WO 02/ 25193 PCT/ US01/ 42247 VAPOR COLLECTI ON METHOD AND APPARATUS 5 Field
of the Invention This application is claimng priority to U S. Provisional
Appl i cat ivemoBex1pal Nos. 60/ 235,214, filed Septenber 24, PODOSOBQLL35, 221,
filed on Septenber 24, 2000, and 60/274,050, filed on March 7, 2001, al
of which are hereby incorporated by reference in 10 their entirety. The
present invention relates to a vapor collection nmethod, and nore
particularly to a nethod that enables the collection of gas phase
conmponents wi thout substantial dilution. Background of the Invention 15
Conventional practices for the renoval and recovery of conponents during

drying of coated mateyApbR @SPEEETION WETHOD AN RPPURATQN ovens.
Col | ection hoods or ports are utilized in both closed and open drying

systeds to collect the solvent vapors enitted from the substrate or
materi al . Conventional open vaporg.cﬂ Iﬁgt iIon EéSt ens generally utilize air
20 handling systens that are inc vely drawing only the
desired gas phaggis a?ﬁﬁ@ﬂi&ﬁ@& &aiﬂnh?ﬁﬁ&n@rt@‘w gmrbbﬁloaamﬁmcaa&m&mﬂo@

Cl osed vapor collection systens Q&bl cal i ntroduce an inert

ci rcul at | 060/§§§,t2é4nf11©d §SI§¢1$1beIl24 B 69/@35,ﬁ81,efﬂ@<ﬂ 68 Sdptembidfe 208 Ghagd t her
system t or r
concent r at SURTHPSE L SR MGl T A8 T v Bln bRt BhecipttliBntience iy o,

of vapors #@kirfenersty. h’ﬂ!héiif)ieblérﬁﬁh\)éﬁﬁ@f reﬁdtésaam\mp@r (hﬂledﬂl(frf in6thbd, aatdnore
inefficient. Additional t he t hernodynam cs associated with the

convent i onBRUGHARY to & meﬂé)@tth@fﬁnélglg& f@ﬁrﬁoﬂﬁcﬁléﬁ op &aihiase sRIMPANGRIS Witherk
condensatl%&}lﬁ up@p at or near the substrate or material. The
condensat e can onto the substrate or material and adversely
affect either the appearance or functional aspects of the material. In

i ndustrial 30 settings, the a"rrgi eﬂt coadi t'E OPS syrroundi ng the process and
processi ng equi pnent may i ncl 188 | n large vol ume drying

uni t515 the extraneous matter may be drawn into the collection system by

the large volunetric flows of the conventional drying systems. -1
Conventional practices for the removal and recovery of components during drying

of coated materials generally utilize drying units or ovens. Collection hoods or ports are
utilized in both closed and open drying systems to collect the solvent vapors emitted from
the substrate or material. Conventional open vapor collection systems generally utilize air
20 handling systems that are incapable of selectiyely drawing only the desired gas phase
components without drawing the ambient atmosphere. Closed vapor collection systems
typically introduce an inert gas circulation system to assist in purging the enclosed
~ volume. In eitﬁer system, the introduction of ambient air or inert gas dilutes the
concentration of the gas phase components. Thus the subsequent separation of vapors
25 from the diluted vapor stream can be difficult and inefficient.

Additionally, the thermodynamics associated with the conventional vapor
collection systems often permit the undesirable condensation of the vapor at or near the
substrate or material. The condensate can then fall onto the substrate or material and
adversely affect either the appearance or functional aspects of the material. In industrial

30 settings, the ambient conditions surrounding the process and processing equipment may
include extraneous matter. In large volume drying units, the extraneous matter may be
drawn into the collection system by the large volumetric flows of the conventional drying

systems.



WO 02/ 25193 PCT/ US01/ 42247 1t would be desirable to collect gas phase
conponents w thout substantially diluting the gas phase conponents with
anbi ent ave opesibhert gases. Additionally, it would be an pdvastizgest o

col | ect. gas phase conponents at relatively |ow volunetric flows in an
industrial setting in order to prevent the entrainment of extraneous
matter. 5 Sunmary of..the l.nyention The esent invention provides a nethod
and apparatus foF PPERE ST olloct et PP SgrgaRenin Sout IR Wi t hout
subst ant i aldildtihgtHeqas plidie coRpbRGAt AR Hh ARBAMBA Sr indfl gdids! iAERitBnaNATPRByldN
close proximty to the surface of a substrate to enable collection of gas

phase conpdRdntadvaniage to Kelleot srephase Fompenesisiss relatively low Yohemetsicilowsdn aphe
present | n\{ﬁ“cius'(rg]? ﬁetﬁﬁng lnﬁ%ﬁér t8?;?ev’gg{ t%& 'eﬁi!raihliegt{]o(}\r{%%ggﬁohpﬁitﬁttms at |east one
an- adj ase. chamber 1°s

maj or surface W acent gas p en"positioned in
close5 proximty to the surface of the material to define a gap between the
chanmber and the 15 material. The gap is preferably no greater than 3 cm
The adj acent gas phase between Mﬂﬂh‘éﬁéﬂwgﬂe surface and the

mat eri al defines a region possessing an anmount of mass. At |east a portion
of the mass fromthe adjacent ‘gas phase is transported through the chanber
by induci ng a f|Tiwprdsentigberitioa pr@didesra mdthed bhdappafatdsier grassppitageantds
represented by the uation: 20 M_+ M2 + MB = MA (Equation |) wherein M
s the tot &FPHHERE ER %w%weﬁfésgﬂthw&vwb%?nt@hﬂ%utwndEﬂleﬁmﬁt d apaargtys

I nto fohe 1 egligdla eRbnie iPHBE: SBLinGRABREE surfRE bE b Sehsirh@Mb BA&IS 1RcHbREE gdgt S,
M2 is the tine- average nass flow'per unit width fromthe at |east on

maj or sur f @besegontpesenianearitla surfatooPBhesubstrateegi on and t hrough the chanber,

M3 is the total ;net time: f it wdth th h.th
'nto the regi on A THPATEHTE RESeHRsoR.a fieet o raglppioYe e ppgat ©°F
material, WMhsiSnedfgof suFcawethatiadiRbs Hf piRes A CRRHRPIs!tEsh RATHdABH in ¥osH h

t hrough the chanber. For purposes of the invention the dinensions defining
the wi dt h iPsoXimdy tethgtsHriage ofithemgtesial to defiae aigep betwsan fergbambipcandghe t o t he

1oL 9 O ST 954t R0, BLSBEUBL A, o0 BL el a0
chamber and the surface and the material defines a region possessing an amount of mass.
At least a portion of the mass from the adjacent gas phase is transported through the
chamber by inducing a flow through the region. The flow of the gas phase is represented
by the equation:
20
M1 +M2+M3=M4 (Equation I)
wherein M1 is the total net time-average mass flow per unit width through the gap
into the region and through the chamber resulting from pressure gradients, M2 is the time-
average mass flow per unit width from the at least one major surface of the material into
25 said region and through the chamber, M3 is the total net time-average mass flow per unit
width through the gap into the region and through the chamber resulting from motion éf
the material, M4 is the time-average rate of mass transported per unit width through the
chamber. For purposes of the invention the dimensions defining the width is the length of
the gap in the diréction perpendicular to the motion of the material and in the plane of the
30 material, |
The present method and apparatus is designed to substantially reduce the amount

of dilution gas transported through the chamber. The use of a chamber in close proximity
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of dilution gas transported through the chanber. The use of a chanber in
close proximty - 2 WO 02/25193 PCT/ US01/ 42247 of the surface of the

mat eri al vemd2/s31e3 | negati ve pressure gradi ents enabl es t heChubGiae7 al
reduction of dilution gas, nanely M. The pressure gradient, Op, is defined
as the difference between the pressure at the chanbers | ower periphery,
pc, and the_pressure outside the chanber, po, wherein dp:pc-ﬁo. The val ue
of Ml is gef]@@émfefcegqféa% Baterighandssmadl negpfive IMeisus sradights epablesghosibstantial

ka/ d/ : ; , ' t t th
0°1° Koy secun i & AR ek malfly 11 D TEE bRa e AR A APRE PET, 1 cat o

than 0. 01 Hifesarebdiwaehehe pressuftat dhd HafibeisMewexrdhisiyppe, aht) theptedsage
velocity resulting fromM may be wutilized to express the flow of dilution

gas phase e#ffidsilnehamber.mo whereineArsipgriae rTherptue of M isegeperally grratebéian n

ar aci ot s, gy e dnBe i CAR kPrcoP Bt sree RS Frongd PR A RIS ©

phase vel geatey thaf\(?1 kg/béd@ﬁﬂfmdéiﬁalﬁl&ﬁostgﬁéfeﬂabgz pre@®e than iz8\oeHuk hetaredtbe val ue
of <v> is generally greater than zero but not greater than 0.5

net er s/ sec8#8 0.01hee/sncend/metaiet hod attenpts to significantly reduce dilution

of the gas phase ,d . GANRANSH«didh Liea R AR RS RIBS RN SRS bant 1 al 1y

reducing ML i n Equa represen t he t"gas phase dilution
flow into ufikzedagiegpresshs €ldwf ddutioe gssplase gomysbnents enttkiag thd dbbhinder. Thet he
mass .in the adj acent gas _phase may adversely affect the effjciency of gas
phasdOcol | &&&Mi@y@ﬁgwl%w%maé&msug%ﬁwﬁw grishAp swall negativene
present ne } I .

kg/ second/ ?r%tg %ﬁr (? Mflg i‘%&*g ?f‘?’gﬁéﬁ %}f’b&&ﬁ%{l? %&%{éﬁgﬂ rgfeﬁlg? ?%/%F?/ngrﬁrg'le{)gaég)g a%eet ween
t he chanbevelagity, ive, duofghdke gdp. tHoe thenmresent adventidue theotalnesti1<ive if peneralbt e of

gas phase conponpents through the,gap .caused b i nduced flow is generally
no great .ergrteglgﬁ[}@fmg.e%@gpg?%r&t%t&gn $ﬁem%ﬁ5_ﬂ588‘}/qu wel | suited for _

appl i cations reqHé picléht in@hdteficipfs ©Qidi8Gdand) r@fuce YARYIOMShE SANPHAGNt S i N an
efficient manner. tganl c and inorganic solvents are 25 exanpl es of

conpdAent sCAHpencat i the pdincant Bas phese by substantialtysreducipg Mh in EavetierebdMilt i on of
a desired i t . r. ial . 0 ts are
Gener al |y FERBUES e B Ak Qs BB anliah Bo® inPah e hoeRys e dBRIRIMERER 3 £ Gi et
amount of gndlegy Tie @iftivntof tHtamass aip (el adfdcemipad bhidsénsaldvently affiect the

desirable, and often necessary for health, safety, and )
efficiency of gas phase collection systems and subsequent separation practices.. For the
present method, M1 is greater than zero but no greater than 0.25 kg/second/meter.

20 Additionally, due to the relatively small gap between the chamber and the surface of the
material, the volumetric flow rate of gas phase components through the gap caused by
induced flow is generally no greater than 0.5 meters/second.

The method is well suited for applications requiring the desired collection of
vaporous components in an efficient manner. Organic and inorganic solvents are

25 examples of components that are often utilized as carriers to permit the deposition of a
desired composition onto a substrate or material. The components are generally removed
from the substrate or material by supplying a sufficient amount of energy to permit the
vaporization of the solvent. It is desirable, and often necessary for health, safety, and
environmental reasons, to recover the vaporous components after they have been removed

30 from the substrate or material. The present invention is capable of collecting and
transporting vapor components without introducing a substantial volume of a dilution

stream.



envi ronmental reasons, to recover the vaporous conponents after they have
been renoved 30 fromthe substrate or material. The present invention is
capabl e oWoewmtiiexti ng and transporting vapor conponents RCTSQ42247

i ntroducing a substantial volune of a dilution stream - 3 WD 02/25193
PCT/ USO01/ 42247 I n a preferred enbodi ment, the nethod of the present

invention incluges the use of  material t contains at |east one
evapor at i ve conﬂ‘bﬁ@ _?quﬁgnm%ﬁ_étr&??%%%‘_rgﬁ%ﬁgﬁs?‘ﬁ mV(‘?PB%mﬁﬁGﬁ? ﬁiet"@e Ph a
surface of p{RgiMRi@Edmhins FN85D¥nd &abﬁ%v@ 'célﬁﬁér?eﬂt.afhé QfRndHRE i%&)o@i'tiohéﬁ in
vaporize the at |east one evaporative conponent to forma vapor conponent.
At | east acksppraximily of a suréace apthe noasenpad nemargy & therpditacted at thetthafenfldaber . The
vapor conponent ii engral I‘y captured at & f}l g{; concentrati on tkllat al | ows
subsequent "prausdls gLt e heorliy copnsnt togtin a BRE OBER Ry AN The
appar at us @brtidaef @lﬁ@@ﬁy@} céxﬁ?&i&ht B RaptifddUufl @ chafiibeR Tht vERETtaRipdHRt
supporting material. The material has at |east one major surface with an
adj acent ga&enerdlyeaptured At ehighercentatinngibatillowssibssquent pracassing, sechaassur f ace
of the material.to, defin . . between the surface and the collection
chanber. T %’aé%jlogcteogqecglggn&%ggglcbeglf'v\een the chanber and the materi al
defines a regi omhe apparts 6Oths Pre3emrufivendion iBSedes A sipsdittSianisth for

comuni cation with the chanber induces the transport of at |east a portion
of the massunnertingwagHpk chsrmajerial has atdeash ppegrior gafacsgyighan adizeent gassport  of

Mass foht Ougﬂas%h?\ Ek%%%? is piRd %?clb@ee%ﬁ%Pgﬂf‘P%g) d &rfa@@{)g@@ﬁ)a‘?&ialwo EGHRL r%i‘ﬂ .

