WO 97710885 | PCT/ US96/ 13061 51802097~
COVPONENT SEPARATI ON SYSTEM | NCLUDI NG CONDENSI NG MECHANTENM°PY
TECHNI CAL FI ELD The present invention relates to a sys}, P or 10
separating conponents. More particularly, the present i nverSHPm el at es

||V;'

to renoving |i gy roma CWW&P%&E&MGN@Q&JNOV Separ Gga”
conponent s. ACKGROUND OF THE [qouiors] Ropqau Condensation is a

common aummmmne @PROICATION muausmmﬂmm mi'swr COOBERATION TREATY (PCT)
typl ﬂEat trarnygrer sur race fﬂ 'S COTIL FOI e
tenp¢ ?gé)lt%treﬁéﬁ tw | i e e speci filc vt n Nambez: %Q?%WW“

vapots on t hese surfaces th niBoaa PRINRI SN Of

fi |p Ll u_|_|J c\f S dr nnl ets thatl dy mas)ltlu %r?}l t 3 1o J}nﬁ | nmﬂg&iwﬁ-’osm
of gncmﬂ ,D‘p@/#lkg%/ si Wﬁbﬁuﬁé&f LG8, A, au, dﬁé)ﬂg
form n %%'gtt%gcgg S the heat Transter l:;sﬁirf(age CA, cmnﬁlcwez,rmk eék BY
or i gil (22) Infeingtions) Fllisg Dite: at i-0N 8 2bgus K96 (03.0855) | he v \l@nKR.tmmr Ls.tlsr LU
frombeing - reintroduced to the procesk. w Uil-l'g RO,
di st eprfol:,grﬂa;,he original source generally reqw pmm( so SZ. UG)' Bmufn'

condensi NPsAPAVALFON  IESeptk:fberld9s18.0095 1 YADOT patenIAMCAZIBY, G, KZ) MD]RU

to imefficiencies that 30 require cokder pper apitn A?éﬁpf@#ﬁ) ompml?rggegﬂcgkclg g
h N

SUT f 68 4 poticalll SinNorh SINARIANA L ASRLERNeNS AEkidhs, G, ML, Mk, ME, SN, 1D, T6).
ING COMPANY [US/US), 3M Center, P.O. Box 33427,

Saint Paul, MN 55133-3427 (US). .~ :
' Published

(72) Inventops: KOLB, Willi .+ P.O. Box 33427, Saint Paul, With international search report.
mfsm-sm (US). MAN, GanyL.; P.O. Box
33427, Saint Pau}, MN 55133-3427 (US).

{74) Agents: LEVINE, Charles, D. et al.; Minnesota Mining and
Manufacturing Company, Office of Intellectual
Counsel, P.O. Box 33427, Saint Paul, MN 55133-3427 (US).

(54) Title: COMPONENT SEPARATION SYSTEM INCLUDING CONDENSING MECHANISM

(57) Abstract

A method and apparatus for scparating components from a mixture (16) includes a condensing surface (14) located in a high vapor
concentration region above the source of evaporated liquid. The evaporated liquid is condensed on the condensing surface (14). The
condensed liquid is removed from the condensing surface (14) while it remains liquid, using substantiaily capillary forces. A plurality of
open grooves (20) are formed on the condensing surface (14). The grooves (20) channel the condensed liquid on the condensing surface
(14) away from the mixture (16). The grooves (20) can be capillary grooves which satisfy the Concus-Finn Inequality.




