required to manage this considerably | arger energy.

Typi cal |y, where there archligygidgs baiseagedds pfrpdycedindysted form grgthagryzisnes are
| ocated in series and ngy,dg. | ocated substantially parallel to each other.
Preferably, the device further includes at |east one heat exchanger | ocated

downst ream of the s@l ut e sellel BRER(sShcdi@ ih BEIBASLzdnBE) dmpedaat iR 1Rfidt he
heating fluid used in a downstream 20drying zone. It is well known that
there are inpurities inR&fer that affect its hardness. Hard water nay

cause S0al L0, CAINCRLLBNS] Bl 1. L SSLROL BRSRRaRR, G SR

and magnesiiom Me-+tiquidnsthakéleh calfeetogg)qui red t hrough water contact w th rocks
and sedinents in the environment. The 25positive electrical charges of
t hese ions areThallaieed thyintdneopfaedierceannpengmi anslafvebglatgt ykase change energy

from liquid to gas and gas to liquid by keeping it within the one operating environment.
The 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 HCO3*", 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



ions), of which bicarbonate HCO32-, carbonate CO and sul phate SO ' are the
nost i nportant. The solubility of sul phates and bi-carbonates decrease with
i ncreasing tenperature, which nmeans that in a traditional thermal process

t he sul phat es%ﬁ& U8Fonat es preferentially formon t he HIARBYOWIRs aces,
primarily the heat exchangers. This causes 30fouling (scaling) and | oss of
performance of the heat exchangers and resglts in rapid WO

2011/ 103622PCT/ AU2011/ 000192 3 decline in systemthernal performance as
wel | as i ncr easledinmi systemamemalpodersiangeds doling inpteased mainiveandevistseindf t he
present inventign when applied to such water, the sul phates and carbonates
are substanti aIIy trapped within the liquid dropl ets as they nove al ong

Wi th the Sheat Imefdw&edof %lésml&veh@aa wiSR appiel i d16h PHaPhet SpicRakLgsce on the
solute collector (m st elilmnator d drain away wth the waste stream By

posi tioni ng thevhetes asechbptigdally t@@ﬁﬂs\w@aﬁhﬁ dfuid fepisiagithey wove denorith ey

adverse ef fect yofink RGidsHk RRALES ANGCFAE BoBRKESakee 51 BBLJE Al faduced or
elimnated as they have no material contact upon those heat exchangers.

Thi s dramat i callipinaeggeedraingiiay mith dfe wstgstrena HanRpetisnian the dpajakdhpeesrst |y 10

i ncreases thei fol,QRg,h 6f il LHQE @@ieot@#hﬁ}pafd%@&éfecm%e suRRAL Md cAbOGRs fhe
solute collectors (mst elimnators) ﬁerate at a | ower tenperature than

the droplets, tigayicygtlyredyegdyor elan@étewwf eiave eamaeh conacgpronhapesdvent . |t

wi Il be appr eC'ei’Jh@ﬁ’gerhﬁls Ehlaﬁaﬁjc%m/ %@&e@foulﬂ?ﬁot'}fayt%%ﬂaﬁ)@ls%M spﬁ‘m%ﬂ&f ol | ed by
conventi onal pressure and heat bal ance Con systens. ut er “software

i ncor por at iflg éwieiestheirdensdermshespal petfarmpare. c%f&#@éﬁﬂy@wé@stm@ wheplisear

bal ance cont r olm¥ diimiRRorbNHOLRA /loGEr tethP&a R ThBNhAREp 1 Ny IvAN offfy calteh
software is within the ordinary conpetencies of conputer programrers. In

wat er appl i cat FEHE ke AWK W iRéax ©€Xchangers are present, as the surface
wat er in the dropl ets evaporates, steamis produced. A artl al stream of

steamis typi cdlMH ?&F??é??w&dfthaéﬁﬁ(ﬁiﬁﬁ%erwé%”ﬁf“%%émé’%6?1310364 Peenygonmt st

elimnators). besdufe %0NEH 6SSRE cO)robsySRAPI E5EMIteradbE 1€ thebrPo@iingdasisl@aups heat
xchanger h h ing flui ntr
exchange t O ?or mém;ﬁ cpam tel pr ssulelllm(? heat Qa ancg antl?){ WE b%:tir(lacmpm rated. 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.



designed to alter the speed of the conpressor to conpensate for increases

i n chanber steam pressure. The anmount of energy avail able to be put back
into the upstream heat exchanger to maintain thermal stability is also
control | ed byMPrH&d¥Hr essor flow rate and 25operati ng ﬂ’rcéré@ﬁ%é/."o”m
Additionally an external heat exchanger may be incorporated into the system
to aid control of the steam nmass bal ance s® as to increase the stability of
the system For exanple, a wall of the drying zone may be provided with a
conti nuously vdihedblies vhthe mvensiop erstalss highin smggsidorairad tirealiyneadahing dobutidnsy il zone
within set limgs.;..Ih e I e lobSetG ut | et
of the valve tégélé%(%-&(g?t%étrbfe?%? af%%ﬁﬁfb%%ﬁgggg% gc? ' Pglwﬂ%ﬁg(}s@gc g%%uteagor%uri fied
sol ute may al sdhdeompgivyemabpprne pry@s2e 181ikGIBANRETY A (idy @0G10Rion The

