w0 2005/ 063366 PCT/ US2004/0429-t1 POTTED EXCHANGE

DEVI CES AND METHODS OF MAKI NG CROSS REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains

t t.0f and priority to U S. Provisional ,
AgﬁPpggsﬁgﬁT Serial Nunmber 60/531,666 filed DecengegBﬂMM&n9“
22, 2003 and U.S. Provisional Application Serial

Nunber 60/586,363 filed July 7, 2004 the contents of

each incorporated herein by reference in their

entirety. BACKGROUND AND SUWMARY [0002] Hol | ow fi bers

and t MOTWAID EXCHANGWDENMEEHAND MEFTHOBSOF MARING
transfer, heat exchange, and cross flow particle

filtration devices. In these applications the holl ow

tubes or porous fibers provide a high surface to

vol unme r at i OR@RS REFBRENICEST@REL AR APPRICAHONS heat

and mass in a smaller volune than a device nade with

f | pIo0sherets apphieiibatiaingfths bdvieliast aapposiytto NS. Hro@ei3hal Application
hol | ow fi ber or a hollow tube includes an outer

SeriflinanBi@ 1602934, 686 rifiafBecedibel 12003 SHdanst BlovaEaSApiIRESen Serial
and a porous or non-porous naterial between the first

f Sn I - .
e SRS IRL  R o
thei PEJ or tube and is used to carry one of (he fluids.

”ﬁ@ iiat is termed tube side contacting, a first fluid

phase flows through the hollow portion, sonetines

called (he lunmen, and is maintained separate froma

second fluid phase, e r n tube or fiber.
In shel | side congégﬁﬁhaguﬁﬂégﬁﬁ)§QN$£§$H phase
o A QUL 4 AR P BLELS Fofbst ol Bt e
the lumen. | n an exchange apparatus, packing density
exclegfeafied C05s IR PRTRISEHTEION 5EeI 0 Nesk¢ BFH1S Uasyhollot tubes or
hol | ow tubes that are available in the apparatus. WO

porczg)§5e1e pEBOE mhﬁlgﬁf@@ml‘oﬁf@g@l@llO[VUDGHI}CHE&aﬁﬁW@@T gansfer of heat and
applications in sem conductor manufacturing where

mashpat snmegleovoloows|thang dsfica madewitt fias shesiedatena$ ofdemilar composition.
sul furic acid and hydrogen peroxi de photoresist strip
S o[ 000B b Msholloot fitgh osphdlomctubeindluldes arsoutdreiumenértant derfasedan inner
al um num netal etching solutions, ammonium hydroxide

dian@d ahy S @are Narfder foxd e @r R6a- p@r’o@sﬁlﬂhlﬁga]&@lw&h @MSfirst and second surfaces
hydrochl oric acid and

or sides of the tube or fiber. The inner diameter defines the hollow portion of the fiber or tube

and is used to carry one of the fluids. For what is termed tube side contacting, a first fluid phase

flows through the hollow portion, sometimes called the Jumen, and is maintained separate from a

second fluid phase, which surrounds the tube or fiber. In shell side contacting, the first fluid

phase surrounds the outer diameter and surface of the tube or fibers and the second fluid phase

flows through the lumen. In an exchange apparatus, packing density relates to the number of

useful hollow fiber or hollow tubes that are available in the apparatus.



hydr ogen peroxi de SC2 cl eani ng sol uti ons, hot
dei oni zed water rinses, and heated organic am ne
based photoresist strippers. Mass exchange with a
fluid is inportant where for exanple particles are
r enoyv a fluid during filtration, vvhere ga .
“Ipez'ﬁ ?138?(3 hydrogen are added to water, \Aﬁg‘f‘/lszow/(uzm

d| ssol ved gases |i ke oxygen are renoved from fI ui ds
subif04EExoppes of apbbetivpinatnivgndwtartpapuct rdgoshere heating or
Exchange devi ces have been potted by preparing a shel

coolimg offialighiigs wddnngudehsuituri¢ agie andifydaogeotpeionidenmtoesiiesibt strip
sintered to the inside dianeter surface of the shell.

solutldiR, K8 \WhEsHhoAs s R ilicoR GltHEE A ANhinoM rhétledtc KB g isdutidns,
t hen potted by surrounding the assenbly with a

amﬂoﬂWr@ﬁBé Gnd BRIrdben %@%xf&'@l%a&h@ sbRITBAY, @1 Hf&hldﬂlc 3cid and

envi ronment to nmelt the resin,

hvdrfaI elnI p'e?c%( EH}ECS BRGSEN £E 915'12;91]5 t }Q)G(‘ dgﬂg,ql ]Z?d Rhte PRk rbqldoﬁzeaL H %rgamc amine

e festn wou Tow “su rently

to enc te the nmedi adhere
baseg Pﬁ%%ﬂsw TIPPPHe MR CRREE A ff"%@%ﬁn@?m b oD e parices
potting material in _an earlier ste O her potting
are REP oo AEUE HAWIng filwatipn, phetesasss 5 LEeRGr Pwér%éma@eadded to
with hol |l ow tubes outside of the shell and nachi ni ng
waley g Wheta @igsolyedgases dike peyaes age isoatedigorns dhufdssuciaag copper
thermally bonding the potted material to a housing;
elecipapiatingggotutiens.devi ce wi t h tubes outsi de of the shell
machi ning the potted area to create a mating fl ange
anfD00SEBkdhggsdeviaes Bawtticehn poiaid by heparieg haméitadl hoyusing with a thin
joined to the shell using an o-ring or other contact
layeS6ral pot@ndmhleAal sifiéres & Paidstic@ithdlertarfhl of thogrinerhelitvice

a snap ring, threaded fasteners and or a secondary

asse BRI MR dRRA AoWOfber ARHIaL is ARl poliBE DPHSrduRGhEdfe assembly with a
Insérting pins in each fiber, potting the assenbly

o B A T R e
004/ 042947

s P PRET B e R MR SRR R chisgeBndy S how

solfea e e g VPR pisdee P gk edberdla s e ahel e She ha haa

or sl eeve bonded to one or nore thernoplastic potted
beerrgtersd e ribePLEng praigrial in an earlier step. Other potting methods previously used

include: potting the device with hollow tubes outside of the shell and machining the potied area
lo create a bonding surface and thermally bonding the potied material to a housing; potting the
fevice with tubes outside of the shell, machining the potted area to create a mating flange and
«ealing surface which could be mechanically joined to the shell using an o-ring or other conltact
sealing method- these parts could be held together by a snap ring, threaded fasteners and or a
secondary bonding operation. Additional methods include inserting pins in each fiber, poiting

the assembly and removing the pins after potting. Some exchange devices are made by filling

~



housi ng, shell or sleeve can includes structures such
as grooves or channels on a surface of the housing.
Where grooves are present, the thernoplastic potting
material fills at ]Jeast a portion of the grooves in
t he housing surface and bonds to a portion of themto
forma unitary end structure wth the potted holl ow
cHIRHYINE/E6330he unitary end structure nay then be BQT/US2004/04294]
open to expose the hollows of the conduits at each
the 1@9&& ﬁ]qld@'asian%ertmq Qa%a&eand Ba@ac%%gstt tHE %deleﬁﬂertpomt [
evices to be used hi gher tenperatures and
jpressures whi |l e nalnta|n|ng the fluid integrity of the
nmcﬁ BY'fed device. Exchange devices of the present

n d nethods for making theminclude a
aolBE! ERabSmeiial 4 ot lﬁgaertﬂﬁg PRPHEe st Pipelyde a
hou5|ng nmeant for contai nment of the process fluid
housingg Bligdl, Aigs!esive bapded tp one @igmpis theymoplapiimprigdoRpw sarduits, the
contactors, gas contactors, o0zone contactors,
houstheg stzslar slee heen iesda&msgwtsr,es Rlecitag rgzoovgher chenudiben s surface of the
hollow fiber filters, and conbinations of these. The
housilgyviWhere grodves aragecsersti thy thicnaopiopicasiting matesalifilssy least a portion of
including perfluorinated thernoplastics. Preferably

the gkdWe@XFRBRBGIFEIIGEe hifd BORAStS 4 SN ONEf BEMNOF&m a unitary end structure
perfluorinated thermoplastics. [0007] The present

with 't}%vﬁdﬂe'd %116\01361%?1% tTH@ uﬁﬁarrf ped ﬁru‘afmec‘h'l%s] tmtﬂeecqt G54 1t& Bbose the

creating a nechanical 1nterlock and or a fuse
r
ho]]o% oqr Eegéo\r%@ jgs %t?:gcé]f (;{/egggcli ?{Pt{hﬁ dE gfl:jgﬂﬂegﬁéuhgf}%s%@eﬁﬁjé ?)8&&1 devices to
ck and or d serves l.ded in . sealin
be usgﬁraf bys B e RBfroies PRSP B GRS ﬁreefﬁaﬂm%w S the potied
separatlon of the mating, parts. The graooves
devigen dichanpgideyisrset By P‘feé“d“gmé(re’é%?“ wdeetbdsdRy @ﬁhﬁaweﬁwdude any
be parallel to the housing walls, result in fusion
deviegrifatag@RE S GAtIGE 1]@%@0]&@1&1}’1?@8 e p howsg]garpeqné dercogtainment of the
portion of the surfaces of the WO 2005/ 063366
proc@ESTIuisSoIudu2dat notgmoidaddo Tl rmded wiesthrang cootablersbgasredntactors,
by theory, it is believed that this bond can add a
ozons keatactosodqpassers, hta ekdhengadihabtefspgasacmbbat goblloy fiber filters, and
thernmal or pressure expansion of the housing shel

comBiRhtSors b@ Biese OTRORESE chiS bbBlalleyeth thermhd4st¥ endidifils, mc]udmo
strength of the device. [0008] One enbodi nent of the

perﬂeémw 1héﬁ%?>%h@sn PRGN B8R o 8 BMiEE sthae £t bt Snore
a thernopl astic housi ng havi ng one or nore

pmﬂPHﬁﬁH&P&é%kbﬁwE8+'°“’Cpnd“'ts that can include hol | ow
or ous Iom1f|bers, or a conbination of these

f H]IOHIHVTHQ’ e}%es%glt ]tﬂQ/CI] 10n 1%%%%9 2 s?rgrggt]gn:)f Shch potted devices by creating a
mechanical interlock and or a fused bond between the potting material and structures such as
channels or grooves in the housing shell. The interlock and or bond serves as a molded in
sealing surface, thal has mechanical strength, preventing separation of the mating parts. The

grooves, and their additional surface area, some of which may not be paralle] to the housing

walls, result in fusion and adhesion of the potting resin to at least a portion of the surfaces of the



housi ng or sleeve by a thernoplastic resin. The

thernoplastic resin is fluidly sealed, by fusion and

or nechani cal bonds, to an end portion of the housing

to one or nore structures such as protrusions,

grooves, or a conbination of these in the housing. The

housi_ng s ctures and resin forma unitary end 10470,

sﬂ?ﬁ@?ﬁ”@gﬁﬁere the resin, conduits, and housingpfaggﬂm#&u)“
at a portion of the housing. The unitary end

groste. Ubithoet wimlyinpeo hebbumidyy tbeorg.ut isbelicypéthat thes tvoklcemadd a shear
of the conduits. The exchange devi ce may have a

corfpdHeft ©dhd heiaMmptasiched 09 afcing oo Presdvge ¢upanden off thé heusing shiell.
housi ng including the surfaces of the grooves. The .

Thﬁ%ﬁéh@eeﬁp&% fehevsd BImpPRYe G EAERh b HE deviéd tings in
conmuni cation with the shell side and fl uid

f ' t giog?]zohp?ﬁlkﬁéhga PoME bﬁeﬁérﬁ He Jnhs Em&chmrﬂevf% d‘xat includes a

bor evi ce. exchang deV|c€
ti |
thevﬂ%wTﬁ%%{h'aﬁéfﬁ%éa\aP“ &f fflﬁ%ﬁ%%w]ﬁé Ci"’s}%‘? conds %3}9‘ sl Felude hollow

limted to F i.natiqn, of :

tubgh POEHE g 1 ?gevr et ﬁ‘H?bAPﬁ g ehesoy srlgd 9 %ﬁ%aé*oonﬁ?nd of a
potted conduits that can be hollow tubes, porous _

housing awleerdly & thesrpplasldr 1581 dhe thetseerdasti¢ e Hislky segled, by fusion
tubes, co- extruded holl ow tubes or a conbinations of

and bresechaficgftendbity an hed perden of the heusprgtto etk frohpmwtructures such as
conduits are open by cutting follow ng the potting

pradfusiofs proolbe ofre chsudi madibn bhthegel indie dOsInQr Thef husisia sefictures and resin
the potting resin with the housing grooves serves to

forfilY Girfaby édtesusibeird wABR 1BOFRcAE®s, ald@RkiAE fuse at a portion of the
particul arly when stressed due to tenperature or

hoRSES StHeGmiERANS LA LR m§§r)95 ﬁ]@&ﬁ]‘]éﬁ‘irbr%t o\ﬁga %Qa%]g@g%p@]e conduits.
CI7Us2004/ 042941 the housing nore than'the potted

Thgg{ci%ah%l’ de'v n?eﬂprﬁ%g\’lz\i, sliéfg Ingh}q(t) ?sn@%éa%lqpl F (I)lgeggflﬁé B8¢he housing

. di f ' .
mc@s"ffifrgatﬁaéurﬁ%% e vt o T OHRER e AR HBFS P Hgeds Tgd ftimesin
ugigc%/olpggurggfa%gg r“f]WetL l%q]lgggq %ndsfggqi ﬁgwg%:nlé]%w goorrqjgllilrgltcgt]on with the lumen

t her nopl astic resin occupies a _volune of one or nore

or heresifde $f 81§ dexisei Abe exdrangedaviceas wade fen naieisermpplaptfgnaterials,
potting, the grooves and resin with holl ow conduits

prefigrelphy shathemnzapjastedars petfbrogepe ] wikeay sich hebut mey Imppédiotibd, PFA, MFA
resin and housing fuse at a portion of the groove and

or & hembiastion anikshoThowsdanguddvicefrigantadef tar i réot limiited tg/potted conduits
end structure. The housing inner

that can be hollow tubes, porous hollow fibers, skinned hollow fibers, thermoplastic tubes, co-
extruded hollow tubes or a combinations of these. Preferably the ends of the potted hollow
conduits are open by cutting following the potting process. The mechanical interlock and or

fusion of the potting resin with the housing grooves serves to entrain the shell and potted area

together, particularly when stressed due to temperature or pressure. Expansion or contraction of



surface and grooves may be coated with a sintered
thernopl astic material to which the potting resin may
fuse.. The potted holl ow conduits nmay be opened by
cutting or machining a portion of the unitary end
structure to expose the conduit lunens. Preferably the
exchange device is constructed so that fluid
CORtPfbk/NGse¢r faces are perfluorinated, nore PCT/US2004/042941
preferably the exchange device is constructed of al
erfluorinated thernoplastics. [00101 Anot her

the gﬁ%’éﬁ mer thap thenpotisd arasgital isqedused. SFENNE e agispRhatheysing, potting,
for exchanging energy or nass with a process fluid

andusdldw apndbigainisgratoat substrates. The apparatus can
i nclude an exchange device having one or nore
t hefoo09) asdther érabddimentaridid presehriseshtian iscanfaxchinge midvice that includes
portion of the conduits to a thernoplastic resin. The

a theRR6RRICaDLEIG g HaSING ohdbr RErefUS@Y sdafedadllotvoRabi potted in a
surface of a first sleeve or first end of a

the (%155%@ L ash %e%ﬂé 't}{égmgﬁlasfu\:'?@s?naB&uﬁ a 961uﬁ59 0% ope or more grooves on

ructures on an I nterior sur ce o |rSt S| eeve 0|’°
a"]ﬂg?¥WSUﬁa% ?he t% ]ﬂgrlbsf §5W§1F9é§é@%’8. %ﬁéggngogg%conm”m
formy it OB E WHER G aimapl e g EOL?SZ%%ﬁJaQ & &Ryton of the

or second end of the thernoplastic housin

gropys ikl haFesHeandBIPY ePndiis 1ypc wdpan sPRilfeY e %ﬂ)&ﬂlrﬁn’l‘ he housing inner
interior surface of a second sleeve or to structures

surfpge and oy 18aY be Foaterewith e sintsptddbermeplastisinaigrialgo which the potting
2005/ 063366 PCT/ US2004/ 0-1294] source of working or

resiexciafuge Thepatddshadloneoted rhay & dperedtbyfdutting drmhahinddg a portion of
t he exchange apparatus and a source of process fluid

the eG@NAGhAdirhiaua wegpog thd ¢onduit Nin®ins. OPreferdbey exchali@e device is
apparatus. The first and second fluid inlets are

con%ﬁ‘@@lédiﬁ@%ab}']u‘ich@mhéﬂtﬂng\%ﬁ:&t@& g puddubri el Bord Bl%fd?%l& k& xchange
material bonded to the housing or sl eeves. A fluid

QoG EONRErcli by bl EATIUR e ARG AU Lh t he second

I nlet of exchange devi ce can be used to
i d f
8LSwgﬁ%ﬁﬁ%éﬁ%%ﬁé’dlﬁ@t“%*“%&%eﬁ@ﬁ?% oﬁ‘l‘seanh il bPeghanging
encREX a5 IR Prgin W RERg T RELST s9EREPuARS ﬁglfggpq;?tu§ O include
provi de conditioned fluid dlrectly to a
an %&%taf?&?rﬁswe ha¥ingtanR §r more hermaplagti h@low@wé% fusedrpi first end

fluid controller o o _
portion of the conduits to a thermoplastic resin. The thermoplastic resin can be fused to an

interior surface of a first sleeve or first end of a thermoplastic housing or fused to one or more
structures on an interior surface of a first sleeve or 10 a first end of thermoplastic housing. A
second end portion of the thermoplastic hollow conduits are fused with a thermoplastic resin.
The thermoplastic resin can be fused to an interior surface of a second sieeve or second end of
the thermoplastic housing or the resin can be fused to one or more structures on an interior

surface of a second sleeve or to structures on a second end of the thermoplastic housing. A



can be but is not limted to a fluid punp, a dispense

punp, or a liquid flow controller. Preferably the

exchange fluid is a source of tenperature controlled

fluid. Preferably the substrate to be treated

i ncludes silicon. [0011] Another enbodi nent of the

pPEsBAY/VG3PPent i on is an exchange devi ce that i nddés004/042941

a thernopl asti ¢ housi ng having one or nore fluidly
sour@eAvesRkine bl OWheRIiit Ss (eahdced tba fast flui@mhapl &8 tek€hange apparatus

resin. The exchange apparatus may include one or nore

and Eﬁ&u?@gc{f%gﬁgss g LomRLREd &S@IEQIIICI Qquﬂ@W'tﬁese)@ﬁﬁfrJ%ra gér)(tus. The

as a usi ng or one or nore sleeve where the ho

first Oa“s%%ﬁdsﬂ 5%1%9 @Jdees%gsrgﬁa bgmetno%w%blk ga,ah %H&bg&e%gg&gnaml

ruc otru

nbln tlon of .t hese The r a

bonds@&cu bt rascele o el SRR Mg ABRah Ry Vt’l@} Pgjecons
surface of the hou5|ng and bonds, to the surface.

fluidgpleyeltthe exchanggledire camdoeseq furiouisle capfelled smrupty Pﬁf%pdmoned fluid
unitary end structure with the holl ow conduits where

to onefpe maresybatraiedtosUEdiakeg by Wereapaeratispdhe flgid @ntrelire may provide
grooves or a coating on the housing to formthe

conditiinea flyid te adargeal weii ¢dntameg ore eronae lhobdiaies oomduiytpsovide
The device may be used to treat a fluid while

conditiingdl Auid digcli e 4 Stbtichaihy)tgingt yr winstabisg sexirae, Thofluid contro]]er
exanpl e the bond between the housing and the potting

can BeQslt 1k 1t 1iRRkd eV SaidiintpS a aRferse pup, da IRMPERSWA LIRS ler. Preferably
bel ow the nelting point or the 2005/ 063366

the e?ﬁﬁz{n#{f 2004 Qé&%éof t@ﬁ’lg&‘aﬁ%’&%trHﬁ@d f1&AP @F@érm? trefsuba?ate tobe

plastic. This t erature may depend upon t

f|UIdS on e|ther side of the holl ow
Uemg{ﬁ%ﬁﬂ%smﬁc? The devi ce nay be used to treat a

whi | e mai.nt.ai ni ng the nte
Uf"@y RhfferBmsmt RE v dftst b Uielifh FHE xiufss e inctudes
potting resin or holl ow condujt nd resin at
a the(r@wﬁéwth@?%%g b#ving Shcaidrors udy Seakéﬁﬁeﬂamcg)@ws petiedin a
140 C, nore preferably to 200 C, and nost preferab
therrpeuiastc gesimokles a¥Ghangs @PRARAEhBEHICIYdS §ne P E‘@Wtqorﬁbéwée‘%jse
tenperature of the thernoplastic materials. Preferably
thermrdastie oo hew gen diéts ipeefenably e heusingsorfong iotdmiorstséagive wheretthe hollow
t hese tenperatures when the pressure of the fluid is
condatts hredshdeliGo p plogfj onpofelicchculing batont eamibresdrupisieg sucng protrusions,
nore preferably 70 psig or greater. The integrity of
groot s ofevingtenidn diehayRimthaho@thg Orheaesiexahaogs andanablisne or
havi ng a packi ng density of
more grooves on an interior surface of the housing and bonds to the surface. The structures,

which can be grooves, and resin form a unitary end structure with the hollow conduits where the
resin and housing fuse at a portion of the grooves or a coating on the housing to form the unitary
end seal with one or more hollow conduits. The device may be used to treat a fluid while
maintaining the fluid integrity of the device, for example the bond between the housing and the

potting resin or hollow conduits and resin, at temperatures below the melting point or the



hol | ow conduits from 3-99 percent by vol une,

preferably 20-70 percent by volunme and is nore

preferably from 40-60 percent by volune. [0012]

Anot her enbodi nent of the present invention is a
wetoate®feo maki ng an exchange device that incl wd@sus2004/042941
flomﬁng a thernnplastic material into an end portion

commu8ps[ ousclargﬁaé of t%l ﬁf\ﬁ%b agtllle "Il?‘t %hgg’ature egepeﬁ)g upon the

I'UC ures SUC protr

or.a co n of, t hese n, i nner

pressurg affflaééoafﬂbw%ﬁ RobB capaut a5e B BRick g yed to veat
material flows between one or nore hollow conduits

fluid whidesai nerieia 2 Whe fiid intperity of dierflg vise. 181 @aiple the §endbetwgen the
the housing can be interconnected by other grooves or

housing swtthec hattime Iresimbomgloav gudbigcandgesimri slemperahveeshafiag leagt 50 °C,
or sleeve. The nethod further includes formng a

preferabllyai ldasti 1gi0t°Cs ambe prefonstdn id 200 1 endopbigstfembl ynB0etd al more but
and the hollow conduits and a fluid tight sea] between

below thB el dFdh &sious uROletipBBiresi fhe (MAopIBGICHRMEHAE PRferably the
forma unitary end structure. Wiere grooves are used,

exchanpef &f\ﬁ%ajggl}ﬁtaﬁﬁ‘%ls the T@L?%E t'hEseQ%f)é] Ellgre'é %ﬁ]'eﬁ‘ t}%cﬁlé&h?esof the fluid

| east a portion of e grooves 1 n the housing

is at ]easl (eP\rlﬁ 3)n ¥a%¥\ 11188 5o g&rl .faﬁﬁ %p(lré/ rtepeera ]f?b n%f%%? gsetaWrt 1ilhe

gr oov r aS|n ere

coat the h sin nd oove urfaces
m‘egmhaf B S1ebi5F E RO RS T R Koy T8 ke DD dgRcking density of
2005/ 063366 PCl VUS20041042941 ened or machined to
ho]]ow,ggr}dmtﬁ fram, 3 FOPERRN ‘&J@W’tﬂﬁ%fef?éﬁl B Crosternt DY ,vo]ume and is more
Preferably the housing has a coating of a
preferablydionppf-£8tretceniitierdlamecapabl e of fusing with the
potting resin on one or nore of the housing surfaces.
[@A2BAnAer hsbodmsoddftbe pregdnt irhvenjorais e mbethovanbalomg arsexchange
a nmethod of treating a fluid that includes flowng a
device pranigé@aded flowihgtaahdrendpiedt adtepial @atd ameid pertthe offa latusing or sleeve,
| east one hollow conduit having two sides and a

the houbE bi@IBE ASELoN R haviml @fikas&tkubie bygefudifeNErodivés, 8Ok E&Mbination
conduit potted in a fluid tight manner within a

of thesd SEMTRREARHFa6e BRHEhb&ing dNGevBaRIBRIASTAEiC I%Itéﬂd* g]ows between

material is bonded to housing for the device,

one or E8{é§bi(}8“f‘c%%d§mtﬁb%hm8& Qv?t“ncthg‘h S tgh 's]eQQe eé;d'olégse% lhé) ousmg

to at l'east a portion o I nner sur
nor e struct conbi.n

can be W‘f’COPﬂs%lsd BhofREeRhurn T 540 SR EPTR PRLp Ehovsne o

n fu th the potti sin. Were groove
sleeve. emetﬁod }M rther }nc]udg orm% wid tight seal bet»geen the ﬁlermop]aslw

material and the hollow conduits and a fluid tight seal between the thermoplastic potting resin
and the housing to form a unitary end structure. Where grooves are used, preferably the
thermoplastic potting resin occupies at least a portion of the grooves in the housing or sleeve and
even more preferably the resin fuses with a portion of the groove or a sintered thermoplastic

material coating the housing and groove surfaces. The hollow portions of the conduits can be cut



present on the housing, at |east a portion of the

housi ng grooves are bonded to the thernoplastic

material to forma fluid tight sea] between the
thernoplastic material, the hollow conduit slid the

housi ng. The nethod includes exchanging energy, nmss,, e
orWe 2¢5hi¥at i on of these with the process £1 ui BCT/ES2004/042943
be treated by flowi ng an exchange or working fluid on

operdSF FRAiRb 46 p&init AGid A 1Mok AT oS+ cobABisS PREENbIY the housing

f
mass, or a conbination of these is transferred to or

om _ Ldt o , -

has  FBr o PEBRGRRUL il bR SFSHRTER b Pl RS one or more
one or nacre non-porous holl ow tubes, skinned or

OfﬂﬁngpﬁﬁéH fStous hol |l ow fibers. co- extruded
non- poTous hol | ow tubes, co-extruded porous hol | ow, ,
t ulbR13] pnosher smbpdinpens AT e Praserd dnvephen #e sibasheldeeating a fluid that
devi ces in enbodi ments of the present invention are

incladty Slovdne o pEocess fluid i be Weated gruefitst ide et heaging hebgwsonduit having
permt bonding of the hollow conduits to the housing

twooides sheetermop aperwait invepesed hetofcenytsms thegeler atisbhitgrotted in a fluid
di ssol ved. that coal esce to form bubbles in the

tight REERiASA b Cher@Splastitembteridln € ht iefmopbaktpoting &Sdtétial is bonded to
preferably a perfluorinated thernoplastic resin nelts

houdthg ForitBOBSL &, HethoRbinghadh Blerh bkt R red 00 cx fude 8N molded to at
t hermopl astics used In the present 8 WO 200~/ 063366

1easgﬁ§¢]ig§§gﬁ%/ iﬂﬂé%g.ﬁ&ce?%@bﬁ(gag% Q]teﬁag%ﬁ%&y SfuctiBe@oPLE&rhBRation of

ow conduits a ousi ng or grooves
thes? ﬁlré Itlge?l g@%?ur&%&é}%?@e&ﬁ&%@e Sf@aet C%;II]I;]SJ éee ?v?tgﬁ]? eqtlgnegvrlesg 1(1e .S V&fere grooves are
perfluorinated paterials bonded together elimnating .
presE B OFGPE b Bris it ROLHION Gt PepsHIErRI00Ves oy bEBr @ fiigermoplastic
and ot her non-perflorinated polyneric bonding resins.
et (G 4 H0daigB st e ECBT e g TBPBRE RPN PP conduit and the
elimnate the need for a reinforcing jib bonded to the
hougiagisThe method indladas ggchangimgreapng onaisngl a jombinatpeabdgse with the
the costs of manufacture and al so pernits a greater
procesnfiheid tobe trhakd bwllowmeuit exchangeer woddng fluit lve adesdnceside of the
resulting in higher contact surface area and packing
holldershilyitd. Neie enengy pmes:, br acoghiEnatpard’ tiasasaansgetled to or from the
ef ficiency. By providing structures such as grooves
prodeBs flligto RRUSIcRghge EREE BPou dthSh@RMECInB @l waNETROh I conduits may
conduits are bonded with in the exchange devices of

be dnP8r RIPS 8- pb USRI RN ubRs, Wk Re & UnSki¥inQf pdfi&}é IhS8Sw fibers, co-
i ncl udi ng 1 hmer si on
extruded non-porous hollow tubes, co-extruded porous hollow tubes, or a combination of these.
[0014] Exchange devices in embodiments of the present invention are advantageous in
that the structures such as grooves permit bonding of the hollow conduits to the housing or
sleeve and permit venting of gases, generated or dissolved, that coalesce to form bubbles in the

thermoplastic resin melt. The thermoplastic resin, preferably a perfluorinated thermoplastic resin

melts at a temperature of greater than about 100 °C. The thermoplastics used in the present



exchangers, wel dable zero cl earance exchangers, and
exchangers with one or nore different end caps can be

made using readily available or readily nachined

pard sn0sAdisant ageousl y, for high purity applicat pEn®s2004/042941
stress relief channels in the potting resin, which can

trap fluids and cont ts ar not u red in

exchangg HaHGE o phiBe bR e dtibant fHE hifing oF erooves during

greatly i nplifies the manufacturing process and

the p@t@ﬂﬁ@f@%ﬁ grisexehangg dswices offthe presenival e iprIser Popade from all
conduits to be used in exchange devices. DESCRI PTI ON

perfl@FinEKE NBRAVY ANBS Jed0aS)herelipwiating dtemeed ks peecbanical locking pins,
features, benefits and advantages of the enbodi nents

silicodfredihe ang pehsendn-pardlerihated polyhleribborajipareent. Farther, negawctangers of
to the follow ng description, appended clains and

the pREEATDRAY bM &l GV Y Bt 8 rein RIS ril-béadel 1d IheWdhiiad. €Eliminating
verS|ons of exchange devices of the present invention

the rélﬁfornﬁ@ﬁb dE(Fr@&%t Ble.coBRSS rﬁamaﬁam?erangrals% p%mm mg%mepnmber of
| ustrates a housi ng with end caps

holl okxﬁéqgapa;@sot%r rtgéfmh% BYIE PRARE i B gﬁérgggag@n%ég%fs@g%gcmng

US20041 42941 these f

densiy TSR BN R B P He PR SR Tt PO AR Fch as
and hqllow conduits are initial bonded i pto, the

2rooYf§ i thggropging; P lﬁ’ﬁ?llf’%&ey‘hé‘rffi quququpggﬂsa%re %’ﬁdéﬁa“ in the
of the housing. This unitary end structure can | ater

exchiygeclgricesooidhe ATeseId IR YARESN. 2 Wele tArést robilerstes mclysléng impgersion
material is shown filling at |east a portion of a

exchgrgeoy weldablehigrmatarfusierradhingetshandreg disinpeys withBne or more different end
illustrates a an exchange devi ce havi ng endcaps bonded

caps tan Isepadeat sen dreadil ngsilablesir eeddg maclaneeedried Aldy aigageootly, for high
nore hol | ow conduits bonded to a thernoplastic resin

puritpepsiRdi b, bhas rdret shai@sls iff Be potingstdiatvaschadine g Tan@and
device without fluid endcaps; [Q0]7] FIG 2 is an

contdrhih &t ﬁﬁtﬂoﬁﬁqﬁfred‘%ﬂchéﬂcid dRGickLor thé &@%@in@i@flnllona%m( Hlatly
rectangul ar ‘shaped grooves or channels in a housi ng