In sonme processes, active systens renove the condensed liquid fromthe
surface. For exanple a rotating surface with a scraping blade to renove
the 35 condensed liquid film These systens can be | ocated cl'ose to the
process.since the liquid is renoved by mechani cal neans and will not be
r ei nt r oduc ewot 97/1088% process. However, these systens are cCpemt$96/13061
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expensive, and have limted design flexibility to fit a parti cul ar
process. One exanpl e of a conponent separation system are t he
conventional dryers of coated substrates which 5 direct |arge vol unmes of
gas to the coated surface to evaporate the liquid and renove it in
vapor form 1In ‘many cases, due to environnental or econom c reasons,

t he vapors En the gas stream g syEXhausting to the
at nosphere. Condensation is a Tng these vapors
fromthe gas stream RUD NG CONDBNSENG d RMEDM ypical ly are

| ar ge heat exchangers or chilled rolls with w ping bl ades. They are
| ocat ed away f@gmqylgagggighghe bul k gas fl ow stream Typically a heat
exchanger is placedn the 15 bulk S, flow stream and the surface
‘tenperature is mﬁfﬁﬂ‘% b%‘f%fatm%efﬂée%a'b%r% %%ﬁ‘é%’ﬁs%‘,’rrermvi ng
them from t1he Eepasating compondnks v apdore particulanty; nthécpbeséntyas
flow  streamnjue i kediatis W fimﬂ&yﬂmcg (gHdip! & bbiladfladng ¥ Of

the gas stream To obtain acceptable recover Iclencies wt ow
vapor concent r BUrFRce Rsefkfor sepaxaking COMPRINEHst be | arge and the

operati ng t enperatures nust be very low, on the order of -30[err]C -
BACKGROUND OF THE INVENTION
15 Condensation is a common separation mechanism for

many industrial processes. It is typically used with a
heat transfer surface that is controlled at a
temperature that will remove specific vapors from a gas
stream. When vaporSucoﬁdenéé:on theéé_sﬁrfaces they

20 form a combination of a liquid film,”rivulgts, or
droplets that drain by gravity to the lowest point of
the surface and then typically fall from the surface in
droplet form. In most cases the heat transfer surface
.must be remote from the original high concentration

25 source of the vapor to prevent the droplets from being

" reintroduced to the process. Locating the surface at a

distance from the original source genera11§ requires
that the condensing operation occurs at a lower vapor
concentration. This leads to inefficiencies that

30 require colder operating femperatures, more surface
area, or reduced rates of condensation.

In some processes, active systems remove the
condensed liguid from the surface. For example a
rotating surface with a scraping blade to remove the

35 condensed liquid film. These systems can be located
close to the process since the liquid is removed by
mechanical means and will not be reintroduced to the
process. However, these systems are complex,
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O[err']C. This is very expensive and there are nunerous 25 process probl ens
such as ice formation on the heat transfer surfaces. Significant effort

has been wotaeseded in raising the vapor concentration to ipPfg¥sn30e t he
efficiency of this process. An exanple is the use of inert gas as the
gas flow stream which allows the 30 vapor concentration to be increased,
because the flammability limt is renoved. However, these nethods

are al so very cupensiveamhd teaee dnditedissigncilexibiljtybtenfithat

have limted theidtiekAQad ?trt&éggqustry.- The vapor concentration at the
surface of therb?oati ng, 3 or gas/liquid interface, js ver;ﬁgigh and it

drops of f r api diGPENEAAMP LS RS & MR rSERATIHECR F are
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transfer surface ™w . meters, of t Iquird
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to the 5 surfi@macddes,CUens ervittheftd & sbfohomdearbhdons, back
onto the coating Surface.” Active systens such % - a rotgthgg rol{ with a
t S

scrapi ng bl ade IVRRAF | gy Fhe 985 shrean s remeye 8T80es not
fit the flat exhaustidory dlvartin atmdspherfe ! heComdensatibat iata eonmbhey 10

