EXCHANGE DEVI CE W TH POTTED HOLLOW CONDUI TS AND
METHODS OF APPLI CATI ON BACKGROUND AND SUMVARY 100011
Hol  ow fi bers and thin walled holl ow tubes have been
used in mass transfer, heat exchange, and cross fl ow
particle filtration devices. In these applications the
hO||OM/ tubes or porous fibers provide a high surface
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heating or cooling of a liquid is used include
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sol utions, hot phosphoric acid for silicon nitride and
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and hydrogen peroxide SCI cleaning sol utions,
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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.



exanpl e particles are renoved froma fluid during
filtration, where gases |i ke ozone or hydrogen are
added to water, or where dissolved gases |ike oxygen
are renoved fromfluids such as copper electroplating
sol utions. [00041 Exchange devi ces have been potted by
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methods previously used include: potting the device with hollow tubes outside of the shell
and machining the potted area to create a bonding surface and thermally bonding the potted
material to a housing; potting the device with tubes outside of the shell, machining the
potted area to create a mating flange and sealing surface which could be mechanically
joined to the shell using an o-ring or other contact 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, potting the assembly and removing the pins

after potting. Some exchange devices are made by filling



di scl oses a nethod for bonding a tube into an article,
each of which is forned froma thernoplastic pol yner,
especially an aliphatic polyam de. The article has a

B LT Bl SRS R B A0t 5 B AE Do

heatin | oc Vi i ps, . such that.a pin s inserted

ma e din o it Be habs Rijos Hia ehgﬁﬂl%@%%% billy Repgiorinated
brought into a juxtaposed position such that the .

thepwpplaic hwflopHeber msatbrane fuddled candaatey aad @duesenyfosmanufacturing
said article. The nethod is particularly useful in the
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bonds to a portion of themto forma wunitary end
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hol(li'}(glz hgmyq_%gﬁg}ecoﬁgﬂgé’é 3 SasBling Q?Er&lﬁ? g)g H%IW 8L ?E@gleter

evi ce. structures perm pot evi ces
mef VG R T HEITE Fo B RN Dy sy rigrein  sor
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surface of the case into which the potting material is poured, and air release portions which
penetrate the stop ring in the direction of the thickness of the stop ring are formed at an
appropriate portion of the stop ring.
[0005] The present invention are exchange devices as defined in claim 1 that include

a housing, shell, or sleeve bonded to one or more thermoplastic potted hollow conduits, the

housing, shell or sleeve can includes structures such as grooves or channels on a surface of



i nvention and net hods for meking theminclude any

device that requires potting the working nedia into a

housi ng nmeant for contai nnment of the process fluid

including but not Iimted to fully bonded nmenbrane

contactors, gas contactors, ozone contactors,

degassers, heat exchangers, heaters, gas scrubbers,
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devi ce can be nade using thernoplastic materials,
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Prdferablydbe exvhhhgpdetvicoesmagofromsoneair hmae pedlepsnated tharmoplastics.
conbi nation of these fluidly sealed to at | east one
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The thernoplastic resinis fluidly sealed, by fusion
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the surfaces of the
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machi ned or cut to open the hollows of the conduits.
The exchange device nay have a sintered thernoplastic
coating on the inside of the housing including the
surfaces of the grooves. The exchange devi ce housing
may i nclude fluid fittings in fluid connunication
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devi ce. The exchange device is made from vari ous
compeitertb sl the radeal derce efeated byphesmat aibprgssuteexpansion of the housing shell.
t hernopl astics are perfluoropol yners such as but not
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The exchange devi ce includes co-extruded hol | ow tubes
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present invention is an exchange device that includes
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cutting or machining a portion of the unitary end
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the thermoplastics are perfluoropolymers such as but not limited to FEP, PFA, MFA or a

combination of these. The exchange device includes 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



perfluorinated thernoplastics. 100091 Anot her

enbodi nent of the present invention is an apparatus

for exchanging energy or nass with a process fluid
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in 8eANehIeNd rBdh Wherk taé tHehBopIRaTcredRh 38diptesoldl@ie of one or more
conduits are fused wth a thernoplastic resin. The
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perfigpenaedEerraeriastis it nay provi de conditioned fluid
directly to a stationary, rotating, or translating
sub4000® Anoffieeehbedichestoofithopilesent carntien suh appamios for exchanging
limted to a fluid punp, a dispense punp, or a liquid
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Anot |nen e present invention 1s an
fused §EHAE ef ae r%on op %e 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 to 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 sleeve 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



i ncl udes a thernopl astic housi ng having one or nore
fluidly sealed hollow conduits potted in a
t hernopl astic resin. The exchange apparatus includes
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protrusions, grooves, or a conbination of these in the
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conti nuous use tenperature of the thernoplastic. This
or transjatingsubstratenyl hd dlpahebninober cahde ot sawt timited td i dudspuomp, a
either side of the hollow conduit walls. The device
dispeaye pempised liqaid flowabnt@olfdr uPetfavablly @hdverichhddentluid is heurce of
fluid integrity of the device, for exanple the bond
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conduits and resin at a tenperatures o t least 50
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_ device maintains its fluid integrity at these
in 3 thepeerleiicassinyhbnerohangsrawpaigius lmlugqs@nﬁ ogmgre go-ggtruded
| east 68.95 KNNnR (10 psig), preferably at |east
theB#hdplaQic HANOwREohB@ityrsiddias a &ndsing veomEr @fresralblegvel®@Reré 3he hollow
KNV nm2 (70 psig) or greater. The integrity of the
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IS hore pre rom 40- 60 percent by vo
volume of one or 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



[00111 A nethod of making an exchange device of the
present invention includes flow ng a thernoplastic
material into an end portion of a housing or sleeve,
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o 00121 Anotﬁe? enbodi%eﬁ#ﬂg% tﬁé pregent ﬁﬂwention iglnme

[
pre? rg@ggpoq? Qé_@ﬁﬁ%%bg% &flyid according to claimé

i nCl udes g a process fluid to be treated on
a first side of at . least qne hqll.ow conduit having .
o 109108 504 of raking g ssehBeRArYics i IBF Bsen Tienige ncludes
them the hollow conduit potted in a fluid tight )
flowirervetherhemastic anatered ipRRSHY porign &f p Apusimper sleeve, the housing or
t hernopl astic potting material is bonded to housing

sleéar opttioealtiehdvireg stturirésoansh ag ploassians, igharven pir asbinbination of these
sintered, co-extruded, or nolded to at |east a portion

on @h idrRE sirfie of ﬁiéﬂfo@ﬁﬁ% of Sle@e; ARIthéraldplisti®MAtcPial VK Ebetween one
structures, or a conbination of these on the inside

or fdFd ﬁ&ﬁv\x@éonﬁﬁﬁs p&?ﬁﬂﬁlie@ QithliRdhe (B@Gsifl% §fﬂ<¥e\évhh dBSvRH %H.erh%using

resin. ere grooves are present o ousi ng, a

can be interconnected by other grooves or vent channels along a surface or axis of the
housing or sleeve. The method further includes forming a fluid tight seal between the
thermoplastic 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



| east a portion of the housing grooves are bonded to
the thernoplastic material to forma fluid tight seal
bet ween the thernoplastic material, the hollow conduit

ope%ncqj of Hl?icﬂ?géﬂstoq)%rm&_ tfl‘fj‘ud nﬁ&& gl?rgu%lpﬁll lﬁgﬁgw%xﬁtﬂﬁﬁg ﬁgferably the

ese W
fl uid d
hodiise 333 Cf)iltﬁigoof&ﬁﬁ ﬁ@tnglrea@ quaglﬁ@?%ﬁ%?&)\%ﬁhhanpg fing resin on

conduits. The energy, mass, or a conbination of these

ong & mergeé therhossing sutdaces.r om t he process fluid to the
exchange fluid through the hollow conduit wall. The
hol I[@d¥2¢ Admdthiet smbodmenteofahe present ime@ngort rsudeethod of treating a fluid
non- por ous hol | ow tubes, co-extruded ski nned or

acddigik RNEBinPO FIRY scluiiel H@Wﬂg@;ﬁ@ces@ Flufl oERdARdI AN @kt side of at
these. [00131 Exchange devices in enbodi nents of the

leaQﬂ'cﬁl%%iloévr&\Sﬁﬁﬁlkﬁ’eﬂln‘?g &@ﬁd&%@%f?&ﬁwla 1(% fafi %I{tgﬁosed between

structures such as grooves permt

hol | ow,condui,t or _sleeve and per.m t
neR e Wy ES bl e OeriG P BB egPles B GR uBp AR T hateria. he
coal esce to form bubbles in the thernpplastic resin
theppplastipROtiNgPASHRIAS bpideda PRSI (o Epealsivipeqthe housing has a
perfluorinated thernoplastic resin nelts at a
thermaplestatsinteredf cogexdmuded, armenldesbiowt leagi(r @rtidthef the inner surface, to a
thernoplastics wused in the present 8 exchange devices
poftiva@f bAe ar Pord stabtueds, diecdithihiwncamblise ba tieamlside stiffice of the
housi ng or grooves during the potting process. The

ho@f@@ﬂ%nqgé@ Wl tRfpoth BEiRS Wﬁeré BNB0Es 28 pFedht l%% thBEKusing, at
from all pertluorlnated material S bonded t oget her

leagé 21 I?c]rﬁ&]i bﬂ%e 'hlggsug%?gr%ot/ ar%&%ﬁ't& e thé)r% pagtlc %a{@lal to form a

con resrns er non-per ortnat
esins.. Furthe t he changers of
ﬂumggﬁ S DESRE nsrihaoaE Botora SRRy C AR Hiediongne The
rib bonded to the housing. Elimnating the
methgdringpéssipgchangingedeisys Bgss, Rea egabigalign ofthesearithuthe paergss fluid
al so permts a greater nunber of hollow conduits to

to betrematby flowing ad excloage es wbthimgfluid dni agdeeondcdd aftthe hollow
surface area and packing density that inproves

condu@B S TRE eResy, MATRNEQ RAiRkibh OF 8R6Yis tBYisfeRE®W 6H i€ the process
structures such as grooves in the housing, endcap, or

ﬂuﬁil &N Ee cﬂ@ﬁ tfgﬁd hﬁ‘!)ug,% The ﬁﬁl bR FalP ovleth 1k c!'bn'dﬂlts are one or
e de e p

he exc vices O resent 1 nvention,

mo\rlea Eo ext¥uc1%d non-porous hollow tubes, co-extruded skinned or unskinned porous

hollow tubes, or a combination of these.

[0013] 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



devi ces including i mmersion exchangers, wel dable zero
cl earance exchangers, and exchangers with one or nore
di fferent end caps can be made using readily avail abl e

exc%%n%er({%@%eé %{Jsg?cf Q ggr%gn %?{heﬁloll Vc%'ﬂ?tﬁgsﬁ %Hst!) Yhe ﬁo%smtg 9 grooves

ty appli BNNel s

ot resin can trap flyids and contam na

durgiigh, g am%%ﬂ hy cxhangh &%Vlcecf# ithcRreggnt tfwsnt&negaélﬁie made from
invention, This eatly sinplifies the manufacturin .

all perfuedratethatepals %pn@edéowth%rteémlm@méhesn@ﬁ fphmﬁclmlqag@ckmg
hol | ow conduits to be used in exchange devi ces.

pinDEBCRh PasiONaidrotheitn ddRAAN diGRt DR b et bqalinig resinkieFurther, the
aspects, features, benefits and advantages of the

excﬁﬁﬁ%@d SRR presét 1ﬂv|éﬁt1@1{ EinBihhtel tAY 88YdI foNa Yéihfbrdigs AP Bafid®Atto the
regard to the follow ng description, appended

hod%h%' HindRghi EQ %fﬁ'f%)’dl rifl £§9§ %%Et@ of k}?gﬂ'ﬁ&u{% id a:lso permits
ustrate rS|ons of~ exchang eV|ces 0 resent
nventi r.. heat . t. ansf L OF
agr&s%fiwgﬁ?r g Bppoy RBbatH R uﬁduﬁ%ﬁ' ST wd“%&ef gontact
dcaps _whi ¢ch has, one or nore holl ow_conduit
surfaﬁ% Risa .aﬁ@ PGS EH Bt BRPTAYIS tERRster Berfaymagge %pd efficiency. By
conbi nation of 9 these fluidly sealed to the housing
proidinsotttuctiges fuehras gooves in e Imisingserideap, exs isleeva thet the Spiow
and hollow conduits are initially bonded into the
condaiss anedohded Withrirathe Bkdhanye éhdces tof ted preenbinvean, a enidk variety of
of the housing. This unitary end structure can |ater

devik@s %Ltlu&n‘?g Hﬂﬁé‘rsfo‘ﬁ%x&%%@rs HBRablk RefoERkARE 'chlﬁﬁgérb "Hhd

material is shown filling at |east a portion of
xR 26 o608 e éﬁ%ﬁﬁ%d faot 8 PR Rind By aysilaplgr
S e hou S or. s S _conn ed by one
reafidy WRHBI O S0P Aot ot TRETaP KT ATt FESS edjepehannels
bonded to the housings; (C) illustrates an exchange
in thepetEag wstrh ol chr qagitenp FONtpgHIAES FE @ot pqpisedsif exchange

illustration of non-limting (A) trapezoidal, and (B)
deviees ol tigyiresent whapod. Jhooyreslyorimphentbe majnuufaatukﬁog provgss and
or sleeve wall that can add nmechani cal advant age,
permits a greater numbers of thin walled hollow conduits to be used in exchange devices.

DESCRIPTION OF THE DRAWINGS

[0014] 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:

[0015] 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



bondi ng, and increased surface area to the interface
bet ween the shell and potting; the channels nmay
coated with a sintered thernoplastic material for
i ri h ; 7. IS
thegé) leﬁiggrr%e?gg trlgml u}g)t%\?(lg bS%o{t?&%hém %Rg % rﬂtlflrgl%%la%‘tl(!: Jeﬁfguglle rr]g’sm and
r sl eeve that. es o nor e, gr ooves or
ol el e e B % 8i0i 16 PRSI tOiTPIT AGNEATY|cBd Sirugure at each
ortion of the channels and preferably fusing to a
encgeﬁtthp dausg. t hls uhitain 6né stayriura 6 latgy begbt woapsn thegpbesethe
hol | ow tubes, porous hollow fibers, or a conbination
theorhoplhﬁk:epowir% mhevial ipstidvedfiilingat letaktea poesdmoft aogrbovewachannel
fluid tight seal with the housing walls and grooves;

forbie@ i EHeSHoDSn¥a(B) SilAfetes 8ARX SR eV RavintsS@d cift Hongéd to
surface a powdered or nol ded thernoplastic materi al;

se;Ia?aQé' ﬁ&usﬁ:ﬂlge or Yebses %Bnﬁéc{eldsc}yr cﬂlte' ? ?no?% F@lﬁbv@ ?ﬁxﬂfﬁﬂg Sogceri! 6%

sent 1 nvention, rerera grooves In

e .hqusin ol.l ow cond ted in,a . . .
the R s PR R MR i?ﬁ A BGsF Ay Thipe deyice without fuid
housi ng malls and grooves, the exchange device is
end@pyistrated as part of an apparatus for conditi oni ng
the tenperature of a process fluid used to clean,
coatl0016¢ F1G@ Heisiap allusyrationl pf yorslimg inga(tde sraperoadabzant (B) regtangular
substrate hol der such as a single wafer cleaning too
shdpe®oraesm) chaifkl{ RQ1BLskGr skeveswalhthak tatsdddahédhaniofil advantage,
one or nore exchange device of the present invention,

boﬁ_ﬁﬁ% &ha m&‘ea\%d QirPRE aRh t0HSN@HAQVESwhdh the @héTPeHﬁl' Po%king; the
| ow conduits potted to each end of the

che{}ﬁgﬁlrg%rl éog eﬁrvl/lﬁlr a Elgteh%lrtper%%o atéjtlg ma%e%ﬁl EoZ%ﬁhdM% taHd ﬁlay have

Ic resin Ses w ous
rooves and hol | ow conduits; the exchange
Vm&@@lg@? are used as part of an apparatus for
conditioning a process fluid and conditioning the
pr od@Hl] G s apﬁphmattccllmt@@ﬁapﬁeemﬂ porzign ofp Bousng ar depve that
illustration of an exchange device, preferably wth
inchries one ommere ggoo@y s channels eviﬂlnhsrimtg)mtid rdsal filbwg tatlees a portion
or hollow fibers potted to forma fluid tight seal in
of thetch@ir¥NyInd $irdfBrabBSfuBind/d & PoRiOAGS tHY chhbisedSantl RduisinBurfaces;

housi ng wal I's and grooves in the

opened hollow tubes, porous hollow fibers, or a combination of these are shown potted into

the resin to form a fluid tight seal with the housing walls and grooves; the housing walls and

grooves may have fused to their surface a powdered or molded thermoplastic material;
[0018] FIG. 4 is an illustration of an exchange 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 fluid used to clean, coat,

or chemically modify substrates in a bath or a substrate holder such as a single wafer

cleaning tool (not shown);
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housi ng; the device is used as part of an apparatus

for conditioning a process fluid prior to dispense on

to a substrate which nmay be rotating, translating, or

st atj . hy - Momting il Hely '

U e R B

. _Substrate or for coating it is filtered with an .

inV G ORA S HA BB o0 B o%F CiaRtesdi i s th BPIGY conduts ported
conbi nation of these is added to the process fluid or

to eaghendeef the benstiganisrioe tostorm (afjudd Bghttseel veiste i thegraeplagiiciresin that
passes, preferably in a counter-current manner,

fusd¢shwitluthie hohenge xaha gerves, Bnd hekowangduits; the arsliaaps denersgye used
to or fromthe process fluid through the holl ow tube

as paad dfaniaPpLERS Fdr@nitibhing hifo@XEN@AGAd tbadifloning the process fluid
Tenperature, pressure and flow controllers may be used

Inkkq ag@ﬁ&%? the anount of fluid dispensed onto the
substrate, The conditioned process, coating, or

cl eani luid can be delivered by a. pu to.th
sub ST 1 tim o L Btin SieEyeRePisR Bty Wi one or more
rotating, The apparatus nmay include particle filters, .

grapypswhe pousipecgdihodperbesisi hglioms fibgss pofted tq forma g tight seal in
froma pressurized source; [00211 FIG 7A is an

a thdrinpplastat iesin vdfictaporels@r fises Wish thef hausinguzllsgnd gravveni the
potion of a sleeve that can be used for an exchange

hoasdpA tied disriceiowsedgis pae of bin AFaeatpafoalcbalitioiing y @socess it @rior to
inside of the shell, the grooves illustrated having

disp &Rk ol 9o & kMstraR wiGBRBRASIbE rbiafifs, ¢ARNEGETd, BY stBASRIY. €In this non-
grooves; a conpl eted exchange devi ce includes one or

lirﬂc?r?rg.%eillﬁﬁgatioﬂoﬁﬁiid%sm a:ﬁluﬁ S@‘EPQ‘/J,I&%]IHFL:{:‘ é%?%%%{nﬁq%as tinrgatthg gubasﬁrate or for

S-Sectibon view O

cofpeil B g OBl U STpOGeTEy: s, of § comBitation of
thernoplastic resin to the sleeve, FIG 7D )

thes¢ jsipddecatodle prpcessdlupd et feaioved framHbe prasgssdtuid pe dheeexichanger as it
Cross section with one or nore co-extruded hol | ow

passed) prefferablg 10 agetiter-clatenamaemat, thotughnhaerdhpater e@he exchanger
t hernmopl astic resin to the sleeve; [00221 FIG 8 is an

trahdférd Shérgl k®6r Pdmahd pdtesI@Id BtshghhRd hoTRyy fBe wWalldl irft@bcting with
testing an exchange apparatus for | eakage, sea

thel &Eﬁzﬁ{gb tid. af‘éin&%t{l&[ PRYGfFe and flow controllers may be used to control the

amount of fluid dispensed 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;

[0021] 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 parallel grooves; a completed exchange device includes one or more end

portions; FIG. 7B

11



100231 FIG 9 is an illustration of a cross section of
an end portion of an exchange device housing or

sl eeve showi ng one or nore grooves in a portion of the
wal | of the housing, the depth of the grooves in the
housing wal | as neasured fromthe inner wall of the

housi n one_.or nore he 0 I nt er conpect.ed )
PR oSOy v of Hifie o 526 gL Wilsirates 30 geshpratic P housing
t hernopl astic material is shown sintered to the
or fhenys ithefoss sestieiewéth wae pr mpoolptpwHules pagterd dn @ ghermoplastic resin to
illustration of a cross section of an end portion of
thealkeeex di@nge illdeaies an kodipomign of a dbesveott diextve iasrosneecoon with one
nore parallel grooves in a portion of the wall of the

or MOkSdoN Gkt rul EEhGITRONBS fildY itdr@tidt b &Y @atponish hnd pbteditia a
bet ween them and one or nore grooves or slots along

h 13 ng i nterconnecting the parall el
teﬂﬂ)o%%éf%“%ﬁnﬁﬁgﬁgﬁ%g or sleeve wall; [00251 FIG. 1

ation C S, sec f an end

e g B O g g g

nore parall el ooves and one or nopre grooves al ong an
exXChange Yivaraes fﬁb%éli‘ar&j Pt BEeehin 8BY PRECAMSE ent par al | el

grooves in the housing wall, the wall height between

adj 40023 FifF Soises iNustipiipn obd oiogs setion efayt éndgfortidreof an exchange

housi ng; holl ow conduits such as holl ow tubes or
defichrRnsingr@ sklboswhdmghggngot e droovas reapedion @ gelwallldr the

100261 FIG 12 (A) is an illustration of the cross

ho@s%‘% 'tlQendeﬁth & tﬁ@g@é%%ﬂ%ﬁe Eéﬁ%ﬁng WA as h&astred! B EheQhnd@ wall of the
portion of the Gross section a co-extruded

hOth% f loHQ f' Dake t{l@ glro'iw\)?sﬁﬁ& éo%nectt&t)% Wotts tz)r %E urin]gﬁ% tﬂ:)%u]smg wall,

Pland an ou
cross section aof e co-extruded tube in )
2 ppydgrSg g woBEgts Brregh i Eléo%Sl%B‘EfWBé%e hayps or ﬁ*(e WSIP
potted in thernD | astic resin and bonded to a
t hed Q24 ££¢r| is gpdlusfraponraf agrass seatiqnayf gneend portipagl agfexchange
a portion of the cross section of collapsed hol | ow
devtichksusingsedleeoe thapldstane@r mese parall@eroseam a pargien of the wall of the
portion of the cross section of co- extruded

howgtid, thJ%rbB@Js edviny eFerP@tA0hdight@b@ekéd thefd dhataRe or more grooves
t hernopl astic sleeve; (C is a full inmage of the

or ﬁf)ﬁ%?o %%ta&%rbf‘?ﬂe & lt%ﬁﬁt?pc)oﬁﬁeétﬁﬁ’tﬁé‘pﬁﬁlefl URRFe §1Pt1R housing or

resin rom

sleeve wall;

[0025] 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 parallel grooves and one or more grooves along an
axis of the housing interconnecting adjacent parallel 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



is a full imge of the cross section of co-extruded
perfluorinated tubes potted in a perfluorinated

t hernopl astic sleeve from(B); [00281 FIG 14
illustrate in cross section versions of an exchange
devices of the present invention for heat transfer;

t he udes . ne ar otted hol.l ow condui
t hatl&kzm el %ﬁ@ SR AR PEhE GE9%% SHARAF & O ﬁxmge% tube; (B)
hol I ow, the resin and hol|ow conduits are_ bonded to

is anmage ofppertign ebthescross sediwmagflalcogxtiuped pesfluormpted thermoplastic
DETAI LED DESCRIPTION [ 00291 Before the present

tubeondoai inen¥ AgenatdrodsitardF ddsyari (69 ds a full insagt of e cross
understood that this invention is not limted to the

sedfidh boff eHél RLexBUELHbE $n (B)OPOIS it ¢ro8SsectidPdtAEl0b-8Qir@feddibes in (C)
prot ocol s described, as these may vary. It is also to

po gdlﬂ%d[ﬁ&ﬁ{ &@tlé Fk%%n &rﬂ%on&&f f@e{‘tﬂle@%(i)lééﬁ@ Hen the

escri ptlo e purpose of describing the

ar ver sions . or enbodi nent ot
ipm i{%@ﬁi ﬁ G Sl SEE Fr e Tt %fgé%%e%l%%%oﬂs&sed hollow
be limted only by the appended cl ai ns.
tub[eewecitq 1 pwugg reging 6B his aﬁé‘i“é%ﬁ ¢fivaiorten pkidy crrs é@%loaﬁé o
in the appended clainms, the singular forns "a", "an",

extartbd petfblorinaiet tehes pbitedain arpst Brmieteduhtramslashesleoet &) is a full
clearly dictates otherwi se. Thus, for exanpl e,

imigf dnenaesd @cidon dfdolliapset bbBowitsbes fiisetl €6 & poking @esii&omr(A); (D)
nore hol | ow tubes and equi val ents thereof known to

is & Rﬂﬁ?na%g bf th8drds sédﬁ%n @f bo-cRPGHedPef Ik Rated M8 PBited in a
defined otherwise, all technical and scientific terns

t ani ngs as commonly
pmﬁﬁgngg%ggﬂggﬁ%ﬁgs VéﬁgEH%5§ skill in the art. 100311
Ver han devi ces. of the present invention
can 0GR £fle ERE0GRAE et T RGN AREE GRviE Y the
fused or bonded in potting process at a first end
proseyi i ention fqrﬁléatctm@r,ttbe hepsang iRelpdesprngsaringore ggfited hotiesr conduit
t hernopl astic resin bonded to the conduits can be
thaf useain@ne bomdedresistivehizlametsnin dre Illofvate rano and halivev conduits are

nmore structures by potting on an interior surface of
bodelith Bhe &t BEMErOEves On SHerwll sitBS hOukidghe first end of a