devi ces of the i puenti ' Sul Jok Wple? -sal i ne
sol utions, and 11§E%4§51F F%nggﬁgﬁ%#%gg .m %Eié%mgg&{éh%lg%éas%le&% @%éﬁﬂg)rglgg %{Og(gfl%t much
hi gher sol utbe cirkempraticonhashappresghgs etduirg Yigh pempinapresspieowbish togeth@rvwithe
solutions and QlNel o hIReERAGRIEHELIAhEGN LSRR BEVARM:LDLEGR B! oF
econom ¢ capabilities of reverse osnpsis and ot her bsim7 ar appr oaches.
Those appr oachdsviges gliihe @vhitiph npwi ivp PPryatert kebayupredoghitredsphasigerdiare siilevnta he
cost of nenbragggiuhjtg&%e.& sconcentrations of solutions they nmay treat. In
contrast, the devices f the invention may be operated bel ow or above

at mospheri ¢ pressidie: &becdk OMWhd BvEREH UM &GP SEREMLERN the lighil iAROIJELd Agpect  of
the invention, the drying zone in which"the liquid is introduced and 10
dried may Bé fdriedhasy sgvither ertemingd byrdecoraosttiae Frgedes wWycteds e diHpE PS8t e sub
drying zones angh &G StHeMheQuidi8RhikiPdafddytd in particular ways. In
accordance with this aspect, a device for treating a liquid is provided
conprising a sof aestaBditR tPlsPdce a daNE: BeRaiat i Ngid RYreled eathpdi( sol ut e,
the device conpri si ng a conti nuous. flow treatnent chapber incl uding:

15(a) one or mor¥VdF AdfgoLEnad sepprating hepsolypnd agd sl M dYiRGCHHELE—ncl udi ng
at | east two deyttigous BblvScat@REdthahdrn@l@glel having: (i) a liquid inlet(s)

i ncl udi ng nozzles through which liquid to be treated is introduced in

m sted formsi nto the dr pha@ et Hiying zones, at least one of the driying zénes Glclitig at least
collector(s) located i nt\}vygryglr&%fﬂﬁgea%ﬁldxlyi dO\é\ﬁlﬁt ream of the

ng cell having:

(i)  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
(iii) adrying cell inlet for heating fluid.

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

drying zone(s) and retarn 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).



20liquid inlet(s); and (iii) a drying cell inlet for heating fluid. (b) one
or nore return zones to circulate heating fluid continuously through t he
drying zone(s%,and return zone(s) sequentially; (c) a heating fluid

inlet(s) in at'’244¥3%Fne of the return zone(s) for the ngﬁP%BHﬁ@f on of
the heating fluid; and (d) a circulating fan to circul ate the heating
fluid; wherein the introduced liquid is heated by the heating fluid and
substantially all the solute is separated fromthe liquid in the solute

col l ector(s). INIP@@@@¢&m@@?@9@m¢mﬁm0&@1@®@z@@l@ﬂhﬂi@mpmeéewre@hﬁmmnrof t he

i nvention, each, dry h&gmﬁglnk o{fsrrrum%ﬁeet&% MQ@%%&%MQ B%9ﬁ§atih§ﬁahed

downstream of solute collector to 1ncrease the t erature o e heati ng

fluid. —In an% m%(hepé@{feﬁ&{ eﬁnfoprhmr%mronew sBM%%H&EEdHrh@neﬁﬂ%Hé &qo! | ected in
one drying cell 1s citculated to the liquid inlet of the dowhstream drying

cell. This is kitouweds the ligpidieleicd! Siealswadicr dnmcé@tlu%lqu“ﬁ)g%@i@wm In a

further prefer A =To It ol 1Hk8kn%%%1 g&gﬂtlon the solute collected in one drying
cell is circul ated to the liquid outlet of the upstreamdrying cell. This

is known as a W&ﬁ%l%l&é%@@hﬂ& the th &&tib 0 MhedbXileRgl&AeMe dryihd cdisst 0 be
understood that the flow of solute between drying cells may take on any 10

desi rabl e confFﬁﬂ#%%ﬂ@ﬁwIFB@‘@%%Hﬁﬂ%“P$$mhﬁ9“8ée j@&ﬁbbﬁ@?ﬂéﬁbﬁﬁ“Phb

backward and f efwafif ifRSGAMIRG dyib@Ct i on drying systens. Description of the
drawi ngs The invention is now further illustrated with reference to the

figures in whi c;ths toftle @nderdtSodands eetfio@nE dolvte BWwadn driigg CORhiak i Sn hhyow

treat ment chanb
desnable configuration. For example, it may be a combination of the backward and

r

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 a drawing of a drying zone of the invention. Fig. 4 |s a draw ng
of a forward cascade |nj ection drying zone of the inventjon.

drawi ng of a B&ARAWAPE*ascade injection drying zone of IR /ﬁ?oﬂgﬁn
sectioned view of the main chanber is shown in Fig. 1. In this figure the
arrows show 20 the flow paths foll owed bysthe gas filling the chanber. In
operation this gas 100 consists of a m xture of super-heated steam at cl ose
to atnospheri c 193 é9siined reamdensidek dft are dspratienty. dhaphet formmhrlebediciiewiel  al ong

the left- and rights }Q‘, oqg Xén'?rg ?V%H'fﬁ%urilcqg‘by hQ€irc gm}{\@%ﬁs 105I I MidrneP&in to .