are relatl \glY fUild G¥ Ghihny Rk Vagdifd Sdom2tne ghEHetQn2 SYSTEM

of renoving t I qul rom . . . :
Systems using condensation typically are large

heat exchangers or chilled rolls with wiping blades.
They are located away from the web in the bulk gas flow
stream. Typically a heat exchanger is placed in the
15 bulk gas flow stream and the surface temperature is
reduced to a point where the vapors condense, removing
them from the process. .
The vapor concentration in the bulk gas flow
stream must be kept below flammable limits, typically
20 1-2% of the gas stream. To obtain acceptable recovery
efficiencies with low vapor concentration, the heat
transfer surface must be large and the operating
temperatures must be very low, on the order of -30°C -
~ 0°C. This is very expensive and there are numerous
25 ©process problems such as ice formation on the heat
transfer surfaces. Significant effort has been
expended in raising the vapor concentration to improve
the efficiency of this process. An example is the use
of inert gas as the gas flow stream which allows the
30 vapor concentration to be increased, because the
flammability limit is removed. However, these methods
are also very expensive and create additional process
problems that have limited their use in the industry.
The vapor concentration at the surface of the coating,
35 or gas/liquid interface, is very'high and it drops off
rapidly within several centimeters of the surface.




conden5|ng surfaces in a conponent separation system SUMARY OF THE

| NVENTI ON 15 The invention is a method and apparatus for

separating conponents froma m xture. A source of evaporated liquid is
provi ded and a condensi ng surface is located in a high vapor
concentr at i WO 97498850 above the source of evaporated |iqui g¢CT/A%96/13061
evaporated liquid 20 is condensed on the condensing surface, and the
condensed liquid is renoved fromthe condensi ng surface while the
condensed liquid renains in_the liquid state Thi s renoval uses

substantial Iy only chpi¥Patg Perddeal for max*ﬂ“?|ﬁ§ﬂﬂ¥f§¥ﬂ?§£ﬁﬁﬁ%ﬂ%& can
al so include 25tevapecatei tigel hauitdtransfiele stirfade within esoverang and
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condensi ng surféﬁﬁfmeéhgeneﬂléém cannotaper &mﬁﬁdqmlﬂ-s rekeaectoither e,

and a 30 pl y al éﬁi‘f&éeoﬂﬁn géOE&gaehﬂbﬁedlﬂﬁihh%ﬁi@%%ﬁg by giavigre.

The grooves chag e condense t he condensi ng surface away
fromthe nixturBac h%n o Eﬁn88ﬁ§iﬁg sprface-cadctdve SYSHRS HHCh A% than
2 m Taergtating reblbwithpal sarppdngordadshictulbibes fgldke e
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10 are relatively complicated and expensive. There is a
need for a system of removing the liquid from
condensing surfaces in a component separation systenm.

OF NV [ON
15 The invention is a method and apparatus for
separating components from a mixture. A source of
evaporated liquid is prov;ded and a condensing surface
is located in a high vapor concentration region above
- the source of evaporated liguid. The evaporated liquia
20 is condensed on the condensing surface, and the
condensed liquid is removed from the condénsing surface
while the condensed liquid remains in the liquid state.
' This removal uses substantially only capillary forces.
_ The method and apparatus can also include
25 evaporating liguid from the mixture, and recovering and
collecting any liquid removed from the mixture.

The condensing mechanism used for this component
separation system includes the condensing surface which
receives evaporated liquid from the mixture, and a

30 plurality of open grooves formed on the condensing
surface. The grooves channel the condensed liquid on
the condensing surface away from the mixture. The
condensing surface can have a length of less than 2 m.

The grooves can be capillary grooves which satisfy

35 the Concus~-Finn Inequality, and can be parallel to each
other. The condensing surface shape can be selected to



correspond to the physical contour required by the conponent separation
process.. An edge plate can be used to contact the condensi ng
surface andwame7/iosgst e renoval of the 5 condensed |iquid froned¥eses13es1
condensi ng surface. The condensi ng apparatus can be a condensi ng
pl ate and- can include passageways for receiving a heat transfer
fluid. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS _Figure 1 is a
perspective vi efPEFeshendpbar thasphysicalipentayenregiired by therjguyre 2