The vapor fn the chanoer ‘may optlon convey a separati
mechani sm betweand thet suofiaed arplrthe ealédctign cHdmbare The ddjacsht gappstraat baweén thee

present inventjon are preferahly suited for use in transporting and .
col | ect i ng RBR m@ ﬂfeﬂﬁﬁf:aﬁr@%\ap%sga TREIPN qORtayNRE a7 P’BH‘}“&‘E@“ ﬁaérﬁ%gchf‘%‘smdpaced

above the eoRhiANAHSH WitheNd SRAmMMRPiddAc&ah &hspYARE hlea: a%oﬂi«ﬁrbf_the mass in
concentration. The 20 | ow volunetric flows and high conCentrations of the

vapor i npr themdjaventegas ipbaseribrpugli thetregios oThe transper®f arags thmelighuthe tegin iald y
eli m,nate gontannati on prohle associated with, conventional. ¢ nent
ol BT o AR RLEo aeBh E T a8 80 £ P fath i e BB ER I o BRIPRO ST
pref erabl y comRGed fb a Sepatiking bicoRanidrh forc@aumnbl Roedssiggp dryi ng systens. Gap

dryi ng systens gfenerall convey 25-a material through a narrow gap between
hot plate and a @gmﬁbfgjy g appares P Ehetpiesent invention are preferably suited for use in

transporting and collecting solvents from a moving web. In operation, the chamber is

placed above the continuously moving web to collect vapors at a high concentration. The
20 . low volumetric flows and high concentrations of the vapor improve the efficiency of the
solvent recovery and substantially eliminate contamination problems associated with
conventional component collection devices.
The method and apparatus of the present invention are preferably used in
combination with conventional gap drying systems. Gap drying systems génerally convey
25 a material through a narrow gap between hot plate and a condensing plate for the
evaporation and subsequent condensation of evaporative components in the material. The
configuration of the present apparatus, in various locations of a gap drying system, enables
further capture of gas phase components which generally can be present in the adjacent
gas phase on the surface of the material either prior to entering, or exiting a gap drying
30 unit.
For purposes of the present invention, the following terms used in this application

are defined as follows:



evaporati on and subsequent condensation of evaporative conponents in the
material. The configuration of the present apparatus, in various |ocations
of a gapwioye9system enables further capture of gas phabp@sSconponent s
whi ch generally can be present in the adjacent gas phase on the surface of
the material either prior to entering, or exiting a gap drying 30 unit. For
pur poses of the present invention, the followi ng terns use din this

appl i cation arejdehlvée Wge s fdw’ q%epreseﬁte%y&ﬁé é§uhfen RETL Ufjbﬁzém&m&em
"time-average mass flo is represented by the equation Mt*= 1 f Jnzidt,
wherein t s .1 he i.n kg/ is time in

eonn  oMiis b8 o e e B TR TR AR S iy B R PSR gt Sl Ce e

gradi ent" ﬁg@ﬂ&nao@rrﬁ@glﬂowﬂlﬁ fseesidt i al between the chanber and the 5
external environnent; and "induced flow' means a flow generally created by

a pressure gradi@Assure gadient” meesnya presayrd diffarentiahbriween the chambesipmddbe f r om
the fallo g p on_of the enbodi nents thereof, and fromthe clains.
10 Br |9ef &’ES}CI’I %/?Johﬁn%htf e(PDr awi ngs The above, as wel | as other advant ages
of the present I“En&ﬁlléd Dowrehndefiongenéaiy ticyted ppapeskuiegridiage skilled in
the art fromthe followi ng detai]led description when considered in the
light of the acconpaliesdcatrasnspdvantages will bepapparent frm shestollewing ¢ vi ew of
the presenjod el bl edBofiEnisthdrio S REMRE GaitheW Of a preferred

enbodi ment o gas p ase collection’ apparatus of the present invention;
FIG 3 is a cross-sectional view of a preferred enbodi nent of a gas phase
collﬁgtlon apparatus of the pyesent i.nyentjon; FIG 4 is an isonetric view
of préferred enbodi ment of a=yslesguption, SRS apparatus of the
present inventipgs aldve asiiell & &héfcahemage% of t&%regenﬁﬂeernfo%fﬁﬁm@oﬁgbOd' ment

of the present invention 1in conbination with™a gap drying system
readily apparent to those skilled in the art from the following detailed descrlptlon when

considered in the light of the accompanying drawings in which:
FIG. 1 is a schematic view of the present invention;
15 FIG. 2 is a schematic view of a preferred embodiment of a gas phase collection
apparatus of the present invention;
FIG. 3 is a cross-sectional view of a preferred embodiment of a gas phase
collection apparatus of the present invention;
FIG. 4 is an isometric view of preferred embodiment of a gas phase collection
20 apparatus of the present invention;
FIG. 5a is a schematic view of one preferred embodiment of the present invention
in combination with a gap drying system,;
FIG. 5b is a schematic view of one preferred embodiment in combination with an
optional mechanical seal;
25 FIG. 6 is a schematic view of one preferred embodiment in combination with an
optional retractable mechanical seal; and
FIG. 7 is a schematic view of another preferred embodiment of a gas phase

collection system and apparatus as described in the Example provided herein.



FIG 5b is a schematic view of one preferred enbodi nent in conmbination with
an optional nechanical seal; 25 FIG 6 is a schenmatic view of one

pref errewenbaztdprent in conbination with an optional retracwstle247

mechani cal seal; and FIG 7 is a schematic view of another preferred

enbodi mrent of a gas phase «collection system and apparatus as described in

t he Exanpl e provided herein. - 5 t0 [ 25193, PCT/ USO1/ 42247 Detail ed
Description The net hod and appar atﬁg—iﬁwﬁﬂiﬂw 5 10 esent invention are

generally described in FIG 1. The nethod includes providing a materi al 12
having at |east gne mpjor surface 14 5 with an adjacent gas phase (not
shown). A chanbelbherpethpdgndapparatusxifaefshe prssent iengomus igtnarnltyldésoribddbme

proximty t f .t | ower i phery 19 of the hanber 16
nd the. surfoce T mplR BB dihEa hollay Db BRE P1raT i miyor s 1o

pr ef er®abl y wittcan adjadeasgas phbse @0 hoem). AashapbasEs, BeHineen et st qels Rer i phery
19 of the chanbe ,1? and the surfacel4 of the materral 12 define a region
possessi ng PYRUSREIR Clee Proximey do dafire gapdetweanrtbe foxgr paripheryéfeftiel y in a
gas phase. cHove Ll ' t mrecogni ze .t the regi on may
al so contain naglngt ahntg? H?glrlﬁ!rélé é%tt% ﬁteﬂreq?ﬁg&flialg Uik e(g%p g%ﬁ ?gel%ﬂji’e","hmlbfs

conbi nat i orpsefefabbi 3 cimlor dess.pThs edjacit gae pldse det@edh tiRToREr fRPHBRSH dfftpen t he

region is tran rte hrough, t he chanmber 16 by induced flow™ Flow may be
i nduced by € iy (’u*’dﬁé}‘e SHekRelh ‘g}rﬂ?e getraiah] 3 gefing a1egiog mosssesing an moeentsiki | | ed
in the art mabheThd Rkh (RBRBioRSE oty thdtdls | hD&chanber
are represented by E uati.ongll: I\/ﬁ + %%\%Shﬂﬁ' ?@(%;gg gﬁ’g?)sklh?%n tt%ea

depi ct s t h&GpgRize that fhegngion muyrmbsomentaimmesstiiat in irpeithet theiliygid hesoligtpha, of

20 the pre Lnyention. ML is the total net tine-average nass flow per
uni t wi dt hgfﬁé%hlgﬁt?&sﬁgaggge?Rﬁ%eﬁ'he region and through the chanber

resul ting from préssud pordoRef @8 ingass Fdn thB&*ég(?%NEsstraﬁgqotﬁQﬁ tl%l!bﬁ £ chAYGEE | on,
i's the ting-

ML essentially represents a dilution stream average nass

flow per unPtYiRdcad flegmElore may bedndiiced hi comyjentional nieghanishs gdneraiit er i al

intogaid L | : ek, is the totagl net tipe-average
mass 1%ow pgér:cgg%%(ﬁ?fth&ﬁ% lﬁlgﬁeg%?’?ﬁge fg}%'\‘/’gmaés Pifdmity Jg‘nmﬁf’nfﬂldtt Y&3h t he
chanber r etheldhiamber are repmexented by Equation I:

M1 + M2 + M3 =M4 (Equation I)
FIG. 1 depicts the various flow streams encountered in practicing the method of
20 the present invention. M1 is the total net time-average mass flow per unit width through
the gap into the region and through the chamber resulting from pressure gradients. For
purposes of the present invention, M1 essentially represents a dilution stream. M2 is the
time-average mass flow per unit width from the at least one major surface of the material
into said region and through the chamber. M3 is the total net time-average mass flow per
25 unit width through the gap into the region and through the chamber resulting from motion
of the material. M3 is generally recognized as mechanical drag and covers both the mass
pulled in by the motion of the material under the chamber and the mass exiting from
underneath the chamber as the material passes. In cases where the material is static under
the chamber, M3 would be zero. In case where the gap H is uniform (i.e., the gap at the
30 entrance and exit of the chamber are equal) M3 is zero. M3 is non zero when the entrance
and exit gaps are non uniform (i.e., not equal). M4 is the time-average rate of mass

transported per unit width through the chamber. It is understood that mass can be
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of the material. MB is generally recogni zed as nechani cal drag and covers
both.the mass pulled in by the notion of the material under the chanber
and the me@e2expiing from underneath the chanber as the Par/@sIa2247asses.
In cases where the material is static under the chanber, M3 would be zero.
In case where the gap His uniform(i.e., the gap at the 30 entrance and

exit of the chanher are _equal i,S zero. . 1S . entrance
and exit é?i‘ﬁép%{{gg tﬁf&ﬁgmmC%&P ﬁ}“e ?{l.%%hfe rﬁ%‘fmévd%g %Ee"%@?léﬁérﬁ%w%ﬁg@eer age
rate of MRpSmbL AUR PR Ard St indthdedh did ot heuwstiheluddbintiepuation 1.1 Bor

understood that mass can be - 6 WO 02/25193 PCT/ US01/ 42247 hr ansgﬁ ted
t hrough t hperppsps effitie inventiorige digensipndeafming the wigih iy ﬁhgﬂﬁlgg} ofdte em bﬁ t he

chanber . ch.flows are,nqt .included.i . : i ed in
Equat i on %ﬁregg?n p%?’ﬁ%%ué%r(%%fhetrﬁ%g%n‘gfeth? P%)anté? aLgﬁdcaiL:nrtren llalfétlhgfc/i%? :'[I%@ér{ggt he wi dth
is the |ength ofpefiescapmeinbd bheapphiritasisidesignet panblitantially reduce He amuindn of

the material and in the plane of the materjal. q% Tge Brese t nethod and
appar at us dikitige gaymenspeisedthiehile champer.c Gk esetd @ CHAPRTHD RSP BIT*UR! 68@

transport t hr.ou r 2 : tﬁggigl% iSO SEbRs@d M ty of
t he surfagtgeB‘frf% g’%@’é?@ﬁ?@ﬁﬁxgg‘?%@aﬁ%ﬁﬁ‘ﬁ negat igir/e pressure gradients
enabl es t h@pbstahtesd kathikiidd of &Hiiohigas nafnetii Mit iTha pgasyre igeatixdng, Ay, is dfimepressur e
gradient, Op, is defined as the difference bhetween the pressure at the
chanber s | thesdiffesence payopn thecpressee atike ¢hagbery laWePePREsYy RO 12 %Prﬂﬁ%&‘f‘i po,

wherein Op=pc-po. The val ue .of .M, i n t: HAN 2SEPmAyt not
greamr th%{ﬁ“@‘,?%% CE%WB%YCB?T&’YI}%?%AP_E%E é?gg:v%/l?ie%@slg ?%at Ethan zero but
not  greatgho biadt Qrehtek 8o BCIF Y/ §82bAd/meteh d Pradatblyy Ml ds glehter tlgneatodut nhan

zero but not greater than 0.01 kg/second/ neter. n altgr native

I n
expr essi ongreathethay 8rldkgdseoanddmptey and saast Prefrrablprarsatertagn B0 PE RRLE9%Ed to
express the f Q i1t gas phase conponents through the chanber. The
use of a cﬁ%‘ﬁhgﬁ/k nsec‘%n(%%ét%?oxi mty of thée surface of the material, and
smal | negative Inpmes®tiadvegegaesivns theavatage selotity saidtingfromaM1meaiils i on of

the total net average gas_phase., velocity, <v>, through.,the ga T
aver dge g a‘ét.iliﬂ‘?éé‘éeﬂng(‘i ghft f}g‘?’ é’z aﬂ‘ew’ggwﬁa SNOIPe ne’g%%r%@ tgg ;Clgagg@ éhjlilfep A.
Wher ei n N[L\Ageisosf(fcﬁhfﬁﬁ& iﬁlaﬁ)‘éggrdiiﬁlﬁ?'bh&e&ﬁﬁa&?dﬁﬁéﬁn@%ﬂ%ﬁ, tid brialRBegdagie ubi C

met er and e cross sectional area available for flowinto the region
in square preBdues sradidhier iahles AreHipbwantial reduetion of the tefallichaVPragsdiAs Phajei s t he
| ength of the ga

. ' h di ' di . . ' £ th
LRI NONL W CUEIN R

defined as; <v>=M1/pA. Wherein M1 is defined above, p is the gas stream density in

20 kg/cubic meter and A is the cross sectional area available for flow into the region in square
meters. Wherein, A=H(2w+21) where H is defined above, w is the length of the gap in the
direction perpendicular to the motion of the material, and 1 is the length of the gap in the
direction of material motion. For the present invention, the value of <v> is generally
greater than zero But not greater than 0.5 meters/second.