SJmpEflesSth@%\éﬁuMuhn%:ﬁ%cegﬁ%dﬁ% ek %Qﬂepﬁﬁmltaegygfmﬁmgﬁ lled hollow

ondi ng, and I ncreased s ace area to e intertace

conduﬁs g%sé{]ﬁl e%&hﬂnme%gqlggm ting; the channels may

ere %hernnplastlc mat eri al for
bondlng and may have various shapes;

DESCRIPTION OF THE DRAWINGS

[0015] In part, other aspects, features, benefits and advantages of the embodiments of the
present invention will be apparent with regard to the following description, appended claims and
accompanying drawings where:

[0016] FIG. 1 illustrate versions of exchange devices of the present invention for heat
transfer, mass transfer or a combination of these; (A) illustrates a housing with endcaps which

has one or more hollow conduits including hollow tubes or hollow fibers, or a combination of

9



[0018] FIG 3 is a schematic illustration of a end

portion of a housing or sleeve that includes one or

nore grooves or channels with thernoplastic resin

filling at least a portion of the channels and

peet@radsbes f using to a portion of the channel s PaAdS2004/042941
housi ng surfaces; opened hO||OM/ t ubes, porous hol | ow

C I,y o t o
these fﬁd@g ? eedQ§ éh% ho%{srg)c grﬂr%ﬁgj q%‘fm B %Li%og 2{@1 8 tth?gesm and
. ooV t he h usin
rollowgg By R dene f SR TFE potsits 185k FRply eB%W‘&d zfgach end
nDIded thernoplastic material; [0019] FIG is an
of the ppysigt Fatsuuaﬁwofengﬁt%&tem dalefcRA Qb1 ppep e tﬁPffeSs gigthermoplastic
i nvention, preferably wth grooves in the housing and
pottmmmleﬁwlﬁﬁmmfﬂbng@t Jeasd ajpartionth @ rerasp &8 ehapngldermed mHbe housing;
resin bonding with the housing walls and grooves, the
(B) illestetea n ge exdbbwi geedeavicei Having tendd apsl barslepg ao sepefatealmpusings or sleeves
apparatus for conditioning the tenperature of a
conne@EDBESE dr Inokdh oI$@d couat Bamiede@athermbplefirregabbiyded to the
nodi fy substrates in a bath or a substrate hol der such

housir%& (@/} Fiubigh& aYi’aafA%ﬁar%lf:%ch'gnthg&lHlﬁ@Qﬁdc%ﬂ%om) 10 NVO
005/ 063366 PCT/1JS2004/ 042941 [00201 FIG 5 is an

' !Ob}")s]tﬁ@t 3 R0y q QR 09 rof P@ﬁ ﬁg}?%‘?g\r’&%{’ %B%Yda‘]: &nd f(B; f€1an gular

resent invention, ne or
shape@ ﬁ\\/e“:s‘%r élﬂlﬁer]%e H!“é’ ﬁ(? orvglieﬁF e W 9% rtha}{vg %ﬂ?ilr‘}hnéc%]aﬁ%] aa‘aganttage
resin that fuse
boncif, 14 ingE R et raca’ 1@%%3@ Sl o dere fhrghannels
exchange devi ces are used as pail of an aratus for
”mVCE%%HWFW6ﬁpﬁ§déhﬁﬁ6@§§gcﬁﬁﬁmd]gﬁé°@%ﬁ%??4%ﬁ¥ﬁ@@ﬂﬁéous“wP°S
process fluid grlor to di scharge; [OOZé} FIG 6 is an
i 1008} 16 3 5w seherapti eilopiamipe off @ ¢né portign of e hewsing o deeve that
one or nore grooves in the housing and hol |l ow tubes
includes ortealr howe grodearsor gbértnetd with thermmopdastit wésth fillightat lsewla portion of the
a thernoplastic resin which bonds or fuses with the,
channblous] prefemdlylfssiapto gpomvesf the chimnehodnslinogsing hefacdewpered hollow
is used as part of an apparatus for conditioning a
tubes, PHREERSI o file€h | PF b @bmbMallbs PRASR HOsHAnpotSd RES BtiEsin to form a
whi ch may be rotating, translating, or stationary. In

fluid tieRl NPy the Fbd & AGwhild M@té}@@\‘e@nthe hbkisgh whlomagrddvdt g)aly have
source which may be for Tleaning the substrate or

it Qral %ééé&f 818 | ¢ particl e
fused ?hqﬁé Q)gfa da;Bo T J rﬁ % I'Erxﬁgp]asggg rfﬁfg{:}?zlon of these is

aﬂyﬂfﬂ ];18 4‘ 18°an Jhus%a‘?lon o% an e)\c,hanoe device of the present invention, preferably
with grooves in the housing and hollow conduits potted in a thermoplastic resin, the resin
bonding with the housing walls and grooves, the exchange device is illustrated as part of an

apparatus for conditioning the temperature of a process fJuid used to clean, coat, or chemically

modify substrates in a bath or a substrate holder such as a single wafer cleaning tool (not shown);



or renoved fromthe process fluid by the exchanger as

it passes, preferably in a counter-current manner,

t hrough t he exchanger. The exchanger transfers energy

to or fromthe process fluid through the holl ow tube

wal |l s interacting wth the exchange fluid.

Teopoptcasee, pressure and flow controllers nay P§g/US2004/042941
used to control the amount of fluid dispensed onto the

SUb§io) HE: ﬁ il la%lus‘ﬁ%ggﬁ gf est pe 9%?@]7%11%@ Qatiéé"&’thgf)resem invention,

cleanln can vere
ate mhlch atlonar [
prerefRE R e gpdRhs (EnEhGoRE Rl aRiRbAll r%’t&ﬁ@ﬁ%each end of
T T R AL

illustration of an end ortlon of a housing or a end
housipgtallp gFoves, and BeNew ¢ l@cﬁntédhe pEchaBgidevages g1 usge Aapajeof an

apparatus showi ng one or nore parallel grooves on the
appatansifoleconditiohiee s ipeddess flind agd oondesonihg thetprecessdfhiid pringto discharge;

venting slots or channels interconnecting paralle

groog FI1G a6 g anplledtador st iranghaiedeorze] preferadés wilh @nobr more

nore end portions; FIG 7B 1 | WD 2005/ 003366

oroox%@mm%rﬂ%a%nbw tHBds R thBRoW fﬁb&ﬁjﬁy 1t8€ €3 foPR 2 BW1iBht seal in a
FIG ?A; FIG 7Cillustrates an en portion of a

themﬁ%ﬁ%pgsﬂ h](§]l s 8¥ fliséd @1t tl’?é%ﬁ]%]ﬂg \W]lts Ian@gl%o%s Jmﬁghousmg the

ow t ubes potte In a thernoplasStic resfn to
Fl G

de\flci;]: is I?SCS as %arrt %Flan Ig!ara{’]&tg{)rggsozﬁlstg)g n%Qid rBQe{s%hgﬁl é)%é)rr % %Peé]se ontoa
subslbaéfi Y\g]ﬁl:l ude B‘It?té’?,\g |trﬁ“§§tfr{¢gf%ﬁf}ﬁﬁ“§g{ hﬁ]{tggitnﬁg—r]]ipgﬂgglg]ustration fluid
sl eeve; [0023 FI G iIs an jllustration of a te

from gl gsugre tugh Ay bﬁéor&éféamﬂdbe FUbsH Rt QT BN 00%‘5&%‘5}?9{8@6" with an

apparatus for |eakage, seal integrit and

optiopalrpagicleeitee and1 QTR 1RISG,0r 9 cpznbemtlpn p%mesealﬁ 2ddedgp the process fluid
cross section of an end portion of an exchange device

or refnovesli fngn e psicessviduid hguhagk cbarggeoss irprsegy poderablyiin agounter-current
portion of the wall of the housing, the depth of the

manr@gf,aireesh th@letchenfouThagxchahgeraginsieasnerd té bofroinhtBe prodeds fluid
wal | of the housing, one or nore of the grooves

throulgR {IRMENHN @ Bh1 RYn@l 1Sz Rfith GRBEKBASzel il NBeripdtBIURY pressure and
wal |, a powdered thernoplastic mnaterial is shown

flow ShitoBER Thaly e L& R BBhO hrmSLAEH §1ui@biispensed onto the substrate. The
conditioned process, coating, or cleaning fluid can be delivered by a pump to the substrate which
may be stationary, translating, or rotating. The apparatus may include particle filters, valves,
flow controller and pump, or the fluid may be from a pressurized source;

[0022] FIG. 7A is an illustration of an end portion of a housing or a end potion of a
sleeve that can be used for an exchange apparatus showing one or more parallel grooves on the
inside of the shell, the grooves illustrated having venting slots or channels interconnecting

paralle] grooves; a completed exchange device includes one or more end portions; FIG. 7B
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10025] FIG 10 is an illustration of a cross section
of an end portion of an exchange device housing or
sl eeve that has one or nore parallel grooves in a
portlon of the wal | of the housing, the grooves
h27 H0V81%%%%r ent wal | hei ghts between them and difd/Gy004/042941
nore grooves or slots along an axis of the housing-
iNustiatek @lcemnRation ngw dTe10atAl FG. goadvaraies ab bed patish 60a dusing or
sleeve wall; [0026] FIG | | is an illustration of a

s]eev@fn@@ss%@cﬁio‘n%tlﬂéne%ﬂn@%dﬂoﬁ thtsHd o€t 1Bl (BdrBRYRIsOd re@f to the
exchange device with one or nore parallel grooves and

sleev@N8GOTD MIsE 2@ APURSRI AN aaﬂo@s)fﬁ ?OIOSﬁECK’(bﬁ] Cl&‘glééétﬂﬂ ‘with one or

|nterconnect|ng adj acent parall grooves in th

more 6? egvg(gidﬁlp %)/W rt}&&%}lé’é@ lt(!)@@ﬂ‘%rgal’?tan %ﬁb ﬁ@?ﬁané%bﬁ&aeﬁta thermoplastic resin
h ||OMI00ndUItS such as hoIIOM/tubes or flbers are

toth being potted in a heated vessel; 12 WO 200;
/063366 PCT/ U S2004/ 04294 J [0027] FIG 12 (A) is an
i 11097} 0 His apfllysHatiar adeslompnidald drat Bay 8e exadigeseting an
tube; (B) is an image of a portion of the cross

exchage tpmmatesf foplegkngexsepludegr o rehH porfpmednee] t her nopl asti ¢
tube with an inner PFA | ayer and an outer M-A | ayer;
( Q0243 G Yislaniiligeti afof taherosy sessos eLén and poftidnhd agexchange device
extruded tube in (B); (D) is a cross section of the

housié @ vEXEdvid ARl bRsor ot @oP@istifd poitidh of tHeew D 186 howking, the depth
resin and bonded to a thernoplastic tube. [0028] FIG

of melé’:m&\/%)s it FheBBudiNBEL) A mésRALd 16/ 1B inBewAT O5e B85 0Bne or more
col I apsed hol | ow tubes fused to a potting resin; '

of the( %))0\'/’6% il chiREEd P( s1RLsRPER b IQLetthQ%ogs‘irﬂvS@alﬁ %%Wgregfthemaop] astic

ext ru ed perftiuorinate s potted in

matelri)fﬁ sshogvrI rﬁérgéjto (RERIRAL 237 s']eev lv?a?llve (C is a full

ross se€tion col'l apsed hol | ow t ubes

oﬁﬁf’dﬁﬁ@r%ﬁ@tﬂt& Dt f:%gg*& Db %&Pﬁpﬁﬁﬁ%ﬁ@%xﬁwme

tubes potted in a perfluorinated thernpplastic

device r‘“@?ﬁ“{%}r slgenp ey haﬁl"@ OrRoT§ P%rs‘ll]?]a%r@‘)‘ieﬁl%% PYYOR ef:ttbr: afﬁ“ of the
versions of an exchange devi ces of the present

housing\ba giogresfharing diferant aak e ghts hetwesw diemgnidvor Qdewregreoves or
or nore potted hollow conduit that contain

slots along an axis of the housing interconnecting the paralle] groove in the housing or sleeve

wall;

[0026] FIG. 11 is an illustration of a cross section of an end of a housing or sleeve of an
exchange device with one or more paralle] grooves and one or more grooves along an axis of the
housing interconnecting adjacent paralle] grooves in the housing wall, the wall height between
adjacent grooves varying along the length of the housing; hollow conduits such as hollow tubes

or fibers are shown being potted in a heated vessel;

12



one or nore resistive filaments in the hollow the

resin and holl ow conduits are bonded to one or nore

grooves in the wall of the housing. DETAI LED

DESCRI PTI ON [ 0030] Before the present conpositions and

W& WOUY3¥oe described, it is to be understood RAIAUS2004/04294]

this invention is not limted to the particul ar ‘

AT GOTPRELA GRRon THHOOHR REhGRoR co BRIRARSR: 2 isan
: derstoqd that the termnolo used in e . .
image SaSETATON O BHPHE T psaaroPe AueEes Bmoptastic twbe with an
. articul ar versions or enhodinents only, and js not -
inner FFAtlayra & 3Pty AdwesrsCope? 811 oKge a? His SFAss seRpomqt dhe co-

which will be limted only by the appended clains. 13
extrudad@ubon $BHERBEE PO sestongf tbe poeitrpdegubesiip (Gipatted|is 6

be noted that as used herein and in the appended
thermogplasticmssin tiieb@idag)td aatherthgplagic'tebe. "an", and "t he"

i nclude plural reference unless the context clearly

{60231 al®@I3qhharadisage offipsrioh or theXxasgsIsestionelf ebB4psed hollow tubes

a "hollow tube" is a reference to one or nore holl ow

fused t ¥ Btstﬁngfégiln; anub ¥ eSO ftalRHRAS ofkROWRsE RctitisecoskithlRd

in e ail, and so forth. Unl ess defi ned ot herw se,

pexﬂuo?h!éted E}S%@@hﬂ P30 56k &F]ﬁn{fﬁ%ﬁﬁ s}éé&g (@riﬁjé ﬂjelhzgl;(zfge of the

sane ‘rneani ng as conmon erst oo

cross TR BPLHPED AT i 3 4 DB TETEES) By i o
herein can be ed in the practice 0i- testing .o :

the OO AL &% GHEEE RETREBERE ReR Dl 81 pethiogree dhsrampplasic
met hods, devices, and nmaterials are now described. Al

sleeve 5| (Bsat i ons  mentioned herein are incorporated by
reference. Nothing herein is to be construed as an
4009 51 4 tihestraterie ciasy eention weisipng of aeetdhengeddevices of the present
ant edate such di sclosure by virtue of prior

inventipmfcehtdt oransi¢r) 38 2ipusieg Fchniss ofic eabzyeaed bullae somfuit thet contain
present invention can include one or nore

one or ey 1en§iva $il d reerfioin It h 61w Uk d 2 sihusathoDow Rondled ardibénded to one or
potting process at a first end portion of the

more gfdREUh iR Wl & th&RsR. astic resin. The thernoplastic
resin bonded to the conduits can be fused or

DETAILED DESCRIPTION

[0030] Before the present compositions and methods are described, it is to be understood
that this invention is not limited to the particular molecules, compositions, methodologies or
protocols described, as these may vary. It is also to be understood that the terminology used in
the description is for the purpose of describing the particular versions or embodiments only, and
is not intended to limit the scope of the present invention which will be limited only by the

appended claims.
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bonded to the interior surface and or one or nore

structures by potting on an interior surface of a

first sleeve or to structures on the first end of a

t kc housing. The second end portion [

tﬁgéggghggﬁﬁc hol | ow conduits are fused or bondgﬁp&pSﬂmyaug“
a thernoplastic resin; the thernoplastic resin fused
t d0OH 1§ musalsebe gatef At ap psaddieireanst infhe apnepdagdeiaimesthe singular
on an interior surface of a second sleeve or to

formsta utnlirad “dr” mchele phoalenterofce uhlesst the coipk tadetailg dictates otherwise.
housi ng. The hollows of the fused conduits may be

ThusORE BRGNINY, reéfdichtd g at hellswe subt” anslretpendieng ohb6r more hollow tubes and
condui t-ends. The surface or) the housing or sleeves

equivialt@ls thiCortiReHARPIHASE dIS1IddERitRe RONASsb oriANUMES Aefi R SR wise, all
structures such protrusi ons, grooves, Or a

techng&gmmkmﬁc Rt B&8Sordh RER! AP i BEath AR SRR hgerstood by

rooves 1 nt surface of t ousi ng or sleeve
xchange .devj,ce _hal,] ow,condui ca hal |.ow t ubes
one 5ot Gt G AP G5 Bu SRR AR s Bt s pvatent o
fibers, skjnned hollow fibers, thernopl astjc tubes,
thoscdsSGLtRr DREI HBF G g HLPraghce e b Bar pandiGent fEdg present

~ [0033] Exchange devices of the present invention and
invention hibe prefesred weathadls, deyichs-iand meiaialspge mpglescribed kAH gublications
nmedi a, for exanple thin walled hollow tubing or porous
menthpked beveihiabeingorppiated by refigranse.nijobingoreeions todiegositiaied es an
with a thernoplastic resin. The hollow tubes or fibers
admigodnt gt therinve®nhoodiengtlakpamaddate shelodigbloture by vinakb lof paor
process fluid to be conditioned froman exchange or
invewnki ng fluid that can transfer mass, energy, or a
conmbi nation of these with the process fluid. Such

exqob@n O€erél6Yd TR cHafPe VeI tRWresBhLinROH i dni ddh trRfhdE @ne or more
fully "bonded nenbrane contactors, gas contactors,

e PR BOThRERDT: MRRAREUS B FiRERE Rl £rs bR portion of the
combi nat i of t.he evjce be used.to

condG R\ Bp R e T L PRORARVST Ol (B 3 gp b fused or
t hese between fl ui ds separated by:-holl ow t hernopl astic .

bonded; e ‘"%Hé’r aalAc éE‘g e Odé“‘?rﬁﬁjé\ﬂ%‘f%ﬁ lb%tpﬁi“é‘gﬂ 4P Hipipsuriace of a

~a housing for separately containing the process and i

first gge QR e UTUEERS 98 the frssend dhfethgigoglaghc Beusiie. ehhesegege end portion
device includes one or nore co-extruded thernoplastic

of th gietToep!astn bollqvs congdydyarg tfusedfqr bended iwithh o thepeplestic re¢sin; the
conduits to a thernoplastic resin;

thermoplastic resin fused to the interior surface or to one or more structures on an interior surface

of a second sleeve or to structures on a second end of the thermoplastic housing. The hollows of
the fused conduits may be opened by cutting the resin and opening the conduit.ends. The surface
on the housing or sleeves that the thermoplastic resin bonds to can also include structures such
protrusions, grooves, or a combination of these; preferably the structures are grooves in the

surface of the housing or sleeves. The exchange device hollow conduils can be hollow tubes,
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the thernoplastic resin fused to an interior surface
of a first sleeve or to a first end of thernoplastic
housi ng. A second end portion of the thernoplastic
hol | ow conduits are fused with a thernoplastic resin,
twe 2étemsaspl astic resin fused to an interior suPCaas2004/042941
of a second sleeve or to a second end of the
porou]ts Egl:lﬁn\%)ﬁ l)é%‘g'tékfnngg lﬁgjr]]&’tg flnglg ethg‘%%?’]agtﬁ Jﬁgs |38 lek%%e%qqnoq]% a; t%bes or
o .flui | ow by cuttlng or mlling a portlon of t he
CombWﬁBWﬁﬁﬁqﬁé?lc resin and conduits . Optionally the
exchange devi ce housing or s|eeve includes one
YB3 Eyshangs deviersof thFr%e-%?at 18Y&"Hprg 8ad H@Fhoéqumiw& them include
may include a thermally conductive material m xed or
pottingarvirkiag nyidih fores amplertbimevalied hpléow aypergsortriesushmidewdbers, into a
the hollow conduit. 15 WO 2005/ 063366
housiMCHY de20 81O 42041 withe: thérerapbstiassine The lisllog tuites s €ébere potted in
for the exchange device is chosen to have a

the h&uRMPA&Hakdt® throlidhatheip &Nt & prdctsstRid bR cvhdifiohdterr@atanieRehange or
resin during the potting process. It may include

workii@ lf']%id"lgﬁ caRirafdfEEMES, énla?éy, 8f £cdmiSatfdnUNtese with the process fluid.
t Rernopl astic, thernobplastics with a sintered materi al

Such \?\A{]cthﬁﬁ %& debﬁ%?%ﬁéelﬁ el?lﬁ%g %@?’Pgéﬁ g&gjﬁg t}ong{cﬁﬂgxlngﬁtnk %ﬁntactors, gas
conta%lggstr {)ngﬁg ggr%:g?cq?rér%e&ailse{s ]éeaﬁgngnﬁr}%xss ;g{:soc%g)%ers I‘a:eaters hollow fiber
t her mopl asti c a_portion of t of the housin
filtersy pr ‘&”&é’%ﬁé‘ofl%‘)fc‘gﬁ% O 1<t HeY B%’t‘\f(\%rf@ XGHIP&T P ‘Fa‘tsfffé?'eat’ Thass,
I s capabl e of fu5|n with the potting material durin _
ora cgmbmqgcprh@‘ tb@s(g@égge_en ppids Sﬁ%‘%lpql]g v bpllay 3’@{7&091%&91‘3 Rakes- a’%e devices
snooth surface or it may have one or nore structures
may egmmesgsiomstylesr inolyisra hoypging der seppraselycconiaiming the ppostess angl exchange
resin. 10035] A fluid-fluid phase contactor or
fluidexchange device of the present invention may be nade
fromthernoplastic polyneric nmaterials and preferably
Pg00340 OnE Paftsia dffaa erEahas tidvice ifObda¥RNS or Mot ELwithRiedan
be used for contacting a fluid to be conditioned with

themf%pl‘é@fckﬂo‘]‘lgwq,rondlﬁi%cm%% affirstiefld pd8n &P MHe@®hMits@b a thermoplastic resin;
exchange device includes a bundle of a plurality of

the th@ﬁﬁdléé% h@ﬁatfﬁgedttg 3h ';539,1, &sswgcefml lfﬁw sﬁéebg br eseagws@a&ﬁofor

tubes 1-0 or exanp e sh I n

thermo l%ﬁt hg’@é“gw |Srlé§$r§jeé;§g)bf%80 L{gergﬁeo Pl 9815 Qﬁgﬁnﬂg are fused

with zg&}[a%?opiq?ﬁ? geglgl gﬁ%g{ﬁesrmopy Stid 1ne51|nr}1rjls%(ri t& an gnatlgneorlor%ace oq a second sleeve
or to a second end of the thermoplastic housing. The ends of the hollow conduits from the potted
unitary end structure may be opened to fluid flow by cutting or milling a portion of the
thermoplastic resin and conduits . Optionally the exchange device housing or sleeve includes
one or more fluid fittings. The co-extruded hollow conduits may include a thermally conductive

material mixed or combined with one or more of the Jayers that make up the hollow conduit.
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For hol | ow nmenbranes and hol | ow tubes the inner
surface conprises a |unmen or bore. The holl ow
conduits may be sel ected from non-porous hol |l ow tubes;
hol | ow fi ber menbranes having a porous skinned inner
swf@eRue3R6pOr ous outer surface, and a porous SBOPORL004/042941
structure between them hollow fiber nenbranes having
a non-porous skinned _inner surface, a porous outer o
The thgrpropRalic honsing opdeest S0 PGP INes EVICE iy OBEt iRdigie ¢ RERposition
hol | ow fiber menbranes having a porous skinned outer _
that psymitssit &, fuge Widt be potingEasinsdwing g PYHER Brogessolignayipplyde housings
structure between, and hollow fi ber nenbranes having a -
or slenoes-thad reusadeKionne thempdastis,uhdrmoplastcspwitio a sintemgvbmatstialfon its
ace, and 16 WD 2005/ 063366 PCT/ US2004/ 042941 a porous
interiSHAPAELL, c6-EX ttded iR G vEienwitkEatdoemdreahednig] Bunttlyerspmolded
conduits or nenbranes can be potted with a liquid

thernfdp@ticsR&H drd QF hdat BlniPREAORIASTY. PreRAlbl§ Mehohdha have a
unitary end structure wth a surrounding

thernBRYCGL ) FREGH LAY i‘?%%f“@? ﬁ'%“ﬂ?@%ﬂ“@ﬁéﬁé fihe
i FIG 1A, | i ] i 24
matetif] i R gabfbre oo ARE TR BRI s M Ry e

portion of Which arﬁhﬂ%ﬁ%ed wth the therinIastic .
housigg Of FIRGYeMAiNAYE HIRPOShSBLRCRPT BBy hayhent o P §Upsits formed on its
~ wall defines a fluid volune between the inner housing
inner\ggffpcedmBondhwithollie 8P1BE 16810 of the hol | ow t ubes or the

hol | ow fi ber nmenbranes. The housing may have a first

f 110036] isnfled-Tuabphase contsploy onexchange devige@f the resent inpetion may be

end 110 of the bundle to be contacted with a second
madeffrath thewhopddsticrpylyinericmpielink dndprefuaslsy perfluoiadted fHi2rmdiestic

housing may have a first fluid outlet 118 connection
polyrh@s I EhDdRick ldeh Bomtaftr eonthdtingta ffdidislbd E@diitidhed sehando@ing or
outlet end 122 of the hollow tubes 130. The housing

exchddgeindid. Nt botRRGaE ki Pan deldev i@ hdpeddd SafintiR of?agwﬂlﬂlaﬁ'ty%f
second fluid to be contacted with first fluid through

perﬂ\gcf}ﬁxlalgalt}{eﬁn Jaskif ﬁﬁlwl hﬁé’y rhd oélﬁ% gl} gof]('a’\p E5bes 186 aSRE Qﬂgnp]e shown

occupl es the vol une etween the I nner

. i n 24 nd the holl ow.fihe -
s, S PR ber e BOE A YL 8 g e 120 e

seco utl et 1%4 connectjon to renove tﬂg cqnt act ed
o seodRE O 201 Ehegher igms oA Ret hOW “BETRRIH s EIGR 60 PR ghrface 111
phase contact or fubstantially made from
For hollow membranes and hollow tubes the inner surface comprises a Jumen or bore. The
hollow conduits may be selected from non-porous hollow tubes; hollow fiber membranes having
a porous skinned inner surface, a porous outer surface, and a porous support structure between
them; hollow fiber membranes having a non-porous skinned inner surface, a porous outer
surface, and a porous support structure between them; hollow fiber membranes having a porous

skinned outer surface, a porous inner surface, and a porous support structure between, and

hollow fiber membranes having a non-porous skinned outer surface, a porous inner surface, and
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t her nopl asti c polyners and preferably perfluorinated
t hernopl astic polyners for contacting a first fluid
with a second fluid may include form ng a bundle of a
plurality of perfluorinated thernoplastic hollow
condui ts such as hollow fiber nmenbranes, hollow tubes,
or wocaFkssat i on of these having a first end andparys2004/042941
second end. The hoIIOM/conduits have an outer surface
and i nner surface,

= PG PEThERE RS e €nd e RETER PrAgH or Hhémbranes can be
menbranes that can be used in the deV|ce and t he

potipsidic lspideght agyilneringigd themoplasie &@' oferm a Haitaryepg structure with a
consi sting of hollow fiber nmenbranes having a porous

surskinging perflwerorated Wheimoplastic hswping svherinie fibesynds aasepen to fluid flow
PCT/ US2004/ 042941 outer surface, and a porous support

as sHowu by Ui Gartel2Ree F1G. ey Inlvak koo diinizat, theswibsiag @234 hay amgner wall
a non-porous skinned inner surface, a porous outer

with@hdna€le or %ﬂsvea 1P ERLIE] 63 b PPRibh of Whithta BlldEbiveeRe thelssplastic
hol | ow fi ber nenbranes havi ng a porous skinned outer

porHE feGifi €and n RAIPWEI PRERORHMH flﬁe@,wanaféﬁne PR QVSI THPRQN ben the

structure between them an | ow fi ber nenbranes
mnela Noug}ggalal?gﬁcpf% 8Htglde %!f glnﬁng h8h'5\9 ub%hI Enf e ﬁ%)]](ﬁv AP ?Hﬂ%mbranes The
structure be

lLustr he h uits

ho%ﬁ"b n&g&a{/q %ﬁggﬂlg ]%tulr C}Bﬁ%p@ gﬁ' @lwa?l'berqd end ill]Ooof the bundle to
per fl yorinated theynoplastic ho si.n _

be pitacied fith st ERD it WB‘ﬁL F'i0E sgp 53\91@9& el i Hg?-ahhe housing may
inner wall with channels or grooves 1112 and an outer

havged first faghoutleh bl Sirgpnestior krigomove the copigctad &rst Hyidifagmeihe second or
each end of the bundl e positioned in the housing, or

outd el B3af dfe hoHew ubasi 1 20. pbitet lemising fhid idiet f@meetionh bl cangbe used to
sl eeve (structure illustrated in FIG | C, using a

suppdy f detndil e behentaapd asthifiest Fluldrdugh filer walls dfitlgeihdllow fibers or
tight perfluorinated thernoplastic sea] with the ends

tubef. THeReddad Qi deeuiskiithé volame férehedWeWedn WY ihiddr Yv=8N8f the housing 124
structure with the surroundi ng perfluorinated

and DHERLORA Gk hﬁﬂﬁ%éé SGubdsnabudip goﬁ@rfbdrhﬁ‘)gmtcﬂldé’ B ese%nd outlet 134
nmore of the channels or grooves 1117 and. 1116 wt

co;ixﬁ&on@x%ﬁﬁ??i}ﬁ%ﬂ ?IF@E‘écﬂnd L@f erably aft er potti ng

e ends ow conduits are opened at both

d h h
SR8 AEae iR e AR R PPﬁseﬁoaacthﬁubf%mb%mse from

thetﬁplacgl})llzgm {)(lﬂgl:‘x/lverts Hécf Uggr%mhgpeg%illggrgftgqﬁ%c&) aﬁ@c-r{)]o ynq%trsh 1%r contacting a
first fluid with a second fluid may include forming a bundle of a plurality of perfluorinated
thermoplastic hollow conduits such as hollow fiber membranes, hollow tubes, or a combinatjon
of these having a first end and a second end. The hollow conduits have an outer surface and an
inner surface, the inner membrane surface comprising a lumen or bore. The hollow fiber
membranes that can be used in the device and the method of making it may be selected from the

group consisting of hollow fiber membranes having a porous skinned inner surface, a porous
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housi ng or one or nore sleeves of the device to

provi de one or nore bonded endcaps, conduits, or one

or nore fluid fittings. Alternatively, the device my

be bonded or welded directly into fluid rom;circuit

or 2 qssel The device may be used as an i mrersi

WSS ine ina fluid flowcircuit. In a PeTUS2004/042041
non limting exanple, the housing 124 of FIG | A may

outBBatefage,fand 8 tporcan degiprtlsBactuictbotvdett itiebnhn h@lowl2erboermigdnes having a
to housing end 132 to supply a first fluid to the

nof-p6dhs Siched Idfbr @hrfidaca PotoEE Gitdr QuiPseel O @F&EB6E Wippbrt Btructure between
second fluid which nay be supplied at inlet 11 The

A et P R R g e

CT/ US2004 d. 1

nd TPQP Rurar  raenE esd S frd BIRVEpb T80 Efipg o non-porous
hol | ow canduits 130. A housing fluid |nlet conantlon