is a front V|emboﬁpbhéﬁflgebaratloﬁrggséegglon of the apparatus of Figure
1. 15 Figure 3. is ar cut y view of th a t he
' 4n edge EE%%I éﬁ?ﬂ»F°“gagL Eﬁ?hls i nv

appar at us ‘of Figure ention
is a nmet hod andcapdensing shrfhceaandOfabelutaﬂefnemoualouﬁ Phecedur es

i ncl udi ng CQFpoegﬂéensedsfﬁaﬁia'??oon t%a£5ﬁagh§1n€r¥?9?aé ¢oating with

sol vent reco ne t he :
system Di stllIatloﬂhanB°Pﬂ&DF§nSeﬁHP5¥¥EHSa?énoPﬁe? °°“d6ﬁﬁiaﬁlsﬁ§teThe
systemis used aﬂdseaar fhel1Gaeppassagevays porar@asivinguachbat can be used

to separate liq onents fromgas or non-gas m xtures by first
converting the EFﬁﬂFEeF093§§HOr vapor form The nethod and appar at us

can renove liquid froma condenS|ng surface using capillary surfaces to
control andyglir g bt ‘ he condensi ng surface.
This systemeli a condensati on
conponent-separationFiEPﬁﬁdé 1FtauEE§sPe°t§YﬁpYéeWp9§SFQG apRpratusyof
surfaces to renghe inqand;on. froma condensing surface to prevent
rei ntroduci ng the 35 tQ._t e ry.surfaces can be
designed to fit any pkg P ggn?oﬁggaﬁ ?iepfogagggéiie ¥?exibi|ity fo
desi gn for mhatevesSphysnoaloghspe apparatus of Figure 1.

15 Figure 3 is a partial cutaway view of the plate of

the apparatus of Figure 1.

D I S .
This invention is a method and apparatus which can
20 be used for various. procedures including component -
separation. For example, drying a coating with solvent
recovery is one operation that can be performed by the
system. Distillation and liquid éeparation are other
operations. The system is used to separate components
25 from a gas mixture but can be used to separate liquid
components from gas or non~-gas mixtures by first
converting the liquid to gas or vapor form. The method
and apparatus can remove ligquid from a condensing
surface using capillary surfaces to control and direct
30 the liquid that forms on the condensing surface.

This system eliminates the disadvantages of known
condensation component separation methods. It uses
simple, passive, capillary surfaces to remove liquid
from a condensing surface to prevent reintroducing the

35 1liquid to the process. The capillary surfaces can be
designed to fit any physical contour which provides
flexibility to design for whatever physical shape the
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process requires. This allows the heat transfer surface to be | ocated
close to a high concentration process source of vapor for maxi nmum

efficiency. This permts providing a passive, flexible, |ngﬂpen5|ve way
5 to |rrprové”?ﬁgl‘ls€ﬁdensat|on rates in processes for a gi PET/USIsM3N6L
area and tenperature differential. Any ki nd of condensi ng

structure can be used, such as plates of any type, whether flat or not,

fins, tubesp rBEeQEhQEgEEEQEtUr@ﬁispbﬁhﬁﬁs thed Boditl ReGrigEeld this
appllcatlon I ncl ude fixe nDV|ng glatens nd sim | ar devj ces.

Figures 1-3 sho®MEhaGBp%Pabes 19SAKEY Clogge tay 3 Bighrrongentration o
condensi ng and prgcess sourcenofakvaporf for maxdmah elfﬁ.e:.temq.vamri§ource

f 1 Xt 1 T t
O Pous e pekBiRE BERUALEY, ol Basstve, TH1e31RALS! UedBTASH
coating, a 5 ftpuiBpsave khe; ﬁgnéemsmtépe EPteérr]}&nPN@es&esarﬁﬂﬂ)tﬂﬁer

combi nati on of g@%ﬁngai-saf:éoarwé’al ﬁhdathinﬁékdtﬁﬁre dlﬂa&maaqqnponent can
be separated. 2 the_a

ur.es ar at
i ncl udes a condensinﬁnKAgéQH W% ﬁﬁPgﬁgﬁéggasEBH8§H§|n§an %P gﬂfh'The
condensi ng surfasep&ayebeoﬁlangdtxpe, whehyetlfﬂahcerfnotutmdnm,xture 16,