25 The close proximity of the chamber to the surface, and the relatively small pressure
gradient, enable the transport of the mass in the adjacent gas phase through the chamber
with minimal dilution. Thus lower flow rates at higher concentrations may be transported
and collected. The present method is also suitable for transporting and collecting
relatively small amounts of mass located in the adjacent gas phase. The gap height is

30 generally 3 cm or less, preferably 1.5 cm or less , and most preferably 0.75 cm or less.
Additionally, in a preferred embodiment, the gap is substantially uniform around the

periphery of the chamber. However, the gap may be varied, or non-uniform for specific
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direction of material notion. For the present invention, the value of <v>
Is generally greater than zero but not greater than 0.5 neters/second. 25
The cl osavoowxiipity of the chanber to the surface, and theCcTebatr42eel y smal |
pressure gradient, enable the transport of the nmass in the adjacent gas
phase through the chanber wth mninmal dilution. Thus |lower flow rates at
hi gher con e ] met hod
s Al so surpaRopS B {ERYIenE HBOSARGY TS oiRliBeL Bl Bt berbitEr R Fn 10
of mass | ock mdterial, bh%hdpmyéﬂ uxg:ks thehamberl Ha sgepcdses, gletchamba8capdreral |y 3

cmor |ess, preferably 1.5 cmor les and nost referably 0.7

less. Addiderigned oypealithe %d%t@ffwfeeéaei}%amen%ﬁfage 97ss §ayy heg vaig Wéﬂir’taﬁ&ow ly
uni form ar r r be
varied, or %g%gu%%??déé}&ng r sr%hggh?{’% Er &gaa\ﬁ%e%zc}eg%}fgdéﬁ ; t%/% E)géz%t

appl i Gat i orgsometry aaferiat surfaees. eﬁm@damplet thetchembdraabdavamsadnsedlaweper i phery
wi der than the materi.al d.under the chanber. In such cases,

t he chanberPeEB]i’Pr}SéOCQi’é%%WetéeF‘ﬁ%CQéﬁ ac En‘lqrdes to further reduce
tine-average masscRonesutitid miy ﬁ{chldtaraﬁgha%rﬁ?ﬁfdfﬁ %ﬁﬂlé 8fbeéingd pbsitionthe .
chanmber can al so be designed to conform di fferent geonetry materi al
sur f aces. Fimr:loetxpmahmty ofthe ch%a:nlbfer T(harprdfav@i laaﬂeadllslge\@bl dherwebpazy iphlwde t o
conformto the s I“ té} rr@ ) %llllzed may i nclude any
mat eri al tr?&?"{?"&%%&?ffg B ﬁrgcoﬁlgggs[%pg}fg onor?sgp proximity of the
chanbgy . The pr afigrch@ebdras Sizéd@hnd SpeRat¥®pprdfieatelp o pRyidenid sifficiemne or nore
layers of material or coatings applied onto a substrate. 10 The chanber is
si zed and &pBediion®f gpPhepe cempengnisovishany puhstaptd dilyfipn ef E’HbOUt@éFq:Sé’é’? e of
gas phase t e Ioss
of gas phag)g g@%@%généoﬂ&?gwf??ﬁﬁﬁ}r%&dg% Fl%vk{/l #‘he{rﬁng |Cfr}1%ml¥% %1 %ﬁ&ﬁ

ski |l ed in atthee capableafdesigialhrd operdidtd getiantbeatechddpss abuhrtge avapbeamﬁrratw
address both the evaporation ratgtq%g gi ven materials and tge needed fluid
flow rate P5EIVSPEpsTIalERd/BE Hecsle P ryp SurPransr LeRoN e dHtle saRRbAse

f1 anmgpl e SRIUALSR 4 at
concen r at  REORTAC YPRTRAMGALE gas phus SBRRLICR I} BEARIIDZaPAR HoREs

Addi t i onal laycortchetratigap abevye theupper flaginmebility et for safbiytreasonsl Additiondly, 8fe t he

b. S | ch | . Ny ti t
2l ong the. ‘AR T CRARTMAEER R » eRerR A de o TR R o) SBh Bl o
different peesred @Foper ARG FhlibiBpoRits AP thel WelASIHEQ SR g PRAC G%:8h individual

chamber may be operated at different pressures, temperatures and gaps to address process

20 and material variants.

Transport of the mass from the region through the chamber is accomplished by
inducing a pressure gradient. A pressure gradient is generally created by mechanical
devices, for example, pumps, blowers, and fans. The mechanical device that induces the
pressure gradient is in communication with the chamber. Therefore, the pressure gradient

25 will initiate mass flow through the chamber and through an exhaust port in the chamber.
Those skilled in the art also recognize that pressure gradients may also be derived from
density gradients of gas phase components.

The chamber may also include one or more mechanisms to control the phase of the
mass transported through the chamber thereby controlling phase change of the components

30 in the mass. For example, conventional temperature control devices may be incorporated
into the chamber to prevent condensation from forming on the internal portions of the

chamber. Non-limiting examples of conventional temperature control devices include
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20 and material variants. Transport of the mass fromthe region through the
chanber is acconplished by inducing a pressure gradient. A pressure

gradi ent waoygeviesal |y created by nechanical devices, forPerRafplL247puUNPS,

bl owers, and fans. The nechani cal device that induces the pressure
gradient is in communication with the chanber. Therefore, the pressure
gradient 25 will initiate mass flow through the chanber and through an

exhaust poheating ¢ols, decirien rlieatefﬁhﬂfyeﬂ’%%mllf@ét soHrceheAdieating eoil ?féﬁléefm ze that
pressure grg aﬁh@gﬁ%ﬁgﬁé 3! B9mi tgefﬁé\)éfifjtgter cOfenSfioR tf\’heg\;a?gf Ethorfie, 92S phase

conponent s. may al so "I ncl ude one or nore nechani s o contr ol
t he phase donvhgionahlsiting aoibypordledt trarsfu dhidshee aliabledor tdeewidbthepasstnitol | i ng
phase change of. the conponents 30 in the nass. For exanple, conventional

terrperaturgn\‘;eé‘ﬂP?ol devi ces may be incorporated into the chamber to prevent

condensation frqs mg(eﬂdilﬁlg BH tl%k\}:%‘i?ic' ga& 438 koﬂﬁ?ééﬂx&{‘ %hecﬁhaiﬂi‘)%r m‘ég égﬁgg{alﬂxc ! ude

Non-limting exanples of con entlona tenperaturé control
- 8 WO 02/ dadod: e uBGling 2apbbilitlesatAi ﬂ@n@mretsgng dédct pliaceal inteazal byrvgithin ik
ources. A heati coj ovi .sufficient he%{fhi n the

t |
Charbor 1 o BB HRER gotes TRt Mhoieh bt s i i Siokt BB Rtent S B Pont | anal

heating coigkplogidf. Pe@imd fsawfi@he bf bAsda wafieh Ssbilf-abbiRink exoteriMd (Redthe
present invention. 5 Depending on the specific gas phase conposition, the

chanber mapreficingn ahem;dcalu raeItiod @CEyray nElameraé@smnggdqyapa biel gemirsdly neededayhsn
ar reslt ases to pass

thr ougdn ngu'(t:é Eev{)l%??at 8 e%%gonmélﬁénc uéééto\émygﬁ?é\gég%ﬁqelgp?r a& esoa\nd aeti %ﬁas R% fl

i's a vol umavidf thgagygen m/@mcefnﬂap@pblfuonfsuﬁdreatﬂaagmemibheﬁﬁmﬁre( hefiime RfrOHiAg| ng)
chem cal reaction occurs. Flane arresti devices are generally needed when

10 the opeﬂﬁtf%@/ogl?ﬁhwrsmwg qng Of thearoteds)efaents. ninghpretamsd cabedaRens,fhe gas
flammabl e gas ok tbnems ?{ksttlli}%u ¥ 9890w Ba @Hbﬁa@%&h V\gﬁ{(&pﬂg;s&lbﬁ’r%r\r}%t%n&lge?h@ a

conmbusti bl e m xture. estl ng evi ce yre g one of the
not ed el emsnrlr:ssnc both the ga;edrzelrthedlamriad)dneniepdmdenh@ogahe spebHBevaponquommisitnpas s

thro rrow bordered b sorb materials.. The size of
ot b e A2 S g s frasphe 1 R P e AL SRS R Bl

conposi ti oRychla 6PEx AN Rughinth eccﬁl%'i@aea& tHEEDO B By 4 hﬁé‘ mékh heBXRARARE
netal | i c heat-absorbing naterial, such as for exanple al um num contai ned

at the bot twith gshgopenings ﬁ]ggchaqmrchng tacthg Natiempl Fire Protection Association Standards.

Optional separation devices and conveying equipment utilized in the present

invention may also possess flame arresting capabilities. Conventional techniques

20 recognized by those skilled in the art are suitable for use with the present invention. The
flame arresting devices are utilized in the chamber and the subsequent processing
equipment without the introduction of an inert gas. Thus the concentration of the vapor
stream is generally maintained to enable efficient separation practices.

The present method is suitable for the continuous collection of a gas phase

25 composition. The gas phase composition generally flows from the chamber to a
subsequent processing step, preferably without dilution. The subsequent processing steps
may include such optional steps as, for example, separation or destruction of one or more
components in the gas phase. The separation processing step may occur internally within
the chamber in a controlled manner, or it may occur externally. Preferably, the vapor

30 stream is separated using conventional separation processes such as for example
absorption, adsorption, membrane separation or condensation. The high concentration and

low volumetric flows of the vapor composition enhance the overall efficiency of
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wi th nmesh openi ngs sized according to the National Fire Protection

Associ ation Standards. Optional separation devices and conveyi ng equi pnent
utili zedwaovmaopresent invention may al so possess fl anmeParnseii2ey
capabilities. Conventional techniques 20 recognized by those skilled in the
art are suitable for use with the present invention. The flanme arresting
devices are utilized in the chanber and the subsequent processing

equi prent  \WORKEHENAL $eP R RIaEGesn Mest Rrferaklys atdeast a pagtionoh lecBRlent r at i on
of the vap ' | et gl oG ation
%ﬁ‘g)%%érrg gégana;pﬁﬁgcfﬁt?gﬂkéﬂfraﬁgﬁﬂlglg &g%hrghg% gaﬁﬁl SutREduehi RPhraf&Pf

practices. T 'S suitab cont 1 nuous col I ection.of
a gas phasdhe Pdpoc omppient arn teffiperatyas opOAS or bighpo STtis empgetae prdventsitiess from

t he chanber, to a bseqguent . processi ng st ep,. eferably w thout dilution.
The subsequefetipsl &0 dhmethy scparalion PeptraRtich b otk Pafiameut gProgess 1 o
exampl®, seRRiden or destruction of one or nobre conponents in the gas
phase. The separation processing step may occur internally within the

chanber in a corftheolapesticamfeom therchambeemay cenirin sithen the vagor, ®vapetrand y, t he
vapor 30 stream.i s separa qusi n convaentiona separ a%’keon L QGEs scea%bséuch
as for exarppﬂué plggggy i, a8y Prro) hivpinging 85‘%&1’1_ i G Br

condensat i qilterct®id?t@theGEPGEIGH FobRB. 8hEabId gaftyal\aﬁbﬂ g\%icegscmayb hiekudeffot he vapor
conposition enhance the overall efficiency of - 9 02/ 25193

PCT/ US01/ 4 ZZamplecennyeniionshsapasaion psaciens sYFiaay cereentrpien offbevendabl y, at

| east Jh(f‘ porc%}n%BgﬁLn LJR"ﬁe éﬁ‘é%%s stEcHR %ﬂ%&tcopEe@%PJn%ﬁﬂe Bk Qﬁ&%ﬁ@hﬁﬁ@&mh' gh
enough to per subsequent separdtion o e vapor conponent at a

t enper at ur eho®fasboufs satahj dist cordensatioa b dreadoncantptedwapbiscanymsitionrimttei on of
frost duri n% t he separation process_ which h&% bot h equi i)rrent and proqcess 5

advant ages S2T08S V361 WEFIHN F2eGFORIRISUIRRBECRHAP o dhit diftHie &1RoR EPTPPRtYApor
Or vapor A thel dadithid sl siflk XEtiafied HRSOMAROAEL KRTIRBY RS allFbCL

particul ate mat Ich can"be filtered pfior to the-separation process.
Sui t abl e sédhacacemratgl vpes sompgsitioiciublegastars strexmmping, activatederrbonead
separgtion practices such . concentration of the,vapor 10 conposition in
Che. gl eous P AHROmTIoa et AHEHELGH s FLvAERA IS SaHEPeRamIBaTT SN - n
t he gaseousigih QsiaE ntdiLwith %@%ﬂ&%ﬁﬂé%o&frtiésb end SeRHoh VT ek dbAB&Htrated
conposition in the  gaseous stream direct tw stage condensation;

adsor pt i on veéporhesadmpaneyiHipdhe sasapsirenmsing adiewifh déghrbsetbingnropatiesy
activated %%s%&io%rde%égg Qz%hid‘%néﬂﬁé’ E(PnVeH@oﬁ? gév‘?ées %g&oﬁsﬂhéﬁﬁa] %j(idizers.
Optionally, depending upon the composition of the gas phase component, the stream may
20 be vented or filtered and vented after exiting the chamber.