DETAILED DESCRIPTION

[0029] 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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t her nopl asti c housi ng. The second end portion of the

t hernopl astic holl ow conduits are fused or bonded

with a thernoplastic resin; the thernoplastic resin

fused to the interior surface or to one or nore

structures on an interior surface of a second sl eeve

or to structures on a second end of the thernoplastic

housi ng. The holl ows of the fused conduits may be

opened by cutting the resin and opening the conduit

end§003ﬂih¥t BYft flse ge oatediieatap usddrhgrain and ingthg appended clpties, the

t hernopl astic resin bonds to can al so include
singtlauforoms €8°, Sach apd Ghe’Usiclnds plurgrrofevemse uolessathe context clearly

conbi nation of these, preferably the structures are

dicHt @RS wide. t TiRusS b fer@Biplef refdrfiRchO W ShEIH W TubsT BeVRSerentB&o one or
exchange devi ce hol | ow conduits can be hol |l ow tubes,

mo]‘%h&ﬁfv@ epﬁ{d (%E{\e(b\fa'lé?ﬂ'ﬁeregkk ol'][HHe%WﬂfeH k?t?ﬂ%art and so forth.

ernopl astic co-extruded holl ow tubes,

s of t 00321 ces
Unf R GRS R PR e R W T h%Vﬁ&ﬁ‘lwgw
potting a morklng nmedi a, for _ exanple th| wal | ed
meﬁelngw %QH‘HP%]Y&P S5Ped &Y RBY Pvdine kil in ﬁhﬁtaa a housi ng
or one or nore sleeves with a thernoplastic resin. The
hol 18314 Mesessonsef ek¢Hasgs dpiates of therpreseot inversiongas epdudetane or
through their walls a process fluid to be conditioned
molr¢ therasplesic hatlge cohdwinriksddgprioded inhhagiottaprocanaf £first end
mass, energy, or a conbination of these wth the

poRIoR GRSt donihieh to%l{ﬁe}nﬁypﬁa@ﬁ@%md eMe GRS nfo st FdsiRnBEd to the
are not limted to |y bonded nenbrane contactors,

co%%t %Qr%eaﬁfs&{ 81’ bo%%igclf' ?qbt%ng nﬁt&‘fc& fface I%Flg Bt Fllageagtructures by

gers,
f||ters or. co s .of these. These Vi ces y
pofat OB i PUoHER % BT s & Sisdieres made Hryicng BT
conbi nat i on of these bet ween fl ui ds separated by
thermpplasiict ivepingpilas second apdrortivn ef thevherawphsyc bellow conduits are
i mrersion style or include a housing for separately
fused ot bomied gvithheethpmoupdassic aesth; ele thamyepldstiaireksn fulk@DRBthe Tiherior
exchange devi ce includes one or nore co-extruded

surfde lomePb@sdri orl Qtrl @Wres ©8 AH WitkiSorf susfaek @ta @cbhd Séevedd to structures
portion of the conduits to a thernoplastic resin; the

on%@@édﬂ‘&%}n@%? tHe tﬁ&ﬁioBlaEt;ﬂéﬁ&sh%n?% eI HOHIEH thh%%ieﬁcc%n&ﬁnsqnay be

I rst eeve or to a first

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 conduits can be hollow tubes,
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t her nopl asti ¢ housing. A second end portion of the

t hernmopl astic hol |l ow conduits are fused with a

t hernopl astic resin, the thernoplastic resin fused to
an interior surface of a second sleeve or to a second
end of the thernoplastic housing. The ends of the

porhgy G BB et D AP B R e dir g Asow ubes,

portion of the thernoplastic resin and conduits.
or qoptbiigaiignk 9f thege. exchange devi ce housing or sl eeve
i ncl udes one or nore fluid fittings. The co-extruded
hol [@0832¢ Erchanpes demagesiafitheugteseat intvhtionedndymetbodbifot making them
material m xed or conbined with one or nore of the
inclRlQoftine ek oficemediR, thhexanglié in Ganethdliowl fibiidor porous hollow

t hernoplastic housing or sleeve for the exchange
ﬁbgl‘@,v 1'11&)6? hSusiRA3RMe HP oY Sedes MQE%‘HQ%%SEQ ﬂésnp ef}{Q l{o?low tubes
use with the potting resin ren
oces nc ude ous S 0 sleeves t
or RS BFetinand Rbpinsrat B POURL PRE sPiliss B PHQ% ebtione
sintered material on. jts interior surface, co-extruded
fropdt s pRngstar derking Huishdatoran tengfer REy AR idcombinstin of these
nol ded t hernopl astics wth one or nore thernoplastic
withghe progess fluRk. e$uohaztangh devioessian giesclindpait are not limited to fully
t hernoplastic on a portion of the wall of the housing
boded mdmeigruge tontssagk conthdtotshezape bhtagornpl@aksls, hbatexchangers,
I's capable of fusing with the potting material during

caPscBAbl N Bedpdr® ARHSw RE filOMSHNDninHoREYLHERY TIRVEI&ices may be
snmooth surface or it may have one or nore structures

ustqB@ala?g%é tiaﬂ&ﬁe?l Satd % &6Fa E(ﬁ Q%Qﬁjo V\ft)fttn%stetﬂ)%tvpe%htﬂulcgs separated

resin Uld ase con

deV|ce t resent invention
by ol OREPRe Bk Pes ﬁvﬁw%mﬁ& B P Ol B OB KB Ay rousing
perfluorinated thernoplastic polyners. The device can
fortsépq;gt@b/ qoprainpg thedpergs andk ¢xghangedIuids. condi ti oned with
a wor ki ng or exchange fluid. The contactor or exchange
devi[@e33i] Abé axtdhange davinetl ieclodesanepir nroat té-gxtodded thermoplastic hollow
perfluorinated thernoplastic hollow fiber nenbranes or

cottifitk Bv¥ell dbLsrsl &84 petibAbf thexandlis t& AeNgmbplaktidFesih; the
These hoIIOM/tubes may be porous or non-porous, and

theﬁ@ﬁ@as‘tf&aﬂéﬁn Fude (2 ﬁlﬂ&lcﬂ' %Qrf&ré%f 3 fﬁ?tcs@&% 8P Bt end 6

ranes an ave an | nner surface

thermoplastic housing. A second end portion of the thermoplastic hollow conduits are fused
with a thermoplastic resin, the thermoplastic resin fused to an interior surface of 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 layers that make

up the hollow conduit.
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109 and an outer surface 111. For hol |l ow nenbranes and

hol | ow tubes the inner surface conprises a |unen or

bore. The holl ow conduits may be sel ected from

non- porous hollow tubes; hollow fiber nmenbranes

havi ng a porous skinned inner surface, a porous outer

fac and a porqus support structure between them

Thg BeraopifSie SPusiaheh dhs THADE SERNERERI0s SISCR kY hped

i nner surface, a porous outer surface, and a porous
corapstnetha herrat it &0 fusetikidhe poting rase dusinerthepetting process. It may

menbr anes having a porous skinned outer surface, a
inclnde dossingsrmaleesasrthaaes maddframpothewmsopdasppahernsiplasttuweh a

bet ween, and hol | ow fi ber menbranes having a

sinf@fd- @&é@él%n&i@hﬂt@ﬁ@r Qifaeé, dLxtraed tharns1fss With®he or more
surface, and 16 a porous support structure between.

thew%s?i@g Bﬂ)?dekaLEHQJn{% i bﬁép%of@qw&%ng Botions.

|qU| g t pertluorin

ast C a un
Pm@a@?ﬁﬁf’ iR B R %srmpuaé i PR Pl BF e using or
ng wherein the fiber ends are open to fluid f|ow

sle%vg g ﬁ%@%ﬁ“ pyiththe paikige naeseriah thaf ¢ capable phiusiig veihidgipRiting material

the housing 124 has an inner wall with channels or
durgnegoobasingOtoeassl Thehousingmrtsiesve wky Wavechsmoahsuifaasdr it may have

with the thernoplastic potting resin, and an outer
oneNdl thore Fliecthiey $drgdionrisrinieIshrfstefto bead aithlthe pottiN®tdagine

bet ween the inner housing wall and the outside 111 of

t he [f34) %V\ﬂﬁlémﬁl% Ql'iasE 'E!Snta&@ff J)I"é%fldl%@ ldelREBE ﬁl@?ﬁeseﬂ:{hﬁvemlon

housi ng may have a first fluid inlet 102 to supp y a

fl
on?%a& cdtfifinelfobiidiey ﬁ?f?@%af%ég’“%ﬁ%é@?%%g Ayt
ousing inle .. The housi have a f| st ..
thefiroa RS 1 81 et WoBd i sB0achen 1aghip B Eepglitioned
first fluid fromthe second or outlet end 122 of the
withal Werkingbezschange flyide Hswontagtor pr exchangs devicedpledasiadwndle of a
112 can be used to supply a second fluid to be
plucdity a€ paduwmiindted thesbopldstinihdllowfbegmetmbeanaabt lsollofw tubes 130 as for
hol |l ow fi bers or tubes. The second fluid occupies the

exa@pl BRowit RIFTEd 1 BetMRENhJIRRY 1uBBEmayBE bolis bhRoMPstsuf@nd each
124 and the hollow fi ber menbranes or tubes 130. The

ha S n 29 '"'h a n e-dh infer surface
NOUR P&lcﬁiﬂ()d G d4dén n%lelCQng‘ ?I UInng He3%4nd QMRS ALY hR

renove t ontacte secon

109 and an outer surface 111. For hollow membranes and hollow tubes the inner surface
comprises a lumen 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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100351 A nethod of making a fluid-fluid phase
contactor substantially made from thernoplastic

pol ymers and preferably pertluorinated thernoplastic
pol ynmers for contacting a first fluid with a second
fluid may include formng a bundle of a plurality of

ap 3{1{; %%%;)I{tgg{lad%tﬁh e\%%cté)lg !Eaa?‘lé :egcbafo tlhlft Eév% fe) gggcl)ntéi%itg gf rrr]ler% ranes can
conbi nati on of these having a first end and a second

be pofted Withea hglif ahicrendueringtediheraoptnstie seat tosiprmacmitanyendrstructure
i nner surface, the inner nenbrane surface conprising a

with asemoumatingpar Buoriitagedbbinopl £stib dousmgmiyhenmsthe fibér andm ateeopen to
used in the device and the nethod of making it may be

fluidgloRe Lol O 1110€nG1N2Y P ERNSIAS tinnthe @bBGIN W thé B&lising 124 has an
menbr anes having a porous skinned i nner surface, a

. . r .
innBOKAYRith th i \%eoer%y(%iv%ﬁ]?@%%ﬁd%%, ?%‘E)HH}% n(g #ﬁ{r?a{ ire ﬁ%led with the

structure e I ber anes havi ng
a non-.porous skinned inper surface, .a porous,quter )
theflpdERR Poltl &l e LSl 0B P Suv s BReORRU LR e
hol | ow fi ber, menbranes having a porous skinned outer
volyme pgiveeen thejgpesousing patl agd thepuside bl af the hellew &ihsper the
structure between them and hol |l ow fi ber nenbranes
hollpaw fibey reermoangso ridedosking mas howt @ firs dufdioket 162 posupply a first fluid
i nner surface, and a porous support structure
to thetivweend 1 Bsofi the bsidlatelk ¢ontdetdd willla sédoad fiald wiich may be supplied
conduits 1106 are positioned and surrounded by an end

at Blsifg REEF1190MHBALEGENS Hﬁ? MR Affsk QuficdiRlien 91 PéonBection to remove the
perf%uorlnated t hernopl astic sl eeve 1102 having an

coni}\ilal‘]?% f]_r%%ﬂlt!lid lﬁ%’gﬁ%ﬁ?&ml& 0 {lltlat%glﬁ ?%géf fkdon Slé%g 189t %ﬁ housing

ow con are po at eac
end of the. b | e positioned.in the ousi ng, or eac
g Aot oA IBa1c6n BoTtdotony Aistor dhid Ruongoietaayufis

(structure illustrated in FIG 1C), using a )
fluig ghopglo tervealls @f thediohop! fixers er tuberg Tthe spenshthuid peuipéps the volume

tight perfluorinated thernoplastic seal with the ends
formed bétevehiotheomnar ovadluifttse Bmdingzol 2#anditlze hodiotafilyer emanbranes or tubes
structure wth the surrounding perfluorinated

130 NEfgRDkiAs i iREIUGd £ econ€ bkt Ng4 bemdcigh idreRdSe EHe d¥RTaCted
of the channels or grooves 1112 and 1116 with the

Lhenhmpl astic resin. Preferably after potting, the
Secends of the hollow conduits are opened at both ends of

the [&%ﬁ iAnrget%Bd &F rql%ki%g a fluid-fluid phase contactor substantially made from
thermoplastic polymers and preferably perfluorinated thermoplastic polymers for 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 combination 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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separate sleeves(structure illustrated in FIG 1C) to
provide fluid flow through the hollow conduits. The
nmet hod may further include the acts of nodifying
housi ng or one or nore sleeves of the device to
provi de one or nore bonded endcaps, conduits or one
or re fluid fittings. Alternatl evi ce
outeSUBaFRH AT 8POTRLS RPN DStHEE P EUR P BiASEY pregtyates having
or a vessel. The device nmay be used as an i mrersion
a nefepPIOEs Briniad-inRereurtaceaa PPiug often MrEice.cuidta, Parpusgupport structure
non-limting exanple, the housing 124 of FIG 1 A may
betasrethamf holstw Ebetcapmth@bes havidy & parbds skidret! ob62 stdardea porous
to housing end 132 to supply a first fluid to the

innéd dusfac&€ndd é})grdhfs suppdet o &Lt FeLthePMNhRAEhSD Wb Bembranes
second fl uid mhlch may be supplied at inlet 112. The

havl a?h&g SE%MS %\%X %BHcheQQB%BU s hfr@r mrgéaefdélu o%{ls sabport

nect on 1 to t he sl ng

e the t..fl.uid from

S““&ﬁ’r‘? bt S99 a&eﬁ S 1&&“&8%&Cpgct*%%d%iaﬁeo%rtwaed and
fluid inlet connection 112, can be ponded to the

surfeyidechly amendpfa pelunrneisddhesmoplastic betsie qrmeaﬂ%l%@d
contacted wth said first fluid through the walls of

thetrheplastiolsleove tld bintisg aBneMivall sedohdnifdluerdzroessgil €2 and an outer
the vol une formed between the inner wall of the

wallh @ U4 NPheliZAloansbntities hialol apsvp etogaicht iehch ehdbf tHdtsundfeusisitned in the
may include a second outlet 134 connection bonded to

hods]'h% Do h REd d2the boﬁndﬂ@ B Ed ﬁorhedlﬁ@féhﬁ%ﬁglg%%‘?g tfulctiirdillustrated
361 Potting and bondi ng of | ow conduit cords,

in Iﬁe}l géﬁ’ef §11%e£ ﬁerﬁho?&é‘téf‘éﬂe!&@ﬁ%&c fl 18§ Po fotﬁ% ah?ct‘(?d Pgnt%%ﬂfluormated

the%q?%l%’s‘éa iy b st gy g@gdsgggﬂw B it

Ausi mont  USA Inc. Thorofare, NJ. The devices can be
withalesuppuyding perlupingpdidiengorlagsisionsng siclugingbending to one or more
hol | ow tube and or hollow fiber cord |l engths with at
of theaktnnelser gtased! Ei2danddrl ép anthdhe fhermeplastiplresitoy Preferably after
wr appi ng the holl ow tube or hollow fiber on a frane

potBAg tROERIBloif FE, hollBivodduidre bpée@dt Bth ehiiott@é hOWSing or ends of
surface of the pot by approximately 1/8 -1/4 inch

sep?&t@&gévte cgt%g élé mated-m?fm até{p éc{e%%lﬁt ol tﬁ’iﬁlv,igﬁtt}éef hollow

orm can around the ‘ou

COI‘}dII]I%S. The method may further include the acts of modifying housing or one or more
sleeves of the device to provide one or more bonded endcaps, conduits, or one or more fluid
fittings. Alternatively, the 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 fluid 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 118 bonded to the

housing
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device, and the pot can be heated to nelt the resin.
The tenperature can be from about 280- 305 C for the
co-extruded hollow tubes. The resin nelts and fl ows
into the shell and between the |unens by head
pressure and capillary action. An alternative nethod
is to nmake a tenporary recess nade in a pool of
nol ten thernoplastic polynmer held in a container. The
hol | ow conduits are held in a defined vertica
endplgdi teiregAoverthie aerpeiphgrst Avid freve theoiscersd orcousiel gndel22j of the hollow
nmolten state so that it flows into the tenporary
condete$y). ahousiak flbidenleotdmactemniddi ta @ntbnded td thahbysing124 and
the hollow conduits, filling the interstitial spaces

useB @b WEDy 4 keohe Hhﬁl\/vo%@%hlﬂa&t%d A0k sTHerial fluTe l’tlﬁoﬁg}[ e tWHIIB Bf the
i ke grooves in the housing or sleeve walls.

hollf dﬁftéf }i(? CPRSsebSnPIliG O 1ésh[ﬁ(% vélﬁﬂi%'fl@ﬁne%so ?\?/ée‘?lctﬁé Thner wall

ten potting nmte tirme su |C|en

03|t i X th d f hoIIom:c
of tﬁlﬁh Fibe 14 aa%”fﬁ%ﬁaw Forky Pt Jaﬁeb@} i e H'scbnd outie
hermopl astic. The tenporary nature of the recess can
13%@%@%@&%@ tioyhe heusingnirértaremevedhe compeied sasangBridi ng
material is held, the tenperature at which the potting
mat $0036] Ppginkehd boutling aghdlwv eandotedidst hddemdfitzers or hollow tubes,
pl acenent, and the physical properties of the potting
intorelieefouging carl bedeedn afsirgestbplidingfd @rRaluplies themmdptastic resin potting
cl osed by sealing, plugging, or in a preferred

mafdFRPSicRBR but Ryt hl?rﬁ{eﬂgo RE MFA394IO°AZ@ resl-lg Q%leabw‘frbﬁ Aus1mont
co extruded hol | ow conduits, hollow tubes, and holl

US/} ) }Fﬁcﬁ’%gfa? nﬂl%&(%feilggsr (gaﬁlc})%y‘ﬁ£ase b%rf\zleéhcea lg%ﬁ)elcﬂ% Jb}gorﬁgn of a

bufiﬁ%h S Rivent PonRTan Absrird e st SHF O Risiaragng plevered
pIaC|nq)a plurallty of these hollow conduits in

forapmatetdbywianpiag dhe knlloat tubaar hgljowe iberemet ampaprd anmealing, into a
relationship in a housing or sleeve. A heated fluid

potclaiedodt thebrtotisoedcd ofttbe pbtebyi apperximatslyol/8 t-Heé irehd8.3d8 to 0.635
t hese co-extruded holl ow conduits to fuse the | ower

cmi B iThéfdpigti€fesinia D@ fash tan bey @dﬁedclefroﬁﬂﬁﬁhé‘- otididie oS the shell of the
together and to the housing wa to forman

devi &Tt Qds ﬁ{el + Pansletkatddub ‘iJnF{lt' tQQYesﬂ{ rﬂ{&@fﬁs%‘[&é 4% from about 280-

| ow C dU|ts in the eeve.

305 °C for the co-extruded hollow tubes. The resin melts and flows into the shell 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 like 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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housi ng or sleeve, optionally having structures |ike
groove and protrusions on its surface, nay have a
| ayer of a thernoplastic fused to its inner surface or
nolded to its inner surface that can bond wth the
hol |l ow conduits. Alternatively, the fused tubes bonded
together in a first step can be potted with a
t hernoplastic resin in the housing. 100381 Another
met hod for potting hollow tubes includes fusing

fix gherbuindle ddthodow spuguatsiin plage andi@enspll &s filled Ay Fhednplttfwoes
or fibers in a housing end or sleeve into a

thetrhegrlasbip! "Blst tempprairy hatgrerafsherecessfcan be eontrulled by tlen@mperature at
structure of the potting resin, hollow tubes, and

whitQuisd fdtingl Matekial i€ hekll tlféfteﬁlb&aﬂﬂl@élﬁlvﬂﬁcl@fhe%ioﬂﬁl\g%ﬁélnal is held
have one or nore fusible protrusions, one or nore

urﬁ%ﬁgﬂ%hﬁco%ulg F%@glabé}nérﬁs ﬁgﬁ%@lﬁgma%ﬂogé%%é bf’ﬁle%ottﬁlg material.

'ayer o extru ave a

t c t
Th"r %%42 o tﬁerﬁ%ms%’ TR Y S1GBR i o plofiEinBopidh Mhpeterred
l.aci ng the assenbly (hou5|ng 1102, hol | ow
mﬁ@ﬁb@§mibb mn&ﬁ&“ﬁéé?ﬁ ®Po8) in a heating cup 1136 and
heating the potting resins 1108 in the heating cup
11360657 AViale coesetmdedihollheratondyith| hotlikwdnbest sl hdlleat fiber having
source until the resin 1108, hollow tubes 1106, and
ondotidbirdayletO2f theen@iddseic aoilfudsetell AgEIGh a2 Avdnidsaoivn IFOG S12¢F may be
the structure of the hollow tubes 1106. For

potgﬁf Jsk/lﬂgoﬂhb RRURA dRGITRRYRSIb, @lﬁty%éyafﬂ% bd fuk&d ﬁ%&help a0 a

his can be a tenperature’i he range of
sleéxgelncgeh%ggﬂé P§ ?EICI ap dlalrfgty:% tﬁ%%élr%gﬁ h &%Eglgtsgﬁsb %Eteﬁg%lheach other
on BRRTPHEHERPRTAGE TEHOG 1 Ao BB e %ﬁ%atsiﬁmew be

the fibers and in the shell until the hei g i s
intgoguesgeintrthe giteripsa pf theends ofthesstcoomrtruped lilcﬁkaw:l@rﬂfnt% teefuse the
shell as the outside of the shell. Alternatively, a

lowapandligng oger thewhdpiesoc {dyer ofethe comludts éegethea andeabs housing wall to
cavity. The housing 1106 with the grooves or channel s

fortnldlingsgehll bbad enfuid i hholrdembnts thaiRsl ity ddddits 8Y @e sleeve. The

then inserted into the cavity. At this point neither

hoﬁﬂ% Mlée%v Jpﬁgﬁalﬁ}m srtl rct&&%keﬁg%}evragldtp%{mﬁﬁlb%tl% surface,

|ng resin. resin

mag Have & Yayer off a thermop?astlc fused to its inner surface or molded to its inner surface
that can bond with the hollow conduits. Alternatively, the fused tubes bonded together in a
first step can be potted with a thermoplastic resin in the housing.