S‘“m@? Ouéeéﬁ“ EhbRYEY® t“é‘e’t T 20 R HgOTRIY ST JER uregbgiween. As

a second fluid to be contacted with said first

ﬂhfstrarp@jnt Heoddhthe h@“wawrsduaf 110 areneasiirped @amh sirquadadlpy an end of a
The second fluid occupies the volunme fornmed between

perfinerinaterbthernmedpilastie howseng draumsifhgringad Hregmpplestisailgeyov] 102 having an
conduits 130. The housing may include a second outl et

innkB¥all edthrbaririetsroripostdes 1 11 danhen hawesival 1104 Tle hdlwvenduits 1106 are
the contacted second fluid. [0037] Potting and bondi ng

po@fd 41@hdhauid &P frebiundle Posisiondtiah kHeWolikiBgs & eath &l dfake bundle potted to a
tubes, into the housing can be done in a single step

diffESdm goﬁs@ﬁg S&AERFchird NRENRR] Jmecmﬁsasﬁhgloﬁse&ﬂ%mted thennop]astlc
material ~ such as but not limted to Hyflon(r) MFA 9

] 1%‘ rf?,ﬁlg 91 dg@ﬁ@@h?ﬁérﬁu%ﬁﬁ@dﬁ%ﬁ@ﬂﬂ%u% !VPE the eh® Blotfh@fﬁl]ow conduits

Vi C Yy verti cal | aci ng

BTIEP I og U%){ (hlg CRH?%!!]C?I{]%QU] gu%gn 1%9 gglq{uog%leci 8'1\%/1'1{‘] nggSl]C hOUSan

cord Iea one C prepa

0 le b [ ol low tu

mcﬁwc{efa&ebqpﬁ? 3% Dl SR e Or.gﬁ%veatfﬁ an lrltléawwfthe
the bottom surface of the pot by approxinmately 1/

thermppjastigdgsiy. oP@iesaqlba%er@?ﬁ%nﬁjw erﬁ% ﬁg‘foh%lﬁw %oqdégi»‘ ?fe jopened at both
pell et form can be placed around the outside of the

endshad|the hgfusing @1 gedsi of sepagiiel slegves(poicteran) weragdan EHG + )rte provide fluid
the resin. The tenperature can be from about 270 -

flog8broGglh te hotbiveanduitse The methdd alsydtrtR80nG0d: & afteof Miediying
wal I hol | ow tubes and co-extruded hol | ow tubes. The

hotsysd ¢t oielot moandedvieouthe devdcd th@ratidd dne @ntorbbbid@rentidegs, conduits,
| umens by head pressure and capillary action. An

or Bhd &Ik vMRT Atk B0 dATkénitReFBHE device may be bonded or welded directly into
fluid flow circuit or a vessel. The device may be used as an immersion device or in-line in a
ﬂui‘d flow circuit. In a non-limiting example, the housing 124 of FIG. 1A may have a first
endcap 136 with fluid inlet 102 bonded to housing end 132 to supply a first fluid to the first end

110 of the bundle to be contacted with a second fluid which may be supplied at inlet 112. The

housing may have a second endcap 120 with fluid outlet connection 11 8 bonded to the housing
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a tenporary recess made in a pool of nolten
t hernopl astic polyner held in a container. The hollow
conduits are held in a defined vertical position,
mai ntai ning the thernoplastic polynmer in a nolten
state so that it flows into the tenporary recess,
arogqgﬂkgg shgl | ow conduits and vertically up the PCT/US2004/04294]
Oow con UItS filling the interstitial spaces
between the hol [ ow conduits and one or nore
endtl 2 Litq weimeye theconigeid iess finkd frame theotesemipreptiegieady 2 of the hollow
walls. A tenporary recess is a recess that remins as
coaduisdéds A using Thaxd inteth cpoettiongl Iizat@rhediondagirio ghetiawsing 124 and used
sufficient to position and 19 WO 2005/ 063366 PCl'/11S2
to @8p1yY B4ecdn@ fididlto bk xoitieedowintbzd 6ifst flaid thwuglohdwi dls of the hollow
pl ace and then will be filled by the nolten

cobg\ﬁfsnﬁ?)gl gt k&cond TR JcBIRQIAE VolOReYb8nefbetwden RGBS WaRBf the
e controlled by the tenperature at which the potting

ho%t‘ig ﬁb@}md the ﬂq]&v 8&1&&& ?ﬁpefl%t}}ﬂ)rugmatm %h&lﬁhe Cﬁ%%c&@ohl]&QBéi

Brira urin ow condui

R AT PR b g
oS DheEa n B00L8 SE L  BRTSHELEEL e,

co-extruded hol ] ow conduits, hollow tubes; and holl ow

the haysingrfay bagormia aHNEIBPRUSITH LOF §X WADIE A dicrrBpn ARiciTesingRptting materi al
illustrated in FIG 12A and shown FIG 12C may be

suplots lad noslimged oHdyandHARIE XX besdn, wival kbl dpsmaAusimeyt USA Inc.
may al so be fused together and to a sl eeve or housing

THoyofafel BEi The deviidedcan bd yadefbyt Veeseallygll dcoy agondien défs Hundle hollow tube
contact with each other an approxi mately parall el

and &k Bbll@N§bénrordleagthowih Adlesst ofid ERVE! end, freptr&Tfof Extingble by wrapping
can be introduced into the interiors of the ends of

thé H&ﬁﬁ\ (Be BXhoIHALHLA Ohl.a¥infoRd Lﬁhh&lmg e NRed SHe bottom surface
melting outer thernoplastic |ayer o the conduits

h
of A B p RSt P8 T AU SRS 0163 LR, TR BB v pellet form
caﬂgv Ipﬂaée | %gr\ll the oug J?:%&"?h' gelpof t}§1| gg%ge a%&'&:%ﬁscagn e. hgated to melt the

Frutttres IorKe groo rdtr Sl
na have, a. |l a stl fuse
resits TP REPRUPT QLS yﬁ%%o%%? 2 fhei 8 fhagt 280-305 =C

can bond with_ the holl ow conduits, Alternatlvel t he
for hyerall ey BRURY GoosL R hallgwatupps, s“%heﬁszébmeléﬁnarﬁéows into the sheell

potted with a thernoplastic resin in the housing.
and between the lumens by head pressure and capillary action. An alternative method is to make

a temporary recess made in a pool of molten thermoplastic polymer held in a container. The
hollow conduits are held in a defined vertical position, maintaining the thermoplastic polymer in
a molten state so that it flows into the temporary recess, around the hollow conduits and
vertically up the hollow conduits, filling the interstitial spaces between the hollow conduits and
one or more structures Jike grooves in the housing or sleeve walls. A temporary recess is a

recess that remains as a recess in the molten potting material for a time sufficient to position and
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[ 0039] Another method for potting holl ow tubes
i ncludes fusing a portion of a plurality of
t her nopl astic holl ow tubes or fibers in a housing end
or sleeve into a thernoplastic potting resin to form
a W i@ENeeRd structure of the potting resin, hobc@ws2004/042041
tubes, and housing. The interior of the housing or
sl eeve can have one or nore fusible protru5|ons one
fix be bapdle of helletondeiis in glasoansshemwilt ke idlipdrhycthe molien thermoplastic.
Al ternatively, an inner |ayer of a co-extruded housing
Thectamp bizvenaurk af te rafess2@n 6 aods106 BB 66 (eaierusR a0 0dichietpotting
294 1 thernoplastic that can fuse to the potting
mate648liif hel@Re phpeLase BAYHiEHO pdtting amitdrial i $kldaduadg holldw €anduit
11, placing the assenbly (housing 1102, hol|ow tubes

bundkQfRaceditdt, bRSHE pAyitd) properGesht ahd tlﬁgﬁﬂatéﬁaﬁmagnd of the hollow
nheg?lng t he potplng r%sﬁ%s 1108 Qﬂ the heating cup

RiRE 8ak I PHRGred bRk b
Conég)jgsr ca\glguentofgl gggﬁﬁgklﬁﬁail d;]g‘h H%oé\?vmtu es }%%%16%%1 g formed in a
housi ng 1102 are able to fuse together w thout | oss

%f the structure of the hollow tubes 1106. For

erf| ted th asti
BEAOOS G ik gl anﬁla}fpngwﬁw \ ﬁmi *r—@owgfpeﬁé hgying one or
fron1about 265 to around 305 Prefer
mogegdaysas of th fwmamtlll%getem]a%rlaﬁﬁad 3105‘”@: Quheé |mtyr'Pé potted using
melt turns clear and is free of trapped bubbles.
the Dagttiadgdeneibes ige surive. thesgnay alsd he fusesiiogaiber and tdoetleryve gr housing by
the fibers and in the shell until the height is
pladoga phirgiy obthesadall by cenluity al contacowith bachiotisr de agrfrotimetely parallel
shell as the outside of the shell. Alternatively, a
relatiofshis in NSREIhEdr dledve. MhRate® Fhidtdan Ok dafodudedrifo@SsSintiiors of the
cavity. The housing 1106 with the grooves or channels

endd ofl thés@blextLid & IMdwt doBdiiRkd fide tHENBweHAGhE odkdiAferdoBlastic layer of

then inserted into the cavity. At this point neither

the LOSIARLS RWet 4RBo W%’uﬁné‘@ﬁll 1ol fBfm QQ %ﬁé%gllﬁt %E‘@ﬁuﬁd%m

potting resin. The nelted resin [ ow by

arTahe Qﬁ%nﬁ t?/of t1!\% hfoh!)\k' c&?;ﬁmg ﬁJo ﬂ? s]eeﬂféd "I%Q 00 USOIJ Q %Pﬁgﬁﬁﬁk' rﬂgvm g

loo

ove ow t ubes an
Aft I th t .
st RS0 %veﬁaé Prgﬁaa?f&ooﬂfwu Fles GR% b tae'ai%a? %hef’ﬂ%wawc fused to
hou5| (not 65 or anot her sl eeve.
its 1,56%&8@ 0&3 i@ &arﬂ@ar suffpesthl£an PH%WBE ”tedloﬂf’\aﬁamé%té

[ unmen of t he holl ow tubes exposed. The potted ends may
Altgypatinely, dbg fgyedéul}f,a@ﬁmqqzé legaideninta f]ItSbSlep@ﬁ bepetted jyigh a thermoplastic

hollows and to forma recessed potted regi on 725 away
resihimthethoasiagid porti on 727 of the housing or sleeve as

illustrated in FIG 7C The holl ow tubes 130 forma

f | Ui0a39]) Aindthes @&thod for potting hollow tubes includes fusing a portion of a plurality

of thermoplastic hollow tubes or fibers in a housing end or sleeve into a thermoplastic potting
resin to form a unitary end structure of the potting resin, hollow tubes, and housing. The interior
of the housing or sleeve can have one or more fusible protrusions, one or more channels or

grooves 1n its surface. Alternatively, an inner layer of a co-extruded housing-can have a layer of



108 and 126 with the potting resin 106 and 114
respectively. The potted surfaces may be polished
further using a heat gun to nelt away any sneared or
rough potted surfaces. For nodule with a | arge nunber
of holl ow tubes, such as 2000 or nore, it is possible
t hato $d0godsBeiul € 21 WO 2005/ 1163366 PCT/ 1352004/ 04:¢94ls2004/042941
may have potting defects which can be repaired using a
clean soldering iron to fuse and cl ose the danmaged
theramapdastic drat eap fired withegpotting Tesesi Tihé proeest ey deobist asillpgirated in FIG.
the aid of the soldering iron. [00401 FIG JA
11, pldcinztthasssamily (eoosingi 2, HeNove enbleaVidogarad teond il 08) ioe heating cup
sl eeve with one or nore grooves in the housing wall :
11386 dWeamg thdeothimiheking] 1B8G6H O}%Q}‘éatﬁﬁ'g&:uPQHB@Wi thubesternhhBeating block
exchange device can have a fluid inlet fitting 102

or cttl'i@thebtsso%é (mt‘?lfth@ﬁsﬁ NHGRRARP nibRat 105 dusien @I@ are able to fuse
hreaded, wel ded, or connected by other suitable nmeans

tOU(I,tReII\D%"IJEIPE) ggtgrﬁltﬁéegfqhé'ﬁél]o% t-[l'BgS ﬂ%HS :Fglgpl%ﬁ rn'%rcéf%gb%nop]astlc

rooves

th own for cla usi o -

ma i ke FETS ¥ﬁ§ eRTE ARG ¥ g BB “?Q in fuahlf of R 4Bk 265 °c
and m t ottln the hol | qw tubes,

to aewm.%ﬁ’éfkifow%ﬁ Pffg‘i’TFp d e 98 rORGRGR 2001 b (RG0S (5wt the melt
130 to the grooves 104 and 116 of the housing. As

turris|dless epcis dige of tragped Awldbles Dyirinp degting the 198 malhfows up and between
bonds with the hollow tubes 130 and forma fluid tight

the §ibaifs andl iththe Kleelhotis tha geightope@svaldro 4r aeael y £96ivalEaicdn the mside of the
hol | ow tube includes an inlet 110 and an outlet 122

sheban decbutsidet diehdshel.i AgeroativeBb, e esis iddrtedline theusiting cieaty a recess or
optionally include fluid fittings 112 and 134 that

cavﬁﬂnl"hebrﬁ)ub]blfv 180@wiiRthe ghdoles @@hlnthel 1038 ahdaf 1 6aing TR, tbe

readed, nol ded, or a conbination of these with the

budaerﬁIoecm hdinsda RS QR2AGEH. d@tvﬂhﬁsepomae]h@v ehedhollbiiihe bundle nor
outlet fitting 11 8 that i's part of an endeap 120 t hat

the ‘1:19951 0'88{%9?% (Pé) tn{ggé’s‘#rﬁ d}“l'l'?\/}ﬁé]g%qesn? b 1(5‘3%‘5‘1%?%5%@ qu]] the voids

sulta e nme ousi n sl eeve 1
130, ¢ e 9t e S resingto form
and c%gr?net]salsc?he Elspng to?é) 2 eqo 9 P9 th Eﬂllo % Y and S éu? thteglo%sm

) f IOM/tubes eve ous
simyfneosls ARrroPing foaryme RecpevRg TPl eﬁqar e REreRlend of the
tubes can he nmachined to sever and open the tubes and

houspgd SHAVRYIT APOthersiReYeh e"*fé"fidhfb?O‘teH@“M%F?flje(br‘heé’lcé’é{}’é“ be cut

end 132 back to a position 128,
and the lumen of the hollow tubes exposed. The potted ends may be milled by a machine and bit

to open the tube hollows and to form a recessed potied region 725 away from the end portion 727
of the housing or sleeve as illustrated in FIG. 7C. The hollow tubes 130 form a fluid tight seal
108 and 126 with the potting resin 106 and 114 respectively. The potted surfaces maybe
polished further using a heat gun to melt away any smeared or rough potted surfaces. For

module with a large number of hollow tubes, such as 2000 or more, it is possible that the module



and 121 back to a position 117 This renoval opens the
tubes in the unitary endstructure and facilitates
t her nal bonding of endcaps to the housing or sleeve
m»ﬁ )l ow tubes 130 can be but are not limted

to%ﬁ%? o Tlom1f|bers skinned hol | ow fibers, PCT/US2004/042941
non- porous hol | ow tubes, eo 77 WO 200/ 063366

mayHfalt Yo 462412 Shlcheogh oy dqﬂlréwhdnﬁlg/\é tledesoldarin@lingn to fuse and close the
combi nation of these, preferably the tubes are

dm{ag&r ﬁ%' ﬁ%c]‘%g nbW IR Aht REEARAIASE 2R SrRkEIJl@king iron.
041] RE 1B illustrates an inmrersion type

o pene fhé YA RRBH B0 RnIRSE 06 nERR PR Ao BBt on o

s of 't OMIcondhlts 1 evVi ce ma
have an.

end unt ed, t hou v

o NG B BB LT s Po GB Rt 3 R FE B e
of the hou5|ng r s| eeye The end

exching 4V G PG T A0 AR Oyt @G abandcap a%ﬁv G4 can be
bonded, threaded or otherw se nounted to the endcap t

bongeds Whirgesled, Weldeds OF eaectedhyptheryitghle pransig kg rysina gr §]§CVC 124,
or includes a thernoplastic material that can be

Thebonsieg 12ohasrmmeor monr ehahuls ovgroosadisr example 18t dndbbidether grooves
to thernoplastic resin-164 in the one or nore channels

not U2vn foRelarityy)ih dw hoosidp ot dech66 Tanthetrher] aoielrast,ifar axesiple 106 and
forma fluid tight bond or sea] 146. Each hol | ow

114CR8MURE pdtied, dafoldW tubdsedr aldghbatad oR B Bath| ®indd 3R dransiedollow
to the %ou3|ng or sleeve 148 and 158. The device may

tubd3A 4B 18 the GREIAP 130 dMYRY B HolsiAe, NRYIIEGaRE aS10884E 116 Be resin 106
aving one or nmore channels or grooves 150 in the

andqqsf %' F& \?ﬁh ﬂ"nl’. GEN &y tuﬂaﬁ 1 ﬁjqé#]‘aagnl:J'?ﬁu{Hg%é]Iﬂ@%’? “ﬁthftll:é'ﬂo‘a d] % grooves

I'tting 154 that may be usi on bon

].046\'11@3 ?g eﬁgc%%oﬂ%g%{)ngtlr% Pg%léné’?elg‘rlg@ﬁng 4 enﬁeta]giz JDSI?dfgéo the housing or

Vet ousi ng

sechb A RSP URBE S O E’;h'wiwdmfimébnm@eli%ancﬁ@ﬂaﬁa cpbe but are no

thernopl astic resin 152 in the one nore channel s
limijegito those they are bendash tirgsded. W]Mnﬁfbﬂ chnqggl%ﬂj these with the housing

thernoplastic resin 152 form fluid tight bond or sea]

1241 @he ex¢hangroddvisg cen hansi a fduid gdlet Sitlingd 1§ dhaus parbefi apwndeap 120 that
fibers, hollow tubes, co-extruded holl ow tubes or a

can®e rhibhatf@t thomadad, weh@sleoncnanecwd ylehep stitabie methids tesherhausing or
forma fluid tight sea]. Preferably the hollow tubes

slect @24 . hHoloptubss 130 @ih be poital in tieerinbplasiyplesiattod Cormmt @y thddend
In

structure and the tube ends cut to open the Jumen of the hollow tubes even with the housing end
132. Alternatively the potting resin and hollow tubes can be machined to sever and open the
tubes and remove material from the end of the housing or sleeve end 132 back to a position 128,
and 121 back to a position 117 This removal opens the tubes in the unitary end-structure and

facilitates thermal bonding of endcaps to the housing or sleeve 124. The hollow tubes 130 can be

but are not limited to porous hollow fibers, skinned hollow {ibers, non-porous hollow tubes, co-



FIG 1B, the hollow tubes 166 are illustrated as
havi ng an inner |ayer 144 (solid line) and an outer
| ayer 160 (indicated by dashed |ine, see also FIG 7C
and FIG 12 A-D). For exanple the inner |ayer 144 may
represent a thernoplastic such as PFA while the outer
t hernopl astic [ayer 23 WO 2005/ 063366
POT 0862004¢6042941 160 nmay be a thernopl astic |i KRCINERU4/042941
t hat can fuse with an MFA potting resin, or FEP that
[ I
xS DGE DAk L b i
., those rtions of the hoIIOM/tubes that are potted in
"Whpﬁétmgg PR2YGP2E%Bwn), or it may coat the outsides of
the hollom1tubes as illustrated. The hol | ow tubes 166
&l FHTIRE A B ilesirales an (TRErsiondyYRegpichangedeyiGe haying a housing
preferably petfl uorinated thernoplastic, but can also
enclosireg theiend orties of {haiallew aopdwitsr 9 The dekicameay have an endcap 168
t hernopl astic hollow fibers, or thernoplastic coated
moufet & shausin gocersh:nﬁa:létSUtauingronﬂat moreadhmnn 10 04 2o ¥eks GRID the wall of
Cillustrates an exchange device that has a sl eeve or
the HoQ4HE BOs1dR6 1UBAThe @lRicAO&R ade PALLd ATkt GittirgelOhigdt kdWbe molded,
conduits which may be hol |l ow tubes or hollow fibers.

fusuﬁ' Bbned, FYade@ of Bth&tvidednbiiRe B\ hConddhp &/ Prodasl a PMfd iBfet. Preferably
fromthe device at 184. A fluid |nIet fitting or

the q%ﬁ\?ﬁg“llis 504 %?UCEQQ ﬂ@%@;ﬁasrug rﬂ%&dalﬂ fH4p k&gbéﬁtﬁtdéé%%ngloﬁnore hollow

vice can Into
condiR T4 8 tERRELR) flerBhptyleea 1 h i o g £ Bk 2B e
182 t hat .band t the

hoﬂv»égt?rtvfﬁ%ts;%g%?nad?tgﬁwﬁémrﬁaa oy Fat e BT ossas%ﬁt fch hallow

one or nore fluid inlet 178 and fluid outlet 19
conciiripdedes 28 inlgiohid 8Bd ahptise 439 bejded futhediougiph er wesfe 148 and 158.

connected to the housing 186. The thernoplastic resin
The dedceaney h8@ denden 166 nobated ham heysingl qusleayd 138 baving anger more
housi ng 186 al so bonds to one or nore hollow tubes
chanh®R? ot prlovei 1§ ibtte hooting pndleeed. Tbe podcopd Shobi lmve & iflvek sitlet
non- por ous hol | ow tubes, co- extruded tubes or any
fittirnpd A ihasink @ be afoldelgfason banted hiatdadend drudiBerwis mislegdan the endcap 156
inlet 190 and an outlet 194 bonded to the housing or

to provRIBY gluiButieT NBrefeodnl yoite holdse BI8Es ShmeMude B dREnbMasiBehaterial that
resin, for exanple at 176 and 188. As shown for

can Bé lB&h%ch f&fdnkr %&pﬁ’(ﬁﬁﬁ/ tQBJ:sy]’66talHQ bbhdRiaNg tﬁ%gﬁﬁ%fresti?] é 52 in the one

ting resin maybe cut back inside the en

or m%?eucﬁtlaglge]s B%?"ﬂnejozg oﬁﬂgrefh%'nw"t!oﬁaﬂgul% n:!i%%erﬂi@i{]agl% resin 152 form

fluid tight bond or seal 162. The hollow conduits 166 can be porous hollow fibers, hollow tubes,
co-extruded hollow tubes or a combination of these that can be potted with resin to form a fluid
tight seal. Preferably the hollow tubes are thermoplastic or contain a thermoplastic material. In
FIG. 1B, the hollow tubes 166 are illustrated as having an inner layer 144 (solid line) and an
outer layer 160 (indicated by dashed line, see also FIG. 7C and FIG. 12 A-D). For example the

inner layer 144 may represent a thermoplastic such as PFA while the outer thermoplastic layer



removed by machi ning back to 175 and resin 180 and
hol | ow conduits 192 nmachi ned back to 183 24 NVO

2005/ 00366 PCT/t1S20041(142941 to open the conduit
ends. The recessed ends can help with subsequent
bonding or welding of encaps to the housing ends 173
and 18 :%00431 FIGURE 2A illustrates in cross

sé%?@@h“ﬁ 6n-1imting exanpl e of channels or QPobYEF /042941
in a portlon of a housing, endcap, or sleeve that is

160 ?q)e C?e ol lé@'h{: hké‘l@ﬂFAQHﬁtQ%ﬁMé bth an M]ﬁA Ro HAPYLPEP that is

are not Timted to rectangul gFoovés
theﬂ&B?lsz ARHsS 94&%@%2%?%%29&% b Bhees O ?hog‘f"égﬁ’%o(?%%w%”?mbe may

t hei r depth, paci from one, anpt her,
onit e i éflee‘wiiozs'fm%% 1t 5 ORsHY iy e (G engym: o it may
without limtation 2A shows the cross section
coatdhe gutﬁgfost qfghe hellgy @pqasl a,qdlllqsgatpd sThechdloxy whes 166 may be one more-co-
trapazoi dally shaped grooves 204 on the inner portion
extrodedithermoplyetic Thes prefprady perfloenmated thérioptisti buffaanmisd be but is not
into the wall of the housing 202 to a depth 208 from
limitedne potoosisi signisddnifenep) 2@ hahdy éiberd] @ttasraepRdtd doardntdigs or
outer surface 216 of the housing or sleeve. FI GURE 2B
ceraklié WBLTapbR&erialeCct angul ar grooves or channel s |i ke
groove 242, The grooves in the housing may be forned a

d' $oeNFEIGEeRE 1@ muhmesfm R &H%Qgé’cﬁev%e%é&%a%‘ge&%% hEbsﬁr?c 186 that

housi ng end 230 can be bonded"to an endcap or wel ded

enc gé’es% rﬁohydndofctﬂg H@’ uscto}l?@ %@%Vr%?hﬁéaﬁo]pﬁv ey %‘oﬁBx‘vZf%gggz Fluid

openit ng |1 a e di stance et ween

S B LT B gone o

b [ []
confla ga b Grdearelo BEOHEER 1gb bise B A Srite Sace e welded o o
flu](groove may have a depth 220 fromthe inner surface

badbine Ta AL ik o1} Boarsutieend a8 bnThe hassipatlsh includes one or

surface 240, not shown). [0044] FIGURE 3 illustrates
mort lgharenld Operqq'vgsnl ‘Hfandd 82sehlamgdo thevhamopsisi mgn 182 eelfs). The

or endcap in cross section with one or nore shaped
houghgnnelbe porvidpdoaivese 30 horafhad hoetsi78 gnd Endaagdet 196 connectors
bonded, molded, threaded or otherwise connected to the housingl86. The thermoplastic resin
172 and 180 bonded to the channels 174 and 182 in the housing 186 also bonds to one or more
hollow tubes 192 including but not limited to porous hollow fibers, non-porous hollow tubes, co-
extruded tubes or any combination of these. Each hollow tube includes an inlet 190 and an outlet
194 bonded to the housing or sleeve 186. The hollow tubes are shown bonded to the resin, for
example at 176 and 188. As shown for illustrative purposes only, the tubing ends and potting

resin may be cut back inside the ends of the housing. Resin 172 and hollow conduits 192 may be

removed by machining back to 175 and resin 180 and hollow conduits 192 machined back to 183



or sleeve where different types of tubes are bonded or
potted. G ooves or channels 304, which are
illustrated as open trapezoids, can be any shape that
can be fornmed in a housing or sleeve wall 314. The
sl eeve wall has an inner surface 316 and outer surface
3080 B/ 0H08r surface 316 25 N170 2005/ 003360  PCT/US2004/042941
PCT/ US2004/ 042941 may i nclude a thernoplastic |ayer
to oé QBC S m)enHQ&Fhe' récegﬁggp«llsecaggelgld\ﬁfhrkghs\.@'q\galt Bgﬁdig% or welding of
ernoplastic resin and one or nore hol'l ow condults.
Th urface of .t 0 or nore channels 304 is bonded
e"“PBE%%ShPW%?%%%#QQEF(pﬁgsin 310 along with one or nore
hol | ow. t ubes 318 and 320 in the housing . 314. The
t hilW%?g‘gHPEt HelWerresip crosy weve 2 W-@%ﬂl@&ﬁ?‘aw@ of channels or
di stance between 308 and 316, can be chosen to neet _
groavhe ipp eeRigne! ahgus eavpedcap. o deevgrtieat ys ysad {mpgidorith hollow conduits.
exchange device for its intended use. In FIG 3, 318
Such ptoostsriatledd bl apsnat dimilied tesretthrgulag grodves #R0] trapazoidishaped groove
porous or skinned hollow fibers, co-extruded hol | ow
(A) tarbesmbimtti ayof Clasb bm@hdrehapef. THeasidthpaittheegroovesy esirdehtheir
to forma fluid tight seal. In FIG 3, 320 is an
spadingd SthloRk bAGheX adl B&r utinbdes thakﬂmtﬁmsﬁ%nﬂ@obet Wiried without
the housing 314 with thernoplastic resin 310; 330
. id:lus t i ' ' . The
TP e 55 Tead R n2Fh ROh of ¥ AOE REDe yAf
trap z&i%??%&%%ﬁﬁ?é&e?%ﬁpo ttg{./ Jenggrr :%)Iat?or?l H'the l‘iJgeej rﬁe@é gisqtgg%shcag ebe milled

oufer Inner  Tayer ca
t her.nopl ast i terial refer the opter |ayer
or 10530 g0 4%l A Bise 0a e FesT O i bt g @ aee 210 and a
. thernoplastic resin and nore preferably has a | ower
distange @i%go ﬁlﬁfw%ﬂlﬁ%ffa% ol thahonsipmer Yerver FIGQYRE 2pijlustrates
The thernoplastics for one or nore of the |ayers of
rectarigglag GraoX ey iddned likewreaynddid-t Eheagreoyss &f e Appyng may be formed a
perfluorinated thernoplastics. [0045] The exchange
distahev 224 fmenythhhoesing Qslbeessd2Bi Thd Indueing @ndl 28Qitdnette bonded to an
connected to the housing for receiving and delivering

end@ppi eedkd td hidiud conthdt. aTHeeeraives ednadiei chArattempeddry ancopaning illustrated
di spense tool. The exchange device can have an

by 16X EiBaf@ehel WeknR3ranivBKI MBe flotVed mayltRteqady sﬁhlédd,efor example 244 and
fittings for flow of an exchange fluid; the exchange

246 ok vidlarkeDA, 8t B gf o080 hhieoe QB shdckiafaris IRLAERSSby the la
fluid by the niterial AATERRY spicklaforPhc MIARES oy the larger

dist%ﬁgggétv@&q g}&gemt?.tainﬁ] 940 Ofgll é?&\lel?l?a)n)%vg 5 HthB 926 Iﬂ%m the inner surface

238 of the housing (grooves may be on the outer surface 240, not shown).

[0044] FIGURE 3 illustrates the end portion of an exchange device housing, sleeve, or
endcap in cross section with one or more shaped channels or grooves 304 in a housing, endcap,
or sleeve where different types of tubes are bonded or potted. Grooves or channels 304, which
are illustrated as open trapezoids, can be any shape that can be formed in a housing or sleeve

wall 314. The sleeve wall has an inner surface 316 and outer surface 308. The inner surface 316

25



The exchange fluid exchanges or transfers mass and or

energy to or fromthe process fluid through the

hol | ow tube wal Il s. The exchange devi ce of the present
invention may be used in an apparatus that optionally
includes a re-circulating punp in fluid conmunication

Wi o tsopsecess 26 WO 2005/ 063366 PC17US2004/ 0428dt/us2004/042941
fluid inIet on the exchange device and optionally a

tank for rticle be tr b

may, PISE’SEE “Pﬁ”ﬂ? g’ag%h‘éyeé g'ho“é‘ 31‘8\/?3 Ce"lp fg’s‘“ dﬂ“aﬁ‘e ;5%6(‘[“0?]35‘“
of a di spense system or ircu atlng f|UI

resigiapg Qi OF MRS B\Arca?fbgtsnibﬂ SE6C PLIPE AT O rﬁafelf&émaﬂs 304 is bonded
particle filter. The apparatus ma exchange mass and '

to the themeaniastiorasin Hfdsdeng Wity nl%ﬁ%/%ﬂ%’f teges F18 angd 328rin the housing
aqueous fluids including ultra high purity water.