Shoun 1n contal ghbes, of/othBLCRe2BEYARRT ApPAfESSS - ALRBRecHItr P gand which

25 has an evaporatln sur
evaporates 1% sEB&PaPEPiﬁ&PtﬂP&ulanFRHﬁPtﬁéxed °6tH9V198n§Gﬁ&ﬂﬂ§|WW%he

m xture. Vaporssfim®laih@evicesl.xt Figutest 1ageshow ahcappatatus Gising ace 14

wher e one platen. The platen has a condensing and liquid-
removal surface located close to a vapor source of a
mixture to be separated.

15 The apparatus operates on various mlxtures. These
mixtures can be a substrate with lxquld coating, a

_fluid bath hav1ng a m;xture of components, or any other
 combination of components from which a liquid or
gaseous component can be separated.

20 As shown in Figures 1 and 2, the apparatus 10
includes a condensing platen 12 which has a condensing
surface 14. The condensing surface may be placed at

" any distance from the mixture 16, shown in container
.17, which serves as a process vapor source and which

25 has an evaporating surface 18 -~ a surface from which
liquid evaporates to separate that liguid from the
other components in the mixture. Vapors from the
mixture 16 travel to the condensing surface 14 where
they condense. The condensing surface can be located

30 in a region of higher vapor concentration, such as
within 1 m of the evaporating surface.

The condensing platen 12, which can be stationary
: or moving, is placed above but near the mixture 16.
The condensing platen 12 can be at any orientation.
. 35 The condensihg platen 12 can be above the mixture 16,
below the mixture, and the system can operate with the



they;condense The condensing surface can be |ocated 30 in a region of

hi gher vapor concentration, such as within 1 mof the evaporating
sur f ace. WO 97/1088%,c condensi ng platen 12, which can be statPEFuS%6/13061 or
novi ng, i s placed above but near the mxture 16. The condensi ng pl aten

12 can be at any orientation. 35 The condensing platen 12 can be above the

1 xt 16, 1 D4t , t i t h
\f;gox gg/r i oBoE p1aTeAVvieht 1l9 Wi atdithy *&@9 ﬂafgc_?/%%‘;%?ﬁio%él $hd he

pl aten verti camigture permitfsuglyan WLeRFiaN< he mxture permts
|SUCh ag ori ent atiO”‘I‘he illusthdtdd |c¥tﬁide&i§ﬁn§mﬂm$uié arxﬁt:éﬂedz _
ocate boye an eva orat| ur f ac condensi ng
surface 14, ho %ﬁﬂaﬁfga ofﬁ%th%é :{%af%a Tgn to fit the
process as Seqmom’akns'ﬁlm surmajeims,l puwavenc can bayobhany shapatandy

di stance ;ﬂée ﬂ% & 1% fAPXne fﬂﬁf@éé’? ﬂ@éﬁ@lﬁ@d”a‘rﬁé to

t he condensi ng sur ere tglgly condénse. ’i% t he
condensi ng sur Cadensing,surtage may he 6F’Jéﬁﬁq 12k ya%%rq tance 1| ot
but it is not mh;he m:.:dﬁuﬂ‘&laslperva;&ﬁ:lé|ﬂ‘¢m0ﬁ‘ml‘lﬁ:8t\ﬁ‘e916)OUﬁVQD

whi ch are esi deld ver_t 0 e | lly to
bot h edges of t '53\ eﬁ"'”ﬁjgse !&e%? rs}'déiih %&’é‘? &ﬁ%c!f?o% bot h si des
of the cond®nsing s@ra‘ @hpm the condgnsing rsmtm@ 14, which csieEeves at es