under st ood that that ére canm e signi ficant advantages in sone cases in
operating the pn@@ecb@alatwpn@?,lsmles wel | above or bel ow at nbspheric
pressure. For exanple if we operate 25 at wel | bel ow at nospheric pressure
then we can opér erck duving zehakend { @hewathrearer nuehyr Folanegiscquied Khtes bel ow

the saturatison %&I_E‘t%%tfﬁétd\eﬁ& AR éﬁﬂy%ﬁd"&}%&t%ﬁ@fﬁn thOBirdloABKdnCehs $iBkt S -
WO 2011/ 103622P / AU2011/ 000192 6° (zone% and return end box 104 (zone)

respectively. Theesis fifus sot é?ﬂﬁ"a“ttallgé%fetﬂlcé?f?%ﬂ 6. figltorved hea FragexchiegiasiXsei ng

driven around Ilbmwtﬁé?l% s@la@%%z@éds%bﬁyaﬂ% AQ0Re ods%x@er@f’d?@% 28K tRert & Ahist
aerodynam ¢ wi nd-tunnel. I nh each dryi'ng zone 101 and 102 shown there are a

nunber of el enghmiaioad(iiy ¥g- %rpum%e o hseloat stigighiring precegelideto ague he gas

entry end of e@ﬁ@m&%gmw@eéJaeﬂemeetmeqeae&cﬂahemgﬁﬁ ahdl Mbotlt BRIBWIiS tfeil St a
set of flow straighteni ng screens 106, followed by a heat exchanger (HX3)
P

107 and t héf adwwn%dﬁ W Wdsenbly 108. At the gas exit end of each zone

there is a mst elimnator (ME) 109. The purp se the fl ow straightening
screens 106 i s [t %9408 i e mSrmrey Zaneth pisp) gle q“f w}e@\}%%msehé heat

exchangers 107caﬂlsie§3imqbamga@tof I DWwhidh tsheedleﬁqbarybnge ameama;@acyameaxoz I n
addition to the main chanber (zones A and Eé@l t he s (gm i ncl udes
a conpressor 1PHMBldisfopmaenenyis onkyphqur ip &g, téi%“:%lardfawéf“ef“ﬁé °FpBRFRYPKi ne

cycl e heat punpad Bdii 194,GORPRARNL, an8 tHeh kasd SihWwhe et dxti@ngdds AN 10y pheaalktd y dr aws

f]tez? me;::ﬁ;nr}tagsggqa%le n@}%r;/galltgoée Ru[nzflled \():vgtglpgl ggu%te sstre!u% of t%e %act:hqgen Afc%r?s%csluelnge th the

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



15 condenses and yields the purified water product streamof the machine. A
consequence of this schene is that the heat energy given up by the
condensing steamis used to heat the gas in the main chapnber 101, 102. As a
result, a sighi zi“&lz‘ﬂ?tmpr oportion of the thermal energy JdSHAHREENR ¢ he
condensing steamis re-cycled in the process thus increasing the overall
energy efficiency by a significant factor.720 The contam nated feedwater
112 which is to be purified is pre-filtered and chemcally treated prior to
bei ng fed to tHe@EhiCeluivhps3.§ padnalenass Sypeaipegatsicraithigieepegssnemalhunp

113 through a heat exchan 114 to the m sting spray.nozzles 108 and m xed
wioh the o r culBPPHE A EeEe et e APy FG oBdeE R mRE B SR roB s ¢ he
fine m st travehscodumimatel @eedwytenipwzares alififion it 2, bebieddincanLrgythdt sheexchanged
bet ween t he gas 1(%0‘ %ng t he dtr o(ﬁlb?ts t2.5th s . causing water in the droplets

to evaporate and $B¥H TEFRRMCRARORDI RUE ¥ HE rass of the dropl ets decreases

and the salt. copcentration w.thin each droplet inc ses. er the
dropl ets have tqu%lcf/agl Fé??ngloal:lﬁslf'g’rltgeemﬁg\?\/}rllm?bﬁgls8?%)0569 %ﬁ%aﬁ)ﬁg\t %Iﬁle%t%meﬁ of the
wat er wi t hi n t HémIRasind éhe flanradpueciurni-bel togesaliOn) INg. Al bpweths chagber gdsl 1I@GTised by

concentrate st P 180 0s3RSeETEUTEY o Blnd 4F: DESRoR o8RBT Tontor the
process the dropistledpamstieromayarible spaed deweaiviSDe 116. As theelryianigrecekSfot both

401.1m and th s vel oGl in. the nge 1.t0.3.5 ms. For,an
2011/ 103622PCT RSB EIIBRL S YR PIAEE eyt due BaBER T, mass
(typical of;sseaugiand th%thllshl"@§ af?)ﬁ@ﬁxe%ﬁ’e?é'lﬁ‘?%élda}*!{/&g &?Léa &fal@t: ckine

concentrate volunetric flowrate IS significant el'ow 30 percent of the
cont ami nat ed f dedergndibot [ Gimnd ghters therscigeltdi 10P whodetputpase ibwestraigbtivonsthe gtsed t hat

t he condensat e ﬂ%&/raﬁ@m eﬂﬁﬂé Re ﬁg&a'pllo&ty\’@tlﬁfouﬁta%gﬂagﬁce éﬁ% &%x%n%% ?3(3]: rom
dof two d 101,