[0038] Another method 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 in its surface. Alternatively, an inner layer of a co-

extruded housing can have a layer of
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voi ds and channels in the housing over tine to pot the
hol | ow tubes and bond to the housing sinultaneously.
After cooling the potting process nmay be repeated for
the opposite end of the housing (not shown) or
anot her sleeve. After the potted ends are cool ed, they
can then be cut and the |unen of the hollow tubes
exposed. The potted ends nay be mlled by a nachine
and bit to open the tube hollows and to forma . .
theyraqidassie dhas 6an Bye fedic dattingzeamayhe piogesstiiy 8wl v s dliustrated in
727 of the housing or sleeve as illustrated in FTG
FIG Ql1, flaeinpdid avemtily llesisthgd 102 ollaw fubesdl 106gintd regall 108)8n a
and 126 with the potting resin 106 and 114

heatifg BES 1 1 362dnM- hed i MRPbRATHIAACIES i RAtiROLLS NG with an
further using a heat gun to nelt away any sneared or

ext%r?h‘l]%élaﬁg%vﬁlt%g%gg‘{itfh@ﬁ%h%t sadgl%e 263%1‘3%%%%'ﬂo@_ﬂoﬁBQ‘%uﬁBd’lﬁéf, and

su or nore, it I's possible

hos W ARG et 'eC R Gk Bp ohgre TURCt o kR fubes 1100

cl ose the damaged areas,, or by nelting new resin into
For peflypsinated thgrppplagtac mipigrigls. likkseF kel Bt iapd ME A ghis caroessd 1
FIG ITAillustrates an exchange device having a

tempeoratiragn e rangeed érom aipupAeS G to aroned gP oYvewith mprefesred range of
housi ng wal | and where the housi ng encl oses the hol |l ow

frofnuibest 28DPE toexalndrsge °devntiehe molt havie cldaif dndiisl fie@ bfirapped
fitting 102 that is part of an endcap 136 that can be

butPRRAESrink e SRLE the r88H AR fIRIs GPAIESERENRYe AbES [lqnd in the shell

suitabl e means to the housing or sleeve 124. The

unth %Slll%? t}%%ng\g%e@ %E né)azrla{%[lgla?elﬂ?gﬁlﬁlesinﬁge (g%tg%ﬁe?%arsft% outside of

exanp er grooves no

c [ , Ln the housing or sleeve. The thernoplasti
the S| AHrgpoves drpf & Besddntio TASTICR oot Moot Dty nihe
hol | ow tubes, or a conbination of both, bonds one or
housngel IRBMiIdVhe grosesi@rehapnalh bl Igrand\id$6 andithghellewgduless bundle 1106
the housing. As illustrated at 108 and 126 the resin
are 110 iasedted iritd thxocastgy Wit khi¢ peintuadithemthe hbBew 13 tamdlefror nhe
a fluid tight seal with the housing grooves 104 and

houbikB. tolrehe R tHRqJoktay reslhe Tho &letd@ sesani 1081yl floldbapvafto fill the
outlet 122 bonded to the housing or sleeve 124. e

voillOMRI (Qn B inARE h&'ﬂs%é Svek Ble4d ‘f)o{ {h¥ihdllow tubes and bond to the housing

simultaneously. After cooling the potting process may be repeated for the opposite end of
the housing (not shown) or another sleeve. After the potted ends are cooled, they can then
be cut 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 potted 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 may be 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
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fittings 112 and 134 that can be but are not |limted
to those that are bonded, threaded, nolded, or a
conmbi nation of these with the housing 124. The
exchange device can have a fluid outlet fitting 118
that Is part of an endcap 120 that can be bonded,
r eaded, Ided onnect her U|table
't‘Y?d&’ét”t?o lfg SFepétTS U%n 2& ea‘illét’ B ik fysgand
can be potted |n thernDpIastlc resin to forma
closarfihe dpmagadchrensy eichumneltiggdewhesin ube therfigéect mthtthﬁ gpehthe soldering
the lumen of the holl ow tubes even with the housing
iroend 132. Alternatively the potting resin and hol |l ow
tubes can be machined to sever and open the tubes and

r empyo3INEI@! 1 Rlllusfrateiht B&henkt dfvideMavidguHosing lor Sle@RVLith one
end 132 back to a position 128, and 121 back to a

o DA TR T T ST D A O B e
f th 124. . The .hol

expEatS 36 el Rats AR Bl D TRt S llor P gD 21 thaggan be
fibers, skinned hollow fibers, non-porous holl ow

bondsgethreaded. pveldsd: priepsieist Py e siebisrmepty e BistioHsing shsleeve

of these, preferably the tubes are thernoplastic or
l24n$hmm@ma@ﬂﬁéﬂm®phagtmoﬁnﬁmanﬁamtgP@@ﬂOﬁHﬁB@MRElpﬂandll6
illustrates an i mrersion type exchange devi ce having a
(oth@usbov@s netghlodsi fogclatis),en theiking s sleévd. HEhetbédn@plastic resin, for
conduits 166. The device may have an endcap 168

exdﬁ%l@tl @@' ahP1 B4, HRUSIHE %oﬁfngsth%%ﬁo%‘t@oéﬁad/ﬂ Mn%@at% diBbfh, bonds
annel s or grooves 1427 n the wal of the ou5|ng or

ch

on é@&%ﬁ%alfoﬁgw t-Lll- & I%Bq{; g& oé}g&l],t gﬁg% @ dé;éfdthf ﬁloggl o% dAE [1I{9trated at

10§ hEI2E BF et Eiﬁe 39t maaerag MedisTiol Qe ofiddgiha fuid tght
thernDpIastlc material that can be bonded to one or

seakBiitd thohousipecsaensst!§4 286 1 tn dEabriwdiawitabe eludppimmigiat d 10 and an

resin 164 in the one or nore channels 142. The hol | ow
outtasri@RibbsdellG6 tiznicbusingromslebeastd4c Thedionsihg mmyapptibually include fluid
tight bond or seal 146. Each holl ow conduit includes

fittadgsi1nd @hd 18Bthanchnae Hakhietiot linded @nthosk that ark BEndvaUir&@ed,
or sleeve 148 and 158. The device nmay have an endcap

T R e T
fluid outlet fitting 118 that is part of an endcap 120 that can be bonded, threaded, welded, or
connected by other suitable methods to the housing or sleeve 124. Hollow tubes 130 can be
potted in thermoplastic resin to form a unitary end structure and the tube ends cut to open
the lumen 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 fibers, non-porous hollow tubes, co-
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The endcap 156 can have a fluid outlet fitting 154
that may be nol ded, fusion bonded, threaded or

ot herwi se nounted to the endcap 156 to provide a fluid
outlet. Preferably the housing 158 is or includes a

t hernopl astic material that can be bonded to one or

nor ol | ow tubes 166 and honded t er nopl ast i )
extflgied Holls (s pHED R ORA IR <L e P REHE foph arefmgplastic or
nore hol | ow conduits 166 and thernoplastic resin 152
inchude mtharmioglastigpmatenalnd or seal 162. The hol | ow
conduits 166 are co-extruded holl ow tubes that can be
pot jetOMFIGUREEIH thlustoatéoammeandrkion dyptel exbbangeakvice having a housing
Preferably the holl ow tubes are thernoplastic or
endl&SH@ihe efd pbARLEBPIhAHbilew ¥Bh@isal6s. Mhe ke MBy hh¥an endcap 168
hoIIOM/tubes 166 are illustrated as having an inner

Irt% %?lélé&%&ﬂ d.sql eh/k'g@% Ih%@ﬂg ggee 8a gfée J&l?ét?é'l%&ﬁgooves 142 in the wall
I 4
of életllﬁg§1h% BT ég Veéagp t[ﬁle gndcg E%QI? %ﬁlflﬂ éﬁ‘lgtutﬁrg%g 48T ?nre‘%/ be

t hernopl astic | ayer 23 160 may t her mgpl asti c
mojged, fusion boafed: tygadsdion Oﬁwrwssz\%meﬁ ey theeadenp terprmlf A fuid

that is thermally bonded to inner hollow tube |ayer

inlgt4 LrefErablyohe bouding B48 isfor inebidena ehermapllestict migerialithgt conbg bonded
coat those portions of the hollow tubes that are

to g drafbre holldve coediinn 166ahd bbmdud)to tleFmoplasticaysia 84 it the one or
out sides of the hollow tubes as illustrated. The

moPObhAWelk LS TAEROITRY cHRIuRD®66 BRS t%eﬁl%lﬂ’d%hﬁ Weketform a fluid tight
thernopl astic tubes, preferably pertl uorlnated

bOlli(rlgIr §£91pf ﬁ%ssl’ilk%h hgf‘f % %&'{hu‘ﬁj ﬁ&ugé%eanﬁﬂf anI chme{ r%b bShded to

por ous or I nne er nopl as ers,

her.nopl asti c | s or ceram c tubu
the iR SPEAF SR EAd #E%J%Ee Sevieq mak ek aé]sengﬁ%lﬁfaﬂ@rged toa
device that has a sleeve or housing 186 that encl oses
hogsingoen slesve 368 hinang ene enimersrrdantets oirgreovardy0 Bethadpsng or sleeve.
tubes or hollow fibers. Fluid may be inlet to the
Theendcap 186 cdiviavaradlod bhidt fittigghSt hieat deyi beenaltied, §dsiomdbonded,
fluid inlet fitting or conduit nmay be connected to

thrédtRd e Uhengisd BBukte€ € fhkenddap)1.56@6 Pfd‘lfﬁiedﬁﬂlhl@ ®uflén M€ferably the
melded into a fluid handling manitfold at inlet end 173

Ak Pk et i rﬁﬁf?le@%er%ﬁ@aﬁ&%ét@ﬂ%ﬂtﬁ% cah BE BH@&% &8 e 8f more
nore channel's or grooves 174 and 182 that bond to the
holtlcl)qv(\:?‘ [[ur{)%gllgg andC bondd th thermoplastic resin 152 in the one or more channels 150.
The one or more hollow conduits 166 and thermoplastic resin 152 form fluid tight bond or
seal 162. The hollow conduits 166 are co-extruded hollow tubes 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
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172 or 180. The housing may be provided with one or
nmore fluid inlet 178 and fluid outlet 196 connectors
bonded, nol ded, threaded or otherwi se connected to the
housi ng 186. The thernoplastic resin 172 and 180
bonded to the channels 174 and 182 in the housing 186
al so, bonds to o e hol| ow tubes 192 i.ncl udin
166 hof termpplagic ok E%Fgﬂﬁatwap |ﬁawrlba&¥F}\ H%Eﬁs’é‘u@gFEp that
hol | ow t ubes, co-extruded tubes or any conbinati on of
is thayegly beaded thdimephpiayp tubeilayer dftes Tha outer Eyen ofthe gerexisuded tube
outl et 194 bonded to the housing or sleeve 186. The
manohlyawat thosegsoraems of hicenolooniabek that drépottekinnhe fesin (not shown), or
exanple at 176 and 188. As shown for illustrative

it nRYTIRRSES oiRld¥s of fhe hbUbk febes A HIuitete®OThé RGIFVERIbBs N®Ymay be one
be cut back inside the ends of the housing. Resin 172

LRSS A0, N PR o

be ‘5%&%2@38“1&?’&8 bl R P g OB TRSE bR Sty Bprmopfastic

meldinp of encags to the housing ends 173 and 181.
coafsignetalspr egirmiobular ggteriglses in cross section a
non-limting exanple of channels or grooves in a
por {0®H ] 5TIGEREos Il Ingtratenaicenshange dehvise vt hivaa sleeveus digusing 186
to bond with hollow conduits. Such grooves include

thalp eicl@dee a Ppoitioni dfitheeltbllooy ¢oddbi@nghichmayriehodisw(tBhes or hollow fibers.
trapazoid shaped groove (A), and conbi nations of

Fldidd ﬁﬁ? b@ linl€f tB%e shaRes 170 Akd %tfgt o theRIByigE SOMRS . A fluid inlet
theit depth, their spacing fromone another, and their

R A PRl HRIRHEARE s TPIGOE B s con e
SN T KT TS e

These grooves can be mlled or forned into the wall of
inclysies RBRIgl merexbantels of grepien 17hgnd | Shihat bonslrto plas tpmgpplastic resin

surface 210 and a distance 212 fromthe outer surface
1728618 Thechoosing inmy berprowtiebweh okt GURBrefBuid linletst #8atnd Sluid outlet

rectangul ar grooves or channels |ike groove 242. The

199 EONEEDrd BdnklB® ThSIUEd, RigredtiRY 0B BtHe! B Bortheblied t@Me@0ddAg186. The
fromthe hou5|ng or sleeve end 230. The housing end

the%?‘lg%lg?tﬁ r@ﬁ honded 18P M8 DFGRRh M ne Vel HeR 11823 {Helﬂogsmg 186 also

con e grooves

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
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can be characterized by an opening illustrated by the
di stance between 232 and 236. The grooves nay be
equal | y spaced, for exanple 244 and 246 or 246 and

0 h. 0 -
to R Y onbf o CHE TrosBY s LRIRIE Mt T RRA S P BB Gyt
and 244. The grqo ave a depth 220 fron1the
qunﬁ?‘iésrtoélﬁﬁl?%’é‘gfégs g% mlgﬁousi ng (grooves nmay be on
the outer surface 240, not shown). [00431 FI GURE 3
i || (9423 FESURRS il sisaes inaﬁosﬁfse@wn&mmgéln@wa@éle of channels
housi ng, sleeve, or endcap in cross section with one
or groornes & spa@pen of hhousdlgs endcagr aoleese B4 isiused tchioansli wigh hollow
endcap, or sleeve where different types of tubes are

coRitdeduet gidb¥dseflclude A MESnANintlkaNH edctangdRf grothb£(B )i fpazoid
|IIustrated as open trapezoids, can be any shape that

I
shiped 5*;“‘: AT BB APl éﬂhéﬁ%ﬁgw %huef‘i“?‘ths%f?? 2 igoves,
i nner .surface
theﬂrhﬂgePPPo Hregssp'rl%% B%’r"”(erf‘&f’a‘fﬁ&ﬂﬁ?"efr ?CIP% fré’&b% °ad gf the housing
fusing with the . thernoplastic resin and one or npre
maﬁ&e|vamﬁ<é:wﬁaalﬂttlgnlwﬁﬁé Elie 1 2R &hasrs R 6rosheEcPN @i gortion of a
channel s 304 is bonded to the thernoplastic resin 310
cylaidowegl shéevh vothgrapazerdally shapédogroovdse4 0B 1Be mner [32001 of the tube.
t he housing 314. The thickness of the housing, sleeve,
Thede gockeapan bdimilledi @tfamme ibet the eall 30 thedivgsidg @02 ¢can dogh 208 from
chosen to neet the pressure and tenperature safety

1nn%ﬁhd>d&i}1% ﬁffa@é(@ﬁﬁé}ﬁlea &l@t‘éh&ﬁz 10GForh ke dd%éresﬂﬁf@éje Hi¥Cof thé‘housmg or
3, 318 illustrate hollow conduits that can

sleQ\pel lfqﬁ[}lgngﬁ 11l ?Ira%%‘? ?a[ngﬁﬁk n%%%egﬁglj Jhg el§ {ﬂ?eé%rbwe %112 The

CO- ex
otted, i resin 310.to forma f h sea

grqepves inghe honsinemay be foringd p diyqnG 231* %ch -ebsew%%fdsleeve end 230.
hol | ow t ube bonded to the housing 314 with

The hewsigpeslst3iOcan bg bandegtg an gadrap|ar yeldedite 8 flugd¢anduit. The grooves
bondi ng adj acent tube together. The hol |l ow tube 320

cathixsclamciarized by ppoperong dlustratge by wietdhstanpefteteced 232 and 2316. The
outer portion or thernoplastic |ayer 326. The outer

grdoR¥emap Bél ed UM spdcay Sfor 6AMKO LI Bl 2ARSDIBl MF IS0, or the grooves

materials, preferably the outer |layer 326 is a .
ma&resI i @J g?ﬁ%&e%g?@?g ?glg{ratfeﬁggﬂgé lﬁ%\%gcrhtsﬁﬁcé El%l?&%@é&és%z and
244. The groove may have a depth 220 from the inner surface 238 of the housing (grooves
may be on the outer surface 240, not shown).

[0043] 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
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melting point tenperature than the inner |ayer 322.
The thernopl astics for one or nore of the layers of
the co-extruded holl ow conduits are preferably
perfluorinated thernoplastics. [00441 The exchange
device may have a process quid inlet and outl et

to .the housin rece|V| del i vering
ma&l‘wﬂwfeést AT VG GoF ey ¢ awaaﬁﬁ?agﬁisaxg i the
di spense too]. The exchange device can have an
theaneHatigaesin aidionsroraeerihABOW (candiiisn(Te seiifebe ofthd ee or more
fittings for flow of an exchange fluid; the exchange

chahhels 404 spgmndéde the drrhbigadtceatied 10 hloug dvithroqe roo s s hollow tubes
fluid by the material in the walls of the hollow tubes

3 18dHd 3206n Rt HduBiglg 30@Nadhe thitkiesdeiuBe Rslising, tl8eve, UP@sdcap ke
exchange fluid exchanges or transfers mass and or

dlstt%ﬂ I&Yw% §U8 376! Of RIAGERT0 fnﬁe‘ét ﬁleipﬁés%i‘é Andi Els‘?nﬂ%?ith&"!afety

e exc ange device o0 resent

raﬁiﬁ% fﬁ&sﬁarlg”5§Vl8? R e RSB RAERS 17 o) %ﬁ‘%sfﬁ%ﬁ hBfS ¢ %Iadmts

h the process 26 fluid inlet on the exchange devic
tha%ma bshotlgdrbep, poreunRr skyed §plpw didsss, %H’F?Ftélldé’dg‘@”%‘é tubes, or any
treated by the ocess fluid. The exchange devi ce may
corpgnatgmcbfakesp apttetgifn resinl B $p enwemsyfbtie tightrseal. rle F1G. 3, 320 is an
circulating fluid flow circuit. The apparatus may al so
illubtationest al cocdxtrd@edhgiint fubk Boiidedtte the hduging 3 ikt thernidpYastic resin
exchange nmass and or energy W th gases, organic

3105980 AlUtrRGs Fdst thhdi rad%éégl‘ﬁecﬁ%sto LYEdSTHeHN B (086 320 KR an inner
high purity water. Preferably the substrate or article

por{18rt1 Bfla%&r &gﬁ Fi.qfagx g&? fnd 519 %Isp(;rlilglll gr fh@ dﬂqu%%c kﬂ‘ger 556 The outer

S SUC as copper an

sen1cond ctors C rseni c or, sSi

oy RS T PG Ve AR fB%fFﬁl%}ﬁ]Pr%flﬁ{f%Ei hgRpiepver 326 is a
100451 FIGJURE 4 illustrates an apparatus that includes

thegpondastis arpdlaefifupiag sfithithe thepperlasiic reviy apd Mere pigferably has a lower
conditioning a fluid used to clean or coat substrates.

melfing papp sangiengturerthyn thachned &ayet 3320 Bentenintaplaspesfos pne or more of
val ves, sensors, and particle filters. For exanple, an

the Wl‘ﬁ’ﬁgﬁ‘e £d- @ktﬁld%ﬁ@loﬂw cbﬁddi’dsra@@f)l%fkriﬂ]{)Qé@hoﬂﬂat@d(ﬂféﬁﬁ«ﬂﬁastics.
device 416 of the present invention by punp 446

thr ?IMgFIé ‘”}“Pe %Haﬁél&aélev%y Haf £R:E ﬁf@ée‘é? AdHAnRPgh LAlIePBR-nected to

par I'ter

the housing for receiving and delivering a process fluid into a re-circulation loop orto 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
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408 and returned by conduit 404 to a hol ding tank 448.
Process fluid 428 for cleaning or coating the
substrates 434, for exanple a sulfuric acid and

noAHEPOERRROEL PP L o B 8 SRR, B e
R G I LT A P

_hol ] ow tubes in the exchanger. Conditioned fluid exits
cirquipsing X Age crevit.c Ehaamaratpsonghalse pirthsnaicluslgjapsrtade Blter. The
val ve 420 and optional particle filter 424 and enters
appateupnac eshangenkassrand we emergywith Bases porgeids sottaimkngdfidds, or
can include a drain valve 432 to renove spent process

aqulebtd Buid§ memdiddeultraRighdrhdity WRRA ORrefialdP PRY AbstPat®br article to be
systemfor treating substrates nmay utilize one or nore

| 65 idFyd s Todt Bitb@tdthGalsRucH.
refXEPISGrGEN A58 iRfules bIF ! At d T Galsdual Weconper and
L mersion (not shown)., co-current flow, or count.er .
alumnif, r?me‘i"g%?"“’Fﬁ énc\i\%?‘%% ST AL F%HEB?H’ Of E4ATIG “Bci‘ﬂ‘iing Flymnum,
526 is treated by the exchange device 516 of the
barjyyny SBASIORtAWRNL i on by contact through 27 hol | ow t ubes
in the exchange device 516 with an exchange fluid 560
whi ¢00454 FIGURE4 illuechtessan dpparagpsshasrnedudes an exelralkg&86vice of the
The exchange fluid 560 nay tenperature conditioned
pred&it igveatiot Feseaditionipg alflufid eded t6 ekhs bi veat bub¥ahtes OMhe apparatus
heaters, a source of house/facilities hot or chilled
ma{ah@hde Mhili %Bﬁkﬁﬁﬂs,\/ﬁlr%psg DRvéd Yo RBihdisarEcl€ RRBISC Fhr EBNRiple, an
is generated and fed into the exchange device for
. t . r i The.
oxRFe A RS oy R G R RBRTE al by i ATBSY e
. the tank or feed directly t .he exchan device. In .
invefien Bspugod ¢ Siroieh 38 parfoslPadelT pe £ i cigel Prtite fter
used to direct the exchange fluid through an optional
40pand fegyraed by eandur @84 snal h@‘gtﬂgdﬁ%i‘{ 44 j Rreeesh flaid A8\ fer glegning or
to the exchanger device 516. The exchange fluid flows
codtimgabegysubbtnaeesih dmgxaniple calfnfi6 aarddind Apdiogen péroxide dolibon, can
the tank 556 through valve 564 and conduit 554.

be ?ﬁnp&ﬂ@ﬂ' Fyidtguenpeaosnangeh hlijukdbles/abipab iag dnthbeQBRange device 416
acility source to exchange device 516 and di sposed of

whelel &%}éyyeXEﬁH’n%H QB OB Wekn AR 458 AAd process fluid 428 through the walls of

the hollow tubes in the exchanger. Conditioned fluid exits the exchange device 416 through
optional adjustable 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.

[0046] 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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drain (not shown). Process fluid 526 fromthe tank 550
can be directed by punp 548 through adjustable val ve
552 through the exchange device 516 where it exchange
energy, mass, or a conbination of these with the
exchange fluid 560. The conditioned process fluid is

enmpyed, f he e vice thro h tional .
hol[ogf @éesgfgfl 6]2,%6] %gg M IgIeXChIngg, djggO ﬁ@%-lglllustrated as
returned to the process tank 550 for treating the
beirg gotaddn e sark 266, \IAsteachange Byisl 560 mayitesperagy cprditioned using a
di sposed of through valve 540 to renbve energy and or
clotrdZaochiler, chstive mhmertstondiegterse x shang ef ldewe/teilized hanar chilled
direct it to a waste treatnment or disposal drum

wafeRr AHeMattadlly theFR2d mhh®e WahtRidal MEES Sehdrbtied af@feddBto the exchange
treated by exchange of mass, energy, or a conbination

devide %Pgﬁgs géntsﬁsr ?%%1%%96&8%1&' e ftJh |l F Oa\ﬁ'd%‘?@hérﬁrc&’l%gh

val ve and into e exc Inge evi ce
047
msi A g RGN Fil o RN S F%S&s%lang%sid&we In FIG.

. be used in chen1ca processes or
5, S&é iy ehwéangerﬂta%paﬁlpémcaehf ussdrta directithe ﬁ%ﬁhﬁlil&elﬁl%i through an
the present invention provides a device which
optivmaaaticls fiftheS @8gandriptignal tagjusfablehalyeot12ita gher exshangandevice 516.
housi ng seal during exotherm c scrubbing reactions
Thevehengef frid Exasphreuginthe xketaage féviteds licsandwan be eglutgd to the tank
reacting a conponent of the exhaust fluid with a

554 t%?&fg’h\(/ﬁlvle'%u 'aﬁ‘d c&Rduit 5‘5'4 @ﬁ%ﬁMl%@%ﬁéH&ﬁge ABidADSupdliee from a

a porous hollow fib nbrane potted into a
| .
facf;@#%ol}fl??esﬁae\&%ﬁg BQ\%&?§ 6 leedlﬁ)g)tséd ?@dlﬁ%%ﬁ lﬂ%oh%:}}\qvc(%nﬁglt 554toa

ho si can ui d, flow t hrough

ity BoLSRpas PEEED m%%ﬁf@éﬂe tegbash oo g ey p 848
of the present invention may be used for cleaning or

thr@tgétaldh@ta@k #biei g thipwsh thetexshangg dewige At wherejigxcange energy,

illustrates the coating or cleaning of a rotating
massubsd cahen®ie ofithésefwith e fxdmamgoflnide663 T'he ceatigohedrprocess fluid
conditioned by transfer of mass, energy, or a

is r&5RidfRéh B &dchitbesieviey tHrB@g}ﬁéﬂlﬁhﬁﬁllg@l\EéeS/HSQﬁhd%ﬁona‘f\@ar‘ucle filter

exchange or working
522 and is returned to the process tank 550 for treating the substrates 524. Waste process
fluid 526 may be disposed of through valve 540 to remove energy and or hazardous
chemicals through exchange device 544 and direct it to a waste treatment or disposal 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.