31PrHfeeniakileys ofitbe bolsste; siteyepor eadtdpeihe distanbebetwean 868 byd 316, can be
the process fluid includes but is not limted to

chd¥8t @Insecs the pré&sure apd eimparachrakafety Ratfhgs seeichangudetviveSor its intended
including arsenic or silicon, or ceram cs including

usealwm@wfs 1 DARE LR hAN EnbEIRY thitBan bOAGRIw fbed)erdus or skinned hollow
lustrates an apparatus that includes an exchange

f]b%? trQée t%ﬂo&ﬁ% Nr an& BYSR AR dfWesE B&gédtlh qgé]ﬂg]@{o form a fluid

_ USG | ean’ or Toat substrates. he appar at us
ti glﬁagal gi(:%'[:égsé?;fffdl Fl Fe}lglg{ll%}%)lnto? 3 ch! %Wdedwl%hgcﬁ%%cst%}ﬁj?& Yo the housing

3 ]4{ Wﬁh B‘Fg‘é%[ﬁ?Sl]C m]s %d ﬁ@{,]%%ﬂ%cﬁargﬂrg hCﬁ?%?Pé%ee}]/gW%e Ll"olg6ether The
opti onal adjustable val ve 412 and optlonal particle

holjqw whe 32Ables #A dMMEE PRIIAR AT BYET YR iRC 7 aNd 23 OUM| NG or
tank 448. Process fluid 428 for cleaning or coating

thetrneplastip Syt s Thgputer byereand iice layer @@Ibpg’rl?ectha@‘éplaﬁ*ﬂd materials,
hydr ogen peroxi de sol ution, can be punped by fluid

prefanahy %8 ®utehtayergi26 iadjhesmeastic vapable A 4esimgwithttlge thermoplastic resin
exchange devi ce 416 where energy exchange occurs

andbiegedferkblyinds a &b aredtingrpooe ssnferand thd8ht hmeuiyet 392, The
wal I s of the hollow tubes in the exchanger.

thefeR6|lastitPPEBne §il Hb1E of Wiell Syetshd texch@@CedBM] Secdldiits are preferably
t hrough optional adjustable valve 420 and optiona

pmﬂ@&%ﬁ&h%hmﬁhbkﬁks424 and enters the process tank or

wel r . The process tank 444 can include a drain
val , f
44 4[\()9?%\3%?]&%3%%%%% r](}?ﬁ(? %@Eg%ﬁ?&é?ﬁ t?dg&rl gnt]tl;t eagmoiijhgt ctoﬂﬂgcted to the

hox?syn%%grrrggciel\%ng%Xd Héhlvlell‘l%g a Sljggesg MufBhi £ C]T%H]%? ion loop or to a dispense

tool. The exchange device can have an exchange fluid or working fluid inlet and outlet fittings
for flow of an exchange fluid; the exchange fluid separated from the treated fluid or process fluid
by the material in the walls of the hollow tubes and the potting bonding the housing to the tubes.
The exchange fluid exchanges or transfers mass and or energy to or from the process fluid
through the hollow tube walls. The exchange device of the present invention may be used in an

apparatus that optionally includes a re-circulating pump in fluid communication with the process



devices as illustrated in FIG 5. The exchange devices
516 and 544 may be configured for inmrersion (not
shown), co-current flow, or counter current flow The
process bath or cleaning bath fluid 526 is treated by
t he exchange device 516 of the present invention by
cgpbgﬁﬁ (h{gugh 27 WD 20115/ 063366 PCTI US2004/ 042941
ho YUB¥E i'n the exchange device 516 with an PCT/US2004/042941
exchange fluid 560 which is illustrated as being
flui Rt 68 tHetxehdn8&Bevabind DbEorRNG RaRBEof haliighg2QriBY (o be treated by the

tenperature condi ti oned using a cl osed Ioop chiller.

plOCﬁg%u‘?’é | ¥ %)&F&E{ §'dg\ﬂcpr% j;'g{ﬁsied ﬁQ«lt’ bf£di®hense s stem or F re- arcu]atmg

ouse/f aci ot or led"water. Alternative

muid i v TR hgﬂaawag 0 s e Ble® aBEREI SR, A b may
process fluid. The tenperature and
exc}@agfdmﬁ%scmeaf ?WW% 358% OT%?P%?rCé’B‘aﬂ%“& ﬂ‘élgf’a%?qli?‘y‘*s@é‘ajs including
directly to the exchange device. In FIG 5, 504 is an
ultragyighpréies wresi Brefqpety therrabstaigorsaicle dbetlerafd e the prsess fluid
exchange fluid through an optional particle filter 508
incladee butdp notdimaitedadmestl adyick ayedpper Sizluranbhe serichadugtars including
devi ce 516. The exchange fluid flows through tile
arsef Oh sifigen, dewdramics islwalihg abaninbm, batunt,red strontidms. t ank
556 through val ve 564 and conduit 554. Optionally the
ex iUy PIGUREd iilsstSiepph bfshrdtisofihand]adds|antex chige @evit@of the present
exchange device 516 and disposed of directly through

inveh @8t bomPrdorti ARk (6RREN ShEMN dubsPhtes ePBe Elhé;mus’i%@y include
fromthe tank ~ 550 can be directed by punp 54S t hrough

ﬂmc\ijﬁJnH&ﬁsa?L] ¥ 3hLIVEs, Sakork he{n(a lﬂanlciehﬁlte%( Cﬁﬁ‘%ﬁgmﬂﬁv Ly @xc%%r@ve fluid 450

éhangé energy, mMess, or a co ation

maypqﬁ éii ggtgd H%m} ealnge)féﬁhgaancgge 1¢ lg ?ﬁae pé?(SS t1 ven gpef/l?)gpnumdp 446, through
thro i onal val ve 518 a arti
o opipLRsSPE RS 4 Gehann P%ﬁj eedfisi %@i@gdo &e&ime%%c%wt 40410
treating the substrates 524. Waste process fluid 526
holdig tanfed4h. dnecestilyf 4Lh R slanipg oy eoasiag “ieosutbé‘ﬁ%i%“%"n & gyample a
and or hazardous chem cal s through exchange device
sulf@idacghanddiydegen peroxide solwegsy ean hecmppedtbydtuid pypo<idp through
drum t hrough val ve 53-1. The waste process fluid can
adjubeble velbrt ddi2 byinexeoivharge deficerdBswhamengyy enchange occurs between fluid
conbi nation of these with a second working, fluid
450 pRidpocad flufiraegghrougt the svall2 8f e HoB36 nibet ih this @ x clengéra@@aditioned

devi ce 544. [0048] The exchange devices can al so be
fluidS@d thdex@hdiBt 0Odcead 1R aptithal QfustdMe valve 420 and optional particle
filter 424 and enters the process tank or weir 444. The process tank 444 can include a drain
valve 432 to remove spent process fluid from the tank 444.
[0047] An apparatus or system for treating substrates may utilize one or more exchange
devices as illustrated in FIG. 5. The exchange devices 516 and 544 may be configured for

immersion (not shown), co-current flow, or counter current flow. The process bath or cleaning

bath fluid 526 is treated by the exchange device 516 of the present invention by contact through
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purification of gases which may be used in chem ca
processes or which may be renoved from an effl uent
stream In particular, the present invention provides
a device which maintains the 2S WD 2005/ 063366
Pg};gﬁ;ggﬂ%p4294l integrity of the potting resi np@les2004/042941
housing sea] during exotherm c scrubbing reactions
where for exanple an exhaust fluid is purified by

holloe audteis mytha ez ompgadavicod 16t with @xdxaumige 10idpbA whiithhis allustrated as being
reactive liquid, gel, or slurry contained on one side

stor@f ina tpelt 46 Tl dxehardfdeMrRid Fo0mhiyaaeppanieedndinibedausing a closed loop
housi ng havi ng grooves, the potting and hol | ow

chllféP REkidive iRl SYOh@utdifliatsBide SMHbusd/fabiditiel 1ot WHEMIKE 'R ater.
housi ng that can he cut open for fluid flow through

Alter ?wglgfttf@ﬁmla%é)pl}% £ ONEHLA Foat %Qﬁle%teﬂhd?é& E’fi’{“gu% AN device for

present |nvent|on nay used for eani ng of

masg frlexrﬂjs&rg@‘ 5 SprP%ess Coacf’ 4L per Sure s I%Jc:aﬁ% {;or%'clcfﬁoned fluid may be

ing or ea |ng o

siorebinane ok eareag dresie pdhe ehivae S dp B1E- 982%%‘% exchange fuid
conbi nati on of these by the exchange device 618. An

pumpxib#ag be redid dikepighe pishenge Soid theowglaan erdipRalgrastiqlefilter 508 and
house facility source not shown) can be nade to flow

optibiwl edjgktablh e akyg S d g thegachapger doviee Ui e axghange B2 floRsghrough the
exchange fluid 650 interacts with the process fluid

excliude téwiceugilt dandesan e lrétomved tohkstahin 5idwareexk halng 864 end comduit 554.
618 and can be returned to the tank through val ve 614,

Optphilpihdlex@dangd LRl it shpptied 539 aandigebshd fo-€80Kange device 516 and
Tenperature conditioning or chenmical nodification of

disgob& éﬁdﬂﬂew}ﬁt&x‘a%mmohempmft@am %t %%5 | Bredss B8Yd $®Srom the tank
(not shown) including heaters, chillers, chem cal

5 50%%‘ B& ﬁltr&rte% 14\2[5/%519 g9g8 gi%u gg %@Gﬁag]e an ge A H"O%IOL ﬁ{esexcﬂn% qe\'l\,e 516

Fom sour ce Ivered to the eXchange
deV|c 618 uqyn RLéssure source 62 »
whdEl F Tl wisph e R R b By RS R 8ﬁg9*ep€§u?"¥*§@‘md 560. The
filte 622 taIIed stream or downstrea
congliigy 806%@92.% S e 5 e st G e i Eh A6l plye 518 and
val ves and can be used to control flow and isol ate

optiopl PEREICAHISE >4 o1 ¢ & TeIBFSE dxthe progess (iS58 ferdresting 816 substrates 524.

exchange devi ce and transfers mass, energy, or
Wagie pisicera fiugrhS 29f me be disppsed of theougly wdwqutp l!i¢Td0‘6-5€@13rg}’ and or

t hrough the holl ow tube walls. The conditioned
hazgtd ocaehsmfdalsitborgly ebehadgesreins 644 tral direrat @ta wgptotreatment or disposal

transl ati ng substrate using punp 632,
drum through valve 532. The waste process fluid can be treated by exchange of mass, energy, or
a combination of these with a second working fluid provided through valves 528 and 536 into the
exchange device 544.

[0048] The exchange devices can also be used in a method and apparatus for the

purification of gases which may be used in chemical processes or which may be removed from

an effluent stream. In particular, the present invention provides a device which maintains the
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whi ch can be a di spense punp, dispense conduit or
nozzl e 630. 29 WO 2005/ 063366 PCT/ U52004/ 042941
[ 0050] An exanpl e of a housing, sleeve, or portion of
an endcap with one or nore channels in the inner or

oyt.er. “ﬁh“ f the housing is illustrated in FIG 7(A).
I%élzﬁ‘ k,(’ga housi ng shell or sleeve with vent ipﬁ}&/l%szo(u/mzsm
slots 716 interconnecting the grooves or channels 720

inte cfﬁt? of ielpagingat sl aihduging sed Wnfiag & ottfermitescabtdbiperedZions where for
FIG 7B illustrates in cross section venting slots

emﬂﬂi@ ah BYIRASANNE ?stﬁu'i‘]%e@ b9 R4eing £ Bompdientdhe BthabdiPlufd ®AR a reactive
ow for gases like air to escape from the resin

liqui ﬁ%‘lﬂ ng sﬂﬁ'}aﬁ d R inelh JAOYRIET %@fbupﬁo]ﬁ)v\t Hpﬁ'orﬁfmﬁllaﬁ‘@% ted into a

encl éses a pOftIOﬂ of one or nor e ow tu

W?%dgrf)?] %%satil{]g 8nc¥ }&%ESI ) dm Cl‘%ﬁ}dn%ga umﬁardy end sg'ucture with the
t hernopl astic tot ner wall 6 the SIIC can

houspe that cande gyt opep fef ffléel fipy ‘Rﬁﬁ’ﬂg‘bﬁﬁ?oﬁfw‘g ‘é’é s,
illustrated by 936 in FIG 9. The housing may be but
i s [(#0] Amieprhange deyviea fitheipressat m%@@,m%grduﬁeﬂ donpdganing or coating
any nunber of sides including hexagonal, rectangular

of mowingrsubstigtes aForexathpie, E1G. Thidlubtolesi thegcaaking loe elgeningyf Lwtating
thernopl astic material or may be a ceramc or

substratead3bivatht flié fromadoatte W32 reatet becamdjtloasd by tramdfardf alass, energy, or a
The thernoplastic material can be a fluorpolynmer. In

comB@fi6f 6BHeL MR AR AlngeldBicHOUST A eVhabLO&WRorkHGIFHEES50 from a
one or nore channels in the inner or outer wall that

tank%@@ (BeEnReNEedit Qutdaidd M dviiy chiy Q@ﬁnade[ B8R tfblo%qaﬁgx@hange device

lustrates 1N cross section an end portion

618 ﬁ%lﬁ%é?}}%}? %4§.h?%e)lcﬂﬁrtl%; fﬁ‘%d Eﬁé ﬁl%qacltzsj \%th iR prgéa(s:‘é ﬂgig 632 through the

es one or w conduits,

holl ‘ﬁi‘ﬁ?ﬁﬁ]@é?’%@‘a’?%s. LUd%§8gﬁd l(éz? e&?tﬁﬁ%figgﬁ?é)%@% roug valve 614,

h I I 726 h
opti %}a? {%'g?lg]egﬁ n%gcggdul;gr 7 nl%g?pregﬁgg gc\aquefhtl pxgm ! a%é}{% nﬁ)é)d]flcatlon
wal | . The co- extruded hol | ow t ubes have an_ i nner | ayer

of thedlpicip3p) BABbEPerfasmed by additonah devices tu shawa) MF e heaters, chillers,
| ayers not shown for clarity). During potting, the

chemgigtlegentratoey (hyd®2eT or azhee randesontroldesl Ylubkiromssewrce AdXenm, be
or conbines with the resin to bond the hollow tubes to
delivelne] tortlesexchatz davide 6 Heudinonis pregsure2®urderd 2810 pun@.638.1The fluid may
illustrates the outer |ayer of the co-extruded tube
be treated by an optional particle filter 622 installed upstream or downstream of the exchange
device. Valve 622 and 640 can be adjustable valves and can be used to control flow and isolate
the exchange device. Process fluid 632 enters the exchange device and transfers mass, energy, or
a combination of these with the working fluid 650 through the hollow tube walls. The

conditioned process fluid may be dispensed to a rotating or translating substrate using pump 632,

which can be a dispense pump, dispense conduit or nozzle 630.



and the potting resin formng an arbitrarily defined
interface separating the un-fused outer tubing 30 WO
200 /063366 PCT/ US2004/ 042941 | ayer 706 from fused
resin bonded to the hollow tubes 708 and housi ng 726.
One or nore venting grooves or slots 712 for inner
groove 738, and venting slots 716 nay be forned in the
hoWd) Hgs/e@poavent i ng gas fromthe grooves 740, 74Zc1ausho04/042941
744 during potting The surfaces of these slots 716
er mopl.astic resin. 722
potl{’ﬁ’ﬁﬂ AT GAIGF & e G 0P DT S W#B%ne g more
744 in the housing bond th the potting resin
hannghtia thein ReTet er W%lhﬁtthe}%ﬂag sgledaled 4T FIG 76dy). WlntlﬂG A, a
resin maybe varied by changing the anmpunt of
housing shadipiraleeye withewinking ot ﬁgﬁ porcaanesting eheptraeeaenehashels 720 are
the housing in the pot. A sufficient nunber of grooves
illugiraged dmonuz dutfacd diethe elsive 706 o VBdBusstiee nytrhssaseckion venting slots
integrity for the intended use of the exchange device
7163h@rdoffiechpf dtdtet N20. el veutitg i@ s cafGB ol dot fiked B dir 162=cape from
and to hou5|ng 726. This can be determ ned using the

the F&RL QABRR PORINES "ﬂfe HbSng &m%@ 1R Slee BRAINCELS aoﬁer&?of one or

conditions. As shown in FIG IA—C each hol I ow t

mo%%gllg\gﬁ 1y ah@éﬁa : e' drlf*t g%& ?951 e | %nerﬁqtuﬁﬂréthgl%fb'p]asm co-
extglg%]tg: grnm(g{imltgraeﬂﬁglgr%oe ftxs i¢ go t %%\lﬁ% \E@] %S}Qeenfﬁﬁ asthc c )ﬁe b)})é}s not

g o hania B a6y Thatiathyd e nfil I ifedpragil pe butisno

~ 736. The potting of the hollow tubes creates_regions
limipghtogatingical e, endwiyhaYing anyaneper efisides dndlyding haggenal,
722 for fluid flow contact wwth the outer |ayer of
rectahgi]l ger exangude dordiies ThoBoudiredreicats may bea theooomsstwmeaterial -or
arranged so that their height decreases fromthe
maygboavaamearesdtaliiceulmutohted with attheemsplesicenaeridholibe fgrmidplastic
to the groove nearest to the interior of the sleeve

maRfialtah 8¢ Bgudddlyrhbre Malcferkaledofimral, MetidhisigE 6038 eiBdudes one or
be any shape. As shown in FIG 7C for illustrative

moRWhRARESH A Minert SCoudd ARV 8Fat BAFLSRRAIAD Gk mommsss
trapezoid shaped walls, the heights of the wal

bet [‘tﬁﬁ@ﬂ }%ggéﬁg%qﬁﬁsﬁﬁ?e% ;I{]&o;s 39(%)0%%1? ertncpﬁgr?ign 013- Llﬂg s]eeve 726 shown in

unitary tructure forne
Juyp be recessed from the end 727
“Cﬂzg‘sﬂ"ﬁg] of s?le'céve ?@é‘r T F6° greﬁjé)g 8)us"u‘“r “‘“8 pagjcular co-

extruqed hcﬂ%w tugesa’%aB }ZOZIZedQAff]thtaht ergq%%fcéstlcgresm 7% Jenef}/ %ennop]astlc or

thermoplastic coated housing or sleeve 726 having one or more grooves 738, 740, 742, and 744
in the housing wall. The co-extruded hollow tubes have an inner layer 704 and one or more
outer layers 706 (additional layers not shown for clarity). During potting, the outer layer 706 of
the co-extruded tube fuses, mixes, or combines with the resin to bond the hollow tubes to the
resin 722 and the housing 726. In FIG. 7C, 710 illustrates the outer Jayer of the co-extruded tube

and the potting resin forming an arbitrarily defined interface separating the un-fused outer tubing



be bonded to endcaps, fluid fittings, or welded into a

fluid conduit. 31 MO0 2005/063366 PCT/ US2004/ 042941

[0052] FIGURE 7D illustrates an end portion of an

exchange device in cross section where one or nore

co-extruded tubes 758 are bonded to each other by

fused resin 786 by froma portion of the

t her'MBpPUst8E06r esi n | ayer 756 on adj acent hol | ow t wo@R1S2004/042943
758. The fused hollom1 tube may be bonded to the

t her Ia t| e cpat hqusi n

laxgr B0 oRy eS FT BeR B oB) R (BHEASPUHEs 6. One or more
grooves 788 790, 792, or 794 by fusion of the housin

vaping SEOQ¥CT FIsTIALS 1A @iinmes g7agie ??%a%%swl@ésﬂlé A1 kreof\s;vmed in the
tubes or by addition of a resin to forma

hausiog fFOpYeatinE @ay fiem thip grookrsiids, Maeansr74dviusnaopttiogy Tabasfaces of
to the housing 770 and one or nore grooves 788, 790,

th@@2]ots B16 A% bonevithahethemugpbdtihwekin @2t Ubeinghawiengame or more of the
I nner |layer 754 and one or nore outer |ayers 756

groaddi7BB oN@l, 74ay& BI4APthe HBEME BoRl withahé bytting FdTr. Mhe number and extent
bondlng, t he outer | ayer 756 of the co-extruded tube

th?Hﬁ@ rooWEGe il ViR SRy 'We bitidd c‘RHﬁﬁﬁ h@%%ouﬁ?@ﬂtﬂemoplastlc

adj acent tubes to bond the h ubes t oget her
regi ﬁ in ﬁ‘n%g]ogg]t?d %trﬂelg&%eky ofIﬂE eth]lngg dﬂ? géonﬁa ggﬁgfeéfr)mmr of grooves are

w, t ubes t : . |G 7D .

b‘i'ﬁ?i&‘% &I t4h %“’F ‘é‘ﬁi E?Pgﬁwg’r‘%‘e%fﬁé f‘%ﬁig BPegd s C& g grchange device
bonded co-extruded tu fornms an _arbitrarily defi

andr{ppbeneing thgéwﬁpw??@ %F@ PR e 28 g0 oy Top- H@ can be
co-extruded tube 756 and portion of co-extruded tubing

dejgreviredoising the 4656 pPRAratessof\ iiIE h8 inlsxpectabapplicating, usependiions. As shown
nore grooves or vent slots 766 may be forned in the

inddGl 1.at@regclahoBoi sutgf708 hes dnouki, iysfraed being compegiad td VBhmnd outlet
the one or nore concentrically forned grooves 788,

72905 fléRiXjovor TH@4intktidyegpdrtadoibe ar-epatded ngingMeae outer layer 706 is
grooves or vent slots 766 may have the sane or a

stl frE@neRtshd@Rtyy, 7281 Z8e GineSAPR PoiidA RS tHeR oHxOAUEBBRES where the outer
790, 792, or 794. During potting these channels can

120G hel RS 1HeNBEADPS ﬁsms@ra{e@%y n36. Dmé m}%mﬂe n&ndw tubes creates
pOttI ng one or nore of the grooves 2,

rezi%%s '7@ Bg@epﬁ) lt’hcé o%ﬂb% %b&}e dace ?Pg{tepltntﬁe f?]oithhh ﬁgw contact with the

fesi n as shown. er an hat roove

“2?{3 fd lol(:l)?nd %getgwdlgilél{]be%ﬁy gp %er\é ryltt ngS) gs??%%%ﬁ{geé §Sthat their height

e TR NN T -

the resin
the interior of the sleeve or housing 738. The wall between adjacent grooves may be any shape.

As shown in FIG. 7C for illustrative purposes only, the grooves are separated by three trapezoid
shaped walls, the heights of the walls between grooves decreasing from 742 to 738. The unitary
end structure formed during the potting process may be recessed from the end 727 of the housing
or sleeve 726 to form a recessed surface 725. The end surface 727 of the housing or sleeve can

be bonded to endcaps, fluid fittings, or welded into a fluid conduit.

31



32 WD 2005/ 063366 PCT/ U S2004/ 042441 776 to provide

strength and integrity for the intended use of the

exchange device and for bonding the hollow tubes 758

to housing 770. As shown each hol |l ow tube 758 has an

inlet, illustrated connected to 798, and outlet 796

for fluid flow The portion of the co-extruded tubing

where the outer layer 756 is still present is sh

by 7®5/03365 porti on of the co-extruded tubing mh%?EUS”m““"9“
the outer layer has bonded to adjacent hollow

CoN@Ys31SFBTURE %'mlﬁ)étﬁﬁets lafy eﬁ@ﬁéxﬂf)h Sf 4rl é)dél%n'?r@td@\qctb% B section

The un- fused regi ons of ow tubes 8reates

whgr%rep r?tgre cﬁe{xﬁ@% {uggs lztr@?%#d‘é? ?c?‘eac}? E)thfc:I tgls%g {e%gx 786 by from a

a er he ‘Co-ext

Pref roov 790, 7 or,79

PO} 8 ﬂ* Lpop il ERb e m ey oty twhﬁaﬁ?? h gfhe fused hollow
groove nearest the outlet of the sleeve or ng

tubg gnpybe bppredde Hntbermoplasts of Hermnplasig @ateérhoetmg ﬁéslveve 770 (similar
sl eeve or housing 788. The wall between adjacent

to TROd barengeng dyencragrasiyed €8S, A80, JAB v 7P bPfugionibthef lppusing with the resin
illustrative purposes only, the groove walls are in

laytiE 6sinaethefmd i ayie holl ols tuted 0513 additiadstf aagpparodbus aftbermoplastic 776
measuring the integrity or performance of an exchange

thaflBHHdE Bne BNtk Mol 106 utRs tEHe fma&g%mdnﬁ%ne SEMBRY FooARETSS, 790, 792,
or nore test fluids, and fluid handling devices such

or P, ﬁ%@@§-€x&@d’b‘am(ﬁl§w t@l‘%g W& Mteﬁnerﬁh)@r 7§4 hld Rtk %cﬁé o@ter layers 756

non-limting exanple of a test manifold that includes

(ad@gl r?gé gmgq{%t g}%@x‘f for %Bﬁtﬁa\rﬁe utd %%Eﬁd]f?% tHEDJu?erhz%'el' 9?‘% %P&%‘%o—extmded

ousl ng
The hO%lOMIt vi ce..804

tub?, ;fglge\é ,e %Pte%l%r/ COINDINES 8'}1 gtf ?%ﬁé’q?}a& reefsgxl aom ﬁ%wceggtu%gse {0 bond the hollow

e S 2 Sy B SRS Pk S8 kel e may b
shel | f|UId outlet 806 fluidly connected to an

useglie bejiane 9B AKHE holgygtuhrt Hhehdrspe Bat In BlGadP, 7oGriltustates the region

to a pressure gauge, tenperature probe, concentration
whesribe @uter langs of gﬂétow@rqo-@qtmﬁm’ebe forme an arbrswihy definadrinterface

of these. The fluid outlet and sensor may be fluidly
sepacting deedatt @uter Valew ef thp cefrmated yulzr Sadpdiptrabh ef vadexteuded tubing

812, that is fluidly connected to the exchange device
whetdtou et 12§d:0mixEh eitrediangeodENL Che@ioed giBdtesios vemt fldtbi766 may be

comunication wwth fluid in the hollow | umens of the
for%n‘ré]g a5tht Ral alBAk em WRistol ehenoubiap 86 VERNL&s frbREhE bHE Er flogim
concentrically formed grooves 788, 790, 792, or 794 during bonding or potting. These grooves
or vent slots 766 may have the same or a different depth, size or shape than the grooves 788, 790,
792, or 794. During potting these channels can bond to the thermoplastic resin. During
bonding or potting one or more of the grooves 788, 790, 792, or 794 in the housing-can be filled
with the potting resin as shown. The number and extent that the grooves are filled with resin

may be varied by changing the amount of thermoplastic resin in the pot and the placement of the

housing in the pot. A sufficient number of grooves 788, 790, 792, or 794 are bonded to the resin

(o2
bt



33 WD 20115/063366 PC J /US2 004/04 2 941 outlet 816
exchanges nass, energy or a conbination of these with

the fluid fromsource 834 through. the holl ow tubes

of the exchange device. The change in state of fluid
frominlet 842 as neasured by sensor 850 from 854 and

t hey the fluid at outlet 816 (mass, energy,
chg#?%gFﬁC%E%p05|tlon) as measured by sensor 808 ﬁﬁgﬂﬁﬂm#&ﬂ9“
be used to characterize the performance or integrity

776 & pioRelenehanGad davime f§QHe infdrided fstdf\ied ekchil}®@ device and for bonding
|ntegr|ty of the exchange device maybe determ ned by

the rﬁﬁw RiLRY7 & fof}%fusﬁg@m [\ %W&%ﬁ helloW e 158 $h6 ah HMiet, iljustrated

834 after a period of tinme under test

conrgﬁpe%l th 'ﬁgsan%fouftlg{ 7%?@[}% R Wp%ﬁl&nemﬁé ?c?— ﬁ?degirtubmg where the

or a non-porous

fluid 834 a at _ex

ouegfmfnesol saﬁl PSP ART N 5T T HE BRERT AP f%%tﬁt&l?% s whre e
tube walls is an_indication 8 |l oss of integrit

outef fpever Bacchrange Iarsjacet lmplew RIYL; qyé‘t%%lam r@@ﬂ&%dh@ﬁﬁed by 784.
be placed in fluid comunication with ,he outside or

The shellubedsiegione pf thedioHow [tehes cresiss spavers &2diepuea@zibe bahoweubes for fluid
in fluid conmunication with a sensor 822 that can be

flowhadintacs withtthé butet kaglert f the pr-essdedtuhesi greferabhypdreagrooes 788, 790, 792,
probe, concentration nonitor, nmass anal yzer,

or 7$Pefel drexplaed syibhetheirhbigt dgeteases @t thie @@ ve dEieSirthe Oiitledof the sleeve
conbi nation.of these. A fluid conditioning device 826

or h&%bwf toUhéllsdo o0& 0 RBREH 86ltHe kil R NENFRIE of BN §18x 78d1€rhe wall
l'uid conditioning device can be a chiller, heater, a

[
bem%@% agéﬁ%%“?af“%%ﬂ%% B L’%S%Pg?ﬁ 4L . 1RO B ony
mca conpati bl e punp 828
me%ﬁave““¥ man ﬂm e&ﬂﬁ eﬂ%ed to deliver fluid at a
te to the i de of. the hollqw tubes
t hﬁwia@ o isbeRm o RSP RE T B b PS’SBIH%PQS 2 8 prebenee device
can connected . to a pressurized source of fluid
maw%éw EXGRN S EE Vi e SIS PRS IN4 108 PO st Ty @nd Q@ld handling devices
modi fied during a test. An optional sensor 832 can be
suclf 45 puangs, eordveetand valyes. hEBIG. és ustnaigs @ neoriEing g8mple jofii st manifold
source 834 can be an overflow tank. The outlet of the
that ghdlidessin daclunge Heviex8Walmysg wbe wir oeraiiel avapbbabended to a housing or
adj ustabl e valve 838 to control fluid flow through the
sleegdhBhing bekeorahoitelpeoovdev Thehollw iubt etch8dit devidelB®4haldbiaeét, or any
tube lunmens of the exchange device 804 may be

porto@léTaRd Bdn#6ld, may be insulated or placed in a temperature controlled enclosure (not
shown). The manifold can include a shell fluid outlet 806 fluidly connected to an optional sensor
808 which can be but is not limited to a pressure gauge, temperature probe, concentration
monitor, mass analyzer, flow meter, or a combination of these. The fluid outlet and sensor may
be fluidly éonnectcd to a valve, preferably an adjustable valve 812, that is fluidly connected to
the exchange device outlet 816. The exchange device outlet §16 is in fluid communication with

fluid in the hollow lumens of the tubes that make up the exchange device. The fluid from the



34 WD 2005/ 063366 PCT/ US2004/ 042941 an adj ustabl e

inlet valve 846. The inlet valve 846 may he connected

to a sensor 850 that neasures the state of a test

fluid inlet to the exchange device 804 through inlet

854 froma source (not shown). The sensor 850 may be

used to conpare the inlet state of the fluid to that

measaned/ekdset he outl et state measured by sensor SOByus2004/042941

and can be used with fluid fl ow rate and packi ng

density of the hollow tubes in the exchan evice to

outlgE L PSS PETBI TR COPDIRHAR P ese@aﬁgﬁﬁ 5?1@9&%? source 534

t he exchange device. [0054] The wall of a sleeve or
thravglishhoNavt Hibge elotie sx elries etices (Toe shangp in yateof fAgdifeom inlet 842 as

shown in greater detail in FIG 9. The one or nore
megpuoBMzssed at, 85t fiarh 854 andide pareaifite, flad et @low 6 (fresmedergy, chemical

on the inside wall of the sleeve having depth 916 in
comifitival bs asadetdEbyienest d08teer Psediercharaciefizake pforatadce or

the bottom of the grooves 914. The grooves or vent

inteBi0f S IAEENERNH1OANES4. | Alrisdtivalyele iite @it oth@BRchaNge device may be
axi's of the housing interconnect adjacent grooves,

det%ﬂ“écﬂﬁ & ARG AherIHE hak&y ndPdaRaS B} glé"i%f‘flb]@%?)@ after a period of

ases omthe-t thernoplastic resin during fusion

tlméJ l%rl}gerqgst%ondl grtnst éfr}gr exa%eplégﬁcisu%oéng)grg{%e Talpglye i com gosmon For a

or en EKNesS Bt e

and out e 924. The_end .
nonBgiops STy G poHih G 153594 2Ry il Exitgiea dhe 9 %&f@am or
or bonded to other fluid handllng devi ces, conduit
pergieatj@isefehe materigh Hirpnghghe tube xyallp & anandigation phloshel 1i“ht$EW of the
wal | surface, groove surface, or both may be
cxcbawq@atcgcﬁ% A4 adﬂ%éabﬂmbalwsmccapbmbﬁedga@m%mmuragal@n with the
broken white line, that bonds to thernoplastic resin.
out§ide b5}heTrsadevet the bl ibesVEhOmIedilE icargbanintfwi yr@omesication with a
and vent slots simlar to FIG 9 but wth a tapered
senpor 822aRat@hn bhdui ivmer limétkd td Spredshitehat @t eshperatdre robtOconcentration
The one or nore grooves 1004 are shown forned on the

mohi&i, dfisy@laliyzef, shéteroph@erRieh Fovwietd PhifictREGhtk of REombination of
wal [ 1008. The grooves or vent slots 1012

thesd!t £ FRANERE i RS RLAIS malhR Rl §0r91%5t@31 fo tK@ B dHafeevice. The

gases fromthe "thernoplastic resin during fusion

ﬂui%oc%ghﬁ%nln%\’ﬁ? a(!an 9 AAR: ]l}%&tér qg S &T@%&o@%qgmh%ture monitoring

he i nner
anciNa ontroil'Pno? s}%cwg)ho? oﬁ]%‘# 8evr1’9e fo% cc?n%\llt?omno a uugi g?}l) ﬁ%%qmds a chemically

compatible pump 828 and or flow meter can be used to deliver fluid at a know rate to the shell
side of the hollow tubes of the exchange device. Alternatively the exchange device can be
connected to a pressurized source of fluid without flow and the temperature of the device
modified during a test. An optional sensor 832 can be fluidly connected to the test fluid source
834, fluid source 834 can be an overflow tank. The outlet of the shell side of the exchange
device 804 may have an adjustable valve 838 to control fluid flow through the shell side of the

device. Aninlet 842 to the hollow tube Jumens of the exchange device 804 may be connected to