Fig.2, the main chanmber is conpose roplet drying zones 102,
and the fan-end0adadpricdlyihasteamdvildg asorngar atm@pheringresiyenmitlt Highichparhrat asgais 100

is driven aroupg.the helis8dn sl 5@&&7 Oy Slehpuhatd fg of- 5’r9§nd11(€75(7‘§€ﬂ§@ drive

nmot or speeds are controlled by an el ectronic vari abl e speed ve (VSD)

116. As thesdr v ReHiREIQEaBVideQhe RAL R HARET 0F tﬁess?ﬁl@tnioﬁzllé Hraly 168 SAIE embkd
fol | owi ng expl anati on concentrates on Zone B 101. "10Fol | owi ng t he gas 100

al ong the Zonesmy ¢ftflinply appgdeedcppmipatayd {redwhirsat hisgpedustdaprasmaelye¥'e€s  t he

fan end box 103nRRd &ML ddBns SIGERSI HROHMALSE QML LIPS HXS 109, BLLAL ght en
up the gas flow and to ensure the flow velocity is uniformacross the face

of the heat ex®R&MPEFs H PIGTMItTY HhecHpyndingsteam dherm Wisienifipant heat Bansfrefipm
at nospheric pr @ssiethedibd feadd ioGH drSREHIARL tiASthE HroBREGhS LhGeh@anigXchanger
and exits with a tenperature rise of around 10C to 20C
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



151 medi ately foll owi ng the heat exchanger 107 is the spray nozzle array
108 which emts a spray of finely atom zed contam nated feedwater at a
tenperature of a proxinately 99C which travels down the zgne 102 m xed with
t he stean1exivpﬁglpgﬁﬁﬁkm3 107. Because of the droplet' S BIRinity to
the surrounding steamthere is significant heat transfer fromthe
superheated steamto the droplets. By the gine the droplets have reached
the m st 20elimnator ME 109 the bulk of its water content has evaporated
into steam andeatitachooget exii papargiugr tbe soneemter madiatt dlang thezeneped i rryuired

dropl ets. EXpeTc%&@ﬁtﬁat@ﬁéld%shé?&é‘&dﬁlg@;coﬁal%{@{; bzpifs Qltﬂ{j'&?@tma%en;aﬁ&l WRh&lin Rl be

evapor ated during this” process. eature o I's evaporation process is
that it occurs crmpreensghulpwndevoi d of hot heat transfer surfaces so that
probl ems of scale formation on the hot surfaces, particularly by My 2+ and
Ca 2+ ionic corfpowitenedjakovesiendic deplel) apieatiie adst cBapaigs 9% mderHke dhern

transfer frem (88,58l 1R YRLiR s TP EIcf A R YNiliNIZNE! offvR@gtBler al ong
the drying zone 102 there is a corresponding drop in the steamtenperature

fromits exit tanperawratiteroaditien tegrreesivihe sepseingéuperagiaceddning heat
transfer processhamPaacR&asbf thdShahaRGRUSIY bl B ubBROihiPd wida@ardE Yd Mg zone

102 needs to be carefu]fy selected to 30ensure adequate tine for the drying
process to occifriecepiiay it edndeiresivssst tp lsethae pereaeoidhyiniigl Pemef Meagt h, the gas
velocity, the droplet size, the initial dissolved salt concentration, the
VO 20117 103622099 Re8t5199906 1 1 e gripfbdipplek ARFRS Feaks e limaros d &t i Faactiqnp e

t enper at ur eogr adiepithte He@RgIdRord AR AN, Tt eRakdtheRBE eRteiRtmioyi® 4 s
exceedi ngly conp nathenaticgl_nodel i ng and conput er

| ex; but is subject t | | C
sinmul ation. As“ReHPTRHRES S%’(HBV‘?éhl{RﬁWf?Fﬁfés EHGp108 1 Sy RalRs agt dipif ¢ngfr gavity
el i m nat or 109 idihthe bodchRradladMeadpRerati NG. TAREIY | BnSist hRyingeNMaksh | ess than
30 percent of their jnitial mass of ter. B rying the operatin
condi ti ons, andPagsd ?%ngspﬁgiﬁﬁﬁ?é&?W6h@Eﬁ%é¥§?%?@ drﬁ@“ﬁﬁ?#ﬁéaf%ﬁgth,
t he magni tude afoplch@iaGans adhstaiiebeydveh ehitearsiRer gont 5ehl Bt grbiet @ wi de
range so that if necessary it can be reduced to |less than 5 percent of the
initial nmadd of*RREMERAl deHERs itihEnrpaantoerted! We v dierld iy icar o pheths arri ves
at the m st el pmAALRMNIEPQ nblbrdabiRat ARD$assing through the mist eliminator 109 the gas 100

flows around the return end box 104 and enters Zone A 101, where the process described

tor Zone B is repeated.
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



10t o separate the droplets fromthe gas 100. The gas 100 passes through the
elimnator 109 as dry superheated steam while the droplets collect on the
elimnator and drain under gravity into the concentrate drainage pipe-work
115. Typi cal | YO PHE%¥##st el ininator 109 can separate thgca%?%/g%"lﬁgr om t he
gas 100 with al nost 100 percent efficiency so long as the droplet dianeters
do not fall below a critical size of aboutg95pin . For the present
15experimental designs it is inmportant to control the spray droplet

di anet ers so t Rdditiodul ge-giperheat ahtesiiezds thibarinjecied clvotr thihe hash exthaniet igletspassi ng

through the m gj, 6l itzilél‘g}lf% Vz\h]'gt%es%l{&ﬁue%?ea&‘?&h&l dfééé%tﬁ%%’k?}éﬁ L‘%t) &é%h%{g&-se”d box