[0047] 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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fluid 650 froma tank 646 (or house facility source
not shown) can be nade to flow through the exchange
devi ce 618 using a punp 642. The exchange fluid 650
interacts with the process fluid 632 through the
hol | ow tubes in the exchange device 618 and can be
returned to the tank through valve 614, optiona
particle filter 610 and conduit 604. Tenperature
conditioning or chem cal nodification of the fluid 650
intqgay lethe epitiog resin By kavdingised aluring exothesni¢ papbling fggytions where
i ncl udi ng heaters, chillers, chem cal generators
for ekammiplo ge rxlmusothad és ])urifaaldd)yoemthlglal e@nponéiltwif thef exbaost fluid with a
source 632 can be delivered to the exchange device 618

reabtileudd, ¢Bll 86 S cSMBIMEE of 38e Sitle BHAPoES holldVe fibéruhémbrane
may be treat ed by an optional particle filter 622

pot%@\s}ﬁtglel 1%%1?48 Sﬁﬁ%gg g}c%geg Xl‘é\@@&tﬁﬁ%ﬁﬂ@ﬁo& uscéo%éﬁigﬂ;bgﬁ%mé a unitary end

used Lo S9 trol I sol at e
st S PERUREE hGRBL S qiep R 53 R RLEHE potted hollow
exchange device and transfers nmass, energy, or a
cordyfibi nati on of these with the working fluid 650
t hrough the hollow tube walls. The conditioned process
f | uil@D48hey exehatigs devisedf the peesewtinvdantign oraythearsed orickegning or
substrate using punp 632, which can be a dispense
coingf nthviedub sraren divr exanplo 0PI & iB30rated Ihe 8383 oABleaning of a
exanpl e of a housing, sleeve, or portion of an endcap
rot%ﬁé”su@ BatOb36TRAR flus BBk 33D k&%aﬂeﬂ e Eorﬁl'itlcﬁféﬁ %"’g tM@bfer of mass,
e housing is illustrated in FIG 7(A)

ener% o?aclaﬁl% aﬂgn F eLe l%;th%legal g(WHE\nce ?fkt ﬁ%ef‘cjhgég (?r]vgorkmg

erconnec |ng grrooves or anne

strated . o rface of the. sl eeve 726.
o eI ﬁw&g B8 Sriice hYCHEMAECE) i Badeyg Tlow through
i nterconnecti ng grooves 720. The venting slots can
theggxclange éﬁwg%lébgusm&@ pump 642 o The exghang s By (ORB integris with the
during potting. The housing can be a tube or sleeve
prachstfluiéndl tseshahpboliavotubes inathe exchange deviial 4 1@vantl whe be returned
and may be pretreated by fusing a coating of a

to he\EiRItBEbULR Q4INE BIl AIptiGnal GartRId filksH 910,an@ cofiti0ag TRmperature
thernnplastlc to the inner wall, the thernoplastic

o 5B A 0 A anhg by agpion
de\gﬁ%;rtﬁ%tr]sgigyvn%Flcludlngcl}/eajte?sq rchl‘lﬂ'lers clyetr)nelg’dl g%t?er}gt%lrst @ygr%\éen &r ozone )
and controllers. Fluid from source 632 can be delivered to the exchange device 618 using a
pressure source 628 or pump 638. The fluid may 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.
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si des includi ng hexagonal , rectangul ar or triangul ar
conduits. The housing or sleeve may be a
thernoplastic material or nay be a ceramic or netallic
tube coated with a thernoplastic material. The

t hernopl astic material can be a fluorpolymer. In

pr ef enbod t.he houS|n or sl eeve includes

onel ‘i‘fﬁ%neexewal%@n@quﬁng HECSVRrE P 6%‘0“0 1% nﬁm withgge or more
can be bonded to the hollow tubes. [0050] FIGURE 7C

channglgsn thetivrerjon ovtepvigll o& e honsiag isiystirded indHCGof (Ahdn FIG. 7A, a
sleeve 726 shown in FIG 7A and FIG 7B. FIG 7C

houdingidiel at sleeaneitib ventdgesldiol | @intacomohactig, thagcboves or channels 720
particul ar co-extruded hol |l ow tubes 708 potted with a

areliN@dtrigl @sSihhér shefftdofBE sledved26t IFRGMPRiAKtrates & cross section
t her nopl asti c coated housi ng or sleeve 726 havi ng one

Velgflllgr%t$7 % f?l%f@(ﬁmegtﬁ% Ogrééﬁs 75627 g@g tin é”slth‘ A R100ORS IsB&s like

he co-extru ow t ube e an | nner
7 0 6 d dit
air & bpad R S e BRl ey e e b U rbRes 'Slﬁﬁvee%at

outer layer 706 of the co- extruded tube fuses .
englpses BPBIIMBLTANE AT FREE FloniiDELATSgHEY berefEnted iy fsiiest coating of
to the resin 722 and the housing 726. In FIG 7C, 710
a poiderst] tlzermeplastive cogrendihgyes malding hahermoplestivette inngewall, the
and the potting resin formng an arbitrarily defined
thermbgladtcan de par Btnonmitbe tomiiALsed ties @ke illBiragd 39 936 in FIG. 9.
| ayer 706 fromfused resin bonded to the holl ow tubes

Thé qu@r[gmgﬁ Y8 bikds ALl miRELoVy lifR & tdb@@tc'oﬁ&nﬂ;rlﬁﬂ?l\ﬁ %ng humber of
sl ot 12" for inner groove 738, and venting slo

s1dg?%cf21811{g3{;fg§éjo.}lﬁg rectt'ﬂl% [}g%? Jg &18{ cont%pfté n%hgﬁgusflﬁgo&] gl&%e may

grooves ng po
aces of these slots 716 nmay bon

be & st BRsiG: macHdr inas o ‘aﬁ%mwgorﬁ%%tﬂllﬁ a}baﬁsatee PVitpgytgermoplastic
of the grooves 738, 740, 742, or 744 in the housing

malssiel e termpeplgsgic maieyial 621 be a flrpr@ohmepein arﬁ&r@ﬁteemodlment the
that the grooves are filled with resin may be varied

houmyng-drashapiva gncluties oagroumbreothatiedy mpé amer or suesi wall thatt ¢ag be
pot and the placement of the housing in the pot. A

bosdétiftb eieetitfilotgb&r of grooves are bonded to the resin
to provide strength and integrity for the intended

tjigé@fs gg?ﬁ%@ﬁ?@g@ggﬁ& 0&réRdedth AAQAd 'peﬁlotnl'bq LRV 726
shown in FIG. 7A and FIG. 7B. FIG. 7C illustrates one or more hollow conduits, and in
particular co-extruded hollow tubes 708 potted with a thermoplastic resin 722 in a
thermoplastic 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 layer of the co-extruded tube and the potting resin forming an arbitrarily defined

interface separating the un-fused outer tubing
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and to housing 726. This can be determ ned using the
test apparatus of FIG 8 and expected application use
conditions. As shown in FIG | A-C, each hollow tube
708 has an inlet, illustrated being connected to 734,
and outlet 724 for fluid flow. The inner |ayer portion

of__the o-xtrd ubi. n ere o r er 706 i
laY%ft?qqfh‘ﬁP %%GSE@SF% ‘&’2’8&%’ %‘?ﬁg ‘%}?é%gﬁ%‘a EX‘FS&%%ﬁ Ghe or more
portion of the co- extruded tubi ng where the outer
ventigg grodyas of deted 12 fortineer igeadve 778 2andsventing slgts7d o arpydye formed in
736. The potting of the holl ow tubes creates regions
the hadsihe torventirghens Hainh tw groaMes §4@ 62 cartdiat4pditring pgttings iThe
722 for fluid flow contact with the outer | ayer of the

surfaes EPthésd ARMs 7 10@8sy BOE with efeahakiopldshe r@iomre sDafifs potting one
arranged so that the|r hei ght decreases from the

or 1%1%‘2#%&‘ bER738 M0 ‘#Ei %tr 7% irf fh€ h%hﬁ%%’ Bo 1?1” wﬁgﬂﬁ' Pk égAfr%sin.

oove near eét I nteri sl eev
dj t
Thhurtlief S §ﬁtsnt thi\stﬁg g e ?3}“%? Wi ThSlo A 08 3?1%{? F% dhahging the
pur pases onl grooves are separated by t

am??fﬁﬁ’éﬁtﬁ’iffa%lh%}ﬁééﬂw thg pot pd the plasegerifof tﬂr?eh%anngén the pot. A
bet ween grooves decreasing from 742 to 738. The
suffigientanynbendf gropvestane borfdsd tethedesin hygprolideptiengthgnd integrity for the
process may be recessed fromthe end 727 of the

intdhded igepfahe Slcheve défretand farbondingebels Ry tibed 2@eto fRSresin 722
The end surface 727 of the housing or sleeve can be

andbt%rh@ﬁgné 26 NHgidRSn bd h&tbchihéd ddi e t&3f a;]Y)?alregﬁgoﬂ P 83ind expected
conduit. 31 100511 Fl GQU 7D illustrates an end

app‘? 8£t§dn%e %Encﬁﬁoﬁsx C‘{%}%g@qﬁ \F%éel % gé %ar X l%g&thgg o8 me n 1n1et

Oor nore co-eéex es onde

) e fused res m rtion of t

ﬂwtﬁaéf-%ﬁdf{%g?f}nect%é? i 308 s g2 ROn BB ot O m%hlen%@@mon of
758. The fused hollow tube may be bonded to the

the cpexrBdtdigbing vdiere orEemiBysr 90 |1s:st&1d§@&e@t wohewagyde8. The inner

sleeve 770 (simlar to 726) having one or nore grooves
lay &g rtiatoeX, thy 8@-extondedIdbiby whesi the oater lay érehak dusei mg theiredhin 722 is
the resin |ayer 756 on the thernoplastic hollow tubes

illuStratBy b sk t TpHindof the BbIMow Qule® Efbafes FesHETBL &8t een fhollow
t hat bonds one or nore holl ow tubes to the housing 770

tub@hoQB Ehe 3f éﬁ% Il%Flg r@QYﬁxsﬂtﬁﬁ%ow7c%Qltac? RAh 1 o&gr“laye-ﬂ?)? the co-

co-extru ow tu ave an

extruded tubes 708. Preferably the grooves are arranged so that their height decreases from
the groove nearest the outlet of the sleeve or housing 744 to the groove nearest to 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.
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I nner |layer 754 and one or nore outer |ayers 756
(additional |ayers not shown for clarity). During
bondi ng, the outer |layer 756 of the co-extruded tube
fuses, mxes, or conbines with the outer layer resin
from adj acent tubes to bond the holl ow tubes together

786 ally the housing. 776; additional
t heﬁﬁi’?ﬂ EE@%%% S‘F’rﬁﬁs HrengsReyt l?fbg%adh‘a‘cg?fla%eéiﬁ“ﬁﬁ prpcross section
hol | ow tubes to the housing 776. In FIG 7D, 760

whete anstor a1ase co-estrudegituhes I8 aee handedis each ofhey by fised resin 786 by
bonded co-extruded tube forns an arbitrarily defined

fronnd portiac ef the pharatoplagtid tesin layer 866 oo utlpredt hpbow odbes [i88. The
co-extruded tube 756 and portion of co-extruded tubing

fusel 8680w titRmay RYRINdBd ¥EHe MerMoplastidor AB& nplaéii® codMPhAUsing or
nore grooves or vent slots 766 may be forned in the

sleg\ﬁel ’}'708(|sﬁ’iﬂg1r %‘7?@5'@\/8 ohB8r Hﬂ%r’lﬁ,sérrd?vgsok W@Q &@géfb'& $Wion of

one or nore’‘concéntric orne gréoves 7

792 794 dur D These

theg}}oggl\l}% gvl‘(g]rtg% Lssin lagefr fég%?gg ﬁ]ﬁg)gwgg/sélc?wg g%es SF %g addition of a
di ff erent depth, S|ze or. shape than the grooves

restrgi@ forny g shergpplaglic TIdPtRPNEHERG FgneIsdelo e abatde gheéléwsmg 710
bond to the thernoplastic resin. During bonding or

ancpotet prrrgorsrEEo®IEs dF,&/90f 73 er g4 oltwscor@@rudzdbollorgbephave an
794 in the housing can be filled with the potting

innkeeRiyer A8l ahild @ne or THoee sutsibiayerafslo extdrivhalt lapdrs hbeshgivadvedarity).
are filled wth resin may be varied by changing the

Duﬁrﬂg %Bﬁdlﬁ% thé §ut@pﬁ &Ststof! F[l?esédjeﬁtfhdﬁﬁ‘ futROfus@Nehitdi€or combines with
pl acenen ousing in the pot. A sufficient

the %@qe&ye&) iesggﬁ%%ﬁ{azgrﬁ ’tu‘t?egg r?dzrhe b1 hg\g %lébeg rtc?ggﬁ%? 9@@ ]allicPthe

rovi ren grit

the i ended t he xcha deV|ce f

opilly feqalémﬁﬁo#dftmkt SGRaTR D iy Pogsidle bopd ae or more
each holl ow tube 758 has an inlet, illustrated

holfeyw et Exithe bogoms 7HndndiGl &P, 7ebillpgrates the degiorowhergie outer

portion of the co-extruded tubing where the outer
layeagfethe Bofiled sosixirtutedotubs Eortnsias asthoamly kg fiZeBintdrfaee separating the
portion of the co- extruded tubing where the outer

intha@efer Rsr Hane eslek@uddjtaseTso dmdlgoarcsmMdLdxti®ided tubing where outer
thernoplastic resinis illustrated by 784. The

layggréﬁ)téé &Hun 189h 988 on7 . hepd 11111189’8 %IH uio? (l?rﬁtsﬁﬁ’,s 76°R4¢ Be formed in

tween t he ho om1tu ow cont ac

theV%vetllpalgtl?ge ar el&ls? of the¥1glr1su?g for Ventlng gas from the one or more 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

32



extruded tubes. Preferably the grooves 788, 790, 792,
or 794 are arranged so that their height decreases
fromthe groove nearest the outlet of the sleeve or
housing 794 to the groove nearest to the interior of
the sl eeve or housing 788. The wall between adjacent
roove  ng y. shape sho in E
7790 %%Ylﬁ%§t¥%ﬁbﬂ1%68@8§g’éﬁf {fie ipigR 50 96 g Poeg fevippand for
t he shape of trapezoids. [00521 A test apparatus for
bonggngstlie ihalow kebep ﬁg ey hcwméﬂ TBedsoheancachofollgn ke Rahbes an inlet,
devi ce may include an exchange devi ce, sensors, one or
illuptpated t@siectbd td @38, asddutidt GPE fdrdhuid flog. Tdhe poaes lohcaextruded
punps, conduits, and valves. FIG 8 illustrates a

tubﬁ@ﬂvﬁdré‘rﬂfeldﬁ%r@éﬁ@WS&s@ﬁll@res@@ﬁE sHEWH b8, tdportisg bEhe go-
an exchange devi ce 804 having one or nore holl ow tubes

extRRB4 ﬁ%lﬁgo\ﬁaﬁe ﬁ‘rﬁsciuﬂgf 19§ r HhEC e@%h&]gceﬂpﬁolfbé»bg@{dﬁl s or

grooves ow tu e exchange “devi ce 4 un
theevopa%%@réﬁ bttt et P EHEE SRy lﬁb&é Creates
The manifold can include a shell fluid outI

Spa8%7m8mf2| betwiep t%hﬁ’\‘&’f By @rﬂﬁldo%@w SRatRctariEs e ogtes layst e%the co-

can be but is not limted to a pressure gauge, '
exttugag 8rbas. uPrefasatdh the grooe 8B at900 A9 2roni7Pbare amagged so that their
anal yzer, flow meter, or a conbination of these. The

heightuletreqdss lfidlin e gremesiresale batldt biihdlsicecooneaisig 794 tathe
val ve, preferably an adjustable valve 812, that is

grof){/éjhélllréét EPMBERESS Jrehd ﬂ@ev@ % RaNgS, Py 'Pl?e \%ﬂ b&veeBdBacent

The exchange device outlet 816 is in fluid

o I L L0 e TR

he oué@ hﬂ excha ges mass, energy or a conblnatlon
arg Hy IFH’Fﬁ@e?¥ "d from source 834 through the
hollom1tubes of the exchange device. The change in
st al @01 Artesfiagparpanferneasugagthedategrity g pedomyanse aE o exchange
850 from 854 and the state of the fluid at outlet 816
deiommsy irehelegy, exclrngaideate, cemgoos bh¢ omnhogsesrdasisr adl fiyid handling
sensor 808 may be used to characterize the

deva€dsfSQEBIYSEN Y, cotfu@dlrdntl Walks t NEG @XORange e editHd4xample of a
Alternatively, the integrity of the exchange device

P FEMEI ST 0 4 R
bo?c{;e Qp &?)ﬁ%,ﬂéé: Nt eeve Q\S/’lngfong o m%)r(eag oovesp "TER 7618w tube exchange
device 804 under test, or any portion of the manifold, 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 connected to a valve,
preferably an adjustable valve 812, that is fluidly connected to the exchange device outlet

816. The exchange device outlet 816 is in fluid communication with fluid in the hollow

lumens of the tubes that make up the exchange device. The fluid from the
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or chem cal conposition. For a non-porous hollow tube,
an anount of fluid 834 above that expected due to

di ffusion or perneation of the material through the
tube walls is an indication of loss of integrity of
the exchange device 804. An adjustable valve 820 can

e laced in fluid comuni cati.on th the outside or
Ou@ﬁéﬂge’&%a%geéfnﬂsﬁeenﬁfﬁ‘/l%\ﬂﬁ? E?Flo%ﬁgl\?%ﬂ %ﬁt i Fepgpurce 834
in fluid communication with a sensor 822 that can be
thrgygh theshejlew fubes efdthie exchanggieviceuridieghaiegs, in sppelrhitid fiom inlet 842
probe, concentration nonitor, nass anal yzer,
as mgmsoted ot on8b @ fronf $ Ghandehestatepdithd fhlié atouttet 816 (massaenergy,
conbi nation of these. A fluid conditioning device 826

cheffyal REmbbstiish)ys aRARNaed BE séof HEB ﬁéﬁ bangs té @Hzir@&erlz-’éhﬂe
fluid conditioning device can be chiller, heater,

A LA IO O 0
I L. bl
oG P B B B OB DR o

rate to the shel]l side of the hoIIOM/tubes of
ﬂu1f1r$é4 afehaRgrodRfvineeundsy test soaditivas of fon exanelg RFfgeure, temperature,
devi ce can be connected to a pressurized source of
or dhemihl ppmpepitiont | kawaaed-poneustheftpertaltare ampuntt ddlugk§3 £ ebove that
nodi fied during a test. An optional sensor 832 can be
explettet duy tcdiffusioh etlpértehtien oftts inatdriai threihrtae tubd4vallk lididro
source 834 can be an overflow tank. The outlet of the

1nd§aﬁé)ﬂ oisl'ogseof 1ﬁl.feg1tlﬁleoﬁl’fé38@[l Chﬂe‘éic@ %O@O%%ﬁsfﬁy@v% 820 can be
adj ust abl e valve 838 to control fluid flow through

plaéle!a] IPO ‘le(i J:%Iﬁllnﬁl%cﬁ \Dﬁh ﬁﬁvdu‘t:s?d (ﬁ%hélﬂ at Bt hgﬁﬂ&nges The valve

urrens e EXC ange devi ce

con gfvto 34 an adj ust abl e |gg h val e 846. P
COBFBU R B BLh SERERP 2 BaEA0 DR OBF S seplitiiad to a
neasures the state of a test fluid inlet to the
pregsushaage. tapererrgpwbe oneritrafian srongey nfassHadyzesour ce
(not shown). The sensor 850 may be used to conpare the
specmbmtotmhaere flofv rhéter, phutiickk doontet,lvat combsuatied obtheseheA fluid
outl et state nmeasured by sensor 808 and can be used

conditidnirfd divebefdnehayr it fﬁn@lﬁd:oﬁﬂ&%éd% thtedghhngefeviche The fluid
hol | ow tubes in the exchange device to determ ne the

co Mdn?ﬂ J&Yceoéantﬂ'eai‘ﬁlfﬂ%r Ee%?e@,bé édstéénéljatotr %th%&{iérﬁ&ﬁe monitoring

evi c

and control (not shown) or other device for conditioning a fluid 834. For liquids, 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. An inlet 842 to the hollow tube lumens of the exchange device

804 may be connected to
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[ 00531 The wall of a sleeve or housing with grooves
and vent slots fromFIG 7B is shown in greater
detail in FIG 9. The one or nore grooves 904, which
can be parallel, are shown fornmed on the inside wal
of the sl eeve having depth 916 in the wall as

det erm ned etween, in urface 920 and the botto

an geugigple tﬁ%a@@g 864 Ihaflcigrbis i Tepy biesnnigied © a %@f@/@éﬁ that
grooves illustrated b 912 along an axis of th

megfoiesi theystatgtod p desh ﬂé@tlnéﬁ}%’f@é ﬁxchagg%@%@ S%rtbmugb irget 854 from a
bondi ng surface, and permt venting of gases fromthe

sour¢eaihoghloas).i The seasarBS@umaynge dsad it@coryomel thegnlet stpetof thegfluid to
The wal |l 908 of the housing, sleeve, or endcap has a

that MegskRRSS) 18 Buttk fsiakefleaFdHESNeh SUIB0S WAl barPEdused dvidU88 flow

wal | 924. The end of the housing, sleeve, or endcap
r

ol B D QR S the RS mp 8l in A EHAR AT hithiine he
exanpl e in.Fl [ surface, groove

oG bR e g s SPEPEERrdet W « n « herropl ast i ¢
powder_ 936, shown as a broken white |I|ine, that honds
to H9(3hdpe aefliof aslesysior haysmg wittherogagsiangvent dotg figg %HG B is
housing with grooves and vent slots simlar to FIG 9

shdyut invgredieradetabieridd. Polhe one of moteezrpovee POdvavhich gan be parallel, are
illustrated in FIG 10. The one or nore grooves 1004

shawrefshedvon tieringide aall bl ehel sheivel@aviag emh ol Gén Sk eevleas determined
havi ng depth 1020 in the wall 1008. The grooves or

betiRBA irtlePliRfabOd20 hl'iH ke %@ﬂ&%‘btf 9.4 %@M@eﬁb@ Q4 Tth?OO%EQ&S\/ent slots
permt vent i ng of gaseS fromthe therm)p astic resin

betg}ré g)e&g%:‘l'llgﬁre{?g alglfé ’iuﬁ&?}k ofhg %Xﬁﬁ?glgl}écmilgagiéacem

or ven |ng € 1 nner groove
The i nne 1016, of he housin sl ee r endca
g BEHs 3 SO R PP ESHAT kOt Zes iy Do SR Bt
1028, 1032, and 1036 between grooves and shown as
respreduriggiiaien hprding apegtiaes. Tireewplb Pofhef 1be howsng, steesmgiiradeap has a
wal | s between adj acent grooves is approximted as the
thickreta9Sedefiatdvbetwegn omeewhlb P2QandlOROr walti 924. NEhel&litnf tHdieousing,
taper shown gi ves groove wall heights with 1036 >,

sled¥d33r endb@2 832 Mg be Mekideld, fulked, RPBshd¥d to ofleE BVRY, haﬁﬂhng devices,
endcap 1032 may be wel ded, fused, or bonded to ot her

coﬁdu‘t’t%,dor%gbgis RIhEEGY kdr®ample in FIG. 1A The inner wall surface, groove
surface, or both may be pretreated with thermoplastic powder 936, shown as a broken white
line, that bonds to thermoplastic resin.

[0054] 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, sleeve, or endcap may be
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conduits, or vessels as shown for exanmple in FIG [A
The inner wall surface, groove surface, or both may
be pretreated with thernopl asti c powder (not shown for
clarity). The outer wall surface 1044 may have one or
nor e grooves formed or machined into its surface and

0 th not shown O 551, The ottl of
R e R TR a%“ﬁ?&ﬁ% "9 Yeg and
one or nDre grooves 1112 and 1116 and grooves or vent
shogingsgectargiesialig tapsred nTleq kaighied thargctangularauilisdehwveen adjacent
grooves is illustrated in FIG 11. In FIG 11, 1102
grooaes b epproxisiangl, asshedwmncesetwesndgrapvabdttong t @Ovand 1the 1240. The
and slots 1132 that hollow conduits 1106 can be potted
tap¥ shBwa giiel F SRR vaSItHefa HESHItA 1036 LST0320e RS The R of e housing,
1108. In FIG 11, a gas bubble in the resin 1120 is

sleé\Jel b‘rsér{d@éfﬁfbﬁsm 1\?%&%&8%9%} e otﬁ‘l—:r(ﬁul@ ﬁ&rYéﬁfﬁQ devices,

grooves 16 an otting

ot 3 Yr SRS S SRk Oﬁs?'«?r%éegvlv%ﬁﬁ%% tf'a%%lﬁ%wa@l; %%? hoove

i ke 1122 are al so wap Wi | oop directed into
surfage OmbsWem'@f be P%eﬁs@@f}t ﬂaqreoplaéféfdp%dqrﬁeotﬁb@w iRy clarity). The
resin 1108, the housing, and to each other by the
outhrewielbshirfasetl 044186y hayeotieatrinvwe gordes formadsr maghibed into its surface
opened by cutting the potting resin and conduit ends
andaihioethe ©@d11008 (idigheweh)t to form the unitary end
structure. [00561 FIG 12 (A) is an illustration of

t he (663535 he ﬁéﬁtﬂng Rf Bhe 6 Okl RGBS 1108tintbS Husing having one
co- extruded hol Tow tube that is used in the exchange

or ﬁl%?{ r%8¥ésr1 1Y% raf?éi gpﬁibeﬂ}d érl&?vee ?%gﬂ}t oté P%’ﬁrﬁdl&p 1nt-g{]:%nnect1ng the

Ube can S not

Cross sectio e of be nodif.i ed
AR SR AT R 15 R g dA PII@ ‘;ﬁkf@% FHipRsois nghgleste, or
tube has a therno Iastlc 36 outer 1204 with a
endcHb OHHIGE S0\ QU2 B Weler! 1208t Bolipvi oarmlushd | GnCanhsrmered with
outside dinension or dianeter 1216. The outer | ayer
thetPOdlag@rehiavibusaratedlas i meelpni hit08t A 1@l 11owsas buttbde infthe gesin 1120
with the potting resin but resists change or coll apse
is ifisttdh& dshivede wRRGHithe Vey 1ot BeddBen didevdshiiakags $ 1 BNdDuring potting

uniformty of the layer nmay vary over the | ength of

to fotfa atLHﬁ’t%ry dRVRYRe hiifow conduits 1126, closed by frame wrapping the hollow
conduits (other conduits like 1122 are also wrapped with the loop directed into the plane of
the page), are fused to the potting 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.