One preferred embodiment of the present invention is described in FIGS. 2-4. The
inventive apparatus 20 includes a web 22 conveyed by a web conveying system (not
shown) between a heating element 24 and a chamber 26. The web 22 comprises a material
containing at least one evaporative component (not shown). The chamber 26 includes a

25 lower periphery 28. The chamber 26 is positioned in close proximity to the web 22 such
that the lower periphery 28 of the chamber 26 defines a gap H between the chamber and
the web 22. The chamber 26 optionally includes a heating coil 30, flame arresting
elements 32 and a head space 39 above flame arresting elements 32. A manifold 34
provides a connection to a pressure control mechanism (not shown). The manifold 34

30 ultimately provides an outlet 36 to convey the vapors to subsequent processing steps.

In operation, the heating element 24 provides primarily conductive thermal energy

to the bottom side of the web material 22 to vaporize the evaporative component in the
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t he concentrated vapor conposition in the gaseous stream using activated
carbon or 15 synthetic adsorption nedia; absorption of the dilute vapor
phase comwpon®ziiod n the gaseous stream using nedia wth hpghvustigaedsi ng
properties; and absorption of the concentrated vapor phase conponent in

t he gaseous streamusing nmedia with high absorbing properties. Destruction

devi ces woul i ncl.yde_conventi onal devices such as thernual_ oxidizers.
pt i onal | y,W‘g’e‘B@ ngfhaﬁgﬁnbwéééﬁﬁ%ﬁeé inﬁl aressHES GFadepisodhatas tSORBAT, t he

Stream My e5QIvEgokelt ‘%&Ltbq{é?téétiéﬁz%fﬁ a8 B0 &€ BhiSkd Gokd {8 vtex*@r_%aF%?Grﬂgef :

One preferred enbodi nmen he present” I nvention i's described in
2-4. The ianddnto theechamber 26. uSh@Gaporsadravie snta theathapec2maneenveygd throwgh the

conveyi ng syst ot, .sho t n_a heati I t d hanmb

26, The neBiSsoRabdbE Sathasdpr e GRprEndba e Bage (B ey ipBrdeTuc
conporgnt  (Rehit BWPure JBe & & thé @hAfikdregastRdulubs@nail diRtibRhery 28. The
chanber 26 is positioned in close proximty to the web 22 such that the

| oner peri phery Thg potfetredberobeditient i3 @irgeied toetzangpertips rrdeeliasting evaporstiserber

and the web 22. The chanber. 26. optionally inclu heat i .6oi |, 30,
flame arr esctofnrli’ﬁne%‘cl %ﬂ@rﬁl%g%ﬁls'aﬁae YE\?@E@"E%&%@"@&% ?8 nﬁ%%dr?g%élﬁﬁ%{s ®i ng
el ement's 33natéyidrpo thekakf4 of PhicdMb@eia], or QRO 8djhdeADgdsphasd Difdetials molte,ol

mechani sm (not shown). The manifold 34 30 ultimately provides an outlet 36
to convey tiRecxaEpdy soaterd subSHRIGHAOLYIRFHIBSBENE CEREPSS, PRiCH BOVERS BON- t he

heat i | . . 5 ducti ' '
Pot t ohy st g apey el BNEFS s Bl o, Ui R R Bkt i
the -10 Wehd&i2déf2 P1derabIy] (HdS0dteAAd providel] asatwebi Hawelbe eithardieret fections

operated with a pressur gragi enb so that as the vapors evolve fromthe
web rmat er i & Shestspf materdals ay bewiifgedsy e conveyed across the vertical gap H

and into the chafReg b inkdhic¥ aPRAS ofE @Wabokdtie cBﬁ%oﬂé?ﬁmi’ﬁé eBofiife conveyed
through the manifold 34 and the outlet 36 for further processing. The gap

H and the poepeuentisgmydiquit ossobidrerinpositien Sapiswapablé of Yepovizingrasd sepatdtiag

chanb 26 W thout s tanti.al dilution. The eferred enbodi ment is .

it ook o R ARt Ngmaimiths PR Boud M orGanie CaRBoih Fad inobgipic
materials. chRo@yBRR CambiRALiSABERET Susids Waer dtekher i dehénl, ttevapdiugvd al
on the surface of the material, or i-n the adjacent gas phase. Mterials

include, feompeRentpIay haye ariginally beanrused as 2 prdvspiEorshe pidatapangfacasing oif e
pastes, m%ﬁﬂ?ﬂal.n ?g% %%ggi@\rfﬁc%gl%ﬂ ﬁsb»%ﬁ; suit%ﬁ%etﬁé Sub%g@%li‘lt refn?oQQI & tﬂg i,

phar maceutical pro I natrons
In accordance with the present invention, a sufficient amount of energy is applied

20 to the material to vaporize at least one evaporative component. The energy needed to
vaporize the evaporative component may be applied through radiation, conduction,
convection or combinations thereof. Conductive heating, for example could include
passing the material in close proximity to a flat heated plate, curved heated plate or
partially wrapping the material around a heated cylinder. Examples of convective heating

25 may include directing hot air by nozzle, jet or plenum at the material. Electromagnetic
radiation such as radio frequency, microwave energy, or infrared energy, may be directed
at the material and absorbed by the material causing internal heating of the material.
Energy may be applied to any or all surfaces of the material. Additionally, the material
may be supplied with sufficient internal energy, for example a pre-heated material or an

30 exothermic chemical reaction occurring in the material. The energy application techniques

may be used individually or in combination.
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thereof. Preferably, the material is provided as a web. However, either

di screte sections or sheets of materials may be utilized. The materi al

i ncl udes vad 02/2993 one evaporative conponent. The evapor at PeRUS@IONIPpONENt | S
any liquid or solid conposition that is capable of vaporizing and
separating 15 froma material. Non-limting exanples would include organic

d d d t t h f t
cthanol -1 ngenaRatt Skifed B Bt rcoguize Banpe Ry reyertvegy B fiatey BBn '
used as a %@h%%ﬂbnefl%u&&e FdbiekhdbleMBitiéiamlebdgh nbf bd fiBvide@ b Eledtricity,NBe

present invention is wel|l suited for the subsequént rerpval of the sol vent.
| n accor dasembustion quelpyoeg@mr thermalrsolusas. The snemy snayrhe convertad tofedinergy i s

The cner gy dneail TeOR i et RERGUER o T BT R BPARATS WiRAREPROG "

through radie@tbd 9ikseLuaH S bir OPinertCAB VERL A vapbrsGAbDhy@tdrn 08 cérivesitsial heat
Conductive heating, for exanple could include passing the material in

close proxitiensfor #@ids f1at heated plate, curved heated plate or partially
wr appi ng the mater.i i vective
heating 25 may ﬁﬁlclcg%ng%l rglgetﬁﬁge%g Iﬁlg%tlﬁ:%l @9%‘%“@3%5 r&fl gnfbu{rﬁngat t he
materi al . Eheaid anedseiol form hadb deivasn Mbw&ﬁpdrfp@lbry dfrtbcqcl&mher amd theowave
energy, or |nfrar ed energy, é1 be di rec} at the materl and absorbed
by the mat &rateal.che ganysipreierhl a sibsiaptigllygmifors spaifal distance betggeyiPenay be
appl i to f diSfaALd ¥ prdrligoyat eri al
may bgﬁsuppﬁﬁycgq;ftﬁiﬁl P?ll a‘é‘xt&gﬁ? B{)tﬁ%@??\ g%]ﬂ([aﬂr%gryTl%j%Arpt elxarrp 1e 5 prel}?eat ed
material o rceﬂnnéi&s @®X dﬁsh,emmsit praférabiyclal contiattdroor loss; and ¢ BVtgl moretpieferahtyed.Val .

The energy a Ilcatl n hni ques. may be used indiv al | rin

Conb nat | oIO35 o She S abeor eeppliou P it et S Yo e
recogni ze thiakd HitieREAEYerl AheRERE PhkiMRY obteTURRBLERH the RMeHaNMBIthi9al
sources. For exanple, sufficient energy nay be provided by electricity, the
conbust i on t difusiehof thervapptsers theeapor arg pullagdgto héheml@rg;}n pddjtigretodbhgam t ed
to he ife at. .t he a Ilcatl | ed

| Caui B sudhs Gk ieaoBf Forngentfaf@sibe nlfinliffd AR mbHAKAAERCE
heat ed vap@uéh sxbend®ns BSBT i@FIGSNY-ANidded 8 thehhmbérl alrmfeatenfsllou inglsy. alsbhe
chanber of the present invention is p05|t|oned in close proximty to the

materi al i Profdreyide salsovianexirndingdranend theeb wdepnigeingtaainst e hohplakRanber
and the 24.

In accordance with the present invention, it is preferred that the total mass flow is
20 selected to closely match the generation rate of gas phase components from the material.
MAThis will assist in preventing either the dilution or loss of vapor components. The total
volumetric flow rate from the chamber is preferably at least 100% of the volumetric flow
of the vapor component. Additionally, the present inventioﬂ is capable of achieving
substantially uniform flow across the inlet surface of the chamber. This may be achieved
25 when a head space is present in the chamber above a layer of porous media. In the noted
case, the pressure drop laterally in the head space is negligible with respect to the pressure
drop through the porous media. One skilled in the art will recognize that the head space
and pore size of porous media may be adjusted to adjust the flow rate across the inlet
surface of the chamber.
30 In another preferred embodiment, the chamber of the present invention may be
incorporated with a conventional gap drying system. Gap drying is a system which uses

direct solvent condensation in combination with conduction dominant heat transfer and
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material. The gap is preferably a substantially uniformspatial distance
between the 10 surface of the material and the bottom of the chanber. The
gap di st amee2e9preferably 3 centimeters or |ess, nost pref/@sabi2g47l. 5
centineters or less, and even.nore preferably 0.75 centineters or |ess.
The chanber is operated at a pressure gradient so that the vapors are

pulled intg t chanber. The close_proximty of the chanber to the materi al
mi ni i zes %i‘fﬁ%gm CP‘{?? fghregyirg e use phsnrplisd farprd qoayestionde gvanerate and 6ay t he

chanber . | nyagdictdoRnt fagole g%ﬁgdgér,tchﬁsigé bEA hQpIRE ahaﬂﬁcmg&t?%tﬁ g&gﬁ@gg@ may

al so be mnim zed b\4 usi'ng nmechani‘cal ftfeatures, ®~ such as e
in FIGS. 2asmaf¢dpdThe hotwlatehinlvbated adjaeeneiot the shontedesideadfthe webovpplging de

seal s when extending b nd the b and,cont.agti agai nst the. hot at en
e SR R RoR ) e ot onfy e Rl it Pe e el Rtent el o
total 5mass sidegolides & 8rifidbT6ics forl QnedRBYandBbERNE WHpof AR BLCRsS AL §apf 0as
phase conponents fromthe material. This will assist in preventingeither

t he di | uti dhegeldipdais igirovided withorauoiaengesmettyevhich ptevents thentipuid froml ow r at e

fromthe c i r.ef.er at. | east 100% of the voluneiric flow of the
vapor conpg?\jgﬁg é bé{%}j‘?‘{t?g ea%%e?é SPHace edr% 1ng ﬁ{}iﬁ}f‘ff‘-‘gﬁn?(&még{}’%ﬁ TEcoyery

achi evi ng oscibsisaht cadtbd subiirheigridspurt hiegdpBethedntht 866 pRfes! GRp
chanber. This nay be achi eved 25 when a head spacé is present In the

chanmber ab8Pdngsystepsrargfullysteseribadanilas. Raent Nos {04615 ls 4980,60%.65, 8 ek33ur e

c i el Htert Nos o 5 B
ar op ‘Vhr ougs T RQ S SRl Rt Rt SRRRR R el Chat

t he head space Thedhpmbes nsiyZde mkitipaedatseveral aptivhyl fotntadi e igsldiyingadj ust the
flow rate across_the inket E}g‘{)f ace of the chanber. 30 In another preferred

enbodi ment YR E%??BE}P S f CHARLHTBYERR PLAsRdet £tk ORRYSIBR CNdSItE SiepBPAL ¥, wi t h
a conventi gfighal3ARitAmthE gap?%@te%ﬂ coftitndtiond fh8rdof. I Y5alsBPWMHTPRatiBEH0 di T ect

sol vent condensation i n conmbination wt h conducti on dom nant C(%eat transf er
and -12 Vppatyneg pothep@ilingsgipe 4421 the gapairgingspstetnd?. not require the use of
appl ilgd forced fonvection t o evapaqrate and e sol vent vapors.

; arry —away th
A gapodryer, conmst@Entignal sqn drymistype oon g'érag‘fﬁ‘%l P £8° BRASS FUPROPCBY 1% sl |
gap. The hghinpbAé®Eby Bragesh @t BNt Thegds PRadeRoRenS iiﬁjﬁlleg;ﬁp lbét%,ew@b,

p

supplying energy to evaporate the coating solvents. The co ate,
| ocat ed adfbgdeshranddhe top Rl¥acanbsa sensern hecanse diaman belnpminalfy satprsted with the

condensat i o 80ftve AbhEHent 2PRY HEBBRRL [HrAGS grsosthért%%nﬂ)%gént) can be of concern
because of environmental, health or safety considerations. When the gap is small enough,
20 the volume of this Exhaust Flow Q can be readily calculated from the web speed Vweb,
the top gap height, hu, and the film/web width W:

Q=(1/2)(Vwer)(W)(hu)

25 For example, for a 0.508 meters/second web speed, with 1.53 meters width and a 0.0492
cm gap, this means a flow of 0.00123 cubic meters per second. This is a small and much
more manageable flow to consider than with other more conventional drying means with
gas phase flows of several orders of magnitude higher than the present invention.