104 and enters Zone e process r ne 'S
repeat ed. OTHEROT MRROVENENTSc2@cTacderpihoges inlhigeoprestae tngce HXBdi0deyt of t he

device a nu rrberené?’%;&%h %raggcfergegg{ogréthé glﬁe?%[t@% to ?ésl as b&s@ 'eg a \; gggaﬂga?tﬂang&é 1107

di scussed bel ow. I'n npre r ussed a , eac

is used to rkai sl sdam wilsotdensees attar end H¥W (omar thusri termed predndensingriioatr by
around 10C to 206. .Lp supply the heat energy to achieve this, 25superheated
steamis drawn 1nto the conpressor suction line 117, as shown in Fig. 2,

from the returnend,ReKnd 0.2 BchabRGkidnGn LRE BN 88SRlend H3h&JF vRMiLaribhQr Thi s
steamis typically adiabatically conpressed in the conpressor 110 to a

pressure rati o therstepmds effpsgiehofcoverpd anduseq te hggtdha 2o i tompin eBaeher Yol Py

water 1s 1nj eCtiteIﬁssE%Q)uém&ch H(J:a@«t:xcﬁ&}%l:ﬂ 9. BRIbnRAsa®S whieh BheMfi&d JVQ@I ist8
steam tenperature at the conpressor output is only slightly above the steam
30saturati 0f t &pifsetedfgmgherbottomsogpach X307 apd e Obtrté‘g)ggilrtge sagensate lipgdel e one
circumstances V2Bl R622PCT/ AU2011/ 000192 9 additional de-superheat

wat er needs to be injected closer to the heat exchanger inlets as shown at

118 in Fig. 2. WAg bsabwd Ahalis SheeaMedoverlty NERhi-e8 Byand dimptasor ddg hedtanical
exchangers 107 and since its tenperature exceeds theﬁ]n%as inlet tenperature
to each HX3 10W°riredthus HisPgRrestilt 1ot Hecopiraygaiary 8§ seeBi-e ket Tharmedyataism t o

the gas. As a rFesglt of .,this heat transfer 5 the steamw || condense to
water, and Hx3FEBIWAEY GMGHY be termed a condensing heat exchanger. As a

resul t of . tlge %Beaorr?dg %eﬂg Feg\%%tﬂie%nttci) no? é?‘ Clt] H%%O;Qtz[he ;[anl?a Jog‘tteen{]te ‘apu?‘at of
vapori zation of fhe dream ¢ e et vealcy Facovered and used to heat the gas
in the main chambspondid} to hdZla@sdicompassegedsine oughnéadtd todadt cechai@nyg&r 107.

The condensat e 1 1Mﬁighhis iSedRY {telcz(];\;e?gle \é\elaﬁts%{e’ hehtSn Ehg €0ndensate 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 Z500Pa 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



10 collected fromthe bottom of each HX3 107 and fed out through the
condensate |line 119 to heat exchanger HX2 114. It will be noted that this
energy recovery is achieved by the conpressor doing mechanjcal work and
thus the pr oc%/é@]i‘éosﬁ%zt in contravention of the second FawA§FI11/000192

Ther nrodynam cs. Feedwater Circuit 15 The condensate | eaves the bottom of
each HX3 107 at the saturation tenperaturgocorresponding to the selected
conpressor pressure ratio and is fed to heat exchanger HX2 114 which is
used to recoveillushigedionsd basibie af onetedt hechgraer ERgdtced eardriing kenedPs kear ged
at near anbi en | e
cont am nat ed fgégﬁngéﬂ%%%§%¢%gyﬁ gﬁ@%%ﬁggﬂﬂﬁﬂ%n ﬁmgﬁgg?ggu%ogggggh%%g 20
Mai n Chanber MaBwinBabdheé pGicedigicollcTotheratlvit Autdetieaplvardaneessthivakiance in the
mai n chanber an additional heat exchanger HX4 120 is used. Steamis drawn
of f the returnCerddpNisogingheaksan codh dpiae 220 1ihiaiea iumbesofspbraenss dlanand
then fed to st h@neﬁﬁﬂd}@%@&q@idlbhﬂ tlgale% to B}ﬁ rﬁﬁ%ylﬁt cdifs Qaan@rsﬁd/Wh 19fFﬁ s' Hand
controlled by a control valve (not shown) so as to preferably nalntaln t he
mai n chamber 285 yeledsgingeclht2! cauiPofandbtsbcshansepiié pritngsrle sserlly [Fhitdheheat
exchanger 120 ﬁhéomh@au@ c§1?efe@ngﬁgofehﬁma%9>tlo@fm ¥ah Mbednh Suiteatd Hahangiag of
the main chanber and so can be used fine-tuning the chanber interna
tenperatures. €dskdde Milti- Staging In cascade nulti-staging the
treated liquid is injected into the drylng zone multiple times 30rat her
than using a 5|h@?@eml%ﬂﬁ”ﬁaPﬁﬁﬁﬁ‘%ﬁﬁ@CmThe orlglnal dryi ng zone concept as
WO 2011/ 103622PCT/ AU2011/ 000192 10 illustrated in 3 consists o