[0056] FIG. 12 (A) is an illustration of the cross section of a hollow conduit that is a
co-extruded hollow tube that is 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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variation permts fusion of the tubes to one another
or to a potting resin. This outer layer may include
additives to nodify the exchange properties of the
hol | ow tube. For exanple, thernmally conductive
material such as carbon can be added to the outer

| ayer 4. The, hoII be ha in yer

outp g 19 BB REC grerny o w1713 RN RHEA] Outside
that can be neasured between 1224 and 1220 and insi de

dimgingip oe diameten 12 . GThe oyer lgyey 1884 camhavejappegjeing poinhhat allows it to
cross section of a holl ow co-extruded perfl uorinated

fus¢ hathritxppatsng cesinuiue reshsvehangaofdaBap €2 fEhe innedoBduit Pger 1228,
the outer |ayer 1232 can be a perfluorinated

Thd kBl aas uhFotnhikeof thERyeF mifERarky/RAtr e PR ofse Qube, however the
darker |ayer 123 thernally onded to the inner Iayer

Van]aﬁl RDIIAIF]?StﬁJQIQH oPfhe Q%@&Qggﬁe WS l%é 3g cf’?é&'tﬂ{ FsHRURAS outer layer

astic I| trates the
n the t

var cecur
ma S Bl G T BE R hapls R BEBETPIET Sy; g grample.
of an exchange devi ce prepared using co-extruded tubes
thermally Gogduciyematerial spedy ahsarbosicee be é@‘?%‘ te Shggoytey layer 1204. >The
t hernopl astic sleeve or housing 1240 is shown in FIG
hollb@Dtubg basaninferdayer A28 fusether perrdell 40 theravsss layet wiithragthickness that
i mage of a cylindrical thernoplastic housing with

canvil theab3d batvekeh Neparamd 820 ahdhodid ©iiainelee 32 1aFIGMELB is a partial
potted in a sleeve wthout grooves at a tenperature

1melg@ F tHeec?égstsgéjudnrbf%q{ohlé@sc% @&mﬁ%pérhﬁéﬂ'@a@é@ﬁ%ﬂn@oﬂlé@lﬁ@ $ube shown
nd conplete fusion of the with the thernoplastic

t
in IFIE?S '15‘ ql%g%‘IGHPiEE OWe %ﬁﬂsg lytewﬁen 2 ARYE adp‘éFﬂJb‘?mQ{%tBQtéé}& Wgiaﬁtlc like

i'ng can &l SO occu varirations 1n

s or co 0Sj t i var in the
W&?ﬁ%%&%@?@ et e Ha iR anrde © gheinarg tager 1234
is a full cross sectional viewof FIG 13A. FIG 13B
that eandepsdigheaimedtingsper Jeerinagasdetheimppipstio ke PEA. 130, 134 dlustrates the
13D shows one or nore opened 37 thernoplastic
vargoosxthiahdeay baiul owthe onckries sarti3g@formte ofitiel cover dpreduAnsmage of a
have an MFA outer layer and a PFA inner |ayer, potted

portibh of & &lchgweR deIcB WpafidaRu@Sco-dxkfaded Bibed | 238580tRH @Sa
that the outer A | ayer of the hollow conduit has

A e el o g oo
132%0%‘] %Ié.ult3 PR partlagl ofss sectional i 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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open hol |l ow tubes bonded in a thernoplastic sleeve or
housi ng 13 14 under the sanme potting conditions used
for FIG 13C. The higher nelting tenperature of the
i nner |layer of the hollow conduit may be used to
retain the shape of the hollow conduit and prevent
col | aps due .t ariations r ss condi ti ons,
thef RoRlf A Cores TriteshaliSvchadids LRI hayg) g B4FA outer
FIG 14 is an illustration of an exchange device
layeraapdadPT Wogslariey. pai@l intoricslesye ngthonegiopveso HdGh b1 I dlystrates that
conduits 1422 that are bonded to a thernoplastic resin
the btd Mk {dyeoofethe holow eogtuitchas $uskd Ovithathel MW Pesim] X 18ewithout
housi ng wal | . The housing can include a shell side

colfahw &F tho m@br BEAZ oA, fTHek&lpatdd RllowAadhiey Ised wd@Beteshen to give
t hreaded, or otherw se fIU|dIy connect ed to t he

op%ﬁﬁfgﬁhﬁguﬂeﬁé)gpgﬁ@ élq\gl\lle ! e ‘Fasﬂg FlteF\ee (lj}ﬁltolélg’l 1 ﬁr'l&& tlﬁsasrdgle potting
te { at
o is s saﬁk@“fi%eﬁ&ﬁ%@faf%'ﬂ%t'smg?f@&l{f?. iaﬁe ey e ofthe
i ncludi ng a _power su l%é‘and controller (not s

holteppcofidpe dnay Aguspe ta 1 elsBipecdhbinellow aomsluigyd B@Ver)lt collapse

resistively heated by the power supply and controller
duastheraiyons iie proskssenadigyny, snagscoh tolefencenpndmaterifil engbosU®2.
inlet to the device at 1408. The fluid 1432 is heated
by {oesspeld oM is andiistrati@nef aasexdharggidsticy @avihg @ BodAfP 1416
and can be renoved fromthe exchange device as heated

endld Mﬁé’oné&%ﬁor@thon%%bﬂ&lfsl MQ@ tlQalt' taieec;onaéc?ﬁy a theFRlastiB®esin 1440

exch ange devi ce rray |nc ude is not limted to one

w1t210(1n]g%r 9}0?%% o%ges nne g?ﬁlgt\'lllvgﬁ t&)&?gtswgl?ﬂgﬁg h. ng"csan include a
Sheﬁkﬁéﬁ?%%laﬁ@?ﬁoﬂ%ﬁgﬁé g7 atles ] S B doadich diguted qurathggvise
of the present invention can be made with a variety of

fluiddy Fweetshsuihe honsng kil 6. VArg GuBerp of ligdedlopngraguitseagrigelude
outer surfaces including but not Iimted holl ow tubes,

resrseigt smgs bafilacentuli402 that magrvgwoanectaidnduietestricihardual at onds
condui ts generally have an outer surface and can have

repP&enteB b 140hannel 19, altengectial tirglitdaciofing @rdwet suppieand

porosity of the hollow conduits walls can vary
controller (not shown). The wires 1402 in the hollow conduits 1422 may be resistively
heated by the power supply and controller whereby thermal energy is exchanged with a
fluid 1432 inlet to the device 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.

[0059] The exchange device may include but is not limited to one 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
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from non-porous to those having a porosity suitable

for filtration, liquid-liquid contacting, and |iquid

-gas contacting. A fluid phase that flows through the

hol | ow portion of a potted hollow conduit, called the

| umen or bore for hollow tubes and holl ow fibers, can

transfer mass or energy to a fluid which surrounds

the outer surface of the hollow conduit. A holl ow

conduit that is a porous nenbrane can be described by
andggptey puefpces hiagheding befi nes Higlited hahew aubes| isplengudiageades, triangular

di mension with a porous wall thickness between them A
condolit$. olhanlaritopocamdsits ganechliythavs amowtenslufate hithtandane bee more

descri bed by an outer shape or dinension, an inner

chafih@p&lods thedh§TBOST Qhduid The BofdRifly O USIINRIcbnduils GAaNIE $8n vary
bet ween them For hol |l ow tubular filanents, having

RSPl DS o N R YO g
L T

twi sted and optionally thermally annealed in_a first
hollompepndhH. ¢atedh thedemengr %@ra G hllonybeseqngrhatlay fibegmran transfer
each other after cooling to formself supporting
massedriepergy shaped! whichewreunds tiref @rterrsuifate ofgﬁab@l@vs corglug. A hollow
tubes. Thermal annealing sets the crests and bends of
coridb® tiudid Dporbub@edmbranbain bé beciibet by sluahtehhbapovr ditle@son and an
or cords can be separated and handl ed w t hout

inn&t %@%&Bﬁ &ReRdon wil@SRSRAPALHIRhEQWetWRE thaY RehdPB Rf-porous

in the thernoplastic resin as described. [00611 The

' - I i n
corfih S nhPRFk FRbs ARSI & il hpREf cFGRLAL SAE shape or
. surface |layer integral wth the suhstructure of the
imEBRBRANAD & -SRI ST HBRIR bW e e, i hpllp Witehplgiilaments,
resistance to flow through the nenbrane resides in
havingeparppsorgienrporqusevalsy aeedigiptsr definee e hallewpraen or lumen of
| eading to the continuous porous structure of 39 the
the subestnd wat used, togarryraye bitha flnals-qpexdusge medigmal
filmlike surface. In porous skinned nenbranes,

per 1ewdo] The BN SneRTbirdRE ok Molyw 6OMNAS hiay Seltraved it thigéd and
the pores. Asymetric refers to the uniformty of the

opttHafly %ﬂ&ﬁlaﬁf heR31hE a‘ﬁ%t%&%@%ﬁ 1 thO&dTBE aRRs separated from

each other after cooling to form self supporting helical shaped or non-circumferential
shaped single tubes. Thermal annealing sets the crests and bends of the hollow tube so that
the individual hollow tubes or cords can be separated and handled without straightening.
These shaped hollow tube may be potted in the thermoplastic resin as described.

[0061] 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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for hollow fiber conduits, this is the porous wall of
the fiber. Asymmetric nmenbranes have a structure in
whi ch the pore size is a function of |ocation through
the cross-section, section, typically, gradually

increasing in size in traversing fromone surface to

03|n urface. Anot her of . definin
the 5 4 qranayple 4 BT PIENS tsgeal & | Btk stirtste 15meratieskinged
those on the opposite surface. [00621 Nhnufacturers
mepbaige.ePeEB RNt ascaty PR mas pbpeoraketiveHi ek thiewghetde pores.
channel s useful for housings, sleeves, and endcaps;
Ashiahdeowe eerotesthereniforanty afaheporesize anlabsmlma-thipknesmsf the membrane;
hol |l ow conduits froma variety of materials, the nost
fordRMBwalbet tasmithahRgs Ty gbbhﬁlts iviall S ABR! aﬁwn@ldﬁ@d MeRbSanes have
These can be fl owed and nol ded when heated and recover

a s{r[f&;lilre in Wﬂicgf @{pﬁl%% 2eq R'RARELA b?%c%?&%hqgmcﬁ?‘s@elaﬁon section,

condi t1ons e app |cat|on to
duit i us.ed severe,.th
il %ra?%ﬁ‘kywa%f B8 F DBk RT PR it Ryep opposing
exanpl e, the organi ¢ sol vent - based solutlons used for
surfacee Anolist Magnarof deningpeeBetEy isribaraie of hatrstisey opjang surface to
di ssol ve or swell and weaken nobst common pol yneric
thase bh ¢w dppbeite swelaby. anes or thin wall ed hol | ow t ubes.
The high tenperature stripping baths in the sane
I ndyea62y Mo icgirerd pratdughtondans s a¢ @ipd apdithigk taditd clamnels
destroy menbranes and thin walled hollow tubes nade

uséi'ul f%pmmg@ OJ] 8BS, Bind 'éﬂldlﬁp§ @ﬁﬂ@&v%%ﬁ%néﬁ?&aﬁé &nAUIt€ and non-
def orm and weaken nay pol ynerlc hol | ow nmenbranes

por?)ﬂg h&m\{} X@ul‘[g ?roPnth Lﬁ%t)& @ﬁﬁen}a %ln%%{ é}l%}a? giass ben%g synthetic

I'C pol yners ou3|

and hollo cond i ncl,ud n t |n1 ed . to

e BT ROy TR ORE ﬂfws%’sz\nf FOleaRts R ia6Rd itprsy thei
PFA from Dai kin, Teflon(K PFA Pl us fron1Du ont),

origiapk Jolig pevrertig velorsrgled H;Aﬁlt%mdmoms of therppligAtiAB e yhich the
fluorinated ethyl ene propylene (Teflon(r) FEP from

holBup oot duitam tieiog usquidiegmae snavé s¢viees ehe nhitesds that can be used becomes
perfluorinated thernoplastics are 40 chem cally

linfie8] $bastanpie thdopmt kylvedtalak®l sohionk atedet val¥r coating in the
nmenbr anes and hol ow tubes nade fromthese pol yners,

mlgl‘aglggt:réfd;g%rlﬁdus%%lﬂ%ﬁé% et el GAE LRAEN Mot BEMMBADAYSic

hollow fiber membranes or thin walled hollow tubes. The high temperature stripping baths
in 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 perfluoroalkoxy (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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advant age over less chemcally and thermally stable

pol yners. O her 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

(VF2), hexafl uoropropene (HFP),

chl orotrifluoroethylene (CTFE), vinyl fluoride (VF),

trifluoroethyl ene (TrFE%, and tetrafl uoroethyl ene
cheprreatly registamicing thrsmslly sigbliecosmathrihgliow membianes ansrhaljoprubes made

one or nore other non-fluorinated nononer. A nodified
froThdse pPliaMrs, co-pelynaklaad as-catratiel versratsesfitbdm oan have a decided

contai nnment material for the lumens as this materi al

adviafta@pad1&s cRémieind hmDthefshl BORMé pelykerst Bhelsk®d thermoplastic

material, but is still not nelt processable. For |ess
i ti f - ..
AN A B85, B b el A BRSSPt comprisin

[ at i d ihclude . b limted t. .
mop§c waP s b Rm Bieaioy Mg Mg Pl ifene huorigh(vr.

pqal yet hyl ene (UHWMAPE) , hi gh densjt ol.yet hyl ene
hexafippepropspri(Ftheshlonegifiuaresthyigne (ﬂ%!i”ﬁsn%ﬂtﬂ@ﬁlde ANFAI so

be used for simlar but non identical materials such
triferoeipllgnet(hiiDnandostraflungoethylend AIFH) narsongodthers.apyioeally in

shell or MFA potting material in a PFA shell
corhlidtidnswitinsne @ raonéesher abn-tharingkd moaombe Awmttelifi¢d PTFE, PTFM is

housi ngs or sl eeves made fromthese materials. [00631

suithhR a8%GRANERLHRVSCONIMAR R F85AMR RinkAY el s mBRLhOWcapable
conduits, and potting resin that includes severa

of ﬁ@%@h%ﬁ&!nh%ﬁﬁér |t8 ’the;&ﬂyd %t(l:r}/all,cb%psagtf.l h og n}eﬁ[})gocessalbilerrel:rog less

ca ron uoropol’yners. F 0po

may include, for,K ex le, a ho I r oy a .. )
SeVEGROMJHBPS TSN B RBISHET OTURTIL BIeGTIAY P Rigd in the practice of

fluorine. The housing and hol |l ow condujts na§ be
thiscipvention gaé damigluda bpied lisHeedde, nebrashar gyléeng (BES), ultra high

fluoropolynmer, or different |ayers of tluoropolyner on

motelelar waight poldetbyiere ((SHMVERE)S highldehfi064dlydRAcan@PEP), and other
are exanpl es of fluoropolynmers that can be nmade into

pol%ﬂleﬁ@élv THRAGSioARBP L8N 86 uskrl fBgsitiar BirefonaddnrichANBatessls such as
hase Separation (TIPS) process. In one exanple of

Polﬁgq‘?‘ﬁye%ﬁé; @&Hﬁ%g%%giaﬁﬁ%éiﬁﬁpﬁ% HeARNEFA bOing nMt&ial in a PFA
shell. Protrusions, grooves, or channels can be made in housings or sleeves made from these
materials.

[0063] The exchange device may be made from a housing, hollow conduits, 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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extruder to a tenperature at which the pol yner

di ssol ves. A nenbrane is shaped by extrusion through

an extrusion die, and the extruded nmenbrane is cool ed

to forma gel. During cooling the polynmer solution

tenperature is reduced to bel ow the upper critica

solution tenperature. This is the tenperature at or

bel ow whi ch two phases formfromthe honngeneous

heat ed sol uti on, one phase primarily pol t he

ot hd9064] PFarand FEPoirg examples of fHssepqhyaeys rﬂ%/ can peemade into hollow

sol vent rich phase fornms a continuous |nterconnect|ng
popas aentbyaned hang sl Tenmally bdupdiaRlese Sepangong P R)gireckss. In one

and the nenbrane dried. [00651 The housi ng, endcaps,

exdMipls beeaIPY pestessh g@qullﬁalnzgﬁi Stemii€ Bguitye MkeBdhd BERed in an
not limted to thick walled conduits that are

ext?lydgk Ris Jre‘ftﬁ)'egttﬁ{g %ﬁwhf‘cﬁqgé'wl?mglaeﬁ%%(%n% RUfBERe 1§§l1aged by

es |nc exagona rect angul ar or trlangu

cond u The houS|n | eeves
oL i 8 R ) a0 BB aef TpandPra S SpoR o B a el
ollow thin walled_ conduits bonded to the interior of
Durlﬁé CAYHNG the POlYAKE spJutigf tegIpgraige sTieduGRE IR PRIgWIRE ypR&s vatical
may be a thernoplastic, preferably a perfluorinated
soltitierr teoleraguriec Thisus theAempéraiorda oa belomewhich ihaig phases tamelgom the
netal, conposite thernoplastic, or thernoplastic

homogéredusiesagad solutivhl @fel phlasepriardly poly@ser! thatbothex piithatis solvent. If
chem cal conpatibility for the bondi ng process and the

doﬁenﬁl%ﬁ&%d ts@1wht fibiepdey 'f‘&ﬁls aﬂ%ﬁﬂﬁ%ﬂﬁ'11'i‘[grc@ﬁne%h§%}6§§)si@@yThe
orned from co- extru ed thernoplastics wt

sol(lgﬁ Xsquﬂl%ﬁ%x{rﬁaﬁ Al PYET &%ﬁ)?ﬁglcﬁ‘ qf bonding to the

resin Ow con S and the outer | ayer

P 2%@?@@%”&%&?&%@éca?%ﬁo@?fe%#s%%% S P Hices may be bt are
t hernopl astic housing will have a | ower nelting

not lamised terthick waHgadh C@Wéllté thag pre| aiipdricahfubes. randuwies| fgavmgﬁl@y number
housi ng or sl eeves can be nolded to have one or nore

of tilexinviptimgthexagooall restemgolar batyiengulamconteits oriati hogsidg, endcaps, or
region. The structures such as protrusions, grooves, a

sle6@IMa @i PRetdimleha6€ capabletdTRohtdingid e orShisre aeBoWfthih R@lled
housi ng or sleeve nay be coated or nolded with a

condd@s %Bﬁ’deﬁﬁg 'tlga ihfAReF o{ 1RY¥ ‘ﬁBusmé %ﬁd@aﬁa&pgl@evwz Ahe hSusin eg or sleeve

prOVI a hesi on ayer ousi ng or sl eev
ma%e a therniopggﬁc, preferably a perfluorinated thermoplastic, but can also be a

thermoplastic coated metal, composite thermoplastic, or thermoplastic coated ceramic
material with grooves that exhibits chemical compatibility for the bonding process and the
intended 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 lower 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
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skilled in the art would know to | ook to ASTMt abl es
to find the permtted housing or sleeve conduit wall
t hi ckness for the housing, endcap, or sleeves for a
particul ar use of the exchange device. Were a
housi ng, endcap or sleeve includes one or nore
structures that are grooves, preferably the depth of
the grooves or channels are in the conduit wall are
| ess than about one half the thickness of the wal
regfap0 §dre stTheures su¢hrag, Prefiresians, gropvesna ceipbingiéen efghessr o the interior
single entity consisting solely of thernoplastic
surfaat ef thalhsysiagdr et angyiheycoatedfdr nardadatelda theemoplpstacsihna layer,
materials, can be prepared by first pretreating the

for SkAthe MF&ftoqﬁé\hd@ﬂdwlﬁﬁloh e e the RBuIg Ot nirRl. One
sl eeve before the potting and bondi ng step Thi s can

Sklll?&i GO woﬁﬁqg#ogytﬁrf% fob&WQb18§ tosf'irﬂit thE HEGnittéd h01fs1ntg or sleeve

ere ormo ernmopl astic potting mater
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surfaces on both ends of the housjing nmay be heate

excaprgeedeyiges fEiere aBpysing epéraptor ékeeyqjleﬁl%@s RO IRTE .Sﬁ@ctures that
poi nt and i medi ately i mrersed into a cup contai ning

are gooudes, defpRblyythe tepth lod theqmodwes enehanoels per ihithgeandsit iwall are less
vinyl ether], MA thernoplastic potting resin

thamwbdut @bt Balf therrhibkisdseoNthe wdBA | nc. Thorofare, NJ. Since
the surface tenperature of the heated surface of the
hou$gus| The h&hﬂ{% 51ebV2Br EftRapBbdd 1B JoPh ﬁﬁlgféfenhf})econsisting solely
potting resins he pottlng resin is then fused or

of ﬁfeﬂh@ﬂlgglctﬁa‘téﬁqs g& %F@?‘%} ef"ﬂd?)?lﬂgfea %%erl%8¥lagtmgt%tigls, can be

ora

t he ttin | ow.conduits, or
pregar&éﬁ)@fqd Wefteagnt therudeqs ot bt w@agF s oS RO P TG leeve
mpl e of rai sed features or protrusion on the
beﬁegﬂﬂhp lpgtt@g agg banding step.ad bisicgn pe aceoimplishespy melt-bonding or sintering
thernopl astic coating 936 illustrated in FIG 9. The
a poodsied donmagf the theohbdplhstd ittty @matsaelandhdieatsingt eqe ¢romore sleeves,
fuse any excess un-nelted 43 thernoplastic powder. It

and %rol@{/@f)ﬁﬁrbﬁ‘dmbﬂibaén i nencur@fced. N"EhdDLSHA) GuPhiceS 36 Bof ends of the
e sleeves bhe treated at least twice with this

ho l%r ﬁlﬁ% PE A8t c168%o tFeif hl%lgi%% gr% ﬁ‘;@t chg@ﬁl%ﬁ]ﬁlg é)obnft agd

astic coating 9 on the Insi
1mme81a{nP§P fn?rﬁérlsgd 1n9ou5¢’ Icgygcovr\ftgnrﬁng %gwgereg?ﬁcﬁyt%[raﬁ)uoroet%ygl%ne-co-

perfluoromethylvinylether], MFA, 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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and 912. [00671 Hol | ow conduit exchange devices of the
present invention, especially those including one or
nore porous and or non-porous holl ow tubes or other
shaped conduits, are advantageous because they can be
made with high fluid contact surface areas. The high

contact surface.area is due ilit n
thegraonlastic paWgsic ﬁg@rsfgﬁgﬁ? thatgaq fen§* Qb therhinpig 0&64?3 f?%ﬂ flcpves be
t hese devices, Packing density relates to the anount
tregyed dedstiiwipeybh dhe presiueament. gde. € Blustratesn adherané thesmoplastic
It is related to the number of tubes, conduits,
coatin® €86 forored oooixbinsidt iof ashenfoplastschdukap vatnorteerpadre gcboves 904
in a finished contactor. The packing density of the
and®@il2l ow conduits such as hollow fibers, hollow tubes,
cords of these and conbi nati ons of these within the

she@oé@gﬁu@@%ﬁaﬁlgexcﬂa%gé RENEs GRMhFes P g%ggmﬁeé?ény those

fro per cent une, prere cent

. and nore preferab 60, perce
mc%”&ﬁr%ne QIS POIBE &P‘f P%Porﬁ}r{%é‘glé’& %’585 %‘ﬁ*ﬁ%ﬁ%%ed cQRduits, are
used for nass exchan operations such
ad\fainratgﬁelﬁ beRausg sReyBh s &3 ﬁgvlthalﬂah ﬂé@é@er%bsurfqyﬁ ASphobiechigh
m croporous hollow fibers menbranes are conmmonly used
corftaet sudgcessen is due totht ability toaghtdin eaveiyolngh pedking densttiegjaf the
to be treated that does not wet the nmenbrane. For gas
holt@n tamduits ¢h thiekeeddviagsi Badkindensiny redates itheamburit o€ useful membrane
menbrane and a gas mxture preferably at a | ower

sulc@ Pt QluinBp tHerhﬂe\&@l tik PéTate(ﬁ P nBRbENGE tBbdEEonduits, fibers, or

Pressures on each side of the nenbrane are mai nt ai ned
coﬁ&n%lﬁ%{asl otfl?lr?eesg ﬂag Eéndl?e%cﬁ&a Y5 ?{gq%ﬁgd Qc%t r]tax}%gﬁ l% Eg dens1ty of the
o PBl Ul Sl o S PSR4 oo

t he Eores depends directly on the material used to
theggréthintbe phafigpbh dousing s sleeys caprbetin ghqygnge aff frem 9% pracent by

menbrane, and directly on the surface tension of the
Vollu'rmpupmferabiy eo0getcend hvalhmegasl mdvapecferbplyi 40860 dgetcent by volume.