22 are shown agg a d%‘i{iﬁfa.@i‘f%ﬁ‘féééthf‘s corteN e wfié%é“sm@éﬂbwgh
t hey can be at _ot her | es "W ¢ The Edﬁ% Iat es 22 be snpot h,

capi | lary surf §‘,asp GARS a’f% channg I FYoRYRs 20 which 3 Qui d
fromthe m xt udeslifgriesd GbﬂipiHH\GEi' Uther gcandensed tyixpuid Ia?urasblyceo such

Draten 1o, " Hith dndeld ge piid idfend 04T T1ais IPBAL fad Mpgonaensi ng
15 located on both sides of the condensing surface 14, as
shown in Figure 1. These edge plates 22 are shown as
perpendicular to the cdndensing surface 14, although
they can be at other angles with it. The edge plates
22 can be smooth,. capillary surfaces, porous media, br
~ 20 other surfaces.

Liquid froﬁ the mlxture 16 is evaporated us;ng any
type of heat source, such as a heater placed on the
side of the mixture opposite the condensing platen 12.
The evaporated 1iquid from the mixture 16 travels

25 across the gap 24 between its evaporating surface 18
and the condensing platen 12 and condenses on the
condensing surface 14 of the condensing platen 12. The
grooves 20 on the condensing surface 14 use capillary '
forces to move the cqndensed liquid to edge plates 22.

30 Alternatively, other capillary mechanisms can be used
to remove the condensed liquid from the surface 14 of
the condensing platen 12 to prevent the condensed
liquid from returning to the mixture 16. Also, the
condensed liquid need not be removed from the platen at

35 all, as long as it is removed from the condensing
surface 14 to prevent it from returning to the mixture

16.
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25 across the gap 24 between its evaporating surface 18 and thé -

condensi ng platen 12 and condenses on the condensi ng surface 14 of the
condensi ng platen 12. The grooves 20 on the condensing surface 14 use
capillary to nove the condensed liquid to edge plates 22. 30
Al ternativerv;?;’g{oﬁer capi | l ary nechani sns can be used o PEHHS® 3
condensed liquid fromthe surface 14 of t he condensing platen 12 to
prevent the condensed liquid fromreturning to the m xture 16. Al so,
the . condensed |iYhed thedliquilereachesdtheosntihofpthecgrabvas abl, as

long as it s !eg0YRfelb@BLLNGIERNHABENRY capilthbyCouttatl BOEHEAlaL' fMOM

returning to the mxture
WD 97/ 10885 the angle between the edge plates zpcqusgaplgyggves

Wien the |iqui dzoeacre 1h EachiJ.EBEsg&QO‘tﬁis2Qnterfhbel ahar §eab§t
anot her capi Iavégsurface ? he an

24643 3 fheeRe! Y35hs5Ng, Sde ates
22 and the o) hEaPP FHYCBPFEEtg gt & aft
gravity 5 over cbikmst be dapplétsyZGodownahhetﬁacb|qﬁlﬂhEIedqeaplatesflIns

or droplets 26 gawn &ﬁ& Ei‘}ggl&&gt 28 EQSS Ekéﬁeﬁfch eéae EESth ?E' &ha 26

fall from each edge p col l'ect1 ng
devi ce, which c&anpke colilgetedd BuPsFBélﬁF #HS @ﬁUFS&urE dFh,FBRi ket he 10

encl osure as |0DGcaeeﬁh6§tt§ld!er tReaentidshirgUog within theet urning to
Lt o oo RS YOBRER =2 258169, hBY prevéh°PRpREaPhAS Lalif Bich ",
to a Conta|ﬁeturn1ng to e mixture. For example, a slotted pipe
28 can be placed around the bottom edge of each edge
plate 22 to collect the liquid and direct it to a
container.