heat excharfer * 107t51é@éﬁog?“FW@lﬂWVWHéﬂﬁﬁﬁéﬂiﬁﬁhHHV%?19%”??%%9”6@V§cnozzle
system 108. At the @nd20fynébe péi’ééﬂtzﬂg oZ&OR drbPRs is ava%ﬁliatéﬂ‘ﬁy adrhe@ieh Qiith (¥ St
elimnator) 109 is placed to collect the so]ute but Cﬁ]é’m%zalvent gas

pass through. Casc “Wﬂ"%?m@ﬁ%@ﬁﬁ@”ﬁ??§@§cﬁﬁn8§ﬁﬂ58V§| 1902 into a

nunber of sub-zonesclaligng) 1®.the path of the liquid being treated to form
mni drying cells 121. As shown in Figs. 4 and 5, each drying cell 121
consists of one heafe @XeaRERILK/ci@ilidicd Qzambeas giagtdlyl 2108madd tideagt he et

and solute collector (m Ii nator 09 at th domnstrean1 tle nd of
the drying el | 1o momfu R uri Rt 5 Spli Grre S por st Sorhe
liquid to be treat eslleded dtheicad bithS @ryaeedil tihr dUEdRNZZdaeS o L@S ol et @ (nhe
first drying cell 121 where a percentage of each droplet is evaporated by

interaction with t B H¥EY} HY f1uid and then collected by the downstream

sol ute collector st elimna 1Q9. . :
. ( r;rl]le same sequence 'gs(%ol}oweg 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.



the solute so collected is circulated to another drying cell 121 punped
through the 15 nozzles 198 of that drying cell 121 where those droplets
are evapor at ed further and collected at the end of that dr cell 121 in
the downstreal’Z811UP%*col 1 ector (mist eliminator) 109. é“@@%&mggquence
is followed in relation to other drying cells 121. By way of exanple
only, cascade nulti-staging nay have two canfigurations as discussed 20
bel ow. However, there are innunerabl e possible arrangenents of

nul ti-staging Wkenetrdkickdadbljecéadi | y apparent to those skilled inthe art.
First is forward-cascadi ng along the |length of the dr zone where the
drying cells arTéwlceﬁféﬁUéftﬁlogéqie@ﬁtpriaﬂlﬁlg “alThngrst deing 6ty tlS elﬂ@ém thasthrt ofThe

second is a bagkwayids %égéaiwe&qM%@mUam i Efe%hacécf‘deﬁ&lw MheliRkEdinplage in a
drying cell and the collected soluté s circulated 25t0 an upstream dryi ng

cell. It wll Hetlghsinadrgmeselbbd a@ﬁlatwnarﬁa@mbmaé%l \%ut%s ylyayags of 81¥bi nat i on
of the two iss pAsS Bhép henmn%%ﬂaé &Qﬁ@t%%?&'ﬂt& %%QJJ{I&Q%%OQE !ﬁ%}%{od

Cascade Injectlon‘ﬁ'ls configuration is icted in . The first
drying cell 12{ned oﬁrr&@@deétyrrtgrr@n%tlambewe that tbﬁ%)’lai?@a%’@ﬁ'@caﬁ'ﬁ“§lﬁ’b§é<q%rent

drying cells l%lgaﬁﬂh@lrmp@&%%%rah@llAlxpﬁﬁ&rlﬂn{atg%r!rbtyﬁmegega renitlﬂllethe final
drying cell 121 as shown ce 121 t akes advan?a e o

5dryi ng zone pﬁ@%@ﬁﬁﬁﬁﬁm%%ﬁﬁoéﬁﬁﬁ%@ﬁﬂﬁVﬁEﬁ?ﬁWﬁéﬁ“ﬁ%mﬁﬁﬁwﬁmFmﬁégﬂﬁﬁﬁh@ﬁlon

of the drying kan@nhiréfledd HBicgeMkIire drying zone. It is believed that the
evaporation function i's closer to a logarithmresponse, so a higher

proportion 1of massdvhRadedst folwRMRHB irHcOM Sler @ﬁmh@mfmgtwala&ghah Jﬁrtge drying
zone where the tenperature difference between He sol vent. gas and sol ution

droplets is hi GHES em&lde‘?r?éla%qfv%ﬁﬁitpé@“@?od‘fﬁhﬁ% §° &fés’lhﬁdﬁ&@lwﬁ&% ®n over a
nor hmatl Fllryl ngdp@ﬁlﬁy adp@altchatis ldrr?rreagmﬁeﬂdréhear@mﬁdngal& ,8olti@ C@Fld’c&J:ﬂQ@nstand punpi ng
Wit collected solute are_eas y daesil gne nal t Ital cost Is
incurred with RYFEURBLOORE ﬁ%é}@Jé‘?Pé ‘eqé‘tf?q.r‘g%p %%‘EP]SE’E 5%@8? i OB | R FXFor ) |
nozzl fes andI PUBRSifiEREY highé ptdiaRing velutplrie t}&xﬁ@paedacﬁfeyémgmwneng ddayweNies |,
S|gn| I cantly

i gher process volunetrlqﬁghro IS a hi eved, usi ng

drying cel 15" wiliea: 14 hERETTAGRFY THERa B HEE o o Boues i e
addi tion, cl osefopeodtihgbrocan wike tacippeyied i n the dropl et drylng process with
this approach.