applications for contacting nenbrane exchangers are to

r empyes 8§l RS el VREr 8AGBForbluOMembldiidl B be' €hed &sshitg excidihge

to add a gaseous substance to a |iquid. For exanple,
op&HafPdifs sﬁéﬁ‘aﬁfﬂtra‘uon, gas contacting, and degassing. Hydrophobic microporous
hollow fibers membranes are commonly used for degasser 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 lower 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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added to very pure water to wash sem conductor wafers.
[ 00691 Exchange devices of the present invention may
be operated with the process fluid contacting the
i nside or the outside surface of the potted holl ow
tubes or conduits, depending on which is nore
advant ageous in the particular application. Baffles
and other inserts may be nmounted on the inside of the
housing or fluid flow fittings to effect fluid
appdiicatqnis ot GonrRcHng Mmembsane| exclyngersgfe toHemAwe Hisseeashanges fsom
and housing. [00701 Potting is a process of formng a
liglidgUdagatsigdit oswaldd aaraseond selmcinchal 4 byuid c Bodenaimpld, @zone can be
exanpl e hol |l ow tube or hollow fiber, within the

adde@us &g p uﬁhﬁmkﬂﬁam%h%&hu@hd@@érwﬁﬁ@afateS the interior
of the hou5|ng for the exchanger or contactor fromthe

env gé(f@ﬁgéqangg B@\Il@é%tc# 'tlﬁgprg?etn? ftfv@tlltldnsrn%QEQ ggeratgd W the process

housi ng" i I ng sur structures suc

Ao B OIS ap ST ORe B s ne B RPE st Fplyits

wel di ng or. fusion of thernnplastlcs nmechani ca

depend vl ABckliiplyisghore pyatagspus wshgapticyar aplisation Basfies ang other
of the materials. Preferably the bond between the

inshissgian e ardnietd onghowwids of thelodeisg ar flbid ftbw fitfhngs seefifect fluid
The bond to formthe unitary end structure may be

distributied ob elieshen sideaf piat Hallog domtieits @ld tnsinghe housi ng
surfaces and housing groove surfaces. The bond may be

the [6(?73);[‘ Pbtti‘ﬂg @a PRYcER Florhiife Qﬂhﬁﬂdri%hﬁwals@&%d%ch hollow
mat eri a fusion, nelting, or welding. Preferably

co%dgﬁ Po?te&{gﬂgle %%HO\QQI}IBSGI &q{ollo@%b%g VE i HY l%fugﬁlg Tthf:1 al%be sheet or pot

oated surfaces are ’t hernopl as

be fu ed or vari ous heatin )
sergg e Mo RS RO e anES ShePdrg PR EnGRTment
heati ng, uItrasonlc bondlng infrared heating, and
The peiting glater e ishondedtp the Aogsng inglydimarseriaed stigiresesuch as
sane or different materials, for exanple the housing
pratmugiobe cREMebsdr gﬂmevq:soﬂﬂiimlg)ﬂdﬁﬁg mThmcluyde phyncpl makiegiodimelted
can be thermally bonded to the housing vessel and

mafdRAN | diring WeRNRS or RkiofDf ket BBFlagids UtiHaBR aliRtekdeking of
i nside of the housing in the present i nvention to

ma%rfég S Grefl 4 Qh Ayl cﬁlﬁﬁlé%ﬁthl?ﬁlgfeﬁa ettﬁlrdﬁl'yqﬁe Bdnd t?é@wgen the

housi ng an anne be coate l'ayer

housing and its grooves provides a fluid tight seal. The bond to form the unitary end
structure may be formed between the potting material and the 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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potting resin sintered, nolded or co-extruded to the
one or nore inner housing surfaces to facilitate the
bondi ng between the potting and housing. [00711
Fluidly sealed refers to potting resin, thernoplastic
housi ng, hol I ow conduits and conbi nati ons of these
that have either wel ded or fused together or forned a
nmechani cal bond together that is characterized in
that fluid does not flow past the bonded areas. For
raised Sireiues Aa e igsife REtheihpeyisg trthe pirsentiinventen froprodece a unitary
area, fluid flows through inside of the tubes and is
endptysiucal The insidapfthedohisiognifd chatdnes ntalydbeaotiet daethaf laydref the
hol | ow tubing or fiber by the conduit walls and
potRfd fdsihGhintbi@Q /RdIdENBr E@EXrbTRl ftd E1é dn@ bR 111%B1dhchisﬁl‘?%uﬁﬁces to
unitary end structure descrlbes a nass or well

facHiRRl PR oA %e{ﬁe%hrﬂﬁb;g&ﬁﬁg ;L more hol | ow

conduits su Ilom1f|bers or

cor h us or. sl|.eeve. f .the .
- o0l FhiEy efRErdrn %%ﬁ%-’c@ﬁ%hegmer&ﬁg%ﬂﬂa ﬁ%ﬂw”ow Conduits
mechani cal bonds bet ween the resin_and structures

ang ¢RMpigEs 9T Hisee tghbrrercgherorededat fuyeddorefheigr f%ém% anl@echamcal
or fusion bonding, or any conbination of these.

botE gpgetbethad i gbaracierzsdan thak 8ol does hohiddw pest clorttwided ai3ag For
and 320 fusion bonded to a thernoplastic resin 310

hoksvd cbndulits lige abaarok bubies af the pettedt ars®r fuid Hmseh®ugl fhsiderof the
t he housing inner surface 316 that was used to forma

tuHéE] hlfld Bh %rﬁ&my%barﬁféq RInPAkid (ﬁltt[lél 6Lid1d8 of fleGolBw tubing or fiber by
ustrates a unified term nal end block structure

ﬂwcgg&npgéhpg?ﬂmﬁHﬁ open to expose t he holl ows of the

Iastlc resin 310 occupies a portlon

a nd t[&@,zilrg Elo tarm i@%@?@%ﬁq%&rfnﬁ%ﬁeﬁ 6%&?}% cf eSffibes a mass

of nechanlcal and wel ded bondi ng, between the resin,
or pahhesa thermenlasicarein baadesi tagnaar mere Hlovw eaiduitnraughas Sellow
bond to a | ayer of sintered thernoplastic material on
tubiek chollbehiersy onoatdgohthese and raf lmoesisg ©On sleesh dyandingdd the resin with
[00731 The unitary end structure(s) may be cut or

the'R&kinB Q8d asdiuith ear oRde @fechdifical BOhdsBYCQMAHE teSin and structures of
exposed. The potting resin and hol |l ow tube ends may be
the%%@fﬁg and c&ﬁﬁ%ﬁts,téﬂ@mlcally bonding, welding, or fusion bonding, or any
combination of these. Figure 3 illustrates an example of hollow conduits 318 and 320
fusion bonded to a thermoplastic resin 310 and filling a portion of one or more channels 304
in the housing inner surface 316 that was used 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 a
combination 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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resin and tube ends are even with the housing or

sleeve end as illustrated for a single end portion of

an exchange device shown in FIG 3 or FIG 7D

Alt i.al E

remt THE e 8 HERATELE iR e SR B Rt Gmen of he

hoﬁ‘c?v? e tE%pqesH Pl paA Fncind g bl i Bepeened so that the

exanple, as shown in FIG [|A, potting resin 106 is
respregrshiabe ends e even dthsthe Joesing arzdeaye endas Hliysisated Egiagingle end

bel ow t he ends of the housing 128 or 117. Simlarly in
pofilo@.of iBexghahgd dxyiashotve in FEGmvedrI(y. 6. tAlertmmivsiyngotting material

163 or 153 to a region bel ow or inside the ends of the
and@BSiNEa S POWMARYd dfdofdned BPa rdgtih/18datEOEOOW e of kioRd8Ckhe end of

hol | ow fi ber dlaneters can range from 100- 1000 umin
qtai I [ d
the%#%%‘“%?’éoﬂe S aEnERg L ERY %GL“.& | 6,20 opgramle as
C fibers hj ckness .r
shpiaES 4R rﬂOFtwg dpdbe b s R dhah i ngff’}?% ﬁ%bw a
¢cm_ The beds can be circul ar 't di aneters
region betem thsridn of the hopsingd2& A1 hhva Lewedy M kigr- tlpr |pettmg can be
baffl es to distribute gas throughout the bed of
retigved fiom thelhoosing ekt 63 ol I3e agegivabelow araysideths endd efithe
or can be | oosely packed. The hollow fibers may be
hogstig shoelnybyl engrasd. wr apped to a length nearly
equivalent to the length of the device, effectively

cl 05{0@7@3 Phiout BEsIERER RflohviTeret ulta%retérg cdBlahgd 88mN 0Dl @0 um in
urlng he potting process. [00751 FbIIOM/condU|ts

dlaH}er erp | fﬂ?&ngs%rsﬁ&?lﬂ% r\#ﬁvl}%%&?ﬁrc'd n[g?g?reﬁ 'ﬂﬁgﬂness is f25 -350 um.

I CS ers rang
.5 inches

Ho P@ffﬁwaﬁ?fff) I SO th%sswtté%%?efsomaglgg%@m I gy in
be used in the exchange devices of the present

depth gachiangth an#ovldﬁlefsftloe&)@r@h g&he brdsigar e eixanamtjieh diameteghof 1-25
non- porous hollow tube, preferably the holl ow tubes

cmray léravtes @b 20ed00 dnh hrekeresan nauftgile faffleotn distfibitetgas Chrdughout the
inches (0.0025 to 0.25 cn), preferably 0.003 to 0.05

bed Bftess. (Roll¥ fibem iR tHelodataeid) nlaf betshhiaknese&n bEQos8BSficked. The
exchange t hrough 47

hollow fibers may be extremely long and wrapped to a length nearly equivalent to the length

of the device, effectively closing off the ends of the fiber to melt resin flow during the

potting process.

[0075] 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 cm) in

thickness. For mass exchange through
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non- porous hol |l ow tubes- gas separations- the
t hi ckness of the hollow tube wall can be nmade
t hi nner. The hol | ow tubes can be used i ndividually, or

norﬁ-@ngroﬁlg Bgﬁ(%vg gu%e%)-ggag ?g&l‘rﬂ%% t%e tlﬁ&g{e% (21‘%16? HJ)I?C}V% iu@ﬁ%gva?lrcan be

orm cor S conpr Se

l.ow t ybe The . hollow t trenel | ong, .
ma, ﬁ&nweép E‘Ba Rolows tybgngarbeesse wf wd fpapeiie i e be Sfbined by
| ength of the device, effectively closing off the
braiging, Rigitinger huistinathenbie foam aerids compiisedraf aldpleihalow tuhes. The
potting process. [00761 Thernopl astic hollow conduits
holdvve tubes exy badettemhbler ongpdralswiappeditoesletdthheaynequinelent to the length
potted into sl eeves or housings to form exchange

of hRe\ieGiRs,. effEBBvVeIPTR¥inE WiRte ba dT8hORolloRfBE $o Melt & flow during
fibers have outer | ayers or portions that include a

thel lgﬂ& gstic with a lower nmelting point or nmelt flow
eﬂb n t%e i nner nost portion or |layer of the

t ubi.n The | ers of th extru
(U bﬁﬁ‘ij o3 Bl ﬂﬁ}”% oS ers seur s Biedhan ﬁ%}lbes that can
non-limting exanple of this type of co- extrud
be P%%l@tqw%%evsﬁormnﬁens& Ghormgyrehangg ée\aceSPFT/he CHrfréFrufieéV@ng or
Anot her exanple is a hollow tube having an FEP outer
potoay bellam ibers BEYe outemlayerpor porainns Baeinoluders thermbplastes with a lower
| ayers of the co-extruded holl ow conduit may include a
meltirgy poihtl of nedtliie irdee inik éinedlmospp@tion alellyyeo vLthercoramtraded
of the outer |ayers of the hollow conduit includes a

tubtixk? R 1hyer§ 6P@H %Ele‘ﬁéﬁ'uﬂ@ftﬁfnhglare fhefmeNATRUES Brhlﬁs&ﬁﬁ one another.

portion of co-extruded tube may include a

On% glﬁg lf%ﬁl{l}é% efa%a&? Bf S,Pg l)ﬁid eﬁé[&e@glb?%ﬁét Q%é\é[%% qulter layer and a
ine wth MFA from acent, holl o ubes, or

PFR ipEry Pty ﬁ&P‘ﬁPﬁb?’%i‘ﬂHl%lsﬁc}{"ﬂPngp%E‘?thg ThpBt CuET laxg; g PFA
of the co-extruded tube will retain the MFA | ayer

inngf portiphe ONpEF mare 9f the Haawstal Ve graeitiuded foliaw p@mdwsttm@t iaglude a
in FIG 2C. This thermally conductive [ayer w ||

thecioall wedndubtevef thatedalppretdngbl p ohs bdeoof ofttheodtableyam df the hollow
transfer energy to the fluid on the lunmen of the

coditi inQuddsQARérhmalif@ofMEtiQE nilirRl t her dapbRsthe MR belet fbrion of a
for the co-extruded tubing can be selected for thelir

co- (é teathbealﬂ H{cldallaﬁsdoﬁ@lvllcn@lé Q F)h 'pgﬁrcleg.o Dufihé %{tﬁlg, the conductive
erm u

conauctivity, as

particles in 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.

[0077] 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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48 as properties that nmake the tube suitable for
bonding with each other, bonding to a resin, or a
combi nation of these used in the potting process. For

as qqﬁ@ém&ethal‘]dlﬂgliqu? Pu%t zﬁile {"ol?%oﬁéi}ilg %’L\? oﬁ%? b %méh aresin, or a

use Wt rom’a J acC
al | ow t upe fuse Mﬁth resin in the ot, .or
co %%f%&f t@ﬁe yped inRePUHPS Brockss FARET dugpe .poeflgt ihg outer

tube keeps the | unmen ened. Potting tenperature or

MEA gy errofit rrletwlen@:lhwg@se;w&héhﬁ & A fiem adiseerigllowitubes, fuse
nore outer |layers of the co-extruded tubing nelt and

with ussén mrthe pothone cavhbihatash afabese wthalleebe inaer RFA layer of the tube keeps
thernopl astic potting resin but the inner |ayer

the EAEH HiSend CPottif@ EenfpPAtiR JFaVdiiOtediberaBite@hn BEEChdsay 86 that the one
and an inner PFA | ayer, the preferred potting

or ﬁl@f@%‘f&tléé{e?s SfShdEL- @ﬁ%ﬂeﬁw ?{%é‘&t ebor ¢ Iqufn'e Rth adjacent tubes

er at es for other co- e er m)p
t b e
or TR RO R e oudE B 2 e épﬁ%n.F%fu&m&havmg an
FIG 8. [00781.As illustrated in FIG an

outgr M Anlgeer dad b dneaPF rayeidde greferssd Rﬁwlé% tewcemrﬁ drgRsgween about
t her nopl astic hol |l ow tubes. Each tube has an inlet and
290ap0 0 I pettirfegemperatudest fooogher ¢chexthuled] termaplesticf halliow tybes may be
seal ed by a bond with other co-extruded thernoplastic
detaalih@ibyt tdese experibm@naatibh @fidrig eshed RstigSindnifolt ef FI 3.
of the hollow tubes may be fluidly sealed by a bond to

a slerss Atsqmm@@dqﬁpmfmucd ah @xdRRe Vi QMBPTHCIRAB oﬁé or more
t he tubes and the outl of the % low tubes fluidly

co- %gf?hc?egl tg%m%gpag{]gheli)ov@ﬂ%%? e#lac%‘rj{[ﬂge lgPafs aﬁ‘%ﬁ?ﬁ% \flgpuf(t’lret £2 did flow,

econ renova
hol

theufigPiubet TRy o By abige tﬁ?@iﬁéﬁoﬁﬁﬁé@e%at‘%’%la&%l}%@w tubes

together and to the hou5|ng thernDpIastlc resi

or tppeptherppeplaside Fepiy e Tepip ket af the hﬁﬁwﬁabﬁé rlaaySbeefévélY@ﬁaled by abond to
housi ng t hat encloses the holl ow tubes, for exanple

a slk2vie forprévite a flAjd torthd Ba@lawpéitiGn of (e tﬁ’meefaed aliel qutlehef the hollow
hol | ow tubes, potting resin, and the housing are

tublel ﬁﬁi’d%péeﬁﬁefdltﬁﬁa, bodddo @M&ﬁeﬂ'ﬁhﬁ%f@h@il@@@bﬂrm a second sleeve to provide
perfluorinated thernoplastics. [00791 Hol | ow

forGOmB¥ Y AG A ﬁ&'ﬁr‘[ﬁ@lﬁglfﬁ%\t bé&rtiGR Bﬁﬂlﬂettﬁoelés ad 11'1[?%‘[1%1&9 in detail in FIG.
i nvention can |npregnated W t her ma

7&&@%‘30&%&(10 t%g\gser{lgy o bonldeg oge%her | o the Eousmg by thermoplastic resin

722. The exchange apparatus may have a sleeve 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.

[0079] Hollow co-extruded thermoplastic conduits used in the invention can be

impregnated with thermally conductive powders or fibers to increase
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49 their thermal conductance. Exanples of useful
thermal |y conductive materials include but are not
limted to glass fibers nmetal nitride fibers, silicon

the?rqﬂ o"@ al)n %{ag “ﬁﬁ‘%ﬁ of u? lglreﬁg i ondll_ %etrﬁ‘a%”a% include but

con IVI ernDp ubes

[ ) te r mo Sti [ 1 ow tubes usef u
arg Ry URYICB 0 £laps fﬂ??é%g@é doends 3@%8 iy Cg'lrtgéﬁ et or
than about 0.05 watts per neter per degree Kelvin. The
grapbite x Theideundl spndigtivigp eSthadpllow tedrmgplastic tuhes erimprresated
conductor material m xed or conbined with any of the
thekapglasgicdfollbivaubdsalskihirt thisanvgntieh doadeyeyt dxehange ey preferably greater
| ayer. The thernoplastic of the outer |ayer can

than REbUALOS Walts pe@ aIdH Rr d6GEORBIVIANMPRdRLEtrdedRBIIdVe tubes may
fi bers made fron1petro|eun1p|tch t hat can have

incﬁJb%E) g@ljlefrﬁlgﬂ%ld? %6n¥1'u&t\5r Mﬂle‘r’ﬁfr)rllg{:erds? %Hltﬂbﬁlg? vA‘%l%thKDWf 'ﬁ}% layers of the

car ers based on onitri

ot B e TRAEHGE Yh IS tRas g S By o inelude, for

nltrlde that can have a_thermal conductivity of about
exagRle.gyraAnARNOBP e FRRitH fibers dradgifiom Betiokgimpgitch that can have

conductivity of about 300 WnK, or m xtures of these.
thefipalg@ndueiivith vajmesof abwat 5H0-VEHG BisKe rdsduinrfehetssbaséd ome

present invention, conbinations of porous and
pol@@ﬂym[tﬁLeS(PlA(N)ltbaN chtnhewe thegmadd eomdictieities ofbioher0 Wk electrically

devices may be used to limt the anmount of nass

inshfa@0s E&ﬁﬂhﬁdﬁIMé lige B&h XitAlOthat B& @W@H'ﬂﬁerﬁlﬁl &ﬂl@ﬁ%lt&/ of about 60-
transferred between a process and an exch ange

80 me&? fgﬁmt I’ﬁ{}Pd%r\% d&?&ldc' bg&!@‘%ﬂgl of BSif 380 %\‘f‘/nf I nixtures

ere- C|rc e of

xchange device to condltlon the tenperature of air
of §§5& ¢l eanr oom and renpve trace amounts of organic

amines fromthe air. Tenperature conditioning of the

ai r [9R89] Bethe paasgieeobyarions embpdgtentsfottempreast BIYSNtY t ed

hol | ow tubes while the anount of air in contact with
conttheataqsl e dperosudrfdurdnepaocusholloer tubds may bopettddangdtiner. Baslsdevices

exchange is controlled by the nunber and type of

maPBé 046d 1P Uhditetle afbl@ SF nidse Sr@Adferrdtl White Al@Xintiging HROGAJunt of energy
Baffl es may be useful in the practice of the present

trarsRYRAbeRh Q p‘f'@&@p&ﬁi H@;change fluid. For example temperature conditioned

aqueous sulfuric acid may 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.

[0081] 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
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m xi ng and distribution of fluids on either side of
the holl ow tube contactor or exchange device 50 (not
shown in FTG 1). The hollow fiber contactor or
exchanger can be used in a single pass nobde or in a
re-circul ating node for either or both the process
fluid and or the exchange fluid as illustrated in
FTGs. 4-6. Preferably the contactor is provided with
two or nore fluid ports or fittings on the shell and

(nof sheavn igitde. br Thedolewsliieg contieciar prexshangpoean beasod i agngle pass
a fluid inlet and the second serves as a fluid

modeidt ata reXireulptng mode fdrl euther @dotietheipostesofiuit lhed shthelexchange
side of the contactor have restricted fluid flow w th

fluitl A8 illuserared $4 HEGY. BletPrafehtPpitHe@bniablol is fReGass RitRtwb BEmore fluid
porous wall of the nenbrane holl ow conduits or the

porﬁwr.ﬂgﬁﬁ@% tﬂ@gﬂelloil ndihiGen BAL bOWHIRGR @«{ll?/rd?lg g}ﬁrtt gfeves asa

oW n in the tubes or an ber

S| d fluid f the .o
i d5lsE M he S0P sy Pt pliteeor ot et 685%%*18%%4*6 shell
as illustrated in FIG 8; referably the fluid f]
sidg A the GARARPT Wearstiieisd ApHdlovaweth dassTunenigedle wd outlet port
fluids with respect to one another. [00821 FIG 2B
becaijeudttheparsudvilt ef damenypase lufllogr aodeis ort the sen-paroukavall of the
potted region (244, 246, 250) and those which may lie
holtowt sibeke Trbferddbdy thedluid gowingA4izhin Gicot@besori and toh €iberp@hdl ettt shell
region bond with the potting resin or thernoplastic.

sid®BuRITRMIng Bn Fﬂecéutﬁdé?’@f the AROUR] orlfirerE AGW Q@uﬁ@ldﬁﬁirent to each other
outsi de of the potted region. There nay be one or nore

as 1ﬁt1st}a|?§(§1% f%og" ﬁtsef?r%&mllled@ulh %w}%QE 1il“zr‘r‘fiann Rllah g(ﬂ]?( IE%@? £cross

rooves or C e on the |n3|
surfac e housin G ooves |nclud|ng but not
ﬂOWV¥HQe Qﬂwpgﬁéo %% Whd with the potting resin
and are conS|dered to be in the E@ﬁted regi on and can

f or H9QB20KiG 48 illysirates diffsreniiiyiprs eheropeist these ndhe potigtregion
hol | ow tubes. The nunber of grooves and their surface

(24 246,12R9) arldethcseanmig eld may tlle@utside the pattédoregioi2etho @rooves in the
wi shing to be bound by theory, the groove 242 may be

potesE@aio boed e thé@plbtethg RisBSGUREIPldshE ROEhARTinHIE] b B, a groove
interface by hinging at this point. The shell may be

24@ Eﬁls Ii%8& g}n@ﬁeto? & S @t]%g ?@gl&{ utlﬁjerMaS; e LROES mbRe SRR %rooves

ernmoplastic s

outside the potted region and these grooves or channels may be on the inside or outside
surface of the housing. Grooves including but not limited to 244, 246, 250 bond with the
potting resin and are considered to 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 thermoplastic shell.