Thus the chamber of the present invention is a suitable means for transporting and

30 collecting the relatively small volume of mass in the adjacent gas phase of the web
material. The basic embodiment is illustrated in FIG. 5a. A gap drying system 42

includes a web 46 positioned between a condensing plate 48 and a hot plate 50. A gap, of
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The cold plate is provided with a surface geonetry which prevents the
liquid from dripping back onto the coated surface. The drying and

si mul t aneooig2/sabyent recovery occurs as the coated substPar/@se1ss2247
transported through the gap between the two plates. Gap drying systens are
fully described in U S. Patent Nos. 6,047,151, 4,980,697, 5,813,133, 10

5,694, 701, 6, 134,808 and .5, 581, 905 herejin ingorporate ref erence, in
their enti 4@?‘%&3 Hp, g‘“&‘ﬁ' fsbyeenghe 'Hé’ef)é}ghcf* 8?1@’8 "get% ‘géﬁfg]rtg%/ CWFP%%PlaBQi nts
in the gapyd r%eppﬂ%ﬂggﬂgtea%rinﬁﬁml c%giéllﬁfypm@& EPYor8y BbReRdd Mat&idl her

opposi ng ends o edg ryer, inter y wthin the gap dryer or
combi nat i caveaytfhen ¢lef conBeiBindsurihods. Atvbamhendibis paevidesioas ithd pmeidvhere thiee

trailing edge, 44 .of the gap.,drying system42. 15 |In. cqonventjonal ga ryi ng
Lype cont 1§AT44 Pfne S5 Guscthe s HBinannetS puting MR ER R wieh
from & moving VR mdlG1ERrehdsSEe Wﬁfh@%dﬁﬁﬁ@@bg_@@l?ﬁ@%@ﬂ to hlt@ilngb and
the top plate can be a concern because it may be nomnally saturated wth

the evaposdgeof theabmpbererifhe SERI funciiomp a2 Avegpsiolpravent gas frh ekitispsonent ) can

be of concer,. because qf enviyo ntal . heal th or f ety copsi tions.
Wen t he gté?}ﬂ?%ecggr‘?éﬁtfl%heeﬂ@&ﬁﬁ?f’ té‘bsnfg%éngﬂé Frﬁ?rgheoc;ha?’?i’f’% ehsaeéls%ogﬁslgé&v é?lc an be
readi |y cadiftidt afsreed Véa@mrtnli&hm@a]%@zﬂﬁ BI0VERepictd v diongiefordadiggdiir f1bw,F and
the filmweb width Q:(IIZ)gVWeb)( (hu) 25 For exanple, for a 0.508

met er s/ secBadiregtiongys deaidownward BIoW gnche patenpertian 44 of thehamber. Thanigssd t hi s

ror o hanagiubioey PGBk S RGOk U 48 R oo

means Wi t hclegpasir, phiesgen fdadan dibxideveothbr ioed gasssysfentsagni t ude hi gher than the
present invention. Thus the chanber of tg?qrp esent invention is a syitable

means for transpaRachapicaisaal my st beutlizg aroing SasRPaTE CORANPIY B HE of

mass in t h&aﬁ'%laﬁcﬁ@. SQZ?ﬁusQﬁ?c%?hé)&tgleaﬁoﬂ"@ﬁ fIEAb R sL &l elenldi® 56 aBthe of@POdi ment
is illustrated in FIG 5a. A gap drying system42 includes a web 46

posi t i onedpdrgéomekof the chambersiOng rpduae ehesBnamtl obdihsiongfanspor®d. thraugiathe of - 13

WO 02/25193 PCT/ USO1/ 42247  di ne is.far bet ween t he upper surface
of L8 wbCHEORFAD-o W FoHAs sER conhdhe 5B e SRy rstan ggp B

i ncl udes ame aRbldbamy tiyEd8Che 23p IshoRQMVRYM CRNE BNAQHe Rt fdak éle sevay from the
condensi ng surface 54. A charmber 40 is provi ded at the point where the web

46 exits tawrepghinggernl | ect the gas phase conponents exiting the gap drying

system 42. The mechanical seal may also comprise a retractable sealing mechanism as

depicted in FIG. 6. The retractable sealing mechanism 76 is shown in an engaged position

20 for normal continuous operation with a chamber 60 and a gap drying system 62, including
condensing plate 68 and hot plate 70. In this arrangement, the retractable sealing
mechanism 76 may be set at a smaller gap to the surface of the web 66 than with other
forms of mechanical seals. The smaller gap is more effective in removing the boundary
layer of gas phase components from the moving web 66 for capture without possible

25 scratching or damaging the coating or web surface. This gap to the surface of the web 66
could be 0.00508 cm to .0508 cm or more. The smaller the gap, the more effective in
removing the boundary layer of gas phase components. The effectiveness of the
retractable sealing mechanism 76 is improved by increasing the thickness of the seal while
maintaining a sealing face 78 that corresponds to the web at the sealing point. With an

30 idler roll 80 as shown in the FIG. 6, the retractable sealing mechanism 76 has a radiused
shape corresponding to the radius of the idler roll 80. The thickness of the retractable

sealing mechanism could be 1.5 cm to more than 3 cm. The thicker the plate, the greater
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5 The mass flow t hrough the chanber nmay be assisted by applying a seal to a
trailing edge of the chanber. The seal functions as a sweep to prevent gas
fromexi weg@2es1e3 trailing edge of the chanber, thus forcP@gustl/42e470 t he
chanber. The seal could include either a forced gas or nechani cal seal.
FIG 5a depicts an optional forced gas air flow F in the direction of the

downward arrow on the quter portjion 41 of the chapber. .The fqrced 10 gas
bl ocks anythgaealing awa apd sesrestiective ddepiactify tﬂ’ﬁg%?@“v\}lge : 0"?& “'¥4s coul d

be clean aif as ﬂ%gﬁ’cgﬁg%ncﬁﬁﬁé?%rlgi?g%é.%e%al%i}%e hBedd oGSt SY&H RFRion. A

mechani cal sea e utl for forcing ]gas phase conponents into
the chanbfrougkits ofsdn ddthater 82adresher meechani¢al menans nllad raged parigsmens eal

el ement 56 at the outer. portion.41 of, the er 40.t0Q e anount
of diluti &FGYWBEFIQ%O&E@W#lﬂ%ﬂfsh@ﬁ%zg%ge %@efwe@%%g“gsgal 56
coul dsdr agpéﬁﬁag@'&?o%ﬁﬁﬂ@c&ﬂin@@, ot BRGREpALagd of H@Eﬂiceg@ﬂ)_ the? upbdieondition}6. | n
this case,” t gap I's non-uniform wth at the exit near the seal,

appr oachi nBhaseskilled hethreiraengnide thasdhe ietgetiongs theieppstalle sealimg mechase

seal i ng negchani as depicted in El.G, 6. The r act |39 mechani sm
76 is shomzé]?(?‘r‘lkiﬂé %‘ﬂ%@ﬂ@g aBg§PIBtir‘g]r?d forkaogm g?tﬁg‘{]éhc%sns ?%%00328%%% ation with
a chamber SR @AREn&s&2Br el deinSN&d @M Lasor (it lshekvnofoe apden@uchospl tt tear58 and
hot plate 70. In this arrangenent, the retractable sealing nechanism 76

may be setlasar izspeetianl devicgaic.) to allew rstipdtign doigmapHelPiied BBt han with ot her

for of mechanjcal seal s.. Th A . al i Vi ng
thenﬁ8undar y | ?fearppgﬁza%bsa%f tpp;%grseg&%glrrvggtﬁ%ﬁ?g iz?'? g%{ #ﬁ%ﬁ %néﬁv{g h%fgg?lor
capt ure W foheeturip® 85 hhteri2bin $tosatpedximgy ar thd ahagbergo eheire amappoprite gagh
surface. This gap to the surface of the b 66 could be 0.0%54%8 cmto

. 0508 cm of omysnEonal materiah hprdling st and fRyices aEe WipRle L e PERSTHg t he
boundary lﬂ%@ﬂti f gas phase conponents. The effectiveness of the

retractabl e sealing nechanism 76 is inproved by increasing the thickness of
the seal while Tixappamitud ingludes®elianigr,faadescrided akavecwhichdpibian placesl @¥ee web

at the sealin oi nt ith an 30 idler.roll . 80 as.sho i . , the
ret_rdét abl @eé’%’é&f &ﬂ@yg\%ﬁ@ﬂ?%e%&suéfa?ea .thgg}??er%a;a %ﬁgé%%r %85‘5‘%8& o the
radius of phephdb&r Thelcha®Ber id Bonstibel BEesvehtidhe nfatiTaiCindlthay besisighed)
mechani sm could be 1.5 cmto nore than 3 cm The thicker the plate, the

greater - 1tb M@tepyciiic gplieaiviusandands The chambesandy dstap @ staaAdlang dsViRe PE

effectlve. it-ll;li]ae)’ b%rp?a(l:é[eicl %i Ian Eerrllci:lgslé %%%irg%nllént,%ﬁgt? Qg fmxfaﬁl(bie? b oven enclosure.
Additionally, the flame arresting devices and heating coils optionally placed in the

20 chamber may include conventional recognized equfpment and materials.

An energy source, as described above, is used to provide sufficient energy to the
material in order to vaporize the at least one evaporative component in the material.
Heating and heat transfer equipment generally recognized in the art are suitable for use
with the present invention. '

25 The concentrated vapor stream collected in the chamber may be further separated
utilizing conventional separation equipment and processes generally described as
absorption, adsorption, membrane separation or condensation. Those skilled in the art are
capable of selecting specific separation practices and equipment based on the vapor
composition and desired separation efficiency.

30 In operation, the present invention captures at least a portion of the vapor
component without substantial dilution and without condensation of the vapor component

in the drying system. The collection of the vapor component at high concentrations

15



such as idler radius and idler wap angle. The seal may be noved to a
retracted position through use of an actuator 82 or other mechani cal
means. TheOpz2¥esl arrangenment prevents contam nation to PORUSE2247g
mechani sm 76, damage to the web 66, allows 5 passage of overthick coatings,
or allows passage of a splice or other upset condition. Those skilled in

the art recogni ze. that the retractio the retractabl e seali .nmechani sm
76 coul d bERIP Sﬁgfeélgre@fﬁae@éﬁl?eotpf‘tg arl]f (C)Fthe I?H%%ﬁe ghemdsn §8’P11 a[be 5%1“?%% or
coating Oyetehiveaids pecdtuct Qiali®yBEues AdBEHSMH ondlefRARSEAlNlingMto BB PYdlhct. O
upsets (such as a tip bar, laser inspection device etc.) to allow

ret r act i onTHeorresgRbVEREQIRtlequigizen ralatively loweainpw vetehssighilicansly gedusenthe
invention .ufki z. i por t.i ) i i he

mat or al 1 oSG oF Kbl A RHRRRlA R A R B o RSB BB acte®
Convefit i on@lalitggrebleals widntheifingshed ptodast. and devi ces are suitable for use
with the present invention. The apparatus includes a chanber, as described
above, which is then placed over 15 the material to define a gap between a
surface of the material and the | owgixRgfpery of the chanmber. The
chanber is constructed of conventional materials and may be designed to

neet speciéi C | icati on standards. The chanber may exi st as a stand-al one
devi or =3 be d in an enclosed enyvironment, such as,. for

exan_ﬁﬁ e, aW}_ 1%6%6_@% Qe L N Do irestfires SRE" A% Yorguiliasd es and
heating Coht preaithiERAple! PAARRA 100 nbdE bl B pRAGTRM Wifiehufigicmpyent | onal

recogni zed equi pnent and naterials. An €rgy source, as described above,
is used toveloadtyingezlssil®6. cThase higheelpgity conveetiomaezzidsd06 iweropldend within2gor i ze

t he at | east .one.ev rative. opgent in. mat eri al .. . Healj ng and heat
tranaf er - o ERCHE SORRaRLEAdERe RS matdtial M WS FoisPiot el Vabia i BiE poe

W th the pegseid i/iﬁ'{pdlkl%]&ﬂon 85atdd6h e REF el AthRthi MARDbCiS iR €08, pesili@d i n

t he chanber nmay be tfurther separated wutilizing conventional separation
equi phrent highihent Geesferte themaieain] 108 dderdissharsasir velnsdy t themozzlelsxi pas 80,
menbrane sgpaLall %P s@onG ANEE 5 AL LBberaf@S §ns E%Atélﬁo%x' atle i&ruiag%ﬁ?a ﬁﬁf?ab' €
of sel ecting specﬁ iC separation p STl Ces an equi prent Based on't he vapor
conposi t i amdantdodigstineedirezeficddniren 1¢4.f Thd Bentar. boRGniked Bpeedidulxfion hitd 19y esent
i nvention cecaiptur es_at |east a portion of the vapor onent _w t hout

Subst ant | AAArS AR URAHF Vot HsLREtgAte AatebhedRatereon, Mor TSGHiSBHERE. i n
the dryi ng,3y$18M wddRioGRhle €6 EsroPHist iiEed/ AP RimePIRRNE 150°8b 20690, The

concentrations
20 desired operating pressure of the oven is maintained by controlling oven exhaust 118, and

the make up air 116. Chamber 120, is a 10 cm by 10 cm by 200 cm long structure made
out of stainless steel. Multiple chambers (not shown), were mounted within 1.5 cm from
the material 108 throughout the oven 100. Each chamber 120 had three 1.2 cm outlets at
the top. The three outlets are joined in a 2 cm in diameter manifold 122. The manifold
25 122, was 2 cm in diameter and penetrated through the oven casing to outside the oven 100.
The manifold 122, outside the oven body was connected to a condenser 124. The
condenser 124 was a tube within a tube design and was made out of stainless steel. The
inner tube was 2 cm in diameter and the outer tube was 3.5 cm in diameter. The
condenser 124, had 2 cm in diameter plant chilled water inlet 126, and a 2 cm in diameter
30 chilled water outlet 128. The plant chilled water was at 5°-10° C at the chilled water inlet
126. A vapor component froﬁl the material 108 was collected within chamber 120,
subsequently condensed in condenser 124, and then collected in a separator 130. Clean

gaseous flow from the separator 130, was routed to a vacuum pump 132 through a 2 cm in
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-15 WO 02/ 25193 PCT/ USO1/ 42247 permts efficient recovery of the material.
The absence of condensation in the drying systemreduces product quality

i ssues | wobyezddwi t h condensate falling onto the product.PCTisopresent
invention also utilizes relatively low air flow which significantly reduces
the introduction of extraneous material into the drying system and thus

prevents product ual i pr obl ens vm the finjshed praduct. MPLES
Exanpl e 1 é@mmrﬂ.’%(‘gpéncetﬂﬁ@ vegpug) pmy | W%G%‘Hr‘%a 10 peltain CBhribes 120 44
heat er box p1Q,Wasadidrt lvxh@hqg rgjzet tottlfﬂﬂ?oxfé'h @l‘ﬁlng)fy?égmr@ THO &is JQRe had a
supply air pI enum 104 with I e h| ocity nozzl es 6. These high

vel ocity cunsmot puwmprid2mae sout@Bbawb rtcetlploazcre how t Tilmﬁ ng:th‘i)d coHe¢t$ grbstendal
substrate mater.