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.



Backward Cascade Injection A further variation of the cascade nulti-staging
is to use backward cascade where the drying cells 121 are placed in reverse
order relativ he fluid flow As illustrated in Fig. i nst ead of
the first drysﬁﬁBE€P¥nﬁ121 bei ng placed at the beglnnlndwgguPﬁ%mﬂ?§ﬁng
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 circul ated DAekired dempisinalig fommes of thei wg? zomeriyreo eewsd inThis dessdptfongod at i on
has the advant 39g.hirSloBOnATAALR indth il FARRESS JBuISRDCRARNIE MALD 1 he

25overal | drying zone conpared wth forward cascade 1 njection, “hence

al lows further 1906 RiRIB B arf DI agpaé&]ag {HAPME invEIRNE V&L ribddhefefh @&gc@@l@ﬂe% onal
costs with this configuration a nping mass flows need to closely

managed and a HrgHiers Bddedificatiang 81h61§9§1tt@‘ﬁ’?|5@“¥fk§éfm Jeetibed I fodisedartieodnps s

and ener gy fsl owgy Wetuhz'eﬁhotnhﬁch%§El?ﬁbly\b.idaﬁ%stam B8diflEMLRI TREI &gk §lsshown i n
the Figs. 4 and 5, the nunber of drying cells in a drying zone is not so
30linmited. WOIEYHEY &b@e’s@zﬁﬁﬁmeﬂmm@mg@ ang corpRoudTTEferrechinsF indicatgd inand
forms of the weHidspeERPRILH ShdMduaAS oHSBEctivBlyt MM anF8RIGHIcBIb AR AN dnk el H16r
clains does not Iimt the invention clainmed to exclude any variants or
addi ti ons. ThoS®rsisPdaErs of feecsart will appreciate that the invention
described herein is susceptible to variations and nodifications other than
those specifically described. It is to be understood 5that the invention

i ncludes 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 conbinations of any two or nore of said steps or features.



13 Cdaiml.A device for treating a liquid conprising a solvent and a
solute, and separating the solvent and solute, the device conprising a
continuous flow treatnent chanber including: (a) one or nore drying zones;
(b) one or nore return zones to circulate heating fluid continuously

t hrough drying zone(s) and return zone(s) sequentially, the heating fluid
including a fluid which contains the sanme nol ecul es as the solvent; (c) a
heating fluid inlet(s) in at |east one of Bhe return zones for the
introduction of Lhe heating fluid; (d) a circulating fan to circulate the
heating fl uid,; (e aliquid |nIet(s) in the drying zone(s) including

nozzl es though whi chy hweelf& uteamlg% hhﬁ:@@érﬁ&singakd}%h%ﬁﬁ%luﬂe Tinképhr@heltd M i nt o
the zones; (f) a solute collector ocate g zone(s

downst ream of the | i glyeat andplyte, él)edewexpﬁswwwm%ﬁl%wameaiﬁhan%% heat ed
by the heating fl ui dingig@ng:he solute is separated fromthe liquid in the
solute collector(s). 2. The device of claiml| wherein at |east two of the
dryi ng zones are | oqat edorenr sereidegng Zsues;The device of claim 1 wherein at

| east two of the drying zones are |ocated substantially parallel to each
other. 4. The devi cgbbf engpomereadtur zerieqts circulate lipating fluideontinugeslydifongh at | east

one heat exchanger | ocat ggifo ;m@?u&fzoaé@s&;qéﬂﬁmy %Ihkﬁﬁgﬁﬁldmwﬁ hease

the tenperature of the heating |UId 5. The device of clarm4 further
i ncl udi ng: fluid which contains the same molecules as the solvent;

(¢)  aheating fluid inlet(s) in at least one of the return zones for the introduction

of the heating fluid; i
(d) acirculating fan to circulate the heating fluid;

(¢)  aliquid inlet(s) in the drying zone(s) including nozzles though which liquid

to be treated is introduced in misted form into the zones;

()  asolute 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 4 further including:

(a) a take off outlet located between the solute collector and heat exchanger

" through which a sub-stream of heating fluid may pass; and

(b)  acompressor to receive and compress the sub-stream from the take off

outlet; and



(a) a take off outlet |ocated between the solute collector and heat
exchanger through which a sub-steam of heating fluid may pass; and (b) a
conpressor to receive and conpress the sub-streamfromthe take off outlet;
and 14 wherein the heat exchanger includes (i) an inlet to receive the
conpressed sub- stream of heating fluid, the sub-streambeing permtted to
condense in heat exchange relationship with the circulating heating fluid
to heat the circulating heating fluid; and!4ii) an outlet for the condensed
sub-stream of heat i nuherdinthg heagexrhangetdncluges (Bfan inllet fore®ive thetchmpressedsubdi ng at

| east one pre-heati n&egﬁathe%@hﬁw&esdb%@&@&uigrbehﬁaédtsmla@rﬁgmeal at i onshi p

between the liquid to be treated he condensed_ sub-stream of heati ng

fluid, to heat the |9%ghange elgtignship Wéhﬂ\éalrcplwle&hwgtw tojhens the ciseulatige