D]
I



vVO 2005/ 063366 PCT/ US2004/ 042941 tapered, and the
hei ghts of the groove walls 1028, 1032, and 1036
bet ween grooves and shown as rectangles al so tapered.
The height of the rectangular walls between adjacent
grooves is approxi mated as the di stance between
gr BEVAOBHEEEM 1020 and |ine 1040. The taper showdCT/US2004/042941
gives groove wall heights with 1036 >, 1032 > 1028.
an \/\@F%ﬁ@g ifibt Jdhee SUYIST ﬁkginle?{%ﬁ@é’@}? iy wﬁﬁ&tédqg% scHRY 85Fthat

fused, or bonded to other “fluid handling

e SR8 s Ml ui§ ¥R IR AR BN 50k Yo SRR 354 from o source

I nner wa roove sur

LR SSGFReT £yl Py b iR L2 O o Wt s

have one or nore _grooves forned or machined into its
by gherquilebstalf dngagprsd tbb(éCWé’lr BOB angap fie psednyifnijuid floysele apd@acking
potting of one or nore hollow conduits 1106 into a
detsity <if tirg HedleMnigbemia the exakanas dgrige tedetermine thaeffitieney emgansfer
grooves or vent slots 1132 fluidly interconnecting the
capbljlagenthe egclomgesevisei | | ustrated in FIG 11. In FIG
11, 1102 can be housing, sleeve, or endcap with
gr opesa] Thd 2 a8nd aHlédve ol AdRinghath d16bVe®hd adid WlotsSTdd B6G. 7B is
can be potted with a thernoplastic resin illustrated

sh@sh f fBhtbr RYailhGEG. N Thk Gne dilmoR BRFeLsRPWRidhEah BE paralle are shown

resin 1120 is illustrated as rising through the vent

1?':540 ntlﬁé WEiE e ecg‘g}ﬁé s]%%\%%a%g %}ﬂtﬂl%lﬁ PunE QQ]]QQ% t%xgﬁn&?between inner

Fm a unltary sea t he OM/CondUItS
in h |OMI00nd S
Su‘%%:ﬁ??ﬂ D }}ekbg)nt%ﬂvwg e&§§5§14 QS 5r08v% c%r thslcgt?gggveen grooves

ire t he pl of the pa re fused to

IRy 17 Bl A ol SR eSS HE Coatl Rl ROBEhGrOYge a bonding
t he heated pot  1136. The hol I ow conduit ends may be

surgsenaitsl BSFELERTRG Ok ErsepEpmitisgheraaplistgigsio sene fusaﬁdgondmg or
after cooling the nelt to formthe unitary end

potingudiha mall 9[08(9’5 e Irpging] sleqva) oriegdeap hg ¢ thicknassi®38 defined between
the cross section of a hollow conduit that is a co-

inrex tvall@2d andblitevwvali 984t Hat emlof thebaising, sleeve he cedaipH3genay be
devices in versions of the present invention. The

welideld| fused, vbbomded tb etheu fluidshandling devick€ doriduits, ativessedlsak shown for
cross section, the shape of the tube can he nodified

exifplBen FRS.U1N ‘EN')Eﬁlllinera.vd]’loﬂu)’ifg&l1 grodbe afad, lok BSMirfhy fetreated with
tube has a thernoplastic 36
thermoplastic powder 936, shown as a broken white line, that bonds to thermoplastic resin.
[0055] The wall of a sleeve or housing with grooves and vent slots similar to FIG. 9 but
with a tapered portion of the inner wall is illustrated in FIG. 10. The one or more grooves 1004
are shown formed on the inside wall of the sleeve having depth 1020 in the wall 1008. The
grooves or vent slots 1012 interconnect grooves1004. The slots permit venting of gases from the

thermoplastic resin during fusion bonding. Optional grooves 1014 may be provided for venting

from the inner most groove 1006. The inner wall 1016 of the housing, sieeve, or endcap may be
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WD 2005/ 063366 PCT/ 1JS2004/ 042941 outer |ayer 1204
with a thickness shown between 1208 and 1212 and an
overal | outside dinmension or diameter 1216. The outer
| ayer 1204 can have a nelting point that allows it to
fuse with the potting resin but resists change or
cohkégagﬂpgmghe i nner conduit |ayer 1228. The PCT/US2004/042941
ness and uniformty of the layer nay vary over

the length of the tube, however the variation permts

tafecesli o trf heigthes OO Beszroye ovdls 4428, hEB 20md; W38 bpoyteen ggpoves and shown
resin. This outer layer nmay include additives to

as raadinflys slkretaporelafipe hpiwbipe thd estaoful tthealisdiet voasn tadjaeent lgemoves is
exanple, thermally conductive material such as carbon

apﬁx@fdi nhedad drdi ét@néehfbt@éétngg&odv%%[toﬂqzl@é() anBnd 00400V¥He Wi shown gives
as an inner |ayer 1228 fused or bonded to the outer

a Jbgiaee, c
e R e P

r
magfg)e we?clrelc} dfq%’%pé’ %P]]li,lé(;er%lté;] a@é]ﬁﬂ\% ﬁ%%él]g{éaag 1c§s {&%Au‘i’t\é’ or vessels as shown
F 12B out er
fo‘beé‘P’i“P'ﬁé? Pl heemsfpwv%lgiw cP iR BRI, Ry bF pre?feated with
appears as a darker |ayer 1232 thermally bonded t

thermaplpgtis@p wiehf@et v f@haﬁﬂ%nTB%maew@hwf%ﬂ?%@ay have one or
perfluorinated thernmoplastic |ike PFA. FIG 12C

mére pigsvesderawdiaenachitedinto ats whifack andynte deural]l HOSHgot shown).
thi ckness and uniformty of the outer l|layer. An inmage
of #0056} Thegtohg ahomxahmemgbolliev cosluitpd é@inera hiwismg having one or
co-extruded tubes 1238 potted in a thernoplastic resin

mdre goves 1212 het b astgdreoves beeare sls NGO Fiund)y itdOonmcting the adjacent
shown in FIG 12D. [00581 FIG 13A is the parti al

2r60VeSis iIRREAEORAFIG. Mg en BiG a 1¢ Yl d2néhhitedbuding sMepd, @B khdeap with
housing with wall 1304 and thernnplastlc hol | ow t ubes

grbdial 1 M8LRd B8t BB2i R RoBbve SY Rl tl ﬁ"@(&'&an &rﬁ‘%@ Yiddla tRermoplastic resin
tenperature that resulted in collapse of

lllé%}gtre{fgyé At }Jgs:] Fig efneglﬁ 1 i 328%8%&‘0?] Yy lh%r}esn(l) ﬁ %é(ﬂ@ ?M ered as rising

MICOHdUI col
d d d I wh
ol B raRas Ao BB «fe- By @Iz%é?? SIP‘%H&L]'%%%?%G ﬁgéﬂ%sa@éﬁw end sea
t h I t the h
e et £y foged ty orpd, FARErgabe Bafity IS fagker gpnauits ke

FIG 13A. FIG 13B is a partial cross sectional inmage

1182 arpisp wigped myidh the dppskiscisd Gre therplirsrod Ueprised a7 s Lo the potting
2005/ 063366 13CT/ US2004/ 042941
resin 1108, the housing, and to each other by the heated pot 1136. The hollow conduit ends may

be opened by cutting the potting resin and conduit ends after cooling the melt to form the unitary
end structure.

[0057) FIG. 12 (A) is an illustration of the cross section of a hollow conduit that is a co-
extruded hollow tube that can be used in the exchange devices in versions of the present
invention. The hollow tube can be but is not limited to a circular cross 'section, the shape of the

tube can be modified to be rectangular, a polygon, or an ellipsoid. The tube has a thermoplastic
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t her nopl astic co-extruded hol |l ow conduits 1322, the
hol | ow conduits have an MFA outer |ayer and a PFA
i nner layer, potted into a sl eeve w thout grooves.
FIG 13D illustrates that the outer M-A |ayer of the
hol | ow conduit has fused with the MFA resin 1318
W t hout coll apse of the inner PFA conduit. These
pakhethsheldsew conduits 1322 were cut open to gi VeCTn&004/042941
hol I ow tubes bonded in a thernoplastic sl eeve or
housi ng 1314 under the sane potting conditions used
outgrdpyer {4 withs e thigkpeshshgharbehrgeni 1268 erdrpel’aindrdd oyerallnautside
i nner |ayer of the hollow conduit may be used to
dinmeation or disnectehbdlé. dthetouter fryet BR04owndaya 2 ealiingpeing that allows it to fuse
col |l apse due to variations in process conditions,
withetegoitak rdsol butangets chaige watdrapsd ofaberpmsi ¢andnit 14y805928. The
FIG 14 is an illustration of an exchange device
thidkass ARd @hifdenhsty g thed fer@ns \asy ST tien @k oNeeuttohb®ever the variation
condui ts 1422 that are bonded to a thernoplastic resin

pe A4 85 WntoP HRNEb& to oP Lot B P YES p&tﬁgé r@nd 'ﬂ%ﬁégut&gliagée}emay include

ousi ng wall. The housing can I nclude a shel
fluid ol et .
sod it b e SR B il o bRl S0, S8 BBl pormaty
t.he. housi 416, .One_o re of th ol | conduyi ts
congiive ALY SregR a ProbRET e sl Peh s Ao e has
. may he_connected to an electrical, circuit at end
inngrdyes d 23 uep by bpade Rribe euegayeFuth 2 {hRkpPIS Al e P gaasured
i ncl udi ng a power supply and controller (not shown).
betwpra WP aid ndringigediamster & & dHGul 28 isiupeptigdygae of the cross
resistively heated by the power supply and controller
sectipresfathpllov keraxgiudehperflyorimtaxbérarpldtiofubh skovwi i IIGL43ZC. In FIG.
inlet to the device at 1408. The fluid 1432 is heated
12Hytht heteaydr 232 omdbd & pafiobisedel] thesnapldstie live MFSA dABRP that appears as
and can be renoved fromthe exchange device as heated

a ddrketilghel 480 tBErmoyHoRded louhdlinaert 18tr 12826hat[cB@P6O}h hildher melting
exchange device may include but is not limted to one

perfiorfaic8 tRehbSdshokileamia CORAUDES 1EdiRtes SRV HREBP WA may occur in the
hol | ow fi bers, skinned hollow fibers, thernoplastic

: . i-nat i . o :
thmikﬂ@s@%nd lﬁgfscmﬁg%'f fR! du?é}slay%él éﬁ?‘é?@%&ﬁﬁ%ﬁa& eé\éhan e device

er nopl asti ¢ housi ng or Vi ce
e e S350 LT ORER, DRelOE Ll S ggpor
slee OPhang 1946 dhowa dn HA B

[0058] FIG. 13A is the partial cross sectional image of a cylindrical thermoplastic

housing with wall 1304 and thermoplastic hollow tubes that were potted in a sleeve without
grooves at a temperature that resulted in collapse of the thermoplastic tubes and complete fusion
of the with the thermoplastic resin 1308. Hollow conduit collapse during bonding and poting can
also occur when variations in tube wall thickness or composition cause variation in the melting

temperature of the hollow conduits. FIG. 13 C is a full cross sectional view of FIG. 13A. FIG

13B is a partial cross sectional image of FIG. 13D. FIG. 13D shows one or more opened
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and outer surfaces including but not Iimted holl ow
tubes, rectangul ar conduits, triangular conduits. The
hol | ow conduits generally have an outer surface and
can have one nore channels along the inside of
conduit. The porosity of the hollow conduits walls can
VW e 20458%3396n- porous to those havi ng a porosit yPCT/US2004/042941
suitable for filtration, liquid-liquid contacting, and
Co e ti ' i , |
the&?h@%ﬁ%ﬁogﬁgu%oi | o]\?v&]pd(()ﬂr?(%bi1tosﬁl:fﬂ‘zl’J 2&6‘2{] tgngmlqﬁol I gé&égon qu‘tc:uwr Jayer
cagl-led the |unmen or boere for. hollow t S hol | o "
and ??%Jé.’%’}e; ) ot el Sndfa gl lé*??- 1B By o e
sur rounds e outer surface, t ol. ondui t .
M Broa Eonaliv Coman haduste Sidet Mkatarn 1 EGARgY condpse of e
descri bed by an outer _shape or dinension and an inner
inneg REp s owuiteli Thesishasigd hol v Cangiyisohd32 Wigrq cut RPEKIA S open hollow tubes
bet ween them A hol | ow non-porous conduit is a conduit
bondeldan a ¢nmoplestigestecré ordubiyr gald Idumder thhsgoee pottingi qopdidiopsnused for
an i nner shape or dinension, with a non-porous wall
FIG! 18 KedseHee malignn téthpmituFobf thelihew ayerofl the hdllovwacamidtis may be used
havi ng porous or non-porous walls, inner dianeter

to B {HR@Bagelt tholdilow doaddii #Ad prevbmBNamt did® vaHBSorRNA process
can used to carry one of the fluids or exchange

conc{m&isuﬂi‘atgﬁgqgluan&]%n@ﬁla!eﬁ\é{] BABLaRGs or hollow conduits

may be braided or twisted and” optionally thermally
an i ' ; : | gk v li ot closing
SoRRAPEIR. e e ISt fR AR L) B S U cnclosing
suppor,ting heli.cal aped .or non-circunterenti .

one SRR oUPR g0 iRE PARRE Rine B Ebr A SLE Bhida40 with one or
crests and bends of the hollow tube so that the ) .

morg a@pwsdéaﬁj and &f? ool e T vilb b oung st @ﬁ@\lfﬂs@ &elhside fluid inlet
handl ed mﬁthoyt strai ghteni ng. These shaped hol | ow

1408 enskflyighputhat 1020 fasged, hordrd tthepdish praeiheryisedliigly ggnnected to the
described. [0062] The outer or inner surface of a

housing 1400\. fQniger mpegrdirtha bollsay cordyisicamawlugle resigiyk winge dr filaments 1402
skin is a thin dense surface layer integral with the

that sniy Sk comteored toén ¢lberiont pive anet endsmeskientee dy redbarahbE 0. The
the major portion of resistance to flow through the

electfRAS ROR ifcRsdiglespdwer sifptytaidroskbiler (T01eh@un)f dBe weilkk 1402 in the
may contain pores |eading to the continuous porous

holl&% cheduits 848F m3PbdVelis@@IPHheRR3869 1RGUWPLGM A2 dtdolidtSvhereby

substructure, or may be a non-porous integra

therial detdyK e tHbA R Svith! SFIR@TIS 5K BRRTdevice at 1408. The fluid 1432 is
heated by the hollow conduit enclosed resistive wires 1402, and can be removed from the
exchange device as heated fluid 1436 at housing fluid outlet 1426.

[0060] The exchange device may include but is not limited to Ione or more-potted hollow
conduits that can be porous hollow fibers, skinned hollow fibers, thermoplastic tubes, or
combinations of these bonded to a thermoplastic housing or sleeve. The exchange device of the

present invention can be made with a variety of hollow conduits having variously shaped inner



menbr anes, perneation occurs primarily by connective

flow through the pores. Asymmetric refers to the

uniformty of the pore site across the thickness of

t he menbrane; for hollow fiber conduits, this is the
povod@sweddbe of the fiber. Asymmetri ¢ nmenbranes he@BUS2004/042941
structure in which the pore size is a function of

| ocation thro the cti

and oy PRy TRTRRR PGt R SR TR s Cordar sipeglar
fromone surface to the gpposing surface. Another

condyitn &he hisflowrondyitsragnerajiyhers 9n pater Nefapeandsap paysoprs more channels
si zes on one surface to those on the opposite surface.

alonp 00 83ideveirmendwt. urherporpsibtieidhe bolhaiuteanluguwillsan papefremaon-porous
thick wall ed channels useful for housings, sleeves,

to thasewh @ingagiososith ebitable fiod fourstiong hinidsiRuioodiacting, amchﬂquid -gas
non- porous hollow conduits froma variety of

contB®in@! iAafSd phdre tH® Fbwg eneigh tiel lrsiswhipkiig FYpoiied héllow conduit,
thernopl astic polyners. These can be flowed and

calldhdRchedE P08 ?&I%ﬂo@QGbé§§lQMﬁf]]omer O HndRRt m%@i biknergy to a
propertles when cool ed. As the conditions of the

ta
f]u1q‘g\991ch g\ﬁ*%l?gs tilg Sg\@}e ﬁltllf Q%f rﬁ?éel#ch}gfv&%?ﬁg'tt A 'gﬁ]]%\g @%rgmmutﬁgtqs a porous
cones, | i

st Db AERIP aﬁ%f TBator P At aprenghang imension
wi m SO Y%EEE"C ‘EF%%B?I%‘Q%%?% W’élhlr?gpgllé\sﬁc{fop:o\églf gﬁl;ﬂéﬁﬁ\,\ﬁ%% @gl?cglllt that can

th|n malled hol | ow tubes. The high tenperature

be degeribehhgn BaehapGOdiBIEAI08. MhENGThgPCCD KENESIons With gHioy-porous
corrosive liquids that can destroy nmenbranes and thin

wallhilckesds broweeminenubBer hadtiey dfbubas dilonenty byimgpagous-prgten-porous walls,
tenperatures and pressures will deform and weaken nay

innep dilayrer definesthe dvllowpoibtiam esluared of Hienubwadnk eeh beldltowarry one of the
tubes. Perfluorinated thernoplastic polynmers useful

fluids @k exdhaneimgbums| eeves, and hol | ow conduits may
i nclude but not limted to perfluoroal koxy (Teflon'rs

PFfo (et PTRMDIOM meBiahEOBL Hdll IV ConlduReIBRbKbiided 8f tvoidlePand
PFA Plus from Dupont), perfluoronethylal koxy (Hyflon

opt1%?ltﬁemm%bm%)a’ fifsh ¥R 'aﬂé‘&lﬁeﬁ e ﬂﬁﬁvf‘dﬂﬁ] tQBé%QX %Q@d from each

on(r) FEP from Dupont) co- pol yners of these.

otne) 55 55fee0 £ ﬁ%ﬁ%ﬁﬁgﬁéﬁiﬁ%ﬁ PP ARl Ponal e einete

whepof Pt TREL RS ey ok ARG CE oy IR EE%%S& b ndiidoa

and co- extrudeg versions of them can have a decjded
hollow tubes or cords can be separated and handled without straightening. These shaped hollow

tube may be potted in the thermoplastic resin as described.

[0062] The outer or inner surface of a hollow fiber membrane can be skinned or
unskinned. A skin is a thin dense surface layer integral with the substructure of the membrane.
In skinned membranes, the major portion of resistance to flow through the membrane resides in

the thin skin. The surface skin may contain pores leading to the continuous porous structure of
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advant age over less chemcally and thermally stable
pol yners. OQther- useful thernoplastic fluoropolyners
that can be used nay include honopol yners and
copol ymers conprising nononeric units derived from
fluorinated nononmers such as vinylidene fluoride
( WF3roosobmewaf | uor opr opene (14FT), PCT/US2004/042941
chl orotfifluoroethylene (CITE), vinyl fluoride (VF),
trifluoroethylene (TrFE), and tetrafl uoroethyl ene
the pUtSEYCLUTRRS MY bStamer-oroghirtesia filyn-like BB nHaGeuskinped
one or nore other non-fluorinated nononer. A nodified
melPHRESS, RTBRMtios oscirg pithailadyaowieetilve flawdhiongh e pores. Asymmetric
contai nnment material for the lumens as this materi al
referStocRpaiioamiof ofabapbre gizaadogdhedi ckngss of thdmempaineefdr hollow fiber
material, but is still not nnelt processable. For |ess

cona@]vsemes i€ MR PotdudWall Of the $®er. OAdYimedib ShciBRhiRS thia 68 a Sfucture in which
heir bl ends may be used in the practice of this

the Bgﬁésg% Lsoar}’uﬁaﬂyp%ﬂbc%tgé ég‘h%% éf?me cr tse!:t'l&r{ Wopidn ! t98\é:a1 ke gradually

er sul fone tra ecul ar
. pol.yet h Iene UHNfMP nS|t y .
incif e 5 a5t ﬁm.gpfamyo P BB RN LA B sy o
used for | ar.

t nan dentlc%. naterlals such
deﬁﬁm c};@'mp&qlé 1att|(? POrnEEes e SH gu:ﬁ&t%g 8B>;hee?@)os1tc surface.
shel | or WA material in a PFA shel
Pr dPP&sd #Véqﬁgfacgff%wé uce GPNHE ARSI 5 RiRHanbhigkdwalled channels useful for
housi ngs or sleeves made fromthese materials. [0064]
houtings. eleevsarigé euidoaps doliny poreusmerebf ang irpadtisLgIdpn-prapusdellow
conduits, and potting resin that includes severa
contltuey fingeh h yariﬂ)adnﬂ matercdhe theaabdt gerecaipddss beag sambetic thermoplastic
mechanically stron.- fluoropolyners. The
poliherer Tiat ydiieSlowey ahdiglolia whedhe sts@aid fcoer NiggiDmodiyarsolid
or a copolynmer formed from nmononer units containing

propéri@ g codlb® BOINS o el o elelapplieiod ub wldmue RGP conduit is
extroded and include one or nore |ayers of

beug %x&’st@?] BRBIE AL severk, e Ha?ern%gktthdt gufy %é uSd ﬁécHx?iEé’ﬁﬁ'nXé MEdr example,

e inner and outer surfaces. 41 MD 200/ 063360

the ]B%{ntc'st??g?nq%/a&é%?lﬁ%?r{s%ggds %ﬁ E):J:ér QSQU n tﬁ'{ ﬁnc?éee}gg?}o%%s ?n dustry will

di ran f S|n t he Thernall Ind d P ase ar at i @ lled

RS T B QAeRen THow REPER ARG IOT R PREp @ EESSr i wall
ol yner nd organic liquid are m xed and heated in ?,

hol tphfae;l“ lygh temperature stripping baths 1n the same industry consist of highly

corrosive liquids that can destroy membranes and thin walled hollow tubes made of common
polymers. High temperatures and pressures will deform and weaken may polymeric hollow
membranes and thin walled hollow tubes. Perfluorinated thermoplastic polymers useful for
housings, sleeves, and hollow conduits may include but not limited to pe;‘ﬂuoroalk*oxy (Teflon®
PFA from Dupont, Neoflon® PFA from Daikin, Teflon® PFA Plus from Dupont),
perfluoromethylalkoxy (Hyflon® MFA from Ausimont), fluorinated ethylene propylene

(Teflon® FEP from Dupont) and co-polymers of these. These perfluorinated thermoplastics are
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a tenperature at which the polynmer dissolves. A

menbrane i s shaped by extrusion through an extrusion

die, and the extruded nenbrane is cooled to forma

gel. During cooling the polymer solution tenperature
ivoredweddot o bel ow t he upper critical sol uti onPCT/US2004/042941
tenperature. This is the tenperature at or bel ow

chem e B PRUSEHrRAK 15 SO PYRBR B GOHGY wbes made

rimarily solvent. If done properly, e solvent rjch
from Eﬁ%@lmﬁfﬁ’r@'l&]ﬁ%ﬁaﬁﬁ sﬁ-gxtmﬁipéweréh%éé ﬂwgi (orBeE pylecided
The solvent rich phase is then extracted and the
advaniggetvaniesshpairally oobibermpHe sblgiongneran Bthay gisefgl thermoplastic
sl eeves used in exchange devices may be but are not
fluordriohsinteegithtitocan v ckedwahy iedudoimuad oty ératand cepalyhen @pinpaiking
tubes, conduits having any nunber of sides including
mondifXa gaitaderive@ bmryiskiaste®mohdrh et gudlads nylitient Sluorfe(VF2),
housi ng, endcaps, or sleeves have an inner dinension

hexa boien® (HEDNE RGO TR yRine [OTEE Ny WubREd (WY, rffloroethyiene
conduits bonded to the interior of the housing,

(TrF@nQ]%"’l&rztfR!%m%lh??e\ﬁg §'lé@?:gﬂ%%gﬁ@s,%#)fi%hﬁﬁyi%tcgﬁ%hpa% of with one or

hernmopl astic, perfluorina _
t her mopl.ast | but can, al sq. ! ?ﬁﬁ lasti.c _coa -
moregiFL PP s o kEr A e v PR R Rt of 83 P material or

coated ceram terial .with. grooves that exhibit .
contagRA CAET I NI o3 AP o ARIDIS JPBOUE a4 RihepFige o the
i ntended use of the device. The housing aqr. sleeves
pottecrpatenal. Perindit) ot Hipligwocsssablad Ear lepetaysis coBditions of ss. ether
thermal |y bonded inner | aver capable of bonding to
thermoplastinstor they breags map be hesidlio the poastia 0§ thana veriiongamdean include but
| ayer providing nechanical support for the housing.
not liRited &y, pbilystherselforen®ES), ajtarhigf malecolae weightdpd yethylene (UHMWPE),
thernoplastic housing will have a | ower nelting

high {eSEPEpEyah BerleNHIDPH) gand WHRF pdlgylefins AlHeanveation ehryalsd B€used for
housi ng or sl eeves can be nolded to have one or nore

similirhat Aebasichicn NS¢ ORR a@%o]%éh{ﬁéﬁe potih D SakRiMGpdgpidByiene shell
2(4)5/ 063366 PCl Al S2004/ 042941 region. The structures

or MFA 9§[Hﬁ§ ey I P)Sshe PRYGSiopd gﬁdgaus&,r@tch%e fcah R $8ade in

e lnterior surface o INng or Sieeve may

housiRfs & RESE Plie FREARL ML L her mopl astic & nner | ayer,
r exanple , to provi'de an adhesion layer to the

h%JUS@T $nd er:xcilaneg%\ﬁ%virggh%g/ lbg lm'ad&r%msakimgll]s?ndg, lhcr>]]1ct>v|vq %onduits, and potting
resin that includes several thermally stable, chemically compatible, and mechanically strong
fluoropolymers. The fluoropolymers may include, for example, a homopolymer or a copolymer
formed from monomer units containing fluorine. The housing and hollow conduits may be co-

extruded and include one or more layers of fluoropolymer, or different layers of fluoropolymer

on the inner and outer surfaces.
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art would know to ook to ASTMtables to find the

perm tted housing or sleeve conduit wall thickness

for the housing, endcap, or sleeves for a particular

use of the exchange device. Wiere a housing, endcap

or sleeve includes one or nore structures that are
gnapyesncipeef erably the depth of the grooves orPCT/US2004/042941
channels are in the conduit wall are |less than about

Onﬁg@gfﬁéraggﬁb%ge?g%m&eg %]ngé)go{yg‘lefrg %96&%§eﬁrqug into hollow
entity consistin soIeI t her noppl ast i terials

poro dneERtERNSs 4HPg thsdihermak r%a?‘écad FHRMSPPESPT CTIRRY Biopegp o In one
can be prepared by first pretreating the surfaces of

exapieof ngrch AOUSNHENS Praspis Tspidraieanisedafdiepiefl oy en extruder to
the potting and bonding step. This can be

a teraperetypd atsihech tby potpintr dissviesgAonemsbrane i shgpeal lpoandiesien through an
formof the thernoplastic potting material to the

extrii@ors HiRgandaneeaudedmemstaa e saplednd f@moayd. @uring cooling the polymer
protrusions on their inner surfaces. The interna

so]u%Hﬁ feamRpa @R iPRbile8 tfiSe1ON th\@pBOLk§idAl seTBYorempB@ak& dThis is the

close to their melting point or just at the nelting

temgé?v\g}e :ﬁgﬁjbélWlczﬁtt@o%}hhm&ﬁ?ﬁiofnnﬁ@h@mo@éﬁeo&%géa @b]ﬂgon one
pha%e%%lr%{ﬂ‘i (Z?]fyI o 'ih%eottlFe\gg{%H]%ngg ek, fifldgne %{)& %81 phase

|ng reS|n
Au3|nont USA nc. Thoro

formseh g PQRs dnigioRTge %é%\ocr%%tys di PF éB‘ée‘cB‘r “‘ﬁ}@aﬁe ' i‘?"m’?ge*fréaed and the
hlgher- than the nelting point of the potting resins,

merpljang,efigd ng resin is then fused or sintered to the
ther nopl asti c housing, any channels, grooves, or
r ai[@,@fzﬁp 11Taahovsing. erdcapse BREeYas Iied ipEXehaagedevires Brmydienyt are not
the potting resin, the hollow conduits, or a

limicaintbitinek welledabnd e skt b dyhedinal sibasg). coAdmitsrhaIvimgiahy ngmber of sides
exanple. of raised features or protrusion on the

inclbding hexhgotial St@mpelas o friaa guliscohbieits | THeliading, endcaps, or sleeves have
t hernopl astic coating 936 illustrated in FIG 9. The

an iR FiAehsITR Y apd s lcostith 9érelbr @ 7€ GONGh g Aty a8 E@ébntdﬁlts bonded to the
fuse any excess un- mel ted 43 WD 2005/ 063366

mteﬁs}TéfLJﬁ@Q&féﬂnQ 4206, bhﬁéévephﬁéhb@slmmﬁéevelnsaylb% a thermoplastic,

pre erred that each end of the housing or éach

pref%ra% a?é rﬁﬁeonnta{egﬁ gg @Lst{ eglzt:c?rg %"SS%&:‘% tf'n%ﬁ‘} ?lag't%c coated metal,

ment es an a

ther iC Cco t|n %f nmed on the in [ I
compRgRRrReL e REDETRP AT Houmergr™ RopfronoLe Satks grnivit

912. [006 Ilog ndui t exc ge devi ces of éhe ,
cheﬁx}qgls Pty 03&33 efogpafs);m a]a,%léltended use of the device. The housing
or sleeves may be formed from co-extruded thermoplastics with the thermally bonded inner layer
capable of bonding to the potting resin or hollow conduits and the outer layer providing
mechanical support for the housing. Preferably the inner layer of a co-extruded thermoplastic
housing will have a Jower melting temperature than the outer layer. Alternatively, the housing or

sleeves can be molded to have one or more thermoplastic portions or layers in the bonding



i ncl udi ng one or nore porous and or non-porous hol | ow
tubes or other shaped conduits, are advantageous
because they can be nade with high fluid contact
surface areas. The high contact surface area is due
to the ability to obtain a very high packing densities
of the hollow conduits in these devices. Packing
den®iQ3Mf/eizaees to the amount of useful menmbrane perus2004/042047
surface per volume of the device. It is related to
t he nunber of tubes, conduits, fibers, or conbinations

regidn. tThesuqtiigs sushras pidrupions, €Paves.a donmvinpheriolcthescatthe interior
The packing density of the hollow conduits such as

surfuek lobtkie hbudieg e, sldest imawbt nbre] orcmphiisd efithaltiesmoplaslic inner layer, for
conmbi nations of these within the shell tube, housing,

ex@Hiple MIREYEpoRe BB alilesidigayed e Bbufinon skeOOmpefigle Wndkilled in the
vol une, preferably 20-70 percentby volune, and nore

art Rl BEARRI % 1686 B QA 328 GRMs (O¥ind HelpBmitle A6Ringd ®sle@W conduit wall

fiber m croporous nenbranes can be used for nass

thicqé]%%]saf%?ﬁﬁ g?&r r%'enge%% o?.léf'égve%sfoxf é %%lﬁg@ialolﬁe oBfe excharcée device. Where