The stress relief on the inside diameter or
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The stress relief on the inside dianmeter or 51 the
outside dianeter may allow the shell to flex about
this feature, thereby reducing stress on the pot and
shell interface and maintaining its integrity. 100831
As shown in FIG 2, the grooves or equivalently
channel s may be nade by nachining or nolding the
grooves in the housing. Wthout limtation the grooves
may be concentric and separated by equal or unequal
the@pﬁederdgara@ersmmlw thre) sell pptlex shoughooleasrorglyerelyereflycing stress on
the formof one or nore spirals along the inside of
thetpbeardushell irtbrdacermny ncomsingtg iof inggriger i es of groove
channel s along the axis of the housing; a hatched

pat [6093] AGB&Sn AP KhedtheRRbdRE Br eqtavdl@ftiydhan@fls BESE made by
or a conbination of these. The grooves or channels are

mat@ 1§£n%trcﬁ%c}1dllng obvdd ih 'Elf?smotulé]fﬁg eRfhRfut hHl‘?taﬁ@tgﬁl'b %od(ﬁ@s may be

e pot mat er may over over an

with o of he channel s. chan s,@and the

cofishiic g sirrhagy Bl SEuSRRe e e At Dot PG %l?nt?s gihgves may
thernnplastlc mat eri al applied to the grooves

be 4 e fyabel onge éngie spiFalhpaBag Hig wiesiok the Tuhst then glay consist of a
material. Preferably the depth of the grooves or

seregly afi geloye peanmiels alangehh avds phidhe thousteg; rat et ahed ppiters supss hatched
and tenperature rating suitable for its use. One

patsdeh | yagidtiony dffileesardr avsoubihdkioawf thesé. 00ke groonSOYIchableBare
to find the permtted wall thickness for the use of

pretf&@blﬁ ‘I’Ma?&'l ifl %‘Un?fhe R ef ﬁfeéﬂ%luﬁné ke tlﬁ?ﬂ{erboﬁfngtrﬁﬁeﬁil‘?%&)

or channels are |less than about one

ov%gh«mﬁ ’BBS& %\Iﬁtﬁfong %‘P‘ n%?éjgﬁ tﬂ? cf?e[nfn%fse%g cﬁ\ﬁlnels a[ng Ql?e“ﬂousmg wall may be

annel’, to narrom10pen

CO\éFﬁgJ ﬁré%la‘% S\Y}ﬁﬂ%él?ﬁfﬁ‘@ﬁﬁ%%}p&%égg 31%&\? | %pp'ylea ﬁpeg&ooves as disclosed
enbodi nent the grooves are interconnected with each

hergtnfer beding with ttheamcé@ng watepae Rea@rabhotheidepthart the groasdsivy
in FIG 7Cor in FIG 10. The channels or vent slots

chainklswegaiss thrmholreng gemantaiedpessure apptedperatirb eatgiegsoitable for its
during the potting process to nove out fromthe

uses e gdilled if g dre VRl knoly 19as&Stof ADTMt At eCldaHAGhe PbinOiEd wall
potting nelt to fill the grooves, to bond, and

thlﬂﬁfegs?fﬁgkﬂé{rﬁg Bsg{? gtE% E%{g?éoqibe{evp\%é@% %l'ébt‘ﬁl of Yhd Q‘OBO&% or channels
are less than about one half the thickness of the housing or sleeve wall.

[0084] Groove, channel, or slot refer to narrow openings or depressions in the
housing, endcap, or 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 vent 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

optionally interlock the potting material with the housing. The vent channels between the

grooves can have a volume that allows gas in a groove
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grooves can have a volune that allows gas in a groove
52 to escape and preferably the vent channels have the
same depth as the grooves. The nunmber and
di stribution of channels between the grooves shoul d be
sufficient to vent gases present in the housing
during potting. The nunber can be varied dependi ng
upon for exanple the size of the housing, the wall
t hi ckness of the housing, and the anount of gas that
to qseangsng praferablydhe went ghanngly here thsseme dgpthras tleesgroovise The number
dept hs of the vent channels nmay be varied between
andgdistabesorost chhopédbdtwednutht lgeroveadiouid bt @ffitientrte ventalasafpresent
gases fromthe grooves. In an exchange apparatus the

in tROHSU s dﬁihﬁég)@\z‘tﬁl_%o MeheQunibRF Earfitdvapied e inM dpdn for example the
grooves. [00851 The groove and vent edges as well as

iz OnE ORI (R DR iOR T2y g B hpBL (It hat needs tobe
d of 1the t.op and bagttom . no roove in the, housi
verfi Qe Srtibd B %ssncidn ik of 1 YeRgvEmclyapy Ry Piied Werween
the inner wall ~(not. shown). One or nore of the
grogysrsloped to ferthss dpcipteitbmiegrovahel sexesHErig dheaopss. Hrad
preferably interconnected by slots or channels and the
exchxugdeaapyeratie vheclousmg mavigvese or monpens pmidonsorith gnegves.
[ 00861 The grooves or channels nmay have a shape that

meX i[0085¢ The drdoae andiv@n edfes as avellas theadtopanditggloetevaray have
the potting material and the housing grooves. The

butdgPhbr 1dRfed RNGLAS, BEveldie oph SRNA! fiSstthed dige F BRUES afPottom
be nade to vary the amount of bondi ng surface between

mofsi1 TR ! tH%h(?[ﬁsEen%;ﬂ&%b %?ﬂg?éd;(ﬁre\%%%gﬁﬁi thmﬁ)ﬁsetfagé}iqgﬁg the inner wall

I NCr ease | conponent

bond het ween the annel and potting. is _.desired, deep

(R En e ot o e oS it Hh paian el B Eiiise dE8te are
area of the channels, some of which nmay not be

prefeipbly [itercopnectadedyndels phehanasls and thespirhangs deviss ey Aaye one or
adhesion of the potting resin to all faces or surfaces

mooé eidhporgoimsove. The radial force created by thermal or
pressure expansi on of the device during use may have

a PPO6S6PThebrdoesorlf Dakeld haNnshws 4 SRlpé thamakidbes surface area of
conponent through bonding of the potting resin with

cothg a5 'bf)ﬁd%ﬁg‘ bé’[(xze&l[‘ﬁleq%ﬁﬁl\éerﬁat@i{'i‘él%ﬁd gﬁeelﬁ;ulsﬁﬁgi gﬁr@(g\%\s’.eqfhé El‘&)th and

angles of the sidewalls of the grooves may be made to vary the amount of bonding surface
between the potting material and the grooves. Where an increase in the amount of shear
component for the bond between the channel and potting is desired, deep thin channels are
preferred. The additional 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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strength of the device. 53 [00871 Wil e grooves and
channels are preferred for bonding the thernnplastic
resin to the housing of the present invention,

2'()?] O@E?ﬁﬂf Sggégxgers] :agc?ﬁlﬁarnﬂlelﬁ Eger r%%?r%ggére% dﬁ% fé[?%ﬁl%%!ﬁ%astlc resin
to R BRHENS O e GFOE Qe Pn gLl Aot AT e structares

t hernmopl astic potting resin to the housing. Such
penmgingeidy bandgd pufised ity theinsersiiges elthe Sousingiybe geulé ke made and
to grooves or channels for purposes of the present
usddnwiginthesame Affsé¢tras ehathelshoe enmpka &iriporjpsedadontmgttiethermoplastic
i nner housing wall is a non-limting exanple of raised

poik r@&eetothé HEHsiE SSURA raifddOdtfudRir@BayPbe ¢diRideridSis A equivalent to
Preferably the structures result in bonding or fusion

r e
g e%“@%b?f‘e“@%? %%S’%?S%f BT PRORIGTTA RN et bonded
force | a bet ween
to i Es o valich %%alﬂflﬁglgreg?@s% Topibeir S shiuggs e
Channel s or. grooves g formed in a hou5|ng whi. ch
Pf%%‘ﬁloiﬂﬁ en thgdhousigg g Regira 1§|ﬂéee%gctur6% regilindrond mg s fipygiween
to a housing wall. The depth and area of the grooves
thegwiskbitgvtures ansk the poting nesito nPrefesatily therbonding temstetser portion of the
housi ng that are used to bond with a thernoplastic
radi® $bee amnd alheud compomet of foreats:tWedn hwvpbiting sesid endcthe sised
to bond with the resin and forma fluid tight sea
stridigle. mai nt ai ns separation between fluids on the inside
and out si de of the hollow tubes. The depth and area

:[ Uﬂgﬂ/n%?s’ c%rﬁgg%veg %9%%' I’mef(%ir ing gio%g”ﬁ% %\Hﬁichf %:nqlgch%e,

rus ons on nner - wal |ng
artl ular use of. th change .devi

endiaps, IR HEOLA ] thive PRl Rarpyg Eﬁ%de@ﬁéﬁﬁ af the
application paraneters for the exchange devic

graowes efcheight pliprotisions e thednnes wad s dhahqusing tbqtteflseswé to bond with
and chemcal reactivity of the fluids contacting the

a tiermbplagié ewviaoe boiih® devaraevprheflewabtbes armciogsele® Hond with the
grooves, nore preferably 2-3 grooves each having a

resHeid ot attlui Gtiphttsbal Ahdt hgaisaing kapakrdtivnttetdédh fluideordhe itt@le and
devi ce, preferably about half the housing wall

oufsflle HFRRSHIBY tLESS 'Th%rlfépt% kR 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. 8 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

54



openi ng or height of about 0.05 to 0.5 cm preferably
0.1 to 0.3 cm Were they are used, vent channels can
be formed between the grooves along the wall of the 54
hou%gémﬁgee% ﬂe?e?%@ él?egrlﬁ fal%ra%glllty 4.8 Qgﬁtecfhgﬁnfe%sggqu?cﬁ/esanx iR depth of
channel s .t he sane | ess than those of the grooves.
ther\SERg NS fhe AMgor fesmHeRghor PO Wdi (i onal means
for reducing stress between the housing and the
pot 190891 e alsp spntpmplated thatedditionalgaeans &er reéucineasirpss Between the
or grooves in the housing. For exanple a housing with
howdenarel the potting enatarsl cay bk usdrbinraddsiondo reannblawe gtdoees in the
outer wall of the housing thinned by machining to

hoﬁs@ﬂg N eRABPRWHoLSING e dhah&dl$ mGBe BRIMARE fhe Hdﬂl@ln?%d}ﬁ e the
materi al and the sheII The thi nned materi al

ouﬁé¥ &hfl of ﬂle%hﬁﬁ% ﬂ{mﬂg& hfll%l {Ereli rleélsufeaéd @WiRGrface between
enperature an press re ts to be se
nponen intajn the
the iR Py g rng e %lgﬂd g iSSP o iR gﬁai‘»ﬁmfltglsﬁemem
to the housing. [00901 The exchan e device
MOy, Egaie a&ﬁ@l%rte%?rét% AnbRfesyFutfack tedereld C@mpe@a%mg by flexible
end into to a thernoplastic housing. Integral exchange
conjpaientsso meadaini thdrintegritp of the bbed begwtete theipottogaresin fused to the
t her nopl astic housing, a packing density of about
hodhdb0% but w thout one or nobre grooves in the
housi ng were nmade and used as heat exchangers as

S U”WQOE &fle clBhahfie déii?cteamé}nmgﬁl@k %né—or ﬁlbré’lﬁ)‘l'lb% cl?)%dults potted at

reasonabl e to expect t hat” exch ange devi ces of

b
eacl?lret%ﬁqﬁ% {) QYI%?H gfé%tlc\’\ﬁ&u?w ohouélraij&%ﬂ%l%i cf?gllc@g ?1rarld? gv%th hollow

onal y gr oo ng,
nunbe oIIo dui.ts woul d ve exchan )
ot PO AR AP ETHA SCPGUY o SR e R Of BT A0:5Oppgiwithout
I (SI Units) Shell # tube heat Inlet Qutlet tube Inlet
ongpit Meke gheves in tho heusing weremadhandrusad peheat grdangaspas ugyparized
shell shell flow (inches) tubes- (cm surface tenp
by tlengata @t Eabteehplt tve] beateasonable to expect that exchange devices of the
present invention, with co-extruded tubes and optionally grooves in the housing, having
similar numbers of hollow conduits would have exchange performance similar to those

shown in Table 1.

TABLE 1 (SI Units)

Shell # tube heat Inlet Outlet | tube Inlet Outlet | shell
ID hollow | length | transfer | tube tube flow | shell | shell flow
(inches) | tubes- | (cm) surface |temp |temp | rate temp |temp | rate
approx area °C °C (Ipm) | °C °C (Ipm)
42.6 (m?)
twist/m

2.25 680 45.7 1.315 70.66 4526 |5.55 13.09 1 63.14 |2.97

2.25 680 45.7 1.315 70.02 | 3577 |3.80 13.05 | 5883 |2.97

2.25 680 45.7 1.315 68.15 2671 |2.64 13.24 | 5217 |2.97

2.75 1000 20.3 0.859 705 4887 |95 1246 14958 |58

2.75 1000 20.3 0.859 | 705 42.8 7.2 12.4 46.8 5.8

2.25 680 68.6 1.971 70.1 2291 |44 14.5 46.5 6.6
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approx area CC (Ilpm CC (lpm

42.6 (m) twist/m

2.25 680 45.7 1.315 70.66 45.26 5.55 13.09 63. 14 2.97
2.25 680 45.7 1.315 70.02 35.77 3.80 13.05 58.83 2.97
2.25 680 45.7 1.315 68.15 26.71 2.64 13.24 52.17 2.97
2.75 1000 20.3 0.859 70.5 48.87 9.5 12.46 49.58 5.8

2.75 1000 203 0.859 70.5 42.8 7.2 12.4 46.8 5.8 2.25

TABHE 649 hﬁFéInaSPﬁﬁlthO 1 22.91 4.4 14.5 46.5 6.6 55 TABLE 1

(I'nperial units) Shell # tube heat Inlet Qutlet tube
Shél[" € Ew“ Lugel DDt QW | Bash | WRNST &lied UP®uget | shell

Lube J)l?wa@ Pt Pl (1 nERES) | filbes: lineneg” | fo

3.&% o alee o e te rate gprozé alr ea rate

<m?*ﬁ3fn 130 |l | 1 2] A ool 15 E@D

70. 6“a9F§°’26 5.55 189 63.44 2/ d7 2. 80° 48 14. (Ipm)

70.02135. 77 3.80 1@&@5 58.83 2| 97 2/25 680 18 14.15

68. 15twiet/fr1 2. 64 13.24 5p. 17 2|97 2|75 1000 8 925
2.230. 5| 480 87 (985 12.486.149. 580.66 8| 42245 | $060 $19.095| 86.18 | 2.97
2242.8|83@ 14.14 46. 818,18 D7®626885.27 23.892 (0305225983 |2.97
2244 1430 46.18 6. 6|532a5[ 0D8d 15 Head 71 r anser | hebuweens 17 |2.97
2.7%ater 1§y L Tunenosiside Dyg sNel igky OWoldUbDEes 1ang YWabek |58
275 1000 |8 925 | 705 |428 |72 124 |468 |58
225  |680 |27 2122|701 [2291 |44 |145 [465 |66
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on the shell side of the hollow tubes fluids at the
inlet tenperatures given in Table 1 were
approximately the same (within experinmental error of

! es?O@?@Ie?ﬁ?a%gfe%gﬁve%%a%@ %ntﬂb dluﬁllgglsld%gf ttljtiébl?ollv\% tuﬁes Oand water

["at'e

shel.l ed from about 000 watts t
on % %ls@ sigsof éheaho antfl@ersgﬂ{ 9% ke in %WWPOFF@BTGP gPveppp Table 1 were
exchange device in Table | with 5.7 cm (2.25 inch)
appipEimatdy therrdmeswithpraxpegmenfehgrrared dash thag abawigéo) thraygh the
about 13,900 watts to 15,000 watts at different tube
holldvowbeatals pbted inttbe device nC4l2ulated heatc Q) trakis&medddry the shell fluid
housing with 8 inch length, and Q for the 5.7 cm (2.25
rarigB@ Fbni pLEL 000 YRS &Y 10,00 AE aMdifter&8 +8beCB W Zafed OEthk exchange
["'engt h was about 14, 700 watts. [ 00921 One advant age of

deﬁgﬁnpfa%?@f](v 'hrSV’?«tﬂﬁ (285 i%oh ghﬁmleﬂ!rgl day ﬁ%‘?@s%&ﬁ léﬁgth Q ranged

ow con Ult at can otted in a device’in

l F | e d
i YRR oo i RSBl om 27
50% have appr oxi mat el n2 of transfer surface
inchy digmster heypng Wi ﬁtlp‘ﬂ’e‘)féé%tho%ndl‘@ i they > VA k2> W@h‘@?lde diameter

packi ng densities would give a higher value, and
devioswerith 98 okinm (2 Tdeolvilengtls wae abalit g# /€0 svatth | er val ue.

100931 One enbodi nent of the present invention is an

excjeos2g Cehe utl cantdgecif it prgsendiv@emionivkie: Ipktsedadeairta00¥ hollow

condui ts capable of transferring heat froma first

contﬂn‘t' |t}glt E&h 5 o‘iﬁﬁq’ﬂﬂg dEJ/lb'é th 5 ﬁﬁeﬁp%lultn@ QeVied | Fo&fxafn £, the devices of
| ow condui ts, he exch ange devi ce int egra a

Taaﬁeast{%ﬁ@g ot R SRl o

nti nuous sete era re.or nmelti nper.at
tra“éF T PR TR X ﬁ&%ﬁtt OYpIng ¥pluper ggg@ertpﬁékmg densities
exchange devi ce renai ns i nt egral at a tenperature of
wodldl givecilighergglug aldogeppaskingragngitienropld gite wgplepsgalue.
KNNn2 (70 psig), the tenperature bel ow the continuous
use [€@93p ématembedinrentref th pgestempemaboiseandxchimeehielicomcluding
conduit material. Preferably the exchanger has a

on@@ﬁﬂﬁbfeg)dﬁt@ﬂl fblll ot Byndu@k Bambef othednkRYYiomdtfrbm PRIWEEd to a
70% nore preferably 40-60% by vol une. A

secggéf G &@gh?ﬁﬁ@vﬂl%f{tﬂe excﬁ%dglggk glllj\ér %@gﬁ%@r&eezlc}egm@@’éﬁat a
tempePaE%ure of aI 1ea§%°1'68'3%' T presslu?ea oft at ?eastu}44 7 KN/m? (50 psig), the
temperature below the continuous use temperature or melting temperature of the hollow
conduit material, preferably the exchange device remains integral at a temperature of at
least 160 °C and a pressure of at least 482.65 KN/m” (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

least about
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56 15,000 watts of energy between a fluid flowing on a
first side of the hollow conduit with a second fluid
fl ow ng on a second side of the hollow conduits;
preferably the first fluid flows at 9.5 fpmor |ess
on a first side of the holl ow conduits and the second
ui d fI 1p | ess on_t he se i de of
13 Db s e 2 i floydhariye iy sidg ggﬂﬁq@aw conduit with a
maintaining its fluid integrity under a variety of
secordsfluiddlaing omg sefond sidgext éha?hOél duitiy; @referablydbe first dpid flows
as shown by the results listed in Tables 2-5 with
at Patpn ogleskensa firseside nf thedollawgendfits2@d tiee séGondofbuid dlotws at 5.8 lpm
Where the hollow conduits of the devices are simlar

or [b& A8 Secdf@dide OF tHelR o X ORANEE Mhe @k cHamBbiEis bapdble WaHAiftaining
be reasonabl e to expect that exchange devi ces of the

its i 38 rlty Y& Tef?fét}pgfutleﬁ Ogg% g@ﬁ?e g)lrrégkl!lt‘@r%ld duration as

exchan e"capabilities |ces epare

oro S deV|ce siml
sholH B8 RS CHibidseS R R g8 ?em J igARS gl 0 to 70
S|n1lar transfer surface areas obtained (not
pergeit) Wdhergythe hellowcandidls ohthpptexires arcsmilartodienpsp usrd fop the
aspects of the present invention will be illustrated
exohpngery &ff Eabenb et would bheedsondbdaniorexpew ihdt ienghangedevices of the present
exanpl es. COVPARATI VE EXAMPLE 1 [0096] This exanple
invemignatoak] Beh@addaindiHaye siinilaaetchdsgpedphlsititiexchange
devices to wthstand stress testing. 100971 Table 2

Shoygod4 € oAGUARE %\geg)a&fd AL MJS%IIG&%\é?&d dbAL& a6 a similar
The "ori gi nal

esi gn showed | oss of housing to

pac%?ﬁééélé?lglt esqqtrok)v%l in 'TQBl%glhlln bﬁnaagg er;}ar]t r{rg e“?rsﬁ{fﬁlcf reas

sur acce
a nt .c i tions fo t he device. The NFA onIy
DGR D 1B BERRARAEGH: ty at 150 A
tests on MFA devices with the inproved interface are
i nt 41931 Vapowsaspedeokiid Prsy@rdventine wikae diisirated wiitheference to
the inproved groove or channel interface is also

thel follegmalnoatlimienpexahplees up to 160C. This device was
destructively

COMPARATIVE EXAMPLE 1

[0096] This example compares the ability of various potted exchange devices to
withstand stress testing.

[0097] 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

57



57 tested after the 160C to determ ne the strength of

the bond. The strength of the bond is determ ned by

cutting off thinning the outside of the device |eaving

approximately 2.0 - 2.5 nmm (080 - .100") wal

t hi ckness. Axial and circunferential cuts are nmade

into the shell approximately 635 nm ( .25') above the

potted area, leaving a tab approximtely 12.7 nmm

(.5") wide by 6.35 mMm (.25") lon The tab can then be
testpdendier Breg@PC tppdesermimeet ﬁatrétrgﬂapf i%ﬂ boath Zhe rgyethof thebend is

apart the shell material fromthe potted material. In
detetmisedray neting b thimhmgrib buteifle bhitheblenide taningeappesimately 2.0 — 2.5

qualitatively by force, or quantitatively by an

mrh 1980 UNBOt) waHhitkasssaMidlHind @reuth ROl dheaR RS StoQhe shell
this exanple inproves the overall strength of the

ap BVinGfel e ¥ 35%1’11@ hat aﬂ@vesthéﬁ dasIresI oS #;}ftﬁf)f xmﬂt@@ly 12.7 mm

ransferring the stress to t pot'te

AR Bl L@ﬁée%gﬁﬁavzq%gwen R e

is not parallel to the hous
an @«mm@ t @P% ap%aleéaﬁégﬁa%?ﬁlal Bemthepeitadmatgrizledn fhiy gager the
| east a portion, and preferably all surfaces or faces
strgrfgth pethg boed/ean beadsjed]gu@itzgivelarbycf@nqmnlequantitatiaely@diaa|instrument
force created by thermal or pressure expansion of the

sudhaigsinngstsinel | . This shear conponent greatly inproves
the strength of the device. TABLE 2 (Si units) Test

OIS0, 000 490G SNCA B g

g2 P86 Sl (e i,
entgagpg)gégl t%ggg(%&es oalsth(F))EtAwsziktJlg tg) ge Bglgnd%ayst%ggryf) %% ?g?ooves and their
additional surface area, some of which is not parallel to the housing walls, also add adhesion
of the potting resin 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 (SI units)

Test Condition 120°C, 130°C, 140°C, 150°C, *160°C | *170°C | *180°C
482 .65KN | 482.65KN | 482.65KN | 482.65KN ,5hrs ,5hrs ,5hrs
/m* 5h /m* 5h /m* 5h /m* 5h

PFA tube, original | integrity

loss
PFA tube w/stress | integrity
groove relief loss
PFA tube Passed Passed Passed Passed Passed
w/grooved ID
MFA, original Passed Passed Passed integrity

loss
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w/ grooved I D WA, original

integrity
150C,

| oss

Passed Passed Passed
58 Test Condition 120C, 130C, 140C,

*160C *170C *180C 482. 65KN 482. 65KN 482. 65KN

TE&PEondmby | O1395C » I 1S0°CO 1P i’40°¢ 8, Sidcmt TS gdor P 70°c T *180°C
/ “S Sh MFAhUBRN F’&%@@ﬁ%{ $6eIKRASgedsiRas s esh P ass ,5hrs
Passed passagsnW|st/mess or adse rlel/mesn MFA tube Passdd

MFRagsed Passegdscfass atdssiAs s edask?as Sedapas S edprasill g orawed | passed
wistrdds groddes | amed Passed Passed passed passed passed
relifassed wWth rotational fixture,)] MFA original | Tubes
flanmed Passed Passed passed passed passed passed w th

MFAGebat | onal Passelurie,PafgFiA | t Riseedded HapedT ABLERs®d (| nijsesed gl passed
Wergeyqddhy Tp\t Condiltion 120C_ 130C, 140C, | 150C,_ % 160C
TubegHaped «180C,  7QpgrPyebh| 78T g, [5H7ehs| gPstid 70p8rg! ghpassed
g::tuﬁfl\%,;s]hr s| 5hrs PFA tubel original integrity |oss
original
Tubes flamed Passed Passed passed passed passed passed
with rotational
fixture, MFA
threaded 1D
TABLE 2 (Imperial units)