i ntroduced into the ghyi TR ¥ (i Pan- outlet Tdr@he@BivdeRsRd Qfb-sErbah 60 HRating Hufaer
including: (a) a second take of f outlet |ocated between the solute

coll ector and heat eRehiavigest clalmd SJﬂgher\Mi:ludhxgat lsacm@resmbmtgmmamhmfgeheati ng

fluid may pass; and one D rrent

condense the second go%edaigf’?agg’f# g?"w"m ween é% ?a?éeaﬂgggﬁéxchanger

includes (i) an inl econtielscchsubswntotﬁbeasmﬂmdj tcslwbtthet Yquato bé tréaediprioggo fheui d,

and (ii) an outlet fp mg%%sgq &ﬁgﬂo &2&%2&1@@ stream of heating fluid;
econd sub-str

and wherein the conde I's ‘Conmbined with the condensed
sub-streampriory to ﬂfedbﬂcetdielaﬁ{@mhﬁélidcﬂﬁmﬂeat exchanger. 8. The devi ce of
any one of clains Ito 7 wherein at |east one of the drying zones

(a) a second take off outlet located between the solute collector and heat

exchanger through which a second sub-stream of heating fluid may pass;

and

(b) at least one supplementary heat exchanger to condense the second sub-

stream,;

wherein the supplementary heat exchanger includes (i) an inlet to receive the second
sub-stream of heating fluid, and (ii) an outlet for the condensed second sub-stream

of heating fluid; and

wherein the condensed second sub-stream is combined with the condensed sub-

stream prior to or in the pre-heating heat exchanger.

8. The device of any one of claims 1 to 7 wherein at least one of the drying zones

include at least two drying cells, each drying cell having:

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

introduced in misted form into the drying cell;

(ii)  asolute collector(s) located in the drying cell downstream of the liquid
inlet(s); and

(iii) a drying cell inlet for heating fluid.

9. The device of claim 7 where each drying cell further includes a heat exchanger
located downstream of the solute collector(s) to increase the temperature of the

heating fluid.



include at least two drying cells, each drying cell having: (i) aliquid
inlet(s) including nozzles though which liquid to be treated is introduced
in msted forminto the drying cell; (ii) a solute collector(s) located in
the drying cell downstreamof the liquid inlet(s); and (iii) a drying cell
inlet for heating fluid. 9. The device of claim7 where each drying cell
further includes a heat exchanger |ocated downstream of the solute
collector(s) to increase the tenperature ofsthe heating fluid. 15 10.The
devi ce of any onld. of Theldavicsof@nysne Of olkigs 8iond wieteis h sdlate callettetinede drpingne
drying cell is circulgt.ed %}&eﬁpoemé fxcgﬁ‘ﬁngleg& m%wnstrea?n%ﬁwg@tlr eam drying cell.
e o

11. The device of any on e so ute collected in

one drying cell js cmevdw.@é&qn,t&ewam}nsguwi“%lh% seﬁne%euée{@aﬁx{&@%yi ng

cell. 12. A device for treati ng quid conprising a solvent and ol ut e,
and separating the seflhiggifculgis t%‘b‘f'&ﬁ“éiouflﬁé’fﬁéw‘é’ém@@ﬁ?ﬂ@& ng a continuous

fl ow treatnent chanber, in a) one e dryi es, at |east
one of the dryi nlg zo’gg%‘”qeﬁ?fltﬁﬁtf"gél P‘dF%’rs‘“gﬁgq @gﬁaé‘ sepaRHnedhs ng
cel I having: (i) a | sowenthni sdlatt, (the)devinedonpbrising armﬁﬂ‘ms mdvow@{mecunhaxlﬂbérl quid to

be treated is mtrodyg1 3 [.n msted forminto the drying cell; (ii) a solute
collector(s) |ocated Pfie drying cell downstreamof the liquid inlet(s);
and (8)  one or more drying zones, at least one of the drying zones including at least

two drying cells, each drying cell having:
(i) 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
(ili) adrying cell inlet for heating fluid, the heating fluid including a fluid
which contains the same molecules as the solvent.
(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).

13.  The device of claim 12 where each drying cell further includes a heat exchanger
located downstream of solute collector to increase the temperature of the heating
fluid.

14.  The device of claim 12 or 13 wherein the solute collected in one drying cell is

circulated to the liquid inlet of a downstream drying cell.

15.  The device of claim 12 or 13, wherein the solute collected in one drying cell is

circulated to the liquid outlet of an upstream drying cell.



(ii1i) a drying cell inlet for heating fluid, the heating fluid including a
fluid which contains the sanme nol ecules as the solvent. (b) one or nore
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 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 heatingldluid and the solute is
separated from tlee | Thyuledced of clalms 15wl 2vberein te detiog {luijl comBisTmeeddminantly thé
claim12 where each dpyi Gl s hd¥olvBgr 1 ncludes a heat exchanger |ocated
downstream of solute collector to increase the tenperature of the heating
fluid. 14. The device of claim 12 or 13 wherein the solute collected in one

drying cell is circulated to the liquid inlet of a dowmnstream drying cell.
15. The device of claim12 or 13, wherein the solute collected in one drying
cell is circulated to the liquid outlet of an upstreamdrying cell

16 16. The device of clains 1 or 12 wherein the heating fluid conprises
predom nantly the sane nol ecul es as the solvent.