1
cont ac a ssing. Hydr I'C m croporo

hol.l ow fi ber menbr anes are commonly used for
a WG SRR P ey AT SR BatE SE o 5 e fiyes arofgrably the
be treated that does not wet. the rane. For gas _
depthy Rt BELEFIRYCS PH a’l“legiﬂf?j‘"ftf‘ﬁ)ﬁ%“dé‘ﬁ %ﬂggg-ea%tha? aqypone half the thickness
menbrane and a gas m xture preferably at a | ower
of heedlur e t han the solution flows on the other.
Pressures on each side of the nenbrane are maintained
so t0VaF] Tiechdusipgi deqye.on sndaap doed tofotm asinglecoity cohsisting solely of
critical pressure of the nenbrane, and so that the gas
thestaeplaniotmawrizi, end preferdbheperflucrinaled Geinidptzatic matesasircan be prepared
the pressure at which the liquid will intrude into the
by Pipdt @fetreataRanEisurfadés E®othyendd of e HBALIBE bbdneds &fbrd YedVBKRfore the
t he menbrane, inversely on the pore size of the

- iR, dini @G by hSd'b} AER.LRASE HirRrirt
P o o e Juan G B BRI Ao Frowdered

for%%’f‘ﬁ(x@@%%?o%lA?%?M%%@Hgﬁ%gﬁ% h%% 6 (Lr%]c?fe g]géves, aln\gl e%'oove or

contacting ne ane  exc O renove di SSO

ases fromliquid "degassi hq" . or t.0.add a.gaseous
R GTs o B0 itBices, THESRER N hrTac®? ot Gl Sios e B 500G mey be
to ver ure water, to.wash sem conductor. wafers. . )
hegteshelTe e e ARG B GR TI R U Al (RGPl Rt apeh BRI BiRLY figymersed into a
be operated with the process fluid contacting the
cup pRITERING poydraeGiiolytgfiivgroedytensteor peafl oo By INgyiedgr ], MFA,

tubes or conduits, depending on
thermoplastic potting resin available from Ausimont USA Inc. Thorofare, NJ. Since the surface

temperature of the heated surface of the housing is higher than the melting point of the potting
resins, the potting resin is then fused or sintered to the thermoplastic housing, any channels,
grooves, or raised features or a combination of these for bonding the potting resin, the hollow
conduits, or a combination of these to the housing. A non-limiting example of raised features or
protrusion on the housing or sleeve surface is the sintered thermoplastic coating 936 illustrated in

FIG. 9. The housing may be polished with a second heat step to fuse any excess un-melted
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whi ch is nore advantageous in the particul ar

application. Baffles and other inserts may be nounted

on the inside of the housing or fluid flow fittings to

effect fluid distribution on the shell side of the

hol | ow conduits and housing. [0071.] Potting is a

process of formng a liquid tight seals around each_

hol WOWROeHPE3% , for exanple hol | ow tube or hol | oRC1/US2004/042943
fiber, within the housing. The tube sheet or pot

th§ 2 ?stu% oWier. 11 R ig?e?ér&rd ik eddhE Q¥ i RBu Jn?%ort Jﬁ%} of the sleeves be

C ange or cont or fromthe environne .
o dSe P Vi i BroRREEN, et DG SRHE B AEht Befifopiastic conting
B P SO S A c'vv&%ak‘mgémﬁ R g 58l ama s

t hernopl astics, mechanical interl|ocking of materi al
as wHI068LEoloN: pendait ehehangarigvises phibe PigtanE HIvERtion, especially those
Preferably the bond between the housing and its
ingludgemepr ovirelpaoes dnidwi tort-pahts isdlabv. tubetloe othonshaped tarduits, are
the unitary end structure may be formed between the
ad@htapfEhsrmet ke hky aanthetrhgle Witus ginfuid wortat esrfasrdirdusuUSheGigh contact
groove surfaces. The bond may be the result of a union

sifact BRea iP@Id b G BNHy ROEANG v t j pkBnPYersitfe @the hollow conduits in
nmel ting, or meldlng Pref erab he potting and

th@%vf&s Pﬁ‘(ﬁ(hrHJCHeHQ Xﬁr@]ﬁte@fc thé ngﬁ’llr{%ﬁ‘ 0Qrd n?é?z%r% surface per volume of

surfaces, arethernoplastics that can be fused or

thm%lteglre.g Etﬁg%ﬁe{ﬂ&r to kﬂ?/e d‘:\ﬁ%{belo&sialpe%aéonﬂgn%ﬁg{}g %% cgrﬂﬁ{ﬂaﬁgnsbwthesu that can

uction
bondi n infrared hea and ott| he housi n
beah‘&‘eﬂdﬁtaifﬁ‘és f"é‘?ﬁcéﬂf ﬁh?gacb’é’gtd ’@é’ﬁﬂ’% 8}”1@1‘“(1:‘?J Stich as hollow
materials, for exanple the housing maybe PFA and the
fi et thohlg ERes: CordiRed! SRt ppombinationy Ofd%me Bdthimige saglf {pbe, housing, or
bonded to the housi ng vessel and channel s, grooves, or

slagye\aan be s ihe6me 6 oom ANy valume, preferbt 206t pereent by volume,

on the inside of the housing in the present invention
andompregpiatsenbly 40h6Q pargentbidvolgme.uct ure. The inside of the

housi ng and channel s maybe coated with a |ayer of the

pot t j00g9T Hsllow fibermhieropdsou sk thechney c a0 be @Xdd fofl e sst exchhigge operations
one or nore, inner housing surfaces to facilitate the

sikangdirngathnt Fﬁ%ﬂmb&iﬁlgpﬁﬁtde%sﬂ@d H@usphBSic Mi€@p&bus hollow fibers
Fluidly sealed refers to potting resin, thernoplastic
RRYFNRY areBhinfM yGRBEH: 4Se R or contactor applications, with a liquid to be treated
that does not wet the membrane. For gas contacting, the liquid flows on one side of the
membrane and a gas mixture preferably at a Jower pressure than the solution flows on the other.
Pressures on each side of the membrane are maintained so that the liquid pressure does not
overcome the critical pressure of the membrane, and so that the gas does not-bubble into the
liquid. Critical pressure, the pressure at which the liquid will intrude into the pores,-depends

directly on the material used to make the membrane, inversely on the pore size of the membrane,

and directly on the surface tension of the liquid in contact with the gas phase. Typical
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conbi nations of these that have either welded or fused

together or forned a nechani cal bond together that is
characterized in that fluid does not flow past the

bonded areas. For hollow conduits like fibers or

tubes in the potted area, fluid flows through in
f“fﬁ%OY%%gg and is physically separated fron1f?uq§BﬂWmew“
on the outside of the hollow tubing or fiber by the

apphieiteik ForWhtasting2memBRNhE EXtShan § B0 £43lo rEhRvE 8%¢BIEAI datRGrom liquids,
termnal end block or unitary end structure descri bes

"degaslmﬁs dtho (ﬁ@#as%u %uB!l%cﬁQﬁh?@HdC 51%%'&1198%05%%9 ﬁérf)li)egdvlvﬁed to very

nmor'’e ho Condui ts suc |OMIt
or. C rds t he and a housing or sl eeve.
pmggﬁgyﬁﬁwg¥“? (wggmﬂrwaéﬁ the housing and conduits

can_ipcl ani cal . bonds hetween the resin
st r 8808 %@ﬁaﬁgﬁ é’cﬁ%ﬁ'lsﬁhﬁ GresTd N eBRALP s (aﬁéamdc%n*r {pe process fluid
bondi ng,. wel di ng, or fusion _bondin . ,
COTtRAHDE ﬂ@tm%@fs Qfthe pagide syifagg ob the pqttrx? h@lowzﬂlé%s of fordpitpslepending on
of hollow conduits 318 and 320 fusion bonded to a
whiches mops adstritegeousinthg particelavapplicationg Baffloe and @herghsegmenay be
or nore channels 304 in the housing inner surface 316
mothad olveR itksddof thohbaimy @ fluid floedittires o effct Swid dixtritekion on the shell
structure. FIG 3 illustrates a unified termnal end
sidPbOBK holfdw b&duite adiddusthias been cut open to expose the
hol I ows of the tubes. The t hernoplastic resin 3 10

OC Cil £1SP i MOfs tal pR8eQd oft OEM P AANR t@ﬂse@ﬁ drsuRBESH hollow conduit, for
bet ween the tubes 330 and forns a bonded structure,

rexatgg)% h$lﬁ> ggpll }ﬂﬁlto'vxppb fwmﬁﬁ I't]ﬁen}ll&@"’ng a*?%, th é %gt &%&F%e@%ates the

reS|n es, grooves-an ou5|ng
Sin er of . sint

mt%fl%?fr@&hggﬁ’ RYrof ecen? fi?"gel & kB ol P Gy The potting material
f 1t WO 2005/063366
is hsé%%?ﬂ%g%d%%aé w?%wzfacerﬁ%uwei SHCY 2LRTALraE Mg cEhaR RS Pr srooves.

may be cut or machined and the |unen of the_ holl ow
Thig é’ﬁ@ﬂmg gapdsssie Physied mpging; of gnelted matesiplg ahewringweldipg or fusion of
ends may be opened so that the resin and tube ends
thegmepl astieh machdniqahinternekingpf orateri abeng aveB peichesnicdl bordingefatie
for a single end portion of an exchange device shown
maienials] BrefGaldy thel and bexwekh ttler Imatsingehy its grootds pgovindess erfludd tight seal.
and tubing may be renoved and opened to a region
Thé p&lte dorbethewnite end sthih@e diaytHedomied befwebh thelpotifigitht@fal and the

sl eeve
housing surfaces and housing groove surfaces. The bond may be the result of a union of the
potting and housing materials by fusion, melting, or welding. Preferably the potting and
housing, including any of the housing’s coated surfaces, are thermoplastics that can be fused or
welded together by various heating methods such as but not limited to welding, induction
heating, ultrasonic bonding, infrared heating, and potting. The housing and potting material may

be the same or different materials, for example the housing may be PFA and the potting MFA.

The potting material can be thermally bonded to the housing vessel and channels, grooves, or
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end as illustrated in FIG IA FIG 1B, and FIG 7C
For exanple, as shown in FIG 1A potting resin 106
is renoved fromthe housing end 132 or 121 to a region
bel ow t he ends of the housing 128 or 117. Simlarly
E potting can be renoved fromthe hou
e%d@ﬁ”’ ”(f(153 to a region below or inside theiagﬁ 5520(“/0429“
of the housi ng shown by 161 or 155. [0075] Porous or
raissi ishmedrehon theunsf delyd thedhonsipg ar the pesent amigatidn mrddioe 4 08iGry end
umin dianmeter. Wall thickness should be mnimzed
strugfite pTRE AEidedf thbhelsigaad cisandbls 3HY bercnatetiolithaviaydriobgie pottincy resin
beds can consist of mats of fibers with thickness

smtre?éa% el bPE3-dxiARe& B thdoreR thhbra tfhet m@m suthets Vb f&t:ilhtz@é the

00 cm The beds can be circular with di aneters of

boﬁﬁ?&%&qged# ?gﬁ%%ﬁth%s‘%p 300 cmand contain nultiple

es to e gafS t hr oughout the bed of

];It ?E{UZ%][ F@lldll)gs\gﬁ]fe% Ie ?r(s)oSf) r@t}]ﬁgzrg%ltz etﬁér%h%)?arshgﬁ%{ smh h%]]ow conduits and
cordinan Ehrercant s S Reiad DBt adosd ox e s Faehanical bond

closing off the ends of the fiber to nelt resin flow
togefitier thgtis searisirrzediip that deidsdoes nodiey passthedwndestvgeast &or hollow
that are non-porous holl ow tubes nade from
condhigs Hisplibest draubasiin the poldsirere fHiidflewe thgougingsidgofithembes and is
0.007 to 0.5 inches (0.017 to 1.27 cm, and nore
physiceileseisiraed feord Abidton thk dutdidediabe (A6 Bbing @ 1ibbr Igynthe conduit walls
maybe used in the exchange devices of the present
and poteng.i on. For heat exchanger or mass exchange through
non porous hol I ow tube, preferably the hollow tubes

%Tﬁ’e 8&h lnitibd €kH8S%nE 3NQK 2P uﬁlffﬁ’?\eﬁ)d Q%tlﬁ@d@cﬂbes 2 1mass or
|nc 0.0025 to 0.25 cn), preferably 0.003 to 0.0

I Q
We’é%Eﬁ%‘é’%%%ﬁ%&%%@&%@’ B %ﬁ%&?ﬁ?@z (’%ﬁﬁ‘i@&ﬂbc
hol cho\}/ %rrégés'lrsc ‘Ia t]t \évﬁ%gapuil? g o*sﬁ‘@:or\‘j’\gfio EYe- a%n %c ?mtge resin with the housing
and (hudBEE can TR ROl QMBS S gt”“@?,gpgﬁgsgn 'amg'ft‘éic?q‘#%'géf%grhousina and
twisting themto form cords conprlsed of multip
congyitp-cReRifBBE ot Helfmewpribpesbondine. efea'@mr@mtlyn Phthgse. Figure 3
and wapped to a length nearly equivalent to the
illusisnigs pn efampleeot Heliow eonduist Fidcand\ial jusidrolaendgd isf 4 themeoplastic resin 310
ends of the hollow tube to nelt resin flow during the
andolblling agopion o€ e or[mH7 FHani¢le Bdkbinl ths howsirpohh@wud awedl b tst was used

may i nclude co-extruded thernopl astic tubes and
to form a unified terminal end block structure. FIG. 3 illustrates a unified terminal end-block

structure that has been cut open to expose the hollows of the tubes. The thermoplastic resin 310
occupies a portion of the grooves 304 and spaces between the tubes 330 and forms a bonded
structure, that is acombination of mechanical and welded bonding, between the resin, tubes,
grooves and housing walls. The resin may also bond to a layer of sintered thermoplastic material

on the housing and groove surfaces (not shown).
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porous hollow fibers that can be potted into sl eeves

or housings to form exchange devices. The co-extruded

tubi ng or porous hollow fibers can, for exanple, have

one or nore outer layers or portions that include a

thernopl astic with a lower nelting point or nelt flow

I NYeR 2005463300he | nner nost portion or |ayer of theCT/uS2004/042941
co-extruded tubing. The | ayers of the co-extruded

| ubi t her.mal | nded or fused.to o
ot AP By et o fgfm%Cﬁwsg fpGe gmen of the hollow
co-extruded. tubing has an_ N FA outer yer and a PFA

condyifg £XRossrer e AABIMA Essineandrhinliawi tybeeridy P}aas\k}epwed A &AL Hig resin and
an FEP outer |ayer and a PFA inner portion. One or

tubeends ot evenevithae heusoi ar lskeevwensasrilestratgd herlal sovgle enshphuiion of an
may include a thermally conductive material,

ex¢haegedaink yhaonmeindGnd oeFIef. 7DheAlauaivelyayatisg meteritlmd tubing may be
hol | ow conduit includes a thermally conductive

reridle@lah@bpenEdfo £60R IR ated BelWhorRWr @fore POthé eofQhe Rousing or sleeve
co- ext ruded t ube may i nclude a conductive carbon

encﬁ’@é'ltl]h%a?e% in PI-G 1109 FROLH, Rfd Ff@em crirdush n%]t‘eas @%\H] & lel% 1A, potting
in the MFA of the tubes will mx or conbine wth

res 1{ f({@ ﬁwnﬁﬁgﬁlﬂom 4 lk&l‘é\{ng Whe 332b; ﬂlt B atrggorii RS RR dé?mgg bf;the housing

I'ng resin. reglons of the co-extru

with.the thernmal .
12@8{15%3 %ﬂrbew?*?@ ’fﬁ” Dol cp B¢ Font bl e ERSLER epf 13 or 153 10
thermal |y UCtIV layer, wi ]l contact the fluid on
regipnebeie gﬁlaggfo%etﬂﬁ@ &w%ﬁwgﬁh%\h%mglewe%y to the
fluid on the lunen of the tubing. [0078] The one or
mor E07akPereys i skineedhollew faes dragietarheangangs,dtqny 4@t 1000 um in
tubi ng can be selected for their chem cal and or
diaptejesi ¥l thicknses thiowld befrningizetharideprefhmedithiickoess duzi-BH0 wyp, Hollow
as well 48 w0 2005/ 063366 PCT/ US2004/ 042947 as
fibprr ede cdn @ssidt lofimarse éibers evithuhie ksesk talging ffom 1426t mglepth and length
wi th each other, bonding to a resin, or a conbination

an®@WidtHeS - 109ash. | Thetteds BIEd A@uIRF ARBTSamdias oEXasPiend lengths of 20-
during potting, the outer MFA |ayer of the tubing

30(9‘4:1'11'an%&ﬁalﬁﬂﬁltfﬂ@lﬁafﬁ\ésttb dtslﬂ%lﬁé: Suslth Rk Ao @Rl oPBbdr@Wollow fibers
tubes, fuse with resin in the pot , Or a conbi nation

in fﬁ CB Q&@rr}{m} HeQuhidfit &008 be [dofsel ¥&edOfrnt n&]otvéjﬁgelgﬁﬁy%e extremely
3

unen -"opene otting tenperature or fusion

Jon 8 a{nTHQVrrgpp% ) acl@ngtPgear]l} e%gl VaRRt ttoqﬁé 1&@% of the d%wce, eff%ctively closing off

the ends of the fiber to melt resin flow during the potting process.

{0076] Hollow conduits that are non-porous hollow tubes made from thermoplastics with
outside diameters ranging from 0.007 to 0.5 inches (0.017 to 1.27 cm), and more preferably
0.025 to 0.1 inches (0.063 to 0.25 cm) may be used in the exchange devices of the present
invention. For heat exchanger or mass exchange through non-porous hollow tube, preferably the
hollow tubes may have a wall thickness ranging from 0.001 to 0.1 inches (0.0025 to 0.25 cm),

preferably 0.003 to 0.05 inches (0.0075 to 0.0125 c¢m) in thickness. For mass exchange through
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| ayers of the co-extruded tubing nelt and fuse or

conbi ne with adjacent tubes or a thernoplastic

potting resin but the inner |ayer remains open. For

tubi ng having an outer MFA |layer and an inner PFA

| ayer, the preferred potting tenperature is between
abw@x2029033@5 C, potting tenperatures for other PCT/US2004/042941
co-extruded thernoplastic hollow tubes may be

ut | P t

nory %«gwsn'ﬂé)'i‘l%ngn@(es- gas stﬂ‘?_tf@%é fhE Fgg%i’% d/@'i‘e W@éﬁ’g % al E;!?Foe made
FI G exc e de l,.ude one_ or . -

o B e e PRSP TR Gt LB o i rcing
an inlet and an qutlet for fluid flow the hollow

plattiggeay tistingiihpmsiederaricasgs comrstad af PR ugtaigloyduess: Fhediodjow tubes
t hernopl astic hollow tubes or to a thernoplastic

may bs extrenEhelonglked wedppedite Hehgtbnearlitrayi vistept tocthe lepgidlof the device,
sealed by a bond to a sleeve to provide a fluid to

efféckieclpolosimgroffaht emas of thet ol otvuleesto aredk redie flowt dueing die foltng process.
hol | ow tubes fluidly sealed by a bond to another part
of fope7iSTREMEpIRiticthollawesdnd nilygaale @-dtiRvt dfefplastic tubes and
renmoval of fluid from the hollow portion of the

porbbOESTowAbetd thitslah 8E B6itddindRic@Nés drmoﬁilﬁ%}s t6Fornl Bhange devices. The

co-extruded tubes may be bonded together and to the

co-PAHTLAG% dr statpnbﬁit 6 ers €3, For eﬁ %hﬁa\fmgepg)%fe outer layers or

apparatus may have a s eeve or |ng that encl oses
w tu e 186
pmlhﬁns tEilt(gtccf tggx%%o& m% er Z}tm% %%ltt or me ﬂ?w index that the inner

resin, d t h hou5|n ast i and even

mONGIEIG3r B YL §f equrﬁ%{tqua @Em RdRhoradogiitiog o
Hol | ow t her nop Iastlc conduits and co-extruded hol | ow

theﬂh@tyrmpﬂeaisqnfeseé 8T nothegis e Pop-timBingirampledy tiatyppaf co-extruded
i npregnated with thermally conductive powders or

tubfrigthas en MFA eiserd aes and a WHAZ 005 1083 3660t PO EARSRIB0G# ballog0tbe having
their thermal conductance. Exanpl es of useful

an FER puret layer aod d REA iveermmttami e ar noreldithb ltyearod thenotextruded hollow
limted to glass fibers, netal nitride fibers, silicon

cordnfl nimgtiedludear thérgkallly icbeduivomagrialppiefedabl Y bee ot ek whlhe outer layers
conductivity of the hollow thernoplastic tubes or

of thEREIRSNadnRAGit itAIdeP R hirshhisy ARdbAWe m4hRs. B&&idpienhd MIFR outer
i nvention for energy exchange is preferably greater

poxrt]Eff‘Hf @ngtmge&)ﬁlbwgystn@%e a (Bl vQ%Exbgﬁg&%%legebﬁhﬁb potting, the
e co-extruded hol 'ow tubes may i1 nclud r mal

coldGial ve%%ﬂfétjegﬁﬁ the MFA of the tubes will mix or combine with MFA from adjacent
hollow tubes or with the thermoplastic potting resin. Unpotted regions of the-co-extruded tube
will retain the MFA layer with the thermally conductive particles as illustrated in'FIG. 2C. This
thermally conductive layer will contact the fluid on the outside of the tube and transfer energy to
the fluid on the lumen of the tubing.

[0078] The one or more thermoplastic materials for the co-extruded tubing can be

selected for their chemical and or physical properties, for example thermal conductivity, as well
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material m xed or conbined with any of the |ayers of

the holl ow tube, preferably the outer layer. The

t hernopl astic of the outer |aver can include, for

exanpl e, carbon nanotubes, graphite fibers mnade from
peVPEUMIBPIOt ch t hat can have thermal conducti vi tCT/US2004/042941
val ues of about 500-1000 WnK, carbon fibers based on

t i PA t can t hermal .. .
o pEBIECTVTieSE BPe SERe ROPo e B PR pgine t aresin, o a
|nsulat|ve ceramc fillers like boron nitride That can
combiagtionpl hees pegd 1e BeptiNRATeSES b f FlisgampodwmeReHing. the outer MFA
alumnumnitride with a thermal conductivity of about
Jayer3@0he WAbimg Wil meht s (fnsesvidt the MESA fronpadagent hplloweubes, fuse with resin
practice of various enbodi nents of the present
in tht Py bt 4 cnpbitoivhiof dtesowilothe iper e\ apet of dre-tpler leaps the lumen
hol | ow tubes nmay he potted together. Such devices may
oper28. H&@Hg tetnpetatiirt or fdRnasmperhtund camBischbseans iiek e dnwt mere outer
maxi m zi ng the anount of energy transferred between a

layelo gfe $9-AHd@NuEHE RN Filddiof Coﬁgfnee\%ﬂ{mﬁ ReAQIME AL Hefinoplastic
condi tioned aqueous sulfuric ac

pOtt]{l gres re% glltlkh%tu?r%r Ezgfe{ Rg:NS L:n S 'Fgfu%fn@ﬂ]a %Cgﬂ%lﬂga? MY | L&gr and an

| Ion t mperature ot alre eanr 0o
inneﬁflﬁA e ire 89 niﬁ FlePuionge S0P FrB Ry A Pouing
empETEE P ShE BB TP POl Y AR teiFipRigd by routne

aqueous sul furic acid scrubbing solution for nmass

expegixten teH g a7 dsusg oA thedpitiog m%&f()]tdﬁéqﬂﬁnﬁer and type of
porous potted. fibers present in the device. [0082]
Baf(fo78kAndlpsiaedimdfiG. 1ArC tanexphraagt idedcomay helude es@ertmore co-
i nvention to enhance the mxing and distribution of

extrdded itigbsmoyi asic thoBow sutbe. Bfichtthiee haal dnawlet afreancumritefot Huiddlow, the
exchange- devi ce 50 WD 2005/ 063366 PCT/ US2004/ 042941

holldwW @ibeSh@aly skfledbia bdnd with ethapté-extrhddaakermopbartmNoRtubes or to a
exchanger can be used in a single pass nobde or in a

then'h@p] Gdtic G AL THANRPEEhE A1 LB nAY bRt RR1RMIGARAd to a sleeve to
['uid and or the exchange fluid as illustratéd in

provl:(iecésfiuu‘i1 ifthe ﬁ?]ﬁ?\\eg&%bﬂ of € t@o%?&iﬁ@ Y ot tﬂfrtﬁv}ﬁoqﬁq/ t}%éas?éudly sealed

nnre port Ittings ont
LBuaII one 4 ﬁFrves
q

by a El‘i)oﬁE {1?| aaao ﬁ]i %atrt R@e B?%v%lorr] g)c%%ego eé-ve 19 PO RS aemova?cs)f fluid from
the @Mag pg'ftiqi zt eourllgesé Cl)%rs; Illlslilrla{jed n eta1 %P(? 7%“ thtehc% e?&llqruded tubes may be
bonded together and to the housing by thermoplastic resin 722. The exchange apparatus may
have a sieeve or housing that encloses the hollow tubes, for example 124 in FIG. 1A, or 186 in
FIG. 1C. Preferably the hollow tubes, potting resin, and the housing are thermoplastics, and
even more preferably, perfluorinated thermoplastics.

[0080] Hollow thermoplastic conduits and co-extruded hollow thermoplastic conduits

used in the invention can be impregnated with thermally conductive powders or fibers to increase
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contactor have restricted fluid floww th the [unen
side inlet and outlet port because of the porous wall
of the nmenbrane holl ow conduits or the non-porous wall
of te209bbnwe t ubes.  Preferably the fluid flow ngcrus2o004/042941
within the tubes or and or fibers and the shell side
fluid flowing on the outside of the tubes and or

their trermak ¢apducioneat Examples @nseftlgheraegHy eotrincti ysmaterials include but are
illustrated in FIG 8; preferably the fluid flows in

n@ |nsiredeo ghdes fiberstanetainitede @beey; eifisorf drmahmeth] daltedd fibdrslor gr aphlte The
Wth respect to one another. [0083) PIG IN

thetrhdl Sbhdicasitdbf he hatw thyRelofic BbaVemprdshAs@tHenbilstic hollow
potted region (244, 246, 250) and those which may lie

Bk ffg uji nl?s zfﬂ%rﬁﬁg er%gérQV exchinge @ ﬁ’r@ye?acb]%' re%@?ttﬁﬁtat)&g 0.05 watts per

reglon he p6tting resin Rer mopl asti c.
mAIS L ger ri%{\lng:‘ T%% &,Bd cx?rélg%oglﬁo\ﬁ% %ﬂ@es%ﬁ% Jgglugggaetﬂennal heat conductor
n%&s%ﬂﬁ@es%¥°°Vﬁa%q°»§tt%r€foséﬁ§we?%‘ tﬁ%gwﬁ‘% BPegttisit” Feouertoe
surface of th hou5|ng oves i ncludi ng but nat
The themaep! @sgcgﬁﬁle Oplgg layers@n Hﬁﬁ‘ée’\fp‘t R apple,  FHCPY H@‘C}t%be?ﬁ rgraphite fibers

and are considered to be in the potted region and can

mage from nehipleamypiish thateanrhaveiheimal prndpeti tiiynglues of abcan §00-1000 W/mK,
hol | ow t ubes. The nunber of grooves and their surface

cabadfiray bized oh aolysulylanitriio (RAN) thattcad have. therWial banductivities of about 10
wi shing to be bound by theory, the groove 242 may be

WUEE eleotricelyrulainei cataniic #8a sl wfon hifkdgxhit cantasdhelhkrmal
interface by hinging at this point. The shell nmay be

cAHda&SHY FRBolR Y6008V BRI GSSinurh nitHdle With @RihdrBRaPSonidctivity of about 300
expand t he thernDspIastlc shell. The stress relief on

WK bPaistgrediopimeter or 51 NVO 2005/ 063366
PCT/USZOIJ4/O42941 the outside dianeter nmay allow the

shel @Ohglnfn tﬁé(pﬂptﬁ)clé of R/%‘&o%ﬁ e)ﬁ)ﬁ&d"ﬁ]?ms %)Fﬁ)r %p saﬂtq%%lugg comgmatlons of

stre mal nt
Its |nt

FI.G . » _
pgb rPeOﬁ%(‘fSﬂD@% 5 st BR8Pt o eﬁygﬁ%%m o R B vsed to timit
nol di th the h Wth I t
O TSR S i L S BT
or unequal spacing as shown in FIG 2B; the grooves

Piegsss pad an pxqhpmeerihndy K exgieple fenpsiagirg spfrdatp@emaev@vﬁ pdfuric acid may

i nside of the tube, they may consist of a series of
be re-circulated on the shell side of an exchange device to condition the temperature of air in a

cleanroom and remove trace amounts of organic amines from the air. Temperature conditioning
of the air may be changed by the number of non-porous potted hollow tubes while the amount of
air in contact with the aqueous sulfuric acid scrubbing solution for mass exchange is controlled
by the number and type of porous potted fibers present in the device.