15 The condensing platen 12 can include internal
passageways, such as channels. A heat transfer fluid
can be cooled or heated by an external device and
circulated through the passageways in the condensing

: platen 12.-: i : :

20 There is no limitation in the platen width other
than the effect;ve transporting rate of the capillary
grooves 20. The capillary grooves 20 can be designed

- as capillary surfaces. A capillary surface is defined
as a geometrically specific surface which satisfies the

25 Concus-Finn Inequality which is: o + 65 < 90°, where a

is half the included angle of any corner and 05 is the
gas/liguid/solid static contact angle. The static
contact ahqle is governed by the surface tension of the
liquid for a given surface material in gas. Capillary
30 surfaces are discussed in great detail in Lopez de
Ramos, A. L., "Capillary-Enhanced Diffusion of CO; in
Porous Media," Ph.D. Thesis, Unlvers1ty of Tulsa
(1993).
Using capillary surfaces to remove the condensed
35§ 1liguid provides the ability to locate the condensing
- surface 14 close to the high vapor concentration source
jusﬁ above the evaporating surface 18. As the

-7-



15 The condensing platen 12 can include internal passageways,
such as channels. A heat transfer fluid can be cool ed or heated by an
ext er nal d¥O 210885 circul ated through the passageways i RCTi$96/13061
condensi ng platen 12. 20 There is no limtation in the platen
wi dt h ot her than the effective transporting rate of the capillary

grooves 20. Thgvgggggggdy 1R Lot Brf A ik race ,asrﬁw& | @an

surfaces. A ca sur as geometrl ca g specl
surface whi ch beingf regntnedpsedc&%mumq%%xﬂvwmh } ‘[‘e‘i’?] +

[e;lr][S <] 90[6r§>hss%&&9 E:)thb]ved frdnﬁﬁlféft:tdtféssnfl Ufled fxﬂla@éﬁtﬂéna{aytcor ner
and [err]s is as/,| i qui 4/ sq i c_contact_an static
contact angl e PB &BG¥P Eﬁ iye Fﬁ&qﬁiﬂéiz &G cﬁr?$£?9 °p?¥ﬁ€fﬁgfor a
given surfase egfé¢ciehciesgthatCalldwhidgier sapém'etngir'eeweur:ueelsin

?:rcfgf' rijeit ﬁi . §E§?§e§u%§8,ca .ag%ﬁ d%nesﬁsgh %\%/er Sli ty%%?gt&ﬂf u?|1883§)f

.Using capillary surfaces to renove the condensed 35 liquid provides the

ability to | ocate the condensing surface 14 close to the high vapor
concentration source j ust above t he evaporating surface 18. As the
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evaporated |iquid condenses on the surface, rather than bei ng
reintroduced to the process by gravity, it can be passi vely renoved
fromthe process. The invention is an i nexpensive nethod of achieving

greater operating 5 efficiencies that allow higher operating tenperatures,




smal | surface areas, and h;\/;@llmt es of condensat i on. v\o 9}}‘10885

PCT/ US96/ 13061 CLAI mu)ul "W’LMA net hod of separating
components froma . mxtu providing a source 17
of evaporatw?i, Iocatlng a ¢ondensi ng surface ééﬁggg the
source evaporated l'i quid, condensing the e

liquid on the condensing surface 14; and 10 renovi ng, using
substantially only capillary forces, the condensed liquid fromthe
condensi ng cuaxmMsce 14 while the condensed liquid remains in the

liquid state. 15 2. The nethod of claim1 further conprising the
step of evaporating liquid fromthe m xture 16. 3. The net hod

of claim 1 wherein the rdnmmethed of t$epavatitng cconponentst ExowoaApr i ses
recovering and miQctux® |65 tddifpr{Wingaui d renoved fromthe mxture 16,

4. The methgd of claim ereln the | ocat i P step.c es locating
t he condensPng surf &% nNg ;i IHEFY H{ F ﬁV%Q%ﬁ%Fggligggﬁaface 18 of
t he source locating a condensing surface 14 above the source
17 of evaporated liquiq;
condensing the evaporated liquid on the condensing
surface 14; and
10 removing, using substantially only capillary
forces, the condensed liguid from the condensing
surface 14 while the condensed liquid remains in the
liquid state.