n iilmh
sem - ri gi d 2ACHY oafld’ aﬁgfg%e&T%’ﬁngg%{ %ﬁo?}ﬁ Wé‘ §’L'? ?%gé@l éﬁhﬁ?ad‘hlag@ ]cfnl]t yaV| nd A

nozzl &s 106G atérid bufledp IwmsbeiviEaithd mbRedl QFeal of thé\6veRpIOBNaEt 4000houls 6
di scharge air vel OCIty at the nozzle exit was 20- 30 neters per second at

the oven t @ngretien.ufkis cPhesphnds toran BpRrokgate 1P@EI imprrvemenhiremiheicopyentigngl o
nodul ating _direct fired burner 112. The heater box m xed the recircul ation
air 114, SHE®r esh nmake up air 116, and passed this through the heater box
102. The direct fired burner 112, was nodul ated to control discharge air
tenperature at 150 to 200 C. The 20 desired operating pressure of the oven
i s mai nt ai BXaWBles@onhtrol |ing oven exhaust 118, and the make up air 116.

Cha 120, istg C

st ai nl ess steel. R/L%Pltn?)g%l %ﬂnggpgy %@gls kn%?e%égg%gﬁae %og(cﬁ{ﬁ%re%‘% cm
from the Bmcﬁns altyﬂlﬁﬂ athpmnghmjtﬁgui“mmymd dfifatinzamhditioasriBlre deZiditivad foir ee
1.2 cmoutlet he three outlets oinedi az2cmin

G aret er - bl ASE QMBI MG B S B Cescriees Shye. SISupRen B B e
penet r at ed pfhg HHQ'beE 0Bit &R o?ﬁi%i Mu‘i(ﬁlapél'ﬁhﬁicﬁestfe ng’ﬁﬁedl@(ihe chbfoergof f ol d

122, outside the oven body was ‘connected to a condenser The condenser
124 was a txdepluithdinakeuptaibredmsi gonaadomarenshieepecomimeteni Fheewiitis (‘@) .

The ner be was 2. cmj.n dia er andth er__t.ub 5cmin
o amear - ok SR hliBethn Kb heRfeh i (RS ead R e BieefioR et o0
inlet 126, é@éncﬁc@laﬁm the nfbtionef G nflergd)l The dmidverage phd pliasd R8locilhe<pbant
chilled vvaPer was at 5-10 C at the chilled water inlet 126. A vapor.

conponent Wag defings ab@rf@ e hasmgs WhBICkst PE Seedni hgipsess e diféirence(/AP”) is
the pressure gradient between the lower periphery of the chamber and outside the chamber

in Pascals. The material velocity (“V”) is measured in meters per second.
20 The average velocity of gas phase components through the gap, <v>, can be
measured using a velocity meter such as a hot wire anemometer, calculated from Equation -

1 along with knowing the system gap cross sectional area, or estimated using
<v>=1.288 |A p|.  (Equation?2)

The relationship between volumetric flow, Q, and mass flow, M, is M=pQ where p is the
25 density of the gas phase components in kilograms per cubic meter. The gas phase
temperature dependence can be incorporated by substitution of the Ideal Gas Law
resulting in
M = (M)Q (Equation 3)
RT

wherein MW is the molecular weight of the gas phase, p is the pressure , R is the gas

30 constant , and T is the gas phase temperature. The dilution flow M1 can be computed
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subsequent |y condensed in condenser 124, and then collected in a separator
130. Cean gaseous flow fromthe separator 130, was routed to a vacuum
punp 132woppegghsa 2 cmin -16 WO 02/ 25193 PCT/ US01/ 42247pCOvamenes7 PVC

pi pe. The vacuum punp 132 was .controlled to maintain chanber 120, at a
pressure gradient with respect to the oven operating pressure. The

di scharge of e .vacuum.pynp 132 was routed ba to the oven body. This
et hod ColSBEEIEBE f At e caloT. eI eI LPIPPEH | he
material LgBatnt hout substantial dilution. 5 Material build up was observed
in the internal area of the oven 100 after 4000 hours of operation. This
corresponds to an apdiesgHaet.e 100%(Eqpatowmelyent from the conventi onal
system Exanples 2-5 10 The conpari son table below, Table 1, provides
exanpl e calculations for different systens at typical equipnent

configur atdpisraid PReiAE hNg conditions. The definitions for M, M, M,
and M4 aré the sane as descri bed above. Mo represents the tine-average
mass f | owAptypiaahpir condiction fryimgysyatddi ¢ansisteld ofiallange enclesureecontgniogihggd t o t he

chanber (for .exanple the Kk air.strea n_convection . ovens) in

g/ Second/ FISELY SORTRRR ABFA (HEf SERCHAL. i N OHRREy SUTFeC PHOELO CHBRAEERP] 5 ¢ he
neasur emeiavingfa wideh 80109.2 bR ahB @ heigh®6t 10 coP erRanstbsdl ledfied @rduaf aRkiton of
the material. The tine-average gas phase velocity ("<v>") was defined

above and stddaving the sinerdimensionsans theegrtratice Tine The axntariob was frivsperieetroys’ ) i s
t he essyr e i-ent be he. |,0 i phery ~Qf e. chanber d
out sﬂ{le t Hlée %%Eae%‘(o%érﬁpe %a% a&’é@%@fgg S%bg\ﬁﬁ%ggeﬁ?ré C?/néir (;Iglletnil/ar%?mag/c?nsllsge af;%ur ed in

met ers pepobesendeb 20thTdncorgmes agdeent Bhedicbytin arfasasiirkdes dqrRpRbeRbagh fHeough
the gap, <v>, can be neasured using a velocity neter such as a hot wire
anemonet ecnclesirg.y | Heclysrsysiemppatatiag condipnrsnyergias Followswilhg overallsyst em gap

Cross s eCty@:é?R:ﬂiati@% Rw &{thfﬁstflé ORhRe, Uﬂéggv kg, gczogflln Red a f"fﬂh the %AE&{}%& on 2)

The rel ationship between volunetric o) nmass ow, pQ
wher e p i $chanmber)Aesbaresiet 1o -€ff Pd. h€he ashapkiabev doogwginbe tkamber M4 ogs A48 per

cubic neter, Th as as te rature dependence can.be j ngorpor db
Subst t ut REHeTRTGeT QLo Hes rpBa O EUEHER G PR RAE: ADRo ) BHODET ORLG)

resulting from the —5 Pa préssure gradient, was 0.71 kg/second/meter. M1 was calculated

using Equation 4. The flow resulting from the evaporation of the coating solution
solvents, M2, (i.e., drying) was 0.022 kg/seconds/meter. The M2 value was calculated
assuming the flow stream, M4, was maintained at 20% Lower Flammability Limit (LFL)
20 for a solvent with LFL of 1.5 % by volume solvent concentration. The net flow into the
gap resulting from the motion of the material through the chamber, M3, was 0. The flow
of make up air M5 into the chamber was 6.7 kg/second/meter. The total net average gas
phase velocity through the gap was calculated using Equation 2, <v>= 2.9 m/sec. The

calculated value was verified by measurements obtained using a hotwire anemometer.

25
Comparative Example 3
A typical inert convection drying system consisted of a large enclosure containing high
velocity convection nozzles. The material entered through an entrance gap having a width
of 76.2 cm and a height of 2.54 cm. The material exited through an exit gap having the

30 same dimensions as the entrance gap. The material was transported through the center of

the gaps at a velocity of 1 meter/second. The material consisted of a polyester web with a

organic solvent based coating and was dried as it passed through the enclosure. The dryer
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RT wherein MWVWis the nol ecul ar weight of the gas phase, p is the pressure,
Ris the gas 30 constant, and T is the gas phase tenperature. The dilution
flow ML oe@obesiebnputed -17 WD 02/ 25193 PCT/ USO1/ 42247 peT/mgoIEQewrt i on 1,
if it is the only unknown, or calculated fromusing the follow ng equation
M =pH<v>. (Equation 4) 5 Conparative Exanple 2 A typical air convection

drying systemconsisted of .a | arge enclosyre containing.high velocity
convect i pnsw&%ﬁ PB%W‘%%OW‘E’F VAFC a3 ﬁ‘?ﬂWéIB' %E‘F Pr‘(er%lﬁ]feé%ré’gg??ﬂ g‘&‘ﬁ I‘i"lgﬁﬁ‘? st rance
gap havi nehaanwr%tfls.aéfkgk@_c&mmﬁ@p&iﬁwﬂgt&mncgéuré%r%sﬁglseﬁbq.m.efrh@' exi t ed

through an exit slot having the sanme di mensions as the entrance gap. The
mat eri al washaustfteyp throegh thi changter M4 wae 1d8kgéecafd/méter. giie flaw throegiothet y of

about 1 neter/second.. The materi cons| st ed of | yest.er W th an
organi ¢ SoPVEHECAILEH! ERRPhY Bh Ahoaeetanletrouting ol BESHRE 2 gh Hhsore
encl ogure. giagend M@O.l&!{?k@é@rﬁkﬁétéﬁ. | 119 veRredichiafdasus E;Gu@ﬁoﬁ 9! TaowThe
overall recirculation flow within the chanber of 18.6 kg/second/ neter and

with the emsbbingdeom thereyapasaioneidbe opatingsplution selvents, MR.d1.exdeing) wWaséWp3

t hrough th ha r M S 7. 15 kgl secpn ter. Th | ow t hrou t he
entrance. aRgoeprergsits R dertine hGRIAT S Rt G v b SR e 5
pressure giRbepirationdsviét) bt VIS O BB Elcturhéd t0aBe Ggteal pakist diluEbRg
Equation 4. The flow resulting fromthe evaporation of the coating sol ution

sol vents, WNpeang M Theqie} flay)inipdhe gamyesuliing epdhe s1oten ef therpaena thigngle was
| t ed ' I . ' ' Y
a1 e AR S, sl e SUERBI Mol 2eFME, BaP § 378 Lo,

sol vent coffhsntasahadenp offretunrefiow fimm thetsepdritéon dpajreraad thetinag gy makdupe noti on

of the materi al rough the chanber, M3, was 0. The flow of make up air M
into the cﬁamr*ﬁ?a@t Dt %gyags@awab%f@ﬂcﬂwﬁlém&t § Z3paya e g8RE phase

velocity thpouy 4 be>gapygs. cal cul ated using Equation 2, <v> = 2.9 nisec.
The calcul ated value was verified by measurenents obtained using a hotwire

anenmoneter. 25 Conparative Exanple 3 A typical inert convection drying

system conﬁkgﬁle]qclépf a |l arge encl osure containing high

In this example the vapor collection apparatus was integrated with a conventional gap
drying system to capture and collect the gas phase components exiting the gap dryer. The
web was conveyed by a conveying system through the apparatus bf the present invention.
The web was comprised of polyester film coated with inorganic material dispersed in

20 ethanol and water. The web entered through an entrance gap having a width, w, of 30.5
cm and a height, H, of 0.32 cm. The material exited through an exit gap having the same
dimensions as the entrance gap. The web was transported through the gap and underneath
the chamber at a velocity of 0.015 meter/second. The exhaust flow M4 was measured to
be 0.0066 kg/second/meter. The flow through the entrance and exit gaps out of the

25 chamber, M1, resulting from the induced pressure gradient was approximately the same,
0.0066 kg/second/meter. M1 Was calculated using Equation 1. The web and coating were
for all practical purposes dry upon exiting the gap dryer, thus M2 was 0. This was verified
using a standard redry measurement where a sample of the web and coating displayed
virtually no weight loss while being redried at an elevated temperature. The net flow into

30 the gap resulting from the motion of the material through the chamber, M3, was 0 and

there were no additional dilution streams M5. The average gas phase velocity through the

-19



vel ocity convection nozzles. The material entered through an entrance gap
having a wwdth of 76.2 cmand a height of 2.54 cm The material exited

t hrough amoex2i19yap havi ng the 30 sane di nensi ons as the par/vsnce2gap. The
material was transported through the center of the gaps at a velocity of 1
nmet er/ second. The material consisted of a polyester web with a organic

sol vent based coating and was dried as it passgd t hr h the enc .egol%ure. The

dryer - 1gapneagedlodated fpgriastonybaud4, <t BHE6 gusest iIhg PEBRYF &F were as
foll ows. The gverall [ i W thin the chanber of 5.66
kg/secondWﬁ@f@?ﬁgﬁgt%ggﬁ'opﬁibgﬁééﬁ%g%%m& éssure set to 2.5 Pa. The exhaust
fl ow through the chanber M4 was 1.48 kg/second/ neter. The fl ow through the
entrance and exit gaps out of the chanber, M, resulting fromthe positive
2.5 Pa prEzample 5 gradient was 0.12 kg/second/ neter. ML was cal cul at ed

usi ng Equat ] l $dn9ih P eysearaaRb@in padfust he coati ng
sol ut%i on grgh\?g%)ég}ﬂ%,‘%(b%{&gwﬁ r?g’%wélse%l %gy kg/selg%in nmeter. This was
det er ni neguistamatifeindr kythwodisciesedfin FWGS.cht. Thewebmad comprisadnd pobifsalent i on

devi ce) out of M4 prior tq being.retur o the, dtyer i | ution

St cam 6 Himieatdenth ometentgonmgnpt  LEmshRrl St iraBiBRL foorin,

mat er i al R@g&t&g hl"ﬁlcqxzéﬁ;[%\s&'a & a cH¥Bubebferhy fShginaddiap betwalen did Iotveon st ream
g/ second/ net er.