[0082] Baffles may be useful in the practice of the present invention to enhance the

mixing and distribution of fluids on either side of the hollow tube contactor or exchange-device



groove channels along the axis of the housing: a
hat ched pattern, cross hatched Pattern, variations of
these, or a conbination of these. The grooves O
channel s are preferably located in fromthe end of
the housing so that the potting material nmay cover
overwanmhobossdsoni t h one or nore of the channels. Q%T,Sﬂm#&n9“
channel s and the housing wall may be covered or coa &
with a sintered thernoplastic material applied to the

(ngr showasin 3G di )s dhe seldbvhEbaicontiaser dyenchangensian e tigpel in a single pass
potting material. Preferably the depth of the grooves

m6de @hannelcicyeting hadet fheeitheusibodh the praeesstfRiidiandeor the exchange fluid as
pressure and tenperature rating suitable for its use.

ineuskin f1ed. 4-6. PReray)y umuﬂ.t@ttéﬁﬂ@}o&dvmehmth twloQr AFduid ports or
tables to find the permtted wall thickness for the

fitdhi&s 6’1{ thtel'%ﬁelp%t Gﬁgeﬁjgtﬂé Stethe R Ring! QRlJM 4 ogtesgrtv@s 95{ a hiye inlet and

grooves or channe s are less than a out ne halft

%;pé‘%lée ?d Q&H’ﬁl T pgrtP of h?l%vc%nt{@ ions c[n tgg g’l‘t]b]] 51de of the

anne or sl ot row openi

cog%g{q{iél\%lg@%ﬁlggg%}ﬁtzo\%%gﬁ g@éﬁrfetgnd&agm etﬁtpé t? artw%ecause of the
enbodi ment the grooves are interconnected mn}

paseysevalhef the Wgtbfaa»@éaa lows pongiHits @rihe poirPoTeKs Bl af e t)gtlw@g tubes.
in FIG 7-Cor in FIG 10. The channels or vent slots

Praferahly e lndflowmege e he adpener andp hbersiand theshe)i sieg Buid flowing on
during the potting process to nove out fromthe

the hanitel of tietntebasent vafibaf flgasamtdrconett he eachanthes ks Alusipated in FIG. 8;
potting nmelt to fill the grooves, to bond, and

prefeldton el fluid Nowey incokainbewRioh niakighipAtaasrbRIfloni éffihé Neids with respect to
housi ng. The vent channel s between the grooves can

ofeaveirrvol une that allows gas in a groove WO
2005/ 063366 PCT/ US2004/ 042941 to escape and preferably

the 188 Fl'@]aﬂﬁ‘?llh%trlaéyg]ffe%t Vs aRode B 1R ep%tty@feom (244,
The nunber and dlstrlbutlo c annel s betwe
%féh paA)) &SEF‘%QI“%’ éﬁ%mﬁe&u@l&%e ﬁrﬁte‘é%%%rgééfscfbg{?&‘%ﬂ%é elg)tted region
f
bR e ele Rl R sstwo[?}e R IREG: AP R P can be added
as that needs to Ee vent d during he potting
oulside gk e pojigd r&e‘ﬁt’h nege map Be grengr TEWS{? Hiese @FQ&?V%é’Utﬁéﬂﬁut%PO“ed

bet ween grooves or_ sloped to further facilitate the
regioReneIthese LaLEOr Lhmels may §e eb Wesinsifg orpptusde Hitageof the housing,

apparatus the housin may have one or nore end
Gpored oab:dingthiit gt dovies (o 2E08485, 250 bogh with thegotiinggatin and are

edges as well as the bottonms of the grooves may have
cdasitle@klao be in the potted region and can form a unitary structure with the potting resin and
hollow tubes. The number of grooves and their surface area may be changed without limitation.
Without wishing to be bound by theory, the groove 242 may be used to reduce radial pressure on

the pot and shell interface by hinging at this point. The shell may be pressurized by the process

fluid which tends to expand the thermosplastic shell. The stress relief on the inside diameter or
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not limted to square, beveled, or a radius finish;

the edge of the top and bottom nost groove in the

housi ng may be slotted or vented with the slots

tapering to the inner wall (not shown). One or nore

of ?ﬁEMEV%%V@s in the end portion of the exchange PCT/US2004/042941
device are preferably interconnected by slots or

mec(ﬂgﬁa@hi%maeﬂnﬁf@m HRANGE [ PEU HRul FERAVR, BRED e fng stress on the

e portions. [0087] The grooves or channel s may hav

- L - f t act d
popsRRES hPlce dR b SRpe M LRGEET P “hn tho housing
The dept d | f th i || f th
0 oBRn AL R RS Don Ak e @ eahid oo™ SR e e ke by

surface between the potting .material and the grooves.
maghising FringlAne dhesEoPes ihibe Aapung. Bithay dippitationtmeras ves gy be
the bond between the channel and potting is desired,
couepapict anidnepriziethey equal @ yneefad spasing a¥kkoverldi FliCo 38 the grooves may be
surface area of the channels, sone of which may not be
in grfairh ef oecortnivee bptedd aigngiat irsjderof ghel thbd, theyfrasy amsand a series of
adhesion of the potting resin to all faces or surfaces
gréfvetchenr@lsQ@ot@. thel igs Al Bbusin@t & Batckddgaities, byosé hachsalpa@dim,
pressure expansi on of the device during use may have a

vaRRidrls R tREe, bhh SombiRktfd JriRRsS €5 S0Vl oR cRARRs are preferably located in
conmponent through bonding of the potting resin with

f 1o o .e 4 . 1 fe)
fr(ﬂgﬁqeséﬂﬁ RGES0R ng %d;ﬁg%@fs’a«ﬁﬁ%gﬂm% r%%@&de%g%%%%@\%ﬁd with one or

e strength o evi ce. 5/0

e R
SR SATB A S o S b i i

bonded or fused onto the inner surface of the housing o

Potingendeiinl d Prséeraly dredsathid dip SPPYFS ORENARIS PeBRitEBE hausing to maintain
channel s or grooves for purposes of bonding the

a prossurerApd sepepesatye ratingguitede for it uph Onendrildidig thesuewould know to look
rai sed structures nay be considered as an equi val ent

1o tAS ToM oadvles so Gind thegramaitted fvell thigmepdorthe oke bhide potabdrvice. Preferably
invention. A sintered thernoplastic bonded to the

thé Qepeli ofibel gidogesvaalcharinglsare 1B thir fboui o easxfahp kigiclodess of the housing or
rai sed surface structures or protrusions on the

sldaalsiang. Preferably the structures result in bonding
or fusion between the raised structures and the

POt 1y §¥E] RSV chahh&f &'spRkdfel BG1aRER S Qrgn_%sr #ssiofs in the housing,
portion of the radial force into a shear conponent of
enﬁ@gp?gr sleeve wall and may be used interchangeably. In a preferred embodiment the grooves
are interconnected with each other as illustrated for one end portion of a housing in FIG. 7C or in
FIG. 10. The channels or venl slots allow gas may be generated or trapped in the groove during
the potting process to move out from the channel. The removal of gases from the channel allows

potting melt to fill the grooves, to bond, and optionaily interlock the potting material with the

housing. The vent channels between the grooves can have a volume that allows gas in a groove

U
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between the Potting resin and the raised structure.
[ 0089] Channels or grooves nmay be forned in a housing
whi ch can include, endcaps, sleeves, or any of these
bonded to a housing wall. The depth and area of the
grooees/B3teei ght of protrusions on the inner walGT/By2004/042941
t he housing that are used to bond Mﬁth a thernnplastlc
resin flove ho ube are ch
to QGO PIREROB Y Teal P sl b 579 QALY 1 G Gy The humber and
t hat maintains separatlon between fl ui ds on the inside
disaihetionpkihaanas beteermibe BERY esubedld braeTigia fp Wik 2asespregmt in the
t he grooves, vent channels, or height and area of
hoysimgt dunisg patingn Thasuinherexan beavariedsleperidengopi fageXamplethe size of the
particul ar use of the exchange device may be
howb@tge thei weticthickheng of the hbestg, andthi fanlodniodf dak @Giat Beais to bereented during
application paraneters for the exchange device

thelp%l idré@ s uthed @ehpthslof Hetvest chonreBTRSY Bd Uirfad HRtvWess Widdves or sloped
and chem cal reactivity of the fluids contacting the

to FXABARG AR k&ifloval Beg AR e R RA ith Yl GG Bophrdus the housing

grooves, nore preferably 2-3 grooves each having a

mad%%eho&er}@tm é\%{)&h Bud & 38 {) Lty limts for use of the

I Ce, pre er Bout f the hou3|ng wal

t hi or |less,, and Mﬁdt ht of
abof@@s B g f S seetisriah 16 bt huRtiotdFe ibovGupueave but e
they are used, vent channels can be f rned bet ween t he
HO‘dFB‘&ﬂéQ S@ DT YRS duR1 A ragips ’{"H@’ 50F §HE° 90§57 198 836 BOtlom most groove in
PCT/ US2004/ 042941 housing or sleeve. Preferably there
thegroasiad sy ba sPtoe At Vf‘é‘!ﬁé‘rtﬁg‘l the plets tyeaingdo tednpgiey alepetshown). One
of the wvent channels the sane or |ess than those of
or mbee gfrioogresyes[in@@GNd Ipprtiog ohths sxdungedgliee and préferrbly interconnected
addi tional neans for reducing stress between the
by Bletssirrehamel anHehepochangg demdeemayahavemye loe miseend portions.
addition to channels or grooves in the housing. For
exaUse] Thd@usididrvhirhcks A malsa sHapt et msidReOdurfabEarea of contact
housi ng may have the outer wall of the housing

and BouREtheBYed BREOpAiRGmaR i k%hH §1eh RERE Tré & 8N ThE 8epth and angles of the
i nterface between the potting materral and the shel

sida St SHun d?rgo@hﬁy' B mMeltd v:l)% Bl QuntBE ﬁéncﬁ‘no M@@E&&eem the potting

nore rea ["ow ng erature and pressur

maﬁagaﬁgr{dstpt orokc))% %Se\*’he g%m’n‘%r&s&t rﬁ?%prx unt t“gl?&lt er nﬁ tefrc;} the bond

egrit

bet@ot t nggglg% Qx@&)uoﬁggg 1tF Esllrﬁgé}g aaaﬁgglogwrpéwed. The additional

conduits potted at each end
surface area of the channels, some of which may not be parallel to the housing walls, result in

fusion and adhesion of the potting resin to all faces or surfaces of the groove. The radial force
created by thermal or pressure expansion of the device during use may have a portion of this
force transferred to a shear component through bonding of the potting resin with the surfaces of

the grooves which greatly improves the strength of the device.
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into to a thernoplastic housing. Integral exchange
devi ces made with holl ow tubes potted into a
t her nopl astic housing, a packing density of about
40-50% but without one or nore grooves in the
how®) e85 nmade and used as heat exchangers as p
sunmari zed by the data in Table 1. It would be PCTIUS20041042941
reasonabl e to expect that exchange devices of the
pr d6esft] Whilegtdooas angichimnelsrarepaieptdfor bonding the diedmpplegis resin to
or grooves in the housing, having simlar nunbers of

the helsimprofclnpiesérs im@utich, ithaseo enehangsl herhdedmneaires permanently
simlar to those shown in Table 1. TABLE |I Shell 1/tube

bonBER: k&L SR kgt 15#&%bﬂ£&b%'k@b§ﬁ§lhbe tdh@bt puliengtted with the-same

transf ertubet ubefl owshel | shel | fl ow

GG diLRES b %Bﬂfth;g%é’sr Jf% Bhialif PuGERESh fo th
effegp%r%glzta ea&&?o rgé lis <§1ﬁ%§%{%b tﬁgg?) [ the
noud s S RRE 1655 30 B S0 sE eplylepy o erooves orchannels fo
puréos%gg%gégégﬁégg\g@i}gg geélréfi' ingw—é% g%c 72ﬁd%g to the inner housing wall is a
2.75100089. 2570. 542. 87. 212. 446. 85. 8 2. 256802721, 22
non7igmifipg eggmplgﬂf Ty ags sslga@ siCipgos oDPTBINeRsasEY the housing. Preferably the
PCT/ US2004/ 042941 [0092] Heat transfer between water
strugturestresultundanding @r dfsionipetwesh thewpisadisevctarng andtherpoging resin.
the she]] side of the hollow tubes fluids at the inlet
Prefeeaiphe thatbon dim g giameliarsi apofiainl of the radisldforca prpo @xhemntahporteheor force
sane (Within experinental error of |ess than about

betd &9 thé potang hesihendibt kawsd strudverewal | s potted in the
device. Calcul ated heat, Q transferred by the she]]

f1 uipdggiangedelsio? @’roo@&c}ﬂﬁ B (8RR dR b hudife WHicRQ@Eh Wafuls, endcaps,

at d| fferent tube flowr at es for the exchange device
sledvBs, baBhyPof these bonded to a housing wall. The depth and area of the grooves or height of
protrusions on the inner wall of the housing that are used to bond with a thermoplastic resin and
bond to one or move hollow tubes are chosen to bond with the resin and form a fluid tight seal
that maintains separation between fluids on the inside and outside of the hollow tubes. The
depth and area of the grooves, vent channels, or height and area of protrusions on the inner wall
of the housing for a particular use of the exchange device may be determined using the test
manifold of FIG. § and the application parameters for the exchange device including but not
limited to temperature, pressure, and chemical reactivity of the fluids contacting the exchange
device. The device preferably includes 1-4 grooves, more preferably 2-3 grooves-each having a
depth that is within the safety limits for use of the device, preferably about half the housing wall

thickness or less, and a width opening or height of about 0.05 to 0.5 cm, preferably 0.1 to 0.3 cm.

Where they are used, vent channels can be formed between the grooves along the wall-of the



with 2.25 inch dianmeter and 18 inch I ength; Q ranged
from about 13,900 watts to 15,000 watts at different
tube flow rates for the 2.75 inch di aneter housing
with 8 inch length, and Qfor the 2.25 inch inside

dig e ice with 27 inch I ength was about 14 10470,
mgﬁggbhéﬁggé] One advant age of the present inven?%@ﬁsmm”&n9“
is the large surface area of hollow conduit that can

e [ ' i mal L v j
hou R R B, T LR R R e R R R e o aicPhe depth of he
nsities of frqmabout 4 0 _50% have approximately

venﬁ%a n%ﬁgf& rea(%rg Sé?hagﬁl?r %1%{5%6 1983 S|i)er cubi c centineter
of [ vol une. Hi r cki densities, would . gjve
2 HOBHBTA e £ P Rl AR Rerete et B ERSt A eleen the
give snal l er value. [0094] One enbodi nent of the i

houging 4a¢hthej RRFERE Mekeiakmanbedisehiirgditiga o efeannéle PLAIPAYFS o the housing.
or nore potted hollow conduits capabl e of

Forter amplearhouninghieish clfanuely ia thd ingide 6f the Housingamayelmryn thef quigravall of the
through the walls of the hollow conduits, the exchange

houdigy itisienédib e graahinalg tardievyaesatmdron tiof ingdrfateBstveenltBO pfting material
and a pressure of at |least 50 psig, the tenperature

andaBé It B eGRIMhEMHRAKHEAIUSE ViddRahatkd] gnovemeiBhdre Réhdily, allowing
tenperature of the hollow conduit material; preferably

temggr%tu‘?é( CRPPISFE &S hBEBEINSmPeRBdE BY fRLibR Joﬁgseﬁm "Raintain the
f at least 160 C and a pressure of at l|east 70 psig,

imegquﬁy  SAAPEOAS BliGeePRE ?xvtihgﬁetsﬁgn eig MBS, L SMPET At UT €

ng tenperature o ow condtit material.

Pr t he exchanger has a packing .density b
vor9fieflofe bt CRaRE Py P D8 oBR55m0% 5565 shfouii patied a ach end
. preferably 40-60% vol unme. A device configured wth _
inteyigra BB 4SHROEHYLS t teg@l CfAYEe 4Byt I@a%vztwa?f"%sv thpesypotted into a
of exchange surface area is capabl e of exchanging at ,
therngapdastia hewtin &6 RACKRG 491t SEBSUPETI Afs ot 4/ithagtgng of Blogpgooves in
watts of energy between a fluid flowng on a first
the $perenpiverelpadroAndoreEasiget exclwingérs as suwwoaivgd by tiedlata in Table 1. It
fl ow ng on a second side of the hollow conduits;
would dF ecaatmhabld treexpectshat £xabkefdeviass aftthe PreSebpmventidnewith dor example
a first side of the hollow conduits and the second
co-&trtiddd fubewer gtoobedSn IpMolsing, 8 Eing Sifhilad @uisB& o BLhdloslecanbiuits would
the holl ow conduits. The exchanger is capabl e of
havBRk HafbOp&Gorimtancé bikiar tolids€ HowYin tAgRr1. @ vari ety of
test conditions of tenperature, pressure, and duration
TABEE,Sl.hOV"n Iby the results listed in Tables 2-5 with

She{]}@"“'#'gh”c”?hﬁé ©S Thiht M9 1A Y99 Gttt [nibe Y Mileb ="'} Outlet | shell
D "er %o‘i]me;v length | transfer | tube tube flow shell shell flow
(inches) | tubes- | (inches) | surface | temp temp rate temp temp rate
approx area °C °C (Ipm) °C °C (Jpm)
13 Si%)
twist/ft
2.25 680 18 14.15 | 70.66 |4526 |5.55 13.09 |63.14 |2.97
2.25 680 18 14.15 |70.02 |3577 |3.80 13.05 |58.83 |2.97
2.25 680 18 14.15 | 68.15 |26.71 2.64 13.24 5217 |2.97
2.75 1000 8 ~ 1925 70.5 48.87 | 9.5 1246 [ 49.58 |58
2.75 1000 8 9.25 70.5 42.8 7.2 12.4 46.8 5.8
2.25 680 27 21.22 | 70.1 2291 |44 145 |46.5 6.6




hol | ow conduits of the devices are simlar to those

used for the exchangers of Table 1, it would be

reasonabl e to expect that exchange devices of the

present invention could be made and have simlar

exchange capabilities. [0095] For devices prepared
usVageew’es hol | ow fi bers, devices having a si mPCEUS2004/042941
packing density as shown in Table 1 nay be made and

er surface are obtw
oo fofeF vttt hesh Saucioh db DB S8 S BB Gepovaphes ua weter on
spects of the present invention wll be |Ilusf ted
thewpql tﬁlteeqféhf‘ewm Bibesiduids ¥|theiRieh EmRsFAlYTES Vi 1able 1 were
exanpl es. EXAMPLE 1 [0097] This exanple conpares the
appadiimately tbé sares (within prpetiogniak e éeselan @bant18%) through the hollow
W thstand stress testing. [0098] Table 2 shows the
tubadaBnpage infhealtdicagChloelagd hoateq, iratséarfed bg theTdhell fluid ranged from
original PFA design showed | oss of housing to potting

abofB8 600 ¥httd tOL1OQ0UOtwWatdtat difefent iiBEflbRIMeEs Rl tHetxciking@s fleviee in Table 1
test is a nmethod of accelerating |long term anbi ent

\Vltﬁ@@@'lﬁdhocﬁeﬁnét@f ald 'R if@Vief&h; g hﬁlothﬁoﬁbem MOG\@atﬁshQVl@@OO watts at
0ss of bond integrity at 1 tests on

h : 2

o SRR P e i ﬁst@hq%ﬂpe? g or 22

inc€ éﬁ%\é%ée{?{ﬁl%cdggﬂ:g %\ éth tég%f ]%C gboug é4 Wg& %L%ﬁ‘s at
des 005/063366 PCT/ .US2004/ 042941
t esﬁoggﬁa ‘Ee F‘h‘ég"i d%f PIGSHL{TRPR s hgdarge 3 ﬁr grof rqllow conduit
bond. The strength of the bond is determ

thapgantbe pgttest in adevicgimg Snplb velymsidgecy F‘tft?éala@\‘?i tbé dpea% ¢fgfable 1
approxi mately .080 - .100" wall thickness. AMI§| and

wit prajumg demeities of fremeBoud 48 tr&efe, have epprhwimedy 1 om” of transfer surface
approxi mately .25" above the potted area, |eaving a

ared pdr cmb';crcemimabﬁd)fynouﬁhg woldmeb Wi ghieh phadangg, defikiged wbuldagive a higher
then be used to pull up on the material in an attenpt

valt® apdildweapauking dedsisibewbuldgiersmallelf vaue. t he pott ed

material. In this manner the strength of the bond can

gcn% (0094 1e0nc B ddiAbAt\GELHE PRdsehOheitioR s MU0 dnkz@BEVE8E drcRMing one or
more potted hollow conduits capable of transferring heat from a first fluid to a second fluid
through the walls of the hollow conduits, the exchange device integral at a temperature of at least
100 °C and a pressure of at least 50 psig, the temperature below the continuous use temperature
or melting temperature of the hollow conduit material; preferably the exchange device femains
integral at a temperature of at least 160 °C and a pressure of at least 70 psig, the temperature
below the continuous use temperature or melting temperature of the hollow conduit material.
Preferably the exchanger has a packing density by volume of hollow conduits between 20 and

70%; more preferably 40-60% by volume. A device configured with potted hollow conduits to

have about 9 ft* (0.85 m? ) of exchange surface area is capable of exchanging at Jeast about
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i nstrunment such as an Instron. [0099] The process of

this exanple inproves the overall strength of the

device by elimnating stress at this interface, and
transferring the stress to the potted nmateri al

entrapped in the grooves. Wthout w shing to be bound

o téBon3see t he grooves, and their additional suPiCad&2004/042941
area, sonme of which is not parallel to the housing

|1s, .al so add adhesi of the potting resi;n to t .
13,003yt of EpRy Pefv R Ad i e dinaigny MR e i gy Cnl it
of the groove, adding a_shear conponent to  a radial .
sccomidheg TeREER U BFOD SRl 6 olsp & COURB- aRpIRTIDegrsiiie flows at
housi ng shell. This shear conponent greatly inproves -
9.5 Ipnher Iess erhgfiFst giide of hedwlipy eondyi|apd thepeeand fluid flows at 5.8 Ipm or less
Condi ti on120C, 130C, 140C, 150C, ' 160C*170 t"1a0C 70 si
on the Sdvp0d side oS Hiethadliow, coh@ditss iThe Bhehabgar sGtapshle S maimEEAIng its fluid
tube,integrity originalloss PFA tubeintegrity w stress

integBfyomdet osaridtebf @bt ddhditions of temperature, pressure, and duration as shown by the
t ubePassedPassedPassedPassedPassed w roovedl D MFA,

resul@Nis@dNATRRes edRass patRaRSRALDELE thd MndedsR058 7Percent. Where the
21105/ 063366 PCT/ US20047 042941 Test Conditi on

hol]o%@9%ﬁ£&éh%ﬁ%e§?§&éﬁ$§%ﬁﬂ&ggﬁ%ﬁt@ggé gééﬂﬁeﬁéﬂ%ﬁ’ Tble 1, it would

be regs%gaebizl)g%s eexdpigaslﬁgtdexgﬁa?ﬁ%g %E’\%ée%eo tlﬁzapsfgs%gﬁﬁ%%ﬁge%%gﬁd%e méde and have

sirnilar exchange capabilities.

[0095] For devices prepared using porous hollow fibers, devices having a similar packing
density as shown in Table 1 may be made and similar transfer surface areas obtained (not
including the internal membrane area).

[0096] Various aspects of the present invention will be illustrated with reference to the

following non-limiting examples.

EXAMPLE 1

[0097] This example compares the ability of various potted exchange devices to
withstand stress testing.

[0098] Table 2 shows the advantage of adding the grooved interface. The original PFA
design showed loss of housing to potting material integrity at 120°C. The temperature/ Pressure
test is a method of accelerating long term ambient conditions for the device. The MFA only
device showed loss of bond integrity at 150°C. All tests on MFA devices with the improved
interface are integral up to 200°C and beyond, the PFA device with the improved groove or
channel interface is also integral at temperatures up to 160°C. This device was destructively
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w stress groove relief MFA tubePassedPassedPassed

Passed PassedPassedpassed’ w roovedl D Tubes

f | amedPassedPassedpassedpassedpassedpassed wth

rotational fixture, MA on inal Tubes

anedbassedPassed passedpassedpassedpassed w I

“i(%)t at}ldonal fixture, MFA threaded | D EXAMPLE 2 1%(3%1%281)4/042941
This prophetic exanple illustrates that the potted

devices of the present invention may be used for heat

testedamr e 168ESt0aKAANE ehel BEAMAM ML RME. TIRLstbAdM Safk B is
I'tration, gas contacting, heat exchange, gas

deten%ﬁ]'éal Bpkmnaml tHHRNTRY m@bh@mofqﬁe ihgs %awhg%p%lmia? 080 - .100”

otted devices nay be placed in an apparatus f

wall tﬁ]cmh NExl arﬂQﬁ%xﬁﬁlrennMisfafe%d% Ao B sl?ew%ﬁllgx{)ﬁhﬁtely .25” above
surfaces including but not limted in single wafeéer

the pﬂleﬁmma&m Sb a%ﬁroxﬁ:ﬂafc‘?)“lb' a&id@ Glsgay e RBLNSthenused to

evi ce can al so be used for erature conditioning

pull u Coln C}Léj}ng rialRh bPhte \ﬁ;nga }ﬁm%éﬂ'l thg %ﬁt}n fahf%m thd lpt)tltgd' rftaterial. In

USG to reno r coatings rromopti cal

. i t ; c
this n;gsntz&n e siftd gm g)g &fe;yogg ga% ) tésree @X@Q%tﬁgg b3 Hﬁc o u‘ﬁﬁf{ﬁfv%?v by an

insm{,ﬁelﬁ gmﬁgg)ams@ont ank 448, (or a chiller or cold vvater

roma building supply source not shown) can be

e )! changer E%i%sls AL Sh‘{xgﬁllg% éﬁ]{,}%v& ' eovglfall %tn% étg %ﬁ‘ e %e\n&%y

A punp e I nc

e]imJFnaqm !s[r slél ?Ithﬁtntétrglgac X%’mﬁgﬁe@gﬂ}g gt %g? tf)ﬁ%}b@l&?ﬁﬁt@ %eﬁtg%ged in
the Urooc(?seé’éltﬁoug{’vghﬁi {n{ thn{i %&%&QQE{%OW% REQGET §d09€t£hgl’ surface

0" solvents, aci ds

area, ?ﬁjng bAsich 1s%89palljéﬁ]% H)l th& QJTJ%E% OQIS%O 5l dl@s?&% Uf fe p&Imo Fesin to

at least a portion, and preferably all surfaces or faces of the groove, adding a shear component to
a radial force created by thermal or pressure expansion of the housing shell. This shear

component greatly improves the strength of the device.

TABLE 2
Test Condition 120°C, 130°C, 140°C, 150°C, | *160°C | *170°C | *180°C
70psig,5h | 70psig,5h | 70psig,5h | 70psig,5h | , Bhrs | , Bhrs |
PFA tube, integrity '
original loss
PFA tube integrity
w/stress groove loss
relief
PFA tube Passed Passed Passed Passed | Passed
w/grooved 1D
MFA, original Passed Passed Passed integrity
loss
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59 WD 200510633(6 PCTI UJS2004/ 042941 may be
re-circulated on the shell side of the hollow tubes in
t he exchange device and the process fluid tenperature
owodvésased (heating or cooling) by contact wt . _
exchange fluid 450 through the hollow tube wal Pgtr@ﬁoemmnm]
tenperature conditioned fluid 428 is returned to the
process bat h or too] for use on the substrates 434
Te’“‘ﬁCBﬁHﬂY&h' TRLEC S T ARPET U SREIEITYE @BV Ce| SeleeT *170°C | 180°C
¢ presentwﬂgf. i o 7038 5h 7%99.!95% GRS SEm | obes
LIS L dl
M/F 'EbaerAgb F{e 0 ds |ngl udes %ﬁq a?%%@t Passed | passed
WIS f‘?ﬁ?gd t suI furic or phosphoric |acids. EXAVPLE |3
0(\1&31 o—avs aranl 1 ot Ao
Mf;ég\”}?eg and TERRGR of TR B aﬁ*%é‘?dor URE°g Passed | passed
t1rn [ Na1N021 Alnntt 1
T C I bul.ulb-‘[ Pl.l.'_c Ill.lu.l. U A\ ) 3
a 2| 25" D and 15°88" || se%s* h PRERS PpERSRY, | Passed | passed
W‘”h?%et ?1't a| ned about| 3000 MFA porous |hol | ow f| bers. |The
f'Xt‘H@VM contai ned 4 grooves |each having a depth of
origina 5_cmand heij gJ_nf 15 cm [ \ent channels were for d
Tubgstfiagen the grooves. 8% e | uEAESAbouPABSRfent PRYPEANIgSed | passed
withhgjatigngloyvel and the depth of |the vent| channel 5 was
fixtangoMEAD. 15/ cm The potting melt was MFA heated to 278
threaded ID 3 days.[00104] The device was tested for fluid
integrity under thefollovmng conditions. Hot fluid
at the tenperature of 100 Cto 210 C under pressure
was fed into the shell side of the device at a very
slow flow rate and noflg l@, onthetube si de.
Both end- caps were cappe saully i nspect the
dbAgodal | Y T ANYoREGUIUL B EiRRUALs (R hePBubd vl B
ge |nd| cateﬂg\gl ce fai ?u#e trQ‘Iq'hsel rtése {t frar%t epresem
EXBEMb B bsdaSot heit St dr Thal@BLfande inEAFOR]: oy firfisdd 15 mn g
lmﬁﬁlg ﬁﬁn be ase% o test theggelgevﬂgc‘és S Shown ?jt o 828
Rat eFhah A S5 EIFbRGe bitfeohly d at the i nl et
Con%g,géndt ow%t’ at thle out?0 “%g%]%g?ﬁt% e shell side.
1044 d useq dale t h BT BARe Y en I
chOJLuﬁJe tech fB@%l ca??%gﬁa e %g%aggfllﬁe?f)a ueFot O cherica
modification of substrate surfaces including but not limited (o single wafer cleaning tools, re-

circulating cleaning baths. The device can also be used for temperature conditioning of fluids
prior to disposal (such as hot sulfuric acid used to remove polymer coatings from optical fibers
and photoresists from coated silicon wafers). As illustrated in FIG. 4 an exchange fluid or
working fluid 450 in a tank 448, (or a chiller or cold water from a building supply source not
sﬁown) can be directed to flow through one side of the potted heat exchanger 416. A pump 446
may be included to re-circulate the exchange fluid 450 if necessary and particle filters 408 and
valves 412 may also be used. Process fluid 428 from a cleaning or process bath, including but

not limited to solvents, acids, bases, oxidizers, and useful combinations and mixtures of these
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60 WD 200/ 063366 PCT/ US2004/ 042941 Inc. It was heated

826 with Chronmal ox beat exchanger nodel #NWHO 34515

and pressure was control by the outlet flow valve

838. The val ve 838 was closed to restrict the flow and

i NAY@AWBN6HPe fluid pressure which was neasured URGHYS2004/042941
an Onega pressure gauge 822. The fluid flow at about

m%{ bAég'i%%Jélﬂg%d Rf rthé‘lhré tsﬁe%ﬁf g17e ﬁiow éJ:?a% i ﬁ'l% %§°§ %ﬁ@e zg}d the process

h ecause o eg{a e résu
T :
e L e e qugﬁéﬁ SELfky ol 450

grooves. Test Tenperature Pressure ép3| %L@

thy(qqélmhg )]'DEQ‘P’ dgbe \ﬁq]@g rThte&enmg)ratgrf@@g@ é@ig 18 re{umed to the process
21607024Passed 31707024Passed 41807024Passed )

baB19070 Zarzss 98 dhaberaov s Sedhven o7 BERas 8 attedoxaimge dgvice 528 of
[00106] This exanple illustrates co-extruded hol | ow

tht plesengirpenti@dnanbouskd t¢ bed appicasstdrelaasisg filuidpriartondischarge at outlet
hol | ow tubes bonded into a thernoplastic sl eeve.

v @GB0.7]Anl eRainble dfsegaflats Moluaés nhicatht dewted @st sulfific or phosphoric
process wi ndow can vary and is dependent on the WA

aciddbi ng material properties (melting point, nmelt flow
i ndex, tubing 61 WO 2005/ 1163366 .

EXAMPLE 3
[00102] This example illustrates a potted membrane device and method of making
it suitable for use at high temperature.
[00103] A potted filtration device having a 2.25” ID and 12.65” in length MFA

housing, and contained about 3000 MFA porous hollow fibers. The device contained 4 grooves
each having a depth of 0.25 cm and height 0.15 cm. Vent channels were formed between the
grooves. There were about 6 vent channels per groove and the depth of the vent channels was
about 0.15 cm. The potting melt was MFA heated to 278 °C for 3 days.

[00104] The device was tested for fluid integrity under the following-conditions.
Hot fluid at the temperature of 100 °C to 210 °C under pressure was fed into the shell side of the
device at a very slow flow rate and no fluid flow on the tube side. Both end-caps were capped.
Visaully inspect the device daily. Any accumulation of oil on the Jumen side indicate device
failure. The result from this experiment is listed in Table 3.

[00105] A test setup which can be used to test these devices is'shown in FIG. 8.
During testing the fluid entered at the inlet 8§20 and flow out at the outlet 838 on the shell side.