15 2. The method of claim 1 further comprising the
step of evaporating liquid from the mixture 16.

3. The method of claim 1 wherein the removing'
the condensed 1iqu1d step comprises recovering and
20 collecting any lzquzd removed from the mixture 16.

4. The method of claim 1 wherein the locating
- step comprises locating the condensing surface 14
within 1 m of an evaporating surface 18 of the source
25 of evaporated liguid.

5. A condensing mechanism for use in a component

separation system to remove one or more components from
_ a mixture 16 which serves as a source of evaporated
30 1liquid, wherein the condensing mechanism comprises:

a condensing surface 14 locatable in a high vapor
concentration region above the source of evaporated
liquid to receive evaporated ligquid from the mixture;
and

35 a plurality of open grooves 20 formed on the
condensing surface 14 to channel the condensed liquid
on the condensing surface away from the mixture 16.

9.



25 of evaporated I|qU|d nden5|ng mechani sm for use in
a: conponent ar ation S“”"”’"’“"HMﬂgne or nore conponents from

a mxture 16”%7[% Ferves as | SOULCEN orated 30 |iqui dPCTHNEPER3A6X he
condensi ng nechani sm conpri ses: a condensing surface 14 | ocatable
in a high vapor concentration region above the source of evaporated
liquid to receive evaporated liquid fromthe m xture; and 35 a
plurality of open grooves 20 formed on the condensj ng surface 14 to

channel the condense® | i gt condepsing BIFRARLFMPE Flatl 2vEDeFRIM ¢ he
m xture 16. thé\@YPso6¢e8820 are parallel capillary grooves which

the orooves 20 SPELBEY Fhe CRgHTTE A OB E ™ T2l G the

Concus- Fi nn 8 nequality. 5 . An apparatus for separating
conponents froma 4, m XAH@pﬁQP&’E&é'f& separatim&héoﬁﬂ&ﬂéﬂéé“ﬁraﬁcﬁa“' sm

of claimb5; means for. condensing the evaporated liquid from10 the
m xture 16 on tﬂ%xﬁﬁﬁﬁeﬁg?ﬂﬁl§b?qace 14; and means for renoving the
condensed |iquid frotheheondensinglemecltgnismfofecldimhéle the condensed

liquid remains igelle pf u&&%&@ﬁgf#%é% ¥Egor§F %QSu?Qp?fgﬁus of

claim7 wherein the condensri n | 8sS"than 2 m
and 10 the mixture 16 on the conden51ng surface 14, and

means for removing the condensed liquid from the
condensing surface 14 while the condensed liquid
remains in the liquid state..

15 8. The apparatus of claim 7 wherein the
condensing surface 14 has a length of less than 2 m and
satisfies the Concus-Finn Inequality.

9 The apparatus of claim 7 wherein the removing
20 the condensed liquia ‘means comprises at least one edge
22 plate contacting the condensing surface 14.

10. The apparatus of claim 7 further comprising a
condensing plate 12 comprising passageways for
25 receiving a heat transfer fluid and located above the
mixture 16 wherein the condensing surface 14 is part of
the condensing plate 12.

-10-




satisfies the Concus-Finn | nequality. 9 The apparatus of claim

7 wherein the renoving 20 the condensed |iquid nmeans conprises at | east
one edge 22 plate contacting the condensing surface 14. 10.
The appar at Y3, £f im?7 further conprising a condensi ng

conpri si ng.@s@gggv\sgys for 25 receiving a heat transfer flui dpéﬁhg?%égfled
above the m xture 16 wherein the condeMs?ng surface 14 is part of

t he condensing plate 12. -10-