Mb, was 1. This was made up of _returnflowfr,gmthe
separ at i operiphdrg of trecthumberiand the gaposerbkaisge ofthe aptgriak e gep hed Agidily ¥y age

h - hr - i erd =
9o be= ® pbTemantia LA R D0 ER, B2 pRRGH LRIt iheoncah B cmBer 71

i ntegrated g\etgmlavﬁgqp@éﬁ%tdiﬁeﬁdiom@ théléntiange gafs Thewieb waaptansmriaddhroogh ect

t he gas phase conponents exiting the gap .dryer., The V)eb V\@S co&nvel¥ed by a
conveyi ng tleysareandtundemgaib theechapbar aira el 0- B2 WBHE 508N TBMIYThe web
was conprised of I . f Wi I mgmﬁ'&lt%g%d-ﬁm dispereed in
20 et hanol®Y ﬁ@%faglpg%%cgﬁ%%&%?%?%% tshrr%lgélﬁaan entrance gép klllavi ng a
width, w, a6f t@0ctamberwanshamtdieddzh 50 G, Thd exhass flow (MAHewaranessieed teRp t ed

t hr ough i t havi ng th di i the ent . Th
web Was ¢ 00058 kebacens/meigh Thedloparansh Gn qurscaand exhebounBtfe ™, T
vel oci ty %Ba&b@#?«%?és%{@%ﬁ%he 'ﬁ‘xe i@ RS ghidat Mas 0RBOIR RGN dlnteterbe

0. 0066 kg/'second er. ow t hrough the entrance and exit gaps out of
t he 25 chaviberas chcylatedausingiBygafieoi The flowdesdiingitendhy @vagpmére ﬁ? thias
appr ox| nnttgllu)énet,h 2,8\%&9 0.00061 kg/second/meter. The net flow into the gap resulting from the
motion of the material through the chamber, M3, was 0. There was no additional dilution
20 streams M5. The total net average gas phase velocity through the gap was calculated from

Equations 1, 3, and 4 <v>=0.123 m/sec.

Table 1 |
Example M4 M3 M2 Ml M5 H w <w> Ap v
Kg/sec/m kg/sec/m Kg/sec/m Kg/sec/m kg/sec/m Cm cm m/sec Pa m/sec
2. Air Convection 7.43 0 0.022 0.71 6.7 102 | 76.2 2.9 -5 1
Drying System
3. Inert 1.48 0 0.03 -0.12 1.57 254 | 76.2 2 2.5 1
Convection
Drying System
4. Exhaust Port 0.0066 0 =0 =0.0066 0 0.32 | 305 0.086 =-0.0045 0.015
5. Drying System 0.00155 0 0.00061 0.00094 0 0.32 15 0.123 =-0.009 0.0254
25 From the above disclosure of the general principles of the present invention and the

preceding detailed description, those skilled in this art will readily comprehend the various
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0. 0066 kg/second/neter. ML was cal cul ated usi ng Equation 1. The web and
coating were for all practical purposes dry upon exiting the gap dryer,
thus M2 we@09251%hi s was verified using a standard redry PERTSOIAIZRITE Wher e
a sanple of the web and coating displayed virtually no weight |oss while
being redried at an el evated tenperature. The net flow into 30 the gap
resul ting 4 al s 0
and ther eyﬁg@e&ﬁglsa fﬁfﬁﬁoﬁgp}%ﬁtﬁ%&mgh%ﬁﬁ% Lﬁp}%ree%a%gra age gas p ase
vel oci ty timventidn shioald bellfhitdddMdP by BN OCTg\dtilins 472 dquivaents virseofal cul at ed
from Equations 1 and 4, <v> = 0.086 nisec. The pressure gradient was

cal cul ated to be 0.0045 Pa using Equation 2. Exanple 5 5 In this exanple, a
web was conveyed by a conveying systemthrough apparatus substantially
simlar to that disclosed in FIGS. 2-4. The web was conprised of pol yester
filmcoated with a material consisting of a 10% styrene but adi ene copol yner
solution in toluene. The web passed under a chanber thereby formng a gap
bet ween the | ower periphery of the chanber and the exposed surface of the
material. The gap had a wwdth, w, 10 of 15 cmand a height, H of 0.32 cm
The material exited fromunderneath the chanber at a gap having the sane
di nensi ons as the entrance gap. The web was transported through the gap
and underneath the chanber at a velocity of 0.0254 meter/second. The dryer
system operating conditions were as follows. The heating el ement was

mai ntained at 87 C and the chanber was maintained at 50 C. The exhaust
flow (M4) was neasured to be 15 0.00155 kg/second/ neter. The fl ow through
the entrance and exit gaps out of the chanber, ML, resulting fromthe

i nduced pressure gradient was 0.00094 kg/second/ nmeter. M was cal cul at ed
using Equation 1. The flow resulting fromthe evaporation of the toluene,
M2, was 0.00061 kg/second/ neter. The net flowinto the gap resulting from
the notion of the material through the chanber, M3, was 0. There was no
additional dilution 20 streanms Mb. The total net average gas phase velocity
t hrough the gap was cal cul ated from Equations 1, 3, and 4 <v> = 0.123

m sec. Table 1 Exanple M4 M3 M ML Mb Hw <v> Ip v Kg/sec/mkg/sec/m

Kg/ sec/ m Kg/ sec/ m kg/ sec/ m Cm cm ni sec Pa ni sec



2. Air Convection 7.43 0 0.022 0.71 6.7 10.2 76.2 2.9 -5 1 Drying System
3. Ilnert 1.48 0 0.03 -0.12 1.57 2.54 76.2 2 2.5 1 Convection Drying System
4. ExhausvoPp2i199. 0066 0 =0 =0. 0066 0 0.32 30.5 0.086 0.0PEBUSVIDERH7 5.

Dryi ng System 0. 00155 0 0.00061 0.00094 0 0.32 15 0.123 =-0.009 0.0254 25
From t he above di sclosure of the general principles of the present

i nvention %Qg the . precedi ng detailed description, those skilled in this
art will ré ?tll§/d€-6£ﬁ51r1é-hend the various -20 WO 02/25193 PCT/ US01/ 42247
nodi fications to which the present invention is susceptible. Therefore, the
scope of the invention should be |imted only by the follow ng clains and
equi val ents thereof. -21 WD 02/25193 PCT/ US01/ 42247 What is clained is: 1.
A met hod cdmpreihAd comPSENe nr ovi di ng at | east one material having at | east
one nm#) or surface with an adjacent gas phase; (b) positioning a chanber in
cl ose proxi(ai pxpvidingsatilehst omef meterialf havnglatntaast ohamajop saddderveittnan adigcebegaseen
sai d chanber and said surface, wherein said adjacent gas phase between 10
sai d chanber ﬁl?ﬂfe’sai d surface define a regi on possessing an anount of mass;
and (c¢) i nqyypoatidriRs Bdnibep in @bsd Sofimify RQaid BFa& ofSstdimBRASI tbldefhéai d
regi on through said ~chanber, wherein means total net tine-average nass
f1 ow t hrough gafi ketwesn dJait chambgt and seid snfagadvhereio said adiscent@aapbase belegght i ng

O RSt o M TEAE T BRSPS,

| east” one mmj Of Surface o ans

total net teyBrdavies agespoBos af leaw algoraogr sl Magdfonh Bdi@ réadtlthr@ghaaid
resulting fromnotion of said nmaterial, and M4 neans, ti ne-average rate of

mass -t r anspofiambsrothreis Mbmemnsiatal nefiipe-pyrareenmass fiop throyghsaidgapdnig f or

th t : : th
iy ESPVKS /S ggc o n%%e tkgg@rn%dflﬁx%u@x YAk UBarb & A Ricirde 18 HEIs Shurl YEadls, ML RERLs t han

time-average mass flow from said at least one major surface of said material into said
15 region, M3 means total net time-average mass flow through said gap into said region

resulting from motion of said material, and M4 means time-average rate of mass

transport through said chamber such that M1 + M2 + M3 = M4; and for the present

method M1 has a value greater than zero but not greater than 0.25 kg/second/meter.

20 2. A method according to claim 1, wherein the temperature in said chamber is controlled

to prevent phase change of components in said mass.

3. A method according to claim 1, wherein the material is a web.

25 4. A method according to claim 1, further comprising separating a vapor component from

said mass transported through said chamber.

5. A method according to claim 4, wherein separation includes absorption, adsorption,

membrane separation or condensation.

30
6. A method according to claim 4, wherein temperature of said vapor component is
controlled to prevent condensation of vapor prior to separation.
7. A method according to claim 1, further comprising a destruction device in

35 communication with said chamber for receiving said mass.
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20 2. A nethod according to claim1l1, wherein the tenperature in said
chanber is controlled to prevent phase change of conponents in said nass.
3. A netiwoozzues ding to claiml1, wherein the material isrParmwsi/4228 4. A
met hod according to claim1, further conprising separating a vapor
conponent from said nmass transported through said chanber. 5. A nethod
according to claim4, wherein separation includes absorption, adsorption,

menbr ane sepay ttljlo%rhcgérdiszx%qg%%ﬁtli WheretPsdbd gﬁi fsg%té?l?gr Regcording to claim 4,

wherein terperature o vapor ‘conponen controlled to prevent

condensation, of vapor ptior to separation, .7. A meth r di o claim
1, furtherd cOmyh aﬁxaorghrgetgtcﬁ%@t]i,gv effé@fa&%c?%nb%glci%%ﬁlﬁggtog%Irfligr\}m]%t h said
chamber f &géalln' igicsal d mass. -22 WO 02/ 25193 PCT/ US01/ 42247 8. A
rretgt(;% acg%rrec%il ng %%thisg?m 1, wherein said gap is 3 cmor less. 9. A nethod
according to claim1, wherein said chanber includes at |east one flame 5
arresting reecharkishacddrding toetdimd , sbhewindMigs no grsater than, 0. hisglsedond/iometsts no
greater than 0.1 kg/second/ neter. 11. A nethod according to claiml1,

wher ei n t hey, (0fdthof 8bcofMBE &08ael ORhdryinahe tdlalingt averagtGepcitpoeMlitivan 0. 5
nmet er s/ second. 12. A method according to claim1, wherein said materi al

i ncl Wes agreatenthan B anetesglapenigdt i ve conponent and energy is supplied to
vapori ze said evaporative conponent to forma vapor conponent in said nmass
of said adjacent gas phase. 15 13. A nethod according to claim1l1, wherein
one or norg.chamaidsacasdingitolciaimdl , whersdpsaid eateainl inelges & lpot bnoon of sai d
vapor conponent. 14. A nethod accardin 1F§70 clai,m 13 in each of said

wher
one or -noreyaperafitresamRanentand GRgkgyeh tQWROHET PG e vaps! a%;(e GRERGRFIL to
accor di ng %gng'\%h]s?é&ncpovfﬁﬁﬁgis&d%ask%ﬁ%d 3diRGnt pA'pHate.sai d vapor conponent
rom sai d cha

is capture er at concentrations hi.gh enough to permt
subsgfjuent separation of said vapor conponent at a tenperature of 0 C or

higher. 13. A method according to claim 1, wherein one or more chambers are utilized to capture

at least a portion of said vapor component.

14. A method according to claim 13, wherein each of said one or more chambers is

20 independently controlled.

15. A method according to claim 12, wherein at least a portion of said vapor component is
captured from said chamber at concentrations high enough to permit subsequent separation

of said vapor component at a temperature of 0° C or higher.

25
16. A method according to claim 1, wherein said time-average rate of mass transport
through said region is at least 100% of said time-average mass flow from said at least one
major surface of said material into said region.

30 17. A method according to claim 12, wherein said vapor component is flammable and is

captured at a concentration of at least the upper flammability limit.