The fluid used is the heat transfer fluid HT3 made by the Lube-tech lubrication Fechnologies,
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PCT/ U52004/ 042941 di nensi on and geonetry). These
properties can vary frombatch to batch and can be
accommodat ed by varyi ng and adj usting process

vari ables like tenperature and potting tine.
CNerheatln?Hdurlng potting can result in the co

of WO WP Mg and under heating can cause sone FE%IRBWMM4%”]
not to bond during the potting. Various techni ques nay

Inc.bﬁ \»H@ %gat{ecp 8@6 %?‘ﬁ%hxrofhgio'ﬂ%neat%%?a%ge?mocfeP#NWBh?l5 anF pressure was

wre I nt or tube [unen

con f ; 1|tl},¥ gg tﬁ]eq lJ]OW v Vg 81[3@ The valy g&{?gawry %]o%éacl restn Otﬁ%gow and increase

OV\BVGY abor” | nt Ive, COS

cont am na ts to the devic 00108
the Faks PR Db R R P eRATdnes? R{Bﬁﬁgﬁlerﬁj’gg‘f et uﬂm fluid flow at
exchan devi ces. One enbodi nent of the invention is
aboplel.4¢ g%}qnmeﬂyne@ b Xensu B teshivap stobpedzt £1@ Peshesass of Hyid
exchange devices nmade fromit. The co-extruded
degpertidruoFherras@ts ofube rests emrsuinasizomelable hore  out er
| ayers or portions that include a perfluorinated
thernoplastic with a lower nelting point or nelt flow
i ndex than the inner nost portion or |ayer of the
co-extruded tubing. The-different perfluorinated
| ayers of the co-extruded tubing are thermally bonded

Taﬂl@SoﬂﬁeﬁﬂQtﬂ%@r RedME A AWRvicds! ﬂ?icfei With \%H@L]%ts% g?deSIEs.
et ae G [P, | PR e e
§homn in F 12C Bot h perfluorlnat=d thernnplastlc
SR E AT
\t/\lly;”ﬁl Ignbi\l/llé,&nlolu?lejréfv\ei\t:lg oog'r'\:’?g 001" W(po 08%a" 6 hogs Passed
ThI S tubi g maybe? obtai ned {10m Zeub Lndudbrial || el
g;: ;EQE} s;;hielmaggﬁggégﬁsr Ff?é éur;:?I(;f6dcn) Passed
IR AUE s b WG et e P
Ziggngrg”was pfé%%d in dlggglvgfungrteEFﬁV?hilIét gbél%w“ﬁ
cut ; opened| to eX’plgjsed the 62 % 2005 w06336§ " Passed
EXAMPLE 4
[00106] This example illustrates co-extruded hollow tubing potted into a
thermoplastic resin to form hollow tubes bonded into a thermoplastic sleeve.
[00107] In the preparation of potted devices, the process window can vary and is

dependent on the MFA tubing material properties (melting point, melt flow index, tubing
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PCT/ 11S2001 / 042941 | unen. The sanpl e was anal yzed
under the light mcroscope as shown in FIG 13B and
FIG 13D. The MFA potting portion nelted and fused in
th ot , however as shown thetubes did not collapse
) 20048800t t i ng conditions. A sanple made usiREi7US2004/042941
aII MFA hol | ow tubes of simlar Iength, wall

Jirleh! pEFIRER Yroa@ b
d"ff?“% P"éa@s’&%“g%ﬁ%ﬂ?ﬁpﬁ&a M AP A e

h o
aL,CO V%%lgil A \%{%@E i%f' gﬁﬁgﬁr% mge%%é%ﬂPL§sﬁg)@£§%9§ﬁ%d%ttln time.
ustr.at es reat ti ude va
0%%6%&8“%&0 EsRR AR mﬁ'é FERB R LbitE % @ugx??ha%%ﬁca"
hol | ow tubes w th hi gher,. N i nn :
somsibRE PO o e b Patiat: Mar e Patdes BRSTEAbELE drevent wbing
heati ng equi pnent which may cause compl ete col | apse of
collapize for grAMPIGPYIBRS ¢ n@et@]aqu)@tca\hg p‘:@@roorwbqjgmqg or filling the lumen with
co-extruded hol |l ow tubes. EXAMPLE 5 [00110] This
an mweapic eali. | Thest metheds hpweealrei lglariimansayed costtyegrdimay afd contaminants
an exchange device nmade with one or nore co-extruded
to thelévesw. conduits potted in a housing. [00111] A bundle
of 650 twi sted and | ocoped co-extruded tubing, about 13
W ﬁ)‘)ﬂ)S] per teakuwasd e cahR potiéd 1v%1MRELortholisingd &Ebrm exchange
0.0042" internal dianmeter and a wall thickness

0 ,
il NSRRI TR R St o

W —

ut 0.003 ot al [ 1. thick f
ot raptiet PRES bk %ﬂﬁ@’% B PRRISKUF R grgmetine point o
f MFA, . hav 2. 25" 58" OD d 8.7"
mehf&@mslﬁ%whaegbﬂ Py ROﬁ‘e%w RE[aYgr Y dbese- B wbéwsiqﬁ» different

Each groove was 0.25 cmin_ depth and 0.15cmin w dth.
perfinerinafpgilayerssh dhe| cogpX tsigd itringneie thegmalby bented do aresanother. One non-
sintered with a |ayer of powdered MFA. [00112] The
limptargkaxagpld ehgich yo-wrkrudgshiubiigras e YFF00yemMapersind PFAnam the inside layer
placed in a heater block with a 4" ID by 4 " deep
as Blastithtyd inTHI@. 2 artdysiveven inlF6d 1t Bod peafheminafed aharmopiastic Jayers are
foil. 63

thermally bonded to each other during extrusion of the tubing. The overall dimension of the
tubing shown is ID 0.004” + 0.002” (0.01 + 0.005 cm) with an MFA outer wall 0.003” +0.001”
{0.0076 + 0.0025 cm) and PFA wall 0.003”  0.001” (0.0076 +0.0025 cm). This tubing may-be
obtained from Zeus Industrial Products, Inc., Orangeburg, SC, USA.

[00109] An exchanger sample was made using five 3 inch (7.6 cm) Jong MFA
outer Jayer/PFA inner layer co-extruded tubes thermoplastic hollow conduits inserted into a 3/8

inch (0.95 cm) x 3 inch (7.6 cm) PFA shell. This assemble was placed in a pool of molten MFA

at 300 °C for 16 hours. The sample was removed, cool down and cut opened to exposed the



WD 2005/ 063366 PCT/ US2004/ 042941 The shell was held
vertically in the cavity with clanp. 310 grans of

Ausi nont's MFA 940AX resin was poured into the space

bet ween the shell and the cavity wall. The heater

bl Yek2WE3Bten heated to 297 C and held at the PCT/US2004/042947
tenperature for 2 days. After 2 days the heater bl ock

was. cool e sl o o 15 .and .then to room.
o Al S et ndittesi B Sibet % BRBULiR Figh 438 nd FIG.
opposi ng end of the tubing_was sealed to the opposite .
13De Ege MFA pRUtG pertiey mréieﬁjngf@ﬁm the PR MPVAYFT afghdiwey the tubes did not
descri bed. A cut was nmade across the dianeter of the ,
collapheinidet thessupgiitingeongdisians. At sampleposde wspig abdiFe helkow tubes of similar
| ooped ends in the bundle to expose the hollow of the
lengho Wald vhidopduahd diakeee sempletdy ojlapsddethe albewat owe mhweegotted in a pool
Two 3/a" PFA fluid fittings were thermally bonded to
of nloltén MFaeht 300[ VO 114 sahiple e anyssdsintesd Bght nderdstatieths shown in
integrity under the follow ng conditions, hot fluid
[IGE ef At UMRis@ikadihR ifudt@ted B ScatBOSbcdRERD FA 18
rIGh%ﬁ?aéﬁgq?iﬁuif%tmgg]S%éd% o the shel siglg of t% 2 ng? %:—\tehqqable t°
makgpofecshbfhfe BRC IR LD AFoLAHORR, e RS Sl freting poin
vl iy PIRASLFoA B G0 Bl oM squioment vhichmy
device fajlure. The result fromthe t is. listed in
causp gt callapse s Des AU BB AT edRRIER IS R EATROEd hollow
Fig 8 and described in Exanple 3. [00114] The results
tubepf the tests show that a perfluorinated exchange
device with one or nore hollow conduits bonded to the
housi ng, the housing predaXaNMRLER one or nore
grooves, renmins integral under these test conditions.
Tab0310l, | nt'ElyisiecxymplegtusRate the falnicatien ian@ integdidy of emrexchange
co-extruded tubing with.-grooved shell Time Fluid
devik¢ miadk \itlegrsupEmbgrcatdxomiédhnl kv Qenbtepdienpe adiousieg C)
(sig) Integrity Da | 140 50 24 Passed Day 2 160 50
241(8asHed Da @indBGf %60 24isitaasé thopPa cd-eXPOdedQubingdabout 13 twists
Passed

per foot was made. The tubing were 8.7 “ long, with 0.0042” internal diameter and a wall
thickness of 0.006”. The tubing were made from two materials, MFA and PFA (Dupont 450 HP)
thermally bondede to each other. The outer wall was MFA and the inner wall was PFA. Both
the MFA and PFA layers had a thickness of about 0.003 inches, total wall thickness of about
0.006 inches. The bundle was placed in a shell made from MFA, having a 2.25” ID, 2.88” OD
and 8.7” long. The shell contained 3 internal grooves on both ends. Each groove was 0.25 cm in
depth and 0.15cm in width. The inside shell or housing wall on each end was sintered with a
layer of powdered MFA.

[00112] The packing density was approximately 40%. The shell was placed in a

heater block with a4” ID by 4 * deep cavity. The cavity was lined with a layer of aluminum foil.
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Day 5 -10 140 50 100 Passed 64 WD 2005/ 063366

PCT/ US2004/ 0429.1 t EXAMPLE 6 [00115] This exanple

illustrates potting a m xture of co-extruded

thernDpIastic hol | ow tubi ng (MFA outer wall and PFA

i nn _and hol I ow tubing made from MFA to ,
Wg’ngm %"(’devi ce. [00116] Co-extruded tubing 3% QE§2004/042943

exarrpl e. A bundl e of 650 twi sted (13 twi sts per foot)

TheaRéll Waopad vedic it ih dekeshvity DY itig cMES. THEUE amABIK ®XnbBEEMFA 940AX
2/ 3 of the 650 tube bundle were holl ow tubes made

resih W%%Mréi B Yre sPRRILENI ERHRL ¥nelf a%d@ﬁe dhRy Gafl. Tﬂét}?é%tﬁ%fo@k was then
from co-extruded MFA/ PFA hol | ow tubes.

heataH % h N@E‘noﬁi@e‘?ygt t% tz ) e a % fo}M’fL.i géﬁ?z%daéfég‘}ﬁ%e%ﬁer b]ouk was COO]ud

anteter ESS o

t.u wer e: hoIIow bes .. of. .
oy Tl et ey ?Ooﬂxpwdsfggefmrﬁ THERRA St hine wﬁéw’g The
PFA (Dupont 450 HP) inner |ayer. For _the co-extruded
opppgipgend %fdbwu(bﬁg "KﬂﬁAeadﬁ‘EitOﬁbﬁ qPRgSite end gfiths hpyynacpinga gimilar potting
about 0.003 inches, total wall thickness of about
metbod B ciibrsh &s CUtTHAS Nipda AFresskhe ditrmeierofithe shel Hspghig@ots, at a
from MFA, having a 2.25" ID, 2.88" OD and 8.7" |ong.
positioa abbnel the bropedaemie th heibnbdiertalexpose twemllowrof it Hollmdsnduits.
Each groove was 0.25 cmin depth and 0.15cmin wi dth.

ExcEfepoitif gtesdlolds rvadledOTwo 64T RFATHi MVEGingd WER MY Bodded to the
| ayer of powdered MFA. [00117] The packing density was
shefPproxi mately 40% The shell was placed in a

[00113] The device was tested for fluid integrity under the following-conditions,
hot fluid at a temperature of 140 °C to 200 °C under pressure. The heated fluid was fed to the
shell side of the device at 6 liters per minute with no flow on the tube side. Both end of the
device were uncapped and expose to air. Visual inspected the device daily. Any accumulation-of
oil on the tube side indicated device failure. The result from the test is listed in the Table 4. The
test set up is generally showx; in Fig 8 and described in Example 3.

[00114] The results of the tests show that a perfluorinated exchange device with
one or more hollow conduits bonded io the housing, the housing prepared with one or more

grooves, remains integral under these test conditions.

Table 4. Integrity Test Resuli for device made from co-extruded tubing with .grooved shell

| Time Fluid Fluid pressure | Duration(hours) | Device
Temperature(C) | (psig) Integrity

| Day 1 140 50 24 | Passed

Day 2 160 50 24 | Passed

Day 3 180 50 24 Passed

| Day 4 | 200 50 24 | Passed

Day 5-10 140 50 100 Passed
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heater block with a 4" ID by 4 " deep cavity. The
cavity was lined with a layer of alumnumfoil. The
shell was held vertically in the cavity with clanp.
About 310grams of Ausinont's MFA 940AX resin was

pou 24 e space between the shell and the cayv
wal | W%r?gﬂ’ﬁsggfer bl ock was then heated to 295 C aﬁHTXJSZOO“‘“”“
hel d at that tenperature for 48 hours. After 2 days
the heater block was cooled slowy to 150 C and then
to roomtenperature. The shell w th tubing was
renoved. The opposi ng end gkathpg g gbi ng was sealed to
the opposite end of the housing using a simlar

pot Eoorigs I 0CeHliE Bx arfple ludtates FBEIAg AGiiREFe 4110 lin@ied Bermoplastic
of the shell through the pots, at a 65 WO 2005/ 1163366

hoﬁpgﬂdb d’]g%%\/g’& atef 411(1) affd %F% fndr 05 ahd REIRAPAYSR ﬁtntﬂfde from MFA to make

S in the bund ces$s potting maferial was
ved, Two 3/" PFAfde fittings were thermally

anﬁﬁﬁggﬁ‘kgmfhe shel I . [00118] The devi ce was tested for

fluid integri und e foll ow ng. con

oi | 101365 Peatbardydes o RgSRcT PE ef‘?‘g‘"l 6°f 6501%8@ (I3 twists
- under ressure was fed into the shell side o
peidieo) @@dp op@l ¢q-exdrusled &ybing Hige magg- mpmexmatﬁhdfl/éné\meo@ﬁo tube bundle

the tube side. Both end of the device were uncapped
weanibllexpobes maglediam Mifvk odlay epproxiestely Y3aff the 6503 pleastveate made from

daily. Any accunulation of oil on the tube side
coleRtthdzdMBA BEW lodlofraiubey. 8he Tilteng wadalioun 3 “dorg, mehd.9042” internal

fromthe test is listed in the Table 5. The test set

diddfetdrand AN thibkifek$of &boand.006's ahk Pesl tibingExa8md1e wire: hollow tubes of
Table 5. Integrity Test Result for deV| ce nmade from

Mlﬁ@ oﬁ'ﬁt g 6sled tHileB Bolbl tﬂul%s%‘meg) MRR! duter TdyeRarfd WirEA gDupont 450 HP)

urd pressure Duration(hours) Device Terperature(C

mf%"‘aaes%% TRV RRE 475 B 2 PR ST RRPER P RS R of o

0.60'3 n c%eé,'tét£1' wHl! thickness of about 0.006 inches. The bundle was placed in a shell made
from MFA, having a 2.25” ID, 2.88” OD and 8.7” long. The shell contained 3 internal grooves
on both ends. Each groove was 0.25 cm in depth and 0.15cm in width. The inside shell wall on
each end was sintered with a layer of powdered MFA.

[00117] The packing density was approximately 40%. The shell was placed in a
heater block with a4” ID by 4 “ deep cavity. The cavity was lined with a layer of aluminum foil.
The shell was held vertically in the cavity with clamp. About 310grams of Ausimont’s MFA
940AX resin was poured into the space between the shell and the cavity wall. The heater block
was then heated to 295 °C and held at that iemperature for 48 hours. After 2 days the heater
block was cooled slowly to 150 °C and then to room temperature. The shell with tubing was
removed. The opposing end of the tubing was sealed to the opposite end of the housing using a

similar potting procedure. A cut was made across the diameter of the shell through the pots, at a
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failed [00119] The results of the tests show
t hat an exchange device of the present invention
having a m xture of hollow thernoplastic conduits and
hol,l -extruded thernoplastic conduits and one or
nDPéP%@%@3§§ in the housing can remain integral ®pTEH2004/042941
a tenperature of 140 C and pressures of 50 psig for
positiah alovd e 186beb @bidsSin tHe(ihak] EXlebduighg hherfal @aermoved. Two %4”
i nvention has been described in considerabl e det ai

PFA il Bl GeRNGEnRy 664dediiHRIsREIEr r ed embodi nent s
thereof, other versions are possible. Therefore the

SPiqihgy ANd PRORS; i RUFHo0Rte Qi
I@%p?gh to éggggg?%ggFgﬁgan gttgbﬂgﬁggégreéggeréf%&gnon&
cant ai ithin this specjfication. 66 W) 2005/ 0633
hot o b Bperl R0 § 0 el GBS e shen
. conprising;. PCT/US2004/04 294 1 a thernopl asti
side o fig<ienige At iR PEHBIE With Bo ﬁmdﬂﬂm €8 ﬁ}&ﬁ}i“B% ?’a%aﬁ‘a‘h'ﬁ“d of the
~hollow conduits quidI§1seaLed by a thernopl astic
device weteringanied afcRa@osedo 4. dhe dpaes Van vispallygasngcies dail wgAny
the end portion of the housing having one or nore
accurglgtoned pil waithe tube side indicated device failure. The conditions and result from the

test is listed in the Table 5. The test set up is shown in FIG. 8§ and described in Example 3.

_Table 5. Integrity Test Result for device made from co-extruded tubing with grooved shell

Time Fluid Fluid pressure | Duration(hours) | Device
Temperature(C) | (psig) | Integrity
| Day 1 100 50 24 Passed
Day 2 120 50 24 | Passed
Day 3 140 50 24 Passed for

fibers, housing
fluid fitting
failed

[00119] The results of the tests show that an exchange device of the present
invention having a mixture of hollow thermoplastic conduits and hollow co-extruded
thermoplastic conduits and one or more grooves in the housing can remain integral up to a
temperature of 140 °C and pressures of 50 psig for at 1east 24 hours.

[00120] Although the present invention has been described in considerable detail |
with reference to certain preferred embodiments thereof, other versions are possible. Therefore
the spirit and scope of the appended claims should net be limited to the description and the

preferred versions contain within this specification.
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grooves and resin formng a unitary end structure
wherein the resin and housing fuse at a portion of
said groove to formsaid unitary end seal. The
exchange device of claim| having a sintered
thernnglgstic coating on the inside of said housing.
3. TR2WYEHAtge device of claim 1l wherein said housimgs2004/042941
includes fluid fittings. 4. The exchange devi ce of
claiml wherein two or nore grooves are interconnected
by vent channels. 5. The exchange device of claiml
wherein said hoIIOM/conduiggééﬁggetfluorinated por ous
hol | ow fi bers, per-fluorinat i nned hol | ow fi bers,
perfl uorinated conduits, perfluorinated co-extruded
Whabisicsnebidui t s, or conbinations of these. 6. The
exchange device of claim1l wherein the ends of the
1. hol AowxewngRdavicegp@pEpagied. 7. An exchange device
conprising: one or nore thernoplastic hollow conduits
fused at, ﬁeﬁﬂcfpﬁ%ti_@ﬂaxs%wﬁbﬁﬁ of ot Hi6re HOMRAU dh8uitO s@d hollow
thernoplastic'resin; said thernoplastic resin fused to
one or nonduitsdtuidiy seplasibyarthenmaptasiag fesin angrtfoaded fangend portion of
first sleeve aor to a first of thernopl ast i .
nousi ng: i Srgale e i AG: BhoR B Bk fragiooes: seie
hol | ow cadsls bid fesimgornihg Musitary BRT RINES WhereireteFesin and housing
said thernmopl astic resin fused to ane or nore
st ruct ur & B PRIEPI S 519959 '85BI PEH #YSPG97 04294 1
interior surface of a second sleeve or to a second end
2. of  trheetdn@fee@Bias bif @ainOlESiHph siftered Miger@opIBA@EoMRY Iof&he inside of
of claim7 where the structures are protrusions,
gr ofAI@BOUSEE- a  conbi nation of these. 9. The exchange
device of claim7 where the structures are grooves in

3. t heTRUEf BGfe AbviEDST cIARMEHAG iR aRIB8Y B includes fluid fittings.

4, The exchange device of claim 1 wherein two or more grooves are interconnected by vent
channels.
5. The exchange device of claim 1 wherein said hollow conduit are perfluorinated porous

hollow fibers, perfluorinated skinned hollow fibers, perfluorinated conduits,

perfluorinated co-extruded hollow conduits, or combinations of these.
6. The exchange device of claim 1 wherein the ends of the hollow conduits are opened.
7. An exchange device comprising:

one or more thermoplastic hollow conduits fused at a first end portion of the
conduits to a thermoplastic resin; said therimoplastic resin fused to one or more
structures on an interior surface of a first sleeve or to a first end of thermoplastic

housing; and

a second end portion of the thermoplastic hollow conduits fused with a

thermoplastic resin; said thermoplastic resin fused to one or more structures on an
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10.

11.

12.

13.

14.

15.

16.

10. The exchange device of claim7 having a sintered
t hernopl astic coating on the inside of the sleeve or

housing. 11, The exchange device of claim7 wherein
saﬂ‘azf’l‘b‘ﬂ';‘?i’%@ or sleeve includes fluid fittings. RET/US2004/042941
The exchange device of claim9 havi ng two or nore

grooves. Até}lcirlggrf%g%?'a@&:og sﬁk\f&e B5e T &M %f the thermoplastic

i Nt er cohhec vent c anne e exchange
devi ce abusih@i m 7 wherein the hollow conduit are
or ous hoI | ow fi bers ski nned hoI | ow fibers,

lastic con haol | ow. condu
or TEGREa S BE e 2ogrd I Eaci e R SRR kiSyes ora
cI &Horbinanbe betheset he ends of the hoI | ow conduits are
opened to fluid flow 15. The exchange device of
claim7 wherein the thernoplastic conduits include a
perThe@@fs}ma% eerigerd Flﬂ)‘ﬁﬂa‘%}iqr% thejgruciies i HRAYES 1o EiFi sudlace of the
gﬁ% DijeBE Or nore co-extruded thernoplastic
UItS fused at a first-end:portion of the
condw ts to a thernoplastic resin; said thernoplastic
r esThe exhvage deyiee of glimdedhavio aasinierastthermoplagtiopoating an the inside of
surtf]gg]geve rﬁoJSII{GSt end of thernopl astic housing; and a
secon por 1on of the thernoplastic hollow
conduits fused with a thernoplastic resin; said
t heTheoptleesge devi@sif ldmSedheronsagUrdusing oofleavesadud fluid fittings.
sleeve or to a surface of a second end of the

OB L 5 RS, SO A AT o oo

excharmge devi ce ot
wh ethgti afe inteecamnetsediiy 'tdﬂec}fmhélew conduits are

The exchange device of claim 7 wherein the hollow conduit are porous hollow fibers,
skinned hollow fibers, thermoplastic conduits, co-extruded hollow conduits, or

combinations of these.

The exchange device of claim 7 wherein the ends of the hollow conduits are opened to
fluid flow.

The exchange device of claim 7 wherein the thermoplastic conduits include a

perfluorinated thermoplastic.
An exchange device comprising:

one or more co-extruded thermoplastic hollow conduits fused at a first-end portion
of the conduits to a thermoplastic resin; said thermoplastic resin fused to a surface

of a first sleeve or to a surface of a first end of thermoplastic housing; and

a second end portion of the thermoplastic hollow conduits fused with a
thermoplastic resin; said thermoplastic resin fused to a surface of a second sleeve

or to a surface of a second end of the thermoplastic housing.
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opened to fluid flow, The exchange device of claim 16
wherein said housing or sleeve includes fluid
fittings The exchange apparatus of claim 16 where the
out wyer of the co-extruded conduit includes a
gﬂﬁP? 0¢¥8ductive material. 20. The exchange PCT/US2004/042943
apparatus of claim20 where the co-extruded conduits
i7have an TrO@ichahgyievict beclamh 1§ wherage thetegd@sr thelR@low conduits are
| ayers, the outer | ayer fusing with a thernoplastic
resin i nopened EX@HAAGY- devi ce. 21 A nethod of treating
a fluid conprising: flowing a fluid to be treated on a
1gfirst sigge QIchQﬂg% RVicBRr Elafrl 86 WIS t4i& holdd @Weeve includes fluid
condults the holl ow conduits fused at a first end
porﬁnmnﬁof the conduits to a thernoplastic resin; the
thernoplastic resin fused to one or nore structures on
oan inter r L, i
193nd. of t B0 SRFAEReRRuR of b 1UARKETbuk e ch R cp-onirudes
portion afndhhencﬂllrdes aoirmstly mrhiobtimmaﬁdlui ts is fused
with a thernoplastic resin; the thernoplastic resin
fused to nore strueture i nter
2050rface. of° Binrarurb gL 20 M eBting oS hRE copdhits have an inner
t her nopl agésd Bernt¥Oy SondEd 10af ife®WyEEs, 812 XS NFBORskE UWith a
on a second side of the thernoplastic hollow conduits
to transthermeplastic resiieingle exphangedsiifienat i on of these is
between the first and second fluids through a wal
a1bet veen the.hid st iradlfly 8 BeRIGbnsiff0f the hol | ow
conduits. 22. The net%od of claim21 wherein thernal
energy is transferred. 23. The method of claim21
wher ei n sai d BewigiafIwiéiq be Eearsongy figy §ide phonemyanore thermoplastic
met hod of ¢d\atsRdgits, Mbeﬁcﬁfoﬂl dABuigr gﬁg&?ﬁ‘t &Xirst end portion of the conduits to
i nterconnected by vent slots. . appar at @
conpri si athenBOpVDCc2O5/tB6BB80Boplastic resin fused to one or moye structures on

an interior surface of a first sleeve or to a first end of thermoplastic housing and
where a second end portion of the therrmoplastic hollow conduits is fused with a
thermoplastic resin; the thermoplastic resin fused to one or more structures on an
interior surface of a second sleeve or to a second end of the thermoplastic

housing; and

flowing an exchange fluid on a second side of the thermoplastic hollow conduits
to transfer mass, energy, or a combination of these is between the first and second

fluids through a wall between the first and second side of the hollow conduits.

22. The method of claim 21 wherein thermal energy is transferred.

23. The method of claim 21 wherein said conduit wall is non-porous.

24. The method of claim 21 wherein the grooves are interconnected by vent slots.
25. An apparatus comprising:
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26.

27.

28.

PCT/ US2004/ 042941 an exchange devi ce havi ng one or

nore thernoplastic hollow conduits fused at a first

end portion of the conduits to a thernoplastic resin;

said thernoplastic resin fused to one or nore
swaigisnaseon an interior surface of a first S'@%ﬁ%§%wmumu1
to afirst end of t hernopl astic housing and a sec

end portion of her mopl astic . ho
£ used ah EREha dlsv i HeE pRe Pep haRioaRREPHED Sdvas fused ata
resin frgefd b&tioPHEhe Lottt 1S4 ﬂl‘éﬁhb’fﬁ]EﬁlCQ&l@%aidﬂhéﬁﬁ(ﬁ’)ﬂasnc resin
surface of a second sleeve or to a second end of the
t her Mo[FPES tG EIRSIITAGIICHITSDHYFF BEinkTiosREFEAGE 2 firtlisteve or to a first
ConneCteﬁgoit t‘ﬂdr%ofp]asﬁé h&Js daﬁ(m ?etcor(?ci ﬁd‘@rﬁ&‘&@@tﬂg% rmop]astlc
appar atus an source of’ process connect ed
second Hollow donduitefu secﬂ wﬂthe thmbhme&ppm@tﬂemoplhmc resin fused to
first and second id inlets separate
t b ng. OV ARTETET B TS GRET SRR ST Gy SCOMAEaea o b Bgoond end
exchanggﬂqugh@Pagnqﬁmghd comuni cation with the
second fluid inlet, the Fluid controller prOV|d|ng
conditioned fluid to one or nore substrates to be
t r eat ed SBYCE Rlecxgpiiee dlifsconpectedrigen fiishAvid st ¢ffthe pxghange
25 whery Ebd?ath?&d%%ﬂ?c@%?h KUl i &&meh@&] th &%EBH&‘ Q%Rﬁhl%(‘of the
with the second fluid i Tet provi des conditione
- f 1 ui d exchange appkratsnthaifinit agd ssvendfluidnolets sspdosted dyelse hollow
ggn t :gﬁ‘; Rtf aa 5 H\E}dor%ng%l?e&rﬁub(gh gonnecteﬁ_p% Qne?xcga? ed Sugiet in fluid
fl ow C(minfrmlhiu&tﬁon Wih thERecapFanainks, hé ﬂOicﬁldﬂtrBﬁexWh@Vleinlg
the exchange fluid is a source of tenperature

cont r ol PEHIMEdifYid topne prBOELRF B SIODE tepigr Ry sBe apparatus.
wherein the substrate to be treated includes silicon.

30. An Bxeapaides dRVAiFE2500RREN Shd\ich Yl 86HAM FIOM communication
conduits in a housing capabl e of transferrlng heat

f r om a “Hifhrtse secpiy iuidigetprariderepngitigned findda ghankeontaining one or
wal |'s qﬁmggﬁmggggom100ndU|ts the exchange device
integral at a tenperature of at |least 100 C and a

pressure of at |east 50 psig, the
The apparatus of claim 25 wherein the fluid controller is a pump, a dispense

pump, or a liquid flow controller.

The apparatus of claim 25 wherein the exchange fluid is a source of temperature

controlled fluid.
The apparatus of claim 25 wherein the substrate to be treated includes silicon.
An exchange device comprising:

potted hollow conduits in a housing capable of transferring heat from a first fluid
to a second fluid through the walls of the hollow conduits, the exchange device
integral at a temperature of at least 100 °C and a pressure of at least 50 psig, the
hollow conduits having a packing density by volume of hollow conduits in the

housing of from between 20 and 70 percent,
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hol | ow conduits having a packing density by vol une of
hol | ow conduits in the housing of from between 20 and
70 percent, 70 WD 2005/ 063366 PCT/U S 2009/ 092991 31.
Thevexehanges devi ce of claim 30 with potted hol | oMeT/US2004/042941
conduits having 9 ft2 (0.85 nR ) of exchange surface
area, the exchange device, capabl e of exchanging at . 2

31.] east é"B%a%hf%eO’Gtﬁ*c\‘Ré’tfP?HB%Oéfﬁé’} @%}tesélpu%ﬁg&dwsmévmg 2117(0.85
fluid f|nPW|o@9xé?|an% sf_lHra§$ arzh dBe &fchbhi® deb%lcﬁﬂb@@%'cﬁanomo at least
with a second fluid flow ng on a second si de of
hol | ow abmmdaﬁﬂ&watwof e Yleai v e aaﬁrscﬂmdrﬂmng\ma élrsthrele of the

first fI

o e s S b RIR oAl BeBhE PR Fesnb b B ek sle Bt notlow
second fbpdustsfl ows at a rate of 5.8 liter per mnute

or less on the second side of the holl ow conduits. 33.

Th t he d IS, :
521 i eqr ol 15e4CG G F BTG [Bh TG0 S5t 4t b ELe-a T pes minute

70 psi gor Rés onld1BrsEXQOBNGR HAYW O itsGha e s%@oﬁ/&hﬁth@ ﬂtob«@ at arate of
device is integral at a tenperature of 200 C and

psi g. 35.8 lithrepes withivgm gelegeon the sefond|sidernl Yue lwil@mecmﬁ@its
device includes co-extruded perfluorinated hollow
33, condui t sf he §>@charg% Qe GrEER A %@\%}‘Fe?e Bk d%#]@é iR gtraetemperature of
the hol l'ow conduits are rra from perfluoringte
t her nopll68 € end a fressure of 70 p51g

34, The exchange device of claim 30 where the device 1s integral at a temperature of
200 °C and 50 psig.
35. The exchange device of claim 30 where the device includes co-extruded

perfluorinated hollow conduits.

36. The exchange device of claim 30 where the hollow conduits are made from

perfluorinated thermoplastics.

71