18. A method according to claim 1, wherein said chamber is in an enclosed environment.

35 19. A method comprising;
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25 16. A nethod according to claim 1, wherein said tine-average rate of
mass transport through said region is at |east 100% of said tine-average
mass fl owdpowpsisai d at | east one mmjor surface of said naCEUS@/42247t 0 sai d
region. 30 17. A method according to claim 12, wherein said vapor conponent
is flammable and is captured at a concentration of at |east the upper
flammbilik% Iin%it. lf A net hod ccordip to claim1, wherein._said chanber
is in an eNPIPLYAYNEALIcAY AREMatcTa ey e Ahleast g anaoytacs Wih an 8djacent g89 25193
PCT/ US01/ 42R4¢; (a) providing at |east one nmaterial having at |east one

maj or surface with an adjacent gas phase; (b) positioning a chanber in

cl ose pr ox{ipoyitipning aichamber incdose fprexainity tasaad purface of daifl inmgerinl tadefinbet ween

sai d chanber d said,surface, .wherei.n saj d adjacent gas phas et ween said
S chanber SHRDUNPET el FAEURG Ee WET Srs: Bherp B b RO Mes O BB e s
and () i neneahteg ahd 818 P&tFiceWefiné a kst Rﬂ@sé&@ﬁx@'aﬁ%ﬂfunﬁ@ﬂ ®ag¥egfl from said
regi on through said chanber, wherein 1 means total. net tine-average mass

f1 ow t hr ouém ledicinggeanspart of afdeast a peionof paid mass frginfsashiegioadkigngh spididi ent s,

Sai o mat er PR erag dF Bsepf s e Rhe oty Mo DR b e S

fl ow t hr ouggiciaieshigaPiront fressatddera@ighto/ VIR @sdaht tifig-aveQiFe s 6w Ffons sdid at
material, and M neans_tine-average rate of mass transport through said
chanmber sulgestangnaipr sprfigpe of saigmatefal infhwid rggionhM3gpeans dotahaat Hewe-aveEageot al
net erag L I S: r thgé;f ESSLRER 20. A
nmet hgg accg}aﬁgﬂtﬂg}%@ a?agnélﬁgé‘?m %%%%E@fe%&éé rgrgﬁr&é@%nr%fz% er %%Igahl’ %@ro but
not great 84 mbans tidre2dvekageseearfdhare transpo throAghredidh oblhmalear auch thet Mad +cMai+m 19,

wherein the tenperature in said chanper is controlledt event phase
change of %gﬁ“eﬁ{@qrﬁh%meaem@ e gjal ngt W%JCQFHBPE%ISPS 8546 m 19,

wher ei n t hghaHBtehEREs/deSorl. Web. 23. A nmethod according to claim19, further
conprising separating a vapor conponent fromsaid nass transported through
sai d chanber.

15 20. A method according to claim 19, wherein M1 has a value greater than zero but not

greater than 0.25 kg/second/meter.

21. A method according to claim 19, wherein the temperature in said chamber is
controlled to prevent phase change of components in said mass.
20

22. A method according to claim 19, wherein the material is a web.

23. A method according to claim 19, further comprising separating a vapor component
from said mass transported through said chamber.

25
24. A method according to claim 23, wherein separation includes absorption, adsorption,

membrane separation or condensation.

25. A method according to claim 23, wherein temperature of said vapor component is

30 controlled to prevent condensation of vapor prior to separation.

26. A method according to claim 19, wherein said gap is 3 cm or less.



25 24. A nethod according to claim 23, wherein separation includes
absorption, adsorption, nenbrane separation or condensation. 25. A nethod
accordi ngvo 02/24183 m 23, wherein tenperature of said vapor POWpSoents7i s 30
controlled to prevent condensation of vapor prior to separation. 26. A

nmet hod according to claim19, wherein said gap is 3 cmor |ess. -24 WO

02/ 25193 PCT/ US01/ 42247 . 27. A nethod according.to in said
chanber i nel-ud@ethad acsarding,ioeiaimalfe Whereimysai ﬁllj’gﬂ’ﬁé H&hﬁ%ﬁ?ﬁf@o ﬁod
accordi ng f Q.6 D HQisppherein said material includes at |east one 5
evaporative con%ltnnent and energy is supplied to vaporize said evaporative

conponent to forma vapor conponent in said nmass of said adjacent gas
phase. 29.28\ mnmddamdld'gm@cltaﬁnw,aﬂmrdiﬁ saidhmteﬁaiimiede@ratlmst@nchanbers are
utilized to capture at least a portio gf sai d vggg onent

vpRlig it

. A
met hofl accOREPREve ePTEPICR} ol engrgstis s 0 ¥3PoLze Hﬁrcgmé’ﬂlé%g? s is
| ndependengly 6B Bf&%r%@%gn@& sald ﬂ?&%?gméﬁgigééihggs piasel ai m 19, wherein said

chanber is 1'n an“enc envi ronnent A et hod conprising; (a)
providing at | east one material having at | east one major surface with an
adj acent g2¢ Aphabel acsaidingrmt ddital 9, wheldid bmgorahorleehsmben arenidizod & i ve
conponent; 20 (bz posi ti om&g a chanber in close proximty to said surface
of said natapiyrgpt legst dPorten atjiaY)aPBé?%é@’i‘egtal d chanmber and said surface,
wher gpn said adjacent gas phase between said chanber and said surface

define a reg dR n%e[%ﬁédgfct%gfcﬂgg ALIAIPA G Rfeid BR R ofgﬁh oﬁggph%iré‘&laﬁﬂﬁfs%’ to
vaporize sai'd a evaporati ve conponent orm a vapor conponent
in sai d nmagdephdsalycoadptie&nt gas phase; and 25 (d) inducing transport of

at least a portion of said nmass fromsaid region through said chanber,
wherein M _neans total net tine-average mass fl ow thyough ﬁgdd into
said regidh fargihed srgordingioslaiaslf é"’th%‘HFaé flambgy 1sn’é‘eﬁ’i‘senf’f %Ig'ggﬁ’é‘ﬁn%ss
fl owlfrom sai d at

32. A method comprising;

(a) providing at least one material having at least one major surface with an adjacent gas
phase, said material including at least one evaporative component;

20 (b) positioning a chamber in close proximity to said surface of said material to define a
gap between said chamber and said surface, wherein said adjacent gas phase between said
chamber and said surface define a region possessing an amount of mass;

(c) supplying energy to vaporize said at least one evaporative component to form a vapor
component in said mass of said adjacent gas phase; and

25 (d) inducing transport of at least a portion of said mass from said region through said
chamber, wherein M1 means total net time-average mass flow through said gap into said
region resulting from pressure gradients, M2 means time-average mass flow from said at '
least one major surface of said material into said region, M3 means total net time-average
mass flow through said gap into said region resulting from motion of said material, and

30 M4 means time-average rate of mass transport through said chamber such that M1 + M2 +
M3 = M4; and for the present method M1 has a value greater than zero but not greater

than 0.25 kg/second/meter.

33. A method according to claim 32, wherein said chamber is positioned at one or both of

35 opposing ends of a gap drying apparatus.
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| east one major surface of said material into said region, M3 neans total
net tine-average nass flow through said gap into said region resulting
from not ivod op2s13ki d material, and 30 M4 neans tine-aver ageCT/as@/2047mass
transport through said chanber such that ML + M + M = M4; and for the
present method M has a value greater than zero but not greater than 0.25
kg/ second/ meter. 33. A nethod according to claim 32, wherein said chanber
is positioned at one or both of 35 opposing ends of a gap.drying

appar at us 34- 26myo0 2¢@5diag teCRinUSd.1wiEzein paidzhamperis PRAEHORHEHR Ag2P 0 cl ai m
32, wherein . .said c%l}anber is positioned within a gap drying apparatus. 5
35. A met BOIGARIHSig to claim 32, wherein said material is a web. 36. A
nmet hod according to claim 32, further conprising sealing one end of said

chanb%r 138, O Hfhol Act S 18 Blafhn 39] Wh&G B sBRSMMABASGs hBleb. sai d region. 10 37.
A nmethod according to clarm 36, wherein said sealing is acconplished by

f d hani.cal i il
wher o1 n’saiSu MEEHE e aadsp Sh a2 Mhnt IR GEER U oL e )

provi di ng jRbrdep&sfor@Rid1RljfehBgasiphuderigoaid regioh. one maj or surface with an
adj acent gas phase; (b) positioning a chanber in close proximty to at
| east one end of a gap drying apparatus, 20 internally to a gap drying

appajat us,z-0r, @%ﬁ%ﬁg@&&ﬁﬁ% th Qﬁﬁrﬁ%ﬁ; \fvﬁ&hﬂ SaRPRek s iscEdRSiBhedbPIdredd gast 0
said surface ' of sard nmaterial to define a gap between said chanber and said
surface, wiamsdchasiaildealdj acent gas phase between sai d chanber and said
surface define a region possessing an anount of mass; and (c) inducing

transport of at |east a portion of said mass from said region.through said
25 chanber38. vheegiod aggordingie clagpal’ Wherem; -%‘9‘3133{5@13 ¥rakis C?VSé\l?l?'hr ough said
gap into said region resulting from pressure gradi ents, M neans

ti melaver &9e Aresthodlcompiismgi sai d at 1 east one major surface of said
material into said region, M3 neans total net tine-average mass flow

t hrough sahppgaingdtdeaott megiianhawsghtleasgofic majorseifae voith swadiaaeat 2asi al |
and M neans tine-average rate of mass transport through said chanber such
that ML + HoRse;

(b) positioning a chamber in close proximity to at least one end of a gap drying apparatus,
20 internally to a gap drying apparatus, or. combinations thereof, said chamber in close
proximity to said surface of said material to define a gap between said chamber and said
surface, wherein said adjacent gas phase between said chamber and said surface define a
region possessing an amount of mass; and |
(c) inducing transport of at least a portion of said mass from said region through said
25 chamber, wherein M1 means total net time-average mass flow through said gap into said
region resulting from pressure gradients, M2 means time-average mass flow from said at
least one major surface of said material into said region, M3 means total net time-average
mass flow through said gap into said region resulting from motion of said material, and
M4 means time-average rate of mass transport through said chamber such that M1 + M2 +
30 M3 = M4; and for the present method M1 has a value greater than zero but not greater

than 0.25 kg/second/meter.

40. An apparatus comprising;

(a) a support mechanism for supporting material, said material having at least one

35 major surface with an adjacent gas phase;



30 M8 = M4; and for the present nethod M has a value greater than zero but
not greater than 0.25 kg/second/ neter. 40. An apparatus conprising; (a) a
support me@hzedigin for supporting material, said material baviURg/ae47 east
one 35 major surface with an adjacent gas phase; -26 WO 02/ 25193

PCT/ US01/ 42247 (b) a chanber positioned in close proximty to a surface of
said material to define a  gap between_said chanber and said, surface,

wherein sdPd adj elesrler pasitiphulsia clse R LRI sufpcrigE said myptesial tp Sthifdce
define a (3 bO BRI T BEAB AR ol WIBRM $2i R aden) g& grlﬁm?éméﬂ 4aid

comuni catf on W er to Induce transport of "at least a 5
porti on ofchamber dmsaid suofics ddftheadEgior possgsssngrdraaeourtt vbugks ;sdd r egi on,

S d 1 gt 6B T oRPEIR M GrFoprRsNen Vo mareesbes i SR s
f1ow §romgzaid @ﬁsaldeﬁ%s 2818 sHBia@facei GheRsOThrS@d ik aidRERR] Rhereid! M1 $igdadls

regi on, means total net tine-average mass flow th_rough said gap into
sai d regi gotat estuinid-agerigeommssutovothravih saiidgapante shidiregiam tesning drpms pressure

ti me-average,.rat f 10 .mass transport through said ch I t M +
VR VB = Bpicin M aneafn B et Reoos o e ofid AR suiE AR ol
but not greatei ihidakidedonKNBSESGAS HtiRletfimehVerabf nRBPAG R thBuSCSAd gapng t O

claim40, further conprising a separating nmechanismin comunication with

sai d chantisto shiskregiopasatingiromanatiosof said srasesird ang Nt sipansiimerpyeiage pate of

transported through said,ch r. 42. p Ccqex.di i.m 41,
wher Zﬁ? n sépa’ é“taf%%“o@%‘tﬂg& Sfiﬁ Eg'grélherasblg% @% t ?@n? waﬁ 2/(133?5 | %’%’tﬂa g%lirrtg? g}r?gér{p

separ at i Orm&hod MdeRSA @ gre6r than zehd bappA eadats thac®? ik gsedond/mietdrm 40,
wherein saird material includes at |east one evaporative conponent and said

apparatus includes an energy source capable of providing sufficient energy

to vaporizg sgj OGP ey CORBRARED sbrdt BT UARRin
conponent leﬁh %%u a%}lggcé%%{(ﬂg?ecgﬂ@sé{e@? o 54. n a%pgr%trus gaccordi né to

cl ai m 43, oshen@iicatidaiwitle sedrbiemben fdriselesatinghiadividgl cevpanentstionpsad grass
condensation of said vapor, conponent. 45. An apparatus according to claim
43, MereitFPnéP@Feg‘Ni‘?%lgﬁﬁ‘b‘gr“g@gg To the material before being positioned
near sai d chanber.

42. An apparatus according to claim 41, wherein separation occurs through absorption,

adsorption, membrane separation or condensation. -

20 43. An apparatus according to claim 40, wherein said material includes at least one
evaporative component and said apparatus includes an energy source capable of providing
sufficient energy to vaporize said at least one evaporative component to form a vapor

component in said adjacent gas phase.

25 44. An apparatus according to claim 43, wherein said chamber includes a heating device

to prevent condensation of said vapor component.

45. An apparatus according to claim 43, wherein energy is imparted to the material before '

being positioned near said chamber.

30
46. An apparatus according to claim 40, wherein said material is a web and said web is

continuously conveyed past said chamber.

27



30 46. An apparatus according to claim40, wherein said material is a web
and said web is continuously conveyed past said chanber. -27 WO 02/ 25193
PCT/ USO1MmQ@a27519317. An apparatus according to claim40, wheT@so/£2my chanber
includes a flane arresting device. 48. An apparatus according to clai m 40,
further conprising a sealing mechanismon one 5 end of said chanber in

order to force said adjacent gas. phase into said region 49 An aé)aratus
accor di ng4¥.0A® appasaaD, acoprding;th ckeih d0cwhsrsid the thn&?égré’g"d@ﬁ a eé’&@? Y¥ne
opposi ng dedceonf a gap drying system internal to a gap drying system or
conmbi nations 10 thereof. 15 -28.

48. An apparatus according to claim 40, further comprising a sealing mechanism on one

5 end of said chamber in order to force said adjacent gas phase into said region.

49. An apparatus according to claim 40, wherein said chamber is located on at least one
opposing end of a gap drying system, internal to a gap drying system, or combinations

10 thereof.
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