Test Condition 120°C, 130°C, 140°C, 150°C, *160°C, | *170°C, | *180°C,

70psig,5h | 70psig,5h | 70psig,5h | 70psig,5h Shrs Shrs Shrs
PFA tube, original | integrity
loss
PFA tube w/stress | integrity
groove relief loss
PFA tube Passed Passed Passed Passed Passed
w/grooved ID
MFA, original Passed Passed Passed integrity
loss
MFA tube Passed Passed Passed Passed Passed Passed passed
wi/stress groove
relief
MFA tube Passed Passed Passed Passed Passed Passed passed
w/grooved ID
Tubes flamed Passed Passed passed passed passed passed
with rotational
fixture, MFA
original
Tubes flamed Passed Passed passed passed passed passed
with rotational
fixture, MFA
threaded 1D
COMPARATIVE EXAMPLE 2
[0099] This prophetic example illustrates that the potted devices may be

used for heat and or mass exchange including but not limited to filtration, gas contacting,

heat exchange, gas scrubbing and combinations of these.
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PFA tube w/ stress integrity groove relief |oss PFA

t ube Passed Passed Passed Passed Passed w grooved ID

MFA, original Passed Passed Passed integrity loss WA
tube Passed Passed Passed Passed Passed Passed passed

w stress groove relief MFA tube Passed Passed Passed

Passed Passed Passed passed w grooved ID Tubes fl aned
Passed Passed passed passed passed passed wth

rot 30 @op! fi fhelbEued\ieticed hiag'b@fi‘)llacea_ ubSESafpapiRtoPa 88 s or
Passed passed passed passed passed wth rotational

o léal%gdlﬁgf@ncotfgﬁbgs@g FEL R CNTARATLVE, AL 2, 0o

d for, heat_an S
clepiEe SR G bR TR o R g T ey BF FORal g 6 tved or temperature
contactin heat exchange, gas scrubbing and
cordifigyling of fgﬂés pHioRtRelésposab gsuFbeabmsuilfH@c 9@8 usRyl tgegmespolymer
may be placed in an apparatus for cleaning or
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 shown) 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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chem cal nodification of substrate surfaces including
but not limted to single wafer cleaning tools,
re-circulating cleaning baths. The device can also be

ma %%(iie REulhed B tl‘rf}st L s1d% tﬂo?l% é)s 1n x%ﬁa ic% 9nd the
R o v

posa Suc ot SU uri c aci

coatlngs fromoptical fiber and hotor SISt
pr&ﬁerﬂm O LRmRS ALY cea?f%?@@gﬁtm% PP Oy LLBECH With FRegxchange
an exchange fluid or working fluid 450 in a tank 448,
flu(dot SOt Fisrhoblowsberwal. cFhe tepweragrp godtliongdUbi38 is retured
source not shown) can be directed to flow through one
to thee gpeoce$s tiatleoptodt fod usd@athe axlodateg @4 4 AS shdwpunplGl 46.a patyed
be included to re-circul ate the exchange fluid 450 if

exdREESEA BB presdnCinvehti @ BayfBSuRAdo ¥8d1\4GFodek? oNB¥aning
al so be used. Process fluid 428 from a cleaning or

flufyf cﬁg)(ﬁé ggéﬁal?ge ing %a’i‘& f%lit uslle#'d-l% Bleﬁn% AuRRlYGHISR gt are not

ases; oxl |zers i nations an
t 59a be re-circulated on the

hngﬁémP{§ﬁ@808?pE%@hﬂafW% "tubes in the exchange device

and the process fluid tenperature conditioned

(heating or cooling) by contact with the exchange

fluid 450 through the holl ow tube walls. The

t enper at ure condi tCONERARATINEARBAMPEEtUrned to the

process bath or tool for use on the substrates 434. As

show01i0d] FI G This eaappletibastragosciranige niebirae ds2Reand nteghod of

present invention may be used to cool a process or

makingansuigbleffbiigd aphighrterhpergiusehar ge at outlet val ve
532. An exanple of such fluids includes but are not

i m'!/P ot sy dﬂfeﬂ%lt%ﬂo%*&%fé@%ﬁhﬁga%'% ﬁﬁvﬁ"ﬁ%ﬁa ¥E1em
[ 001011 This exanple il ustrates a potted

a oL
b e R L
d vi.ce hav a 5.7cm 25") 1D a g 2.1 c 65"
e‘flié%&ﬁﬁal E’Eﬁ’l%?snfijw& ﬁﬁ\ﬂn%é 2 Qgtﬁ%?m{; ﬁQFW cm. Vent
por ous hO||OM/fIberS The deV|ce contai ned 4 grooves
chasaels weae fargied beteysen thefgrooves. diegreerh abgii© vontichagngls per groove
Vent channels were formed between the grooves. There
andvdhe elepthadthedvene nlianabla mas laboyr e 1 germoTee potting melt was MFA heated to
278 °C for 3 days.

[00103] 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. Visually inspect the device daily. Any accumulation of oil on the
lumen side indicate device failure. The result from this experiment is listed in Table 3.

[00104] A test setup which can be used to test these devices is shown in FIG.
8. During testing the fluid entered at the inlet 820 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

Technologies,
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and the depth of the vent channels was about 0.15 cm
The potting nelt was MFA heated to 278 C for 3 days.
[ 001031 The device was tested for fluid integrity
under the followng conditions. Hot fluid at the
tenperature of 100 C to 210 C under pressure was fed
into the shell side of the device at a very slow fl ow
rate and no fluid flow on the tube side. Both
end- caps were capped. Visually inspect the device

Incgdf wys homitgd %’éc\MlﬁlmEatqrmh%hea@ exchapgar ieode] ¥NBH& B4l S and pressure
indicate device failure. The result fromthis

waexq@aradl g e owglet flstvedhvier83¥alhe valve 08 104 tlobed ststaetthpflow and
whi ch can be used to test these devices is shown in

incFda&e theGluidpfekdige Warhiviig rhdsudl ukide aR1oeh §sstilR@alifd €12 The
820 andl#%%a/out at the outl et 83% on tﬁ%ighell%;sgie

ﬂuIlh hﬁéb%uy o4 ﬂés d"£6 ?&21%&1) fi,érarﬂ at 1368 ggﬁ;}?h; g%ifs%)byfhe test

e-tech ubrlcat ogles

vvas B @%{?ﬁ%gén%ecg?sgsg&@ 5‘%@&%615&? fl'g? %(e%gﬁsp %:th%{%fjsga{re summarize

, fIOM/vaIve 838. The val ve 838 was closed to restrict

in Tahde $1 ow and increase the fluid pressure which was
measur ed using an QOrega pressure gauge 822. The fluid
flow at about 1.74 litres (0.46 gallon) per mnute at
482.65 KN/ n2 (70psi). The test was stopped at 210 C
because of fluid degradation. The results of the tests
are summarize in Table 3. Table 3. Integrity Test

TaBRSY| Infechif) THERIGRE PGS/ 100k Tkhd¥ SRt e %95% ihBrooves. (SI units)
grooves. (SI unlts) Test Tenperature (C) Pressure

[ W7

o Y O T RS o i ey
;°2P228§3 Paﬁﬁﬁd 41860 ﬁﬁ% 85 24 Passeﬁx)S 190 48%%g&d
2 160 482.65 24 Passed
3 170 482.65 24 Passed
4 180 482.65 24 Passed
5 190 482.65 24 Passed
6 200 482.65 24 Passed
7 210 482.65 8 Passed
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6 200 482.65 24 Passed 7 210 482.65 8 Passed 61 Table

3. Integrity Test Results for devices nmade with

venting slots in grooves. (lnperial units) Test

Tenperature (C) Pressure (psig) Duration (hours)

Device Integrity 1 100 160 100 Passed 2 160 70 24

Passed 170 70 24 Passed 4 180 70 24 Passed 5 190 70

24 Passed 6 200 70 24 Passed 7 210 70 8 Passed
TabtAVRnEeoftiny] DAL RRduik %ﬁd&/’(@gﬂla‘ae I\Kl'lihl"k%lflﬁ’% 815tsGR Ve dBfberial
unidg! 1 ow tubing potted into a thernoplastic resin to

rn1hoIIOM/tubes bonded |nto a thernnplastlc sleeve

I N1 064 l\v\r\l—r\

A gt I\l\r\

UULUU 1 I U1l B CVI

Telr ocess 1&&%&%&% i ;9683%8*%@ dePgﬁaE@Ht %IHS% b BRrige feerity
tiihi Ny H ne (]l t Ny Nt nt £l Ay
|G | T IIU IMaAT C1T 1 HI UH I LI CO IICI LI IU HUI L IICI l
|ngex, tublnd% 6la dijmensi and eonet“@ These Passed
propertl es—can vary flrombatch tolbatch nnr‘l cah-be
a onnndated]@Q varying andadj usting pfbcess Passed
variablles |like t enperature and po ti ng time

Overhedting dUfing pdtting78an result i#4the col | afeswd
of the ltubing and under heating can cause sonmge tubing

not to |bond d8Ping the potfPng. Various24echni ques Raased
be used to prevent tlubing collapse, for exanple

puiting a netl® wire|into e fiber or 24be | unmen diassed

filling the lumen witth an inorganic salt. These
med hods howev®0 are llabor i76tensiye, co24ly Passed
7 210 70 8 Passed
EXAMPLE 4
[00105] This example illustrates co-extruded hollow tubing potted into a

thermoplastic resin to form hollow tubes bonded into a thermoplastic sleeve.
[00106] 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

6la



and may add contam nants to the device. 1001071

Co- extruded tubing can be potted to sl eeves or

housi ngs to form exchange devices. One enbodi nent of
the invention is perfluorinated co-extruded tubing or
articles such as exchange devices made fromit. The

.co .extruded orinated tubin ve .on
dimgsigh aid g?omé'ivér sThsse popertighsan v RO ach and can be
perfl uorinated thernoplastic mnth a | ower neltln
accppintpdatsel biyaiatying owl adiersing Preasss Helaplep ke mmerqé@rﬁtamé potting time.
or layer of the co- extruded tubing. The different
Ovgdedtingaluring petlingayerassubyin theeobapsed bf thdeubitg badwgnder Beating can
thermally bonded to one another. One non-limting
cauSX ST RibfHg o b ife- Ri¥ing lﬂﬁ’égl%tﬁﬁ@l VgridagedigMeSma bk @ked to

| ayer and PFA on the insi | ayer as illustrated in
F r
pre%ﬁa%@wé o PR DIk e i) BRI [k AficSmen or
extrusi on of.the t The overal| .
fl A i O e Rieng SRR bl T gtsparg Mgogansive, costy
(0.01, _0.005 cm with an MFA outer wall 0.003" 0.001"
and(l@aso@iﬁecon@rme%ys e dRdCPFA  wal | 0.003" f 0.001"
(0.0076 0.0025 cm). This tubing may be obtained from
Zeu$00107Hust r Catexpudetlicbmg danbe po@ediogddsuesgor I®Gsingisiy, form
[ 001081 An exchanger sanple was made using five 3 inch
exdhdnge @dvices.00pe eMbAdidieneof thayerechPbisiperfforinatee ico-extruded tubing or
co- extruded tubes thernoplastic holl ow conduits

articﬁ% %ﬁ@heéjs ebuén%e @e@i/c& ﬁlw]frélg id 5T lfer@o &trhdbd ﬁaﬂ(lgrllﬁatgd%blng can

PFA shell. Thi's assenble was placed in a pool
ha\%gcg&lgve re o@ﬁter glggrs %r Rglrtlc(:)é? tlﬂg gl(rgﬁiéia E%%rfgg)g%étgg \f?e%moglfstlc with a

n The sa zed.under the.li
o CrORESE TERGOG THeR e S ETah Gostaaion Spiaverel ez
potting portion nelted and fused in the pot, howeve
extatsdeé fehing t Ree diffgreat perfldoneated gy eraé thepodwirugedaibing are thermally
potting conditions. A sanple nmade using all MA
boindedItown¢ adaelseroOmsinonilamitihg axggnple whkdchtdoraxknndebtubangchas an MFA
di aneter conpletely coll apsed the tube hollows when
outRPlaly&chnd PR PR tHe infidémkéedy iMrtratdd i3OG CI2 AT hhBsHamahFIG. 12C.

was anal yzed under
Both perfluorinated thermoplastic layers are 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.

[00108] An exchanger sample was made using five 3 inch (7.6 cm) long

MF A outer layer/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
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a light mcroscope as shown in FIG 13A and FIG 13C
This exanple illustrates the greater processing
| atitude avail able to nake potted exchange devi ces

lun\{\g}f nl"h%S gar}%)lg Ra§ Xﬁalfz%ﬁ%ndgqh%/ﬁ%%t #RFoscé%et eﬁhsg{a%/g \%{ FI% 13B and

nne ayer 1 ons

her ertles 0 [ qui nt whi ch
FI%VIfDﬁ%@\@&W pePPD ALE ¢ Rk EEpoh BOBBYE A ghovn the
can be avoi ded by using co-extruded hol | ow t ubes.
tubEmdpLOEcglle{p@@gw thee potéinarpndtions} s sanple sadpasing all MFA
fabrication and integrity of an exchange device nmade
holew kuberm ef omilanleagihpwel thicidess, hod Haweowrdumpteselp odapded the tube
a housing. 1001101 A bundl e of 650 tw sted and | ooped

hoB@veWhéstattdtin Ripdel ofahsltn MEAGat 300i°8t ST 1@§§angﬂé (@s brdadyzed under
twists per foot) was nade. The tubing were 22.1 cm

a 11g§t 1?11&3%5@@%' sh%l?lil Qﬁlﬁﬂqﬂc{ﬁ(pqgé hW%lBgé glrl tratels the greater

I anmet er a wal i ckness of 15

pracps il a0 b RE PO B i suisk AnBT ipe Corpruded

outer wall was MA and.the inner wall was PFA Both
hollgys tyhep With ighep meltiiehointiaRer Javien; Yredions 4t holly tubg thergoplastic
mm (0. 003 inches), total wall thickness of about O0.15
praperties 00beéting eheiginentTwbich ur causeeeonpilete eallapse af whed during potting
made from MFA, having a 5.7 cm (2.25") ID, 73 cm
car( Be 88ided®y &g d2extruded h8lodV Jubeong. The shel |
contained 3 internal grooves on both ends. Each
groove was 0.25 cmin degixngpd P515cmin wdth. The
inside shell or housing wall on each end was sintered

Wi t @y obpyer ‘ﬂns@%ﬁ‘ﬁiﬁfe@ﬁuﬁfa&s tfl@ﬁ%ﬁé@tloﬁﬁ%d Qﬁ@gﬂl‘[?g)f an exchange

density was apprOX|nate y 40% The shel l aced in
dev cg]l%% 1tF|08g }1}{'& co- %x]n%d%d ﬁﬁnlcgw gnduﬁﬁ lBXttéLqOmZa hous1$1égl")

aIu f0|I The hel | Z?ld vertlc%ﬁk

cav M}%&) th c r‘\awdlesqf grattecand ARdRSRrexEY ibggogpat 42.6

resin was Poured into the space between the shel | and
twistyeee mgire 1 3navists paiHeoh eas eradepleciibingsvare e L ivantded “tlong, with

297 C and held at the tenperature for 2 days. After 2
0.1dawyms (010842”) internal diameter and a wall thickness of 0.15 mm (0.006”). The tubing
were made from two materials, MFA and PFA (Dupont 450 HP) thermally bonded 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 0.076 mm (0.003 inches), total wall thickness of about 0.15
mm (0.006 inches). The bundle was placed in a shell made from MFA, having a 5.7 cm
(2.25”)1ID, 7.3 ¢cm (2.88”) OD and 22.1 cm (8.7”) long. The shell contained 3 internal
grooves on both ends. Each groove was 0.25 cm in depth and 0.15¢m in width. The inside
shell or housing wall on each end was sintered with a layer of powdered MFA.

[00111] The packing density was approximately 40%. The shell was placed in

a heater block with a 10.2 cm (4”) ID by 10.2 cm (4”) deep cavity. The cavity was lined with

a layer of aluminum foil.
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heater bl ock was cooled slowy to 150 C and then to
roomtenperature. The shell with tubing was renoved.
The opposing end of the tubing was sealed to the
opposite end of the housing using a simlar potting
met hod described A cut was nade across t he di aneter
the s rou the s posi t above
The W@llmaﬁgﬁ iy it Ehfeeapn i Q@Beéa%oefo PP FA
the holl ow conduits. Excess ottlng mat eri al was
4G exiRsEdwasTR@radiwta (he/space bpme@enfthml@llfamd theggityweald. The heater
thermal |y bonded to the shell. [001121 The devi ce was
blotleshethef heatbd ta 27 4t @grliedd/atithd emeheudedbt DdaysgAfter 2 days the
conditions, hot fluid at a tenperature of 140 C to 200

heafer WISIRwRICBSRY SRWIY fe1 fteat g6l fhktltProowA@mpe@ttr® ThEshell with
shell side of the device at 6 liters per mnute with

t“b&%c‘g%g\gé‘g%‘f hﬂle:)d(;@gmtﬁ% gf'f'd of tﬁghlfbug%]@a%eafelaqo g%v Ositddr of the

and ex air. I nspect e
d t f th
hoefné'él%f%&a%@ﬁ%fdpoAﬁ%% &Pg%ﬁ%ﬁé’g TR enRos gt Eamterof
jsted in the Tab 4. The_ test set up

the @%dbﬁhawg}i thrbain 4 A PRFIEOB a%fw& theloopeenisi %t@b&ﬁﬁheéo exgpose the
1001131 The results of the tests show that a

hollgay 61 the holhaw eonduits h&imggss detving enatenial vag remaedmbwe 19mm (%4”) PFA
hol | ow conduits bonded to the housing, the housing

fluid e sederaitidimpaliebeided i@ the spelboves, renmmins integra
under these test conditions. Table 4. Integrity Test

Resybg11Rpr devhegeyiBAGas o %Hﬁﬁ& [IHQ%Qy LB e MIbRing
grooved she (ST units) Time Fluid Fluid pressure

I

coftfidh Ry RRERS PR T PRIty g i
was ﬁedggiéeeglell % cg tl}e%%viciélt é Jﬁd‘fe E%rgtgleng&‘s\glé ng ﬂ%\gv 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 shown in Fig 8 and described in Example
3.

[00113] The results of the tests show that a perfluorinated exchange device
with one or more hollow conduits bonded to the housing, the housing prepared with one or
more grooves, remains integral under these test conditions.

Table 4. Integrity Test Result for device made from co-extruded tubing with grooved shell
(SI units)

Time Fluid Fluid pressure | Duration(hours) | Device
Temperature(C) | (KN/m?) Integrity

Day 1 140 3447 24 Passed

Day 2 160 3447 24 Passed

Day 3 180 3447 24 Passed

Day 4 200 3447 24 Passed

Day 5 -10 140 3447 100 Passed

64



64 Table 4. Integrity Test Result for device nade from
co-extruded tubing with grooved shell (Inperial
units) Tinme Fluid Fluid pressure Duration(hours)
Device Tenperature(C) (psig) Integrity Day 1 140 50
24 Passed Day 2 160 50 24 Passed Day 3 180 50 24
Tablasis bdegridaTedt RGOt &G dedicPassle dronDey-etirudkd tibit: Bith Lodbved shell
(InfpReigBchitsp4a EXAMPLE 6 [ 001141 This exanple illustrates
potting a mxture of co-extruded thernoplastic hollow

Ubl ng, T LOMARA | gylgike A exchande eV oyeuriy

N11E1 Cq

TikdDI g ('vr-fmlggt er wal ﬁﬁ%qgs@u}ennvbu%héhgmﬁ( I aw

a o,
UL l1lJL A 1 utcTu U UM T UuTvVvViI UC g ||’J| C. I YAY Ul C Ul
Dagdn "t wi st ad 42, 6 twi st per petre 43 twists papssed

O
\g

Daygot) and |1168ped co- extilided tubi ng?has made Passed

Daggpr oxi mat/dB) 2/ 3 of th¥ 650 tube bZhdl e were hdabsed

Daydbes nmade 200om MFA onl30 approxi ndely 1/ 3 of Pabsed

Dag3010ubes |wape made fr{ofo co- ext rudedodFA/ PFA holPlagsad

tubes. The tubing was about 22.1 cm (8.7 ™) Tong,
with 0.11 mm (0.0042") internal dianeter and a wall

t hi ckness of about 0.15 nm (0.006"). The two tubing
materials were: hollow tubes of M-A only, and
co-extruded holl ow tubes with an MFA outer |ayer and a
PFA (Dupont 450 HP) inner |ayer. For the co-extruded
tubes, both the MFA and PFA | ayers had a thickness of
about 0.076 mm (0.003 inches), total wall thickness of
about 0.15 mm (0.006 inches). The bundle was pl aced
in a shell made from MFA, having a 5.7 cm (2.25") 1D
7.3
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cm (2.88") OD and 22.1 cm (8.7") long. The shel
contained 3 internal grooves on both ends. Each
groove was 0.25 cmin depth and 0.15cmin w dth. The

inside shell wall on ea I$ﬁ§ sintered with a

| ayer of powdered NFA %%&%g% e packing density was

appresqs tel y40% ace eat er

bl oé@(l Hf 18.£xam, % 4ﬁ51§]iaﬁ’sk%?ﬁff% rta E‘f 5;0 gxtru&e%

C . e cavity of al m
therlapplazt*m@qgwetvbma&ﬁ%wew%% ﬁ%ﬂaf’% Ther ) @advl?qlf}“wugwg made

clanp. About 3 10grans of Ausinont's MFA 940AX resin
fromallFhoigrragke] ategchange dpaee bet ween the shell and the

cavity wall. The heater block was then heated to 295 C

and [0@I1§] at t Ratextradyktubingrdevick ekardplehdusdleAsft 0 tRisted 42.6

days the heater block was cooled slowy to 150 C and
twisfi§Rr h@tre $Mw1§t§ pBeoat) 4he loo ;e@ cSR&irhdeditibing Wak Radvas

renmoved. The opposing end of the tubing was sealed to

Apéﬂ&ltﬁ@t@%/ﬁ Bf 1313?565@]:‘[ e%nhf%%ér@ ggfi’é\kf Bhel nBild N gr?e onel

otting proce was m across t

of t h h t he pot

P RETGY ﬁﬁ%gfﬁgaﬁﬁsewsrﬁﬁmd% it et @@MW BRIy bes
was reaned Two /4"2 PFA fluid fittings were

The fbingappsabiohded Cfno(8t7hé 1%% mith ¢. bmir(0.6442” Hisiarea digaaeter and a
tested for fluid integrity under the follow ng

wall shidkndsonSgbold 0. 16inkm {0.00@’) hElzet te tabing magerpds wengr koltsfw tubes of
fro 100 to 140 C under pressure was fed into the

MEAehly, shdeo-ektrided Hbiivivaabatwibh dn METASoper lapdriinti €a PFARDupont
no fluid flow on the tube side. Both end of the

4561 1P Grfhe VR 61 W@W&ﬂeﬁﬁﬂe@m§ SoliPh@IVIFA BhE Pﬁﬁ\’lh_x%?s M‘@dsa
visually Tnspected da| y. Any accunul ation of o

thlct,akglg &b a%f)ltlt (? 876 ﬁﬁ{n@a(z 811%‘4 ‘fo%alf adi ik F]ssr})?a (? n[%' ltb4 @ﬁls(o 006

Tesu Ilste
. test set upis s in F and cri bed .
inchsslnhe et BlAged fl.nwie Mfg% BBV Gy Jéé‘\’?i (2¢5)1D. 73
made from co-extruded tubing with grooved shell (Si

cmyRi88s) O awd 22} lugng (37 Uileng rTélg §h¢lbccmy¢lmd DH¢BYrgyoves on both
Devi ce
ends. Each groove was 0.25 cm in depth and 0.15c¢m in width. The inside shell wall on

each end was sintered with a layer of powdered MFA.

[00116] The packing density was approximately 40%. The shell was placed in
a heater block with a 10.2 cm (4”) ID by 10.2 ¢cm (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 temperature
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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Tenperature(C) KN nR) Integrity Day 1 100 344.7 24
Passed Day 2 120 344.7 24 Passed Day 3 140 344.7 24
Passed for fibers, housing fluid fitting failed
Table 5. Integrity Test Result for device nmade from
co-extruded tubing with grooved shell (Inperial unit)

Time Fluid Fluid pressure ration(hours Vi ce
POSHIARALONE Hiedpesedcpt By hvf@@?i XyesSHiIng Fgrag s gemoved. Two 19
Passed Day 2 120 50 24 Passed Day 3 140 50 24 Passed
mnf G¢”) Fdefleid fidugsiwrye tharmplly bended pgythershelled 66 1001181
The results of the tests show that an exchange device
of {oM 13t esenilhe demientvaotestedvorttpid imegity nadofthdivllbowmg
t hermopl astic conduits and hol | ow co-extruded

cotdi@s¥DRbtasit fluid GeREAitaStemPEraRiR€ oPfro MO0 & YHOWY Bikder Brdséiffe was fed
housing can remain integral up to a tenperature of

i Hel?0de BE b 1idddpet it s § tRtube side.
o 8. 5B PSS o AR ER, Pl 8 e i
Both end of the device were uncapped and expose to air. The device was visually inspected
daily. Any accumulation of oil on the 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
(SI units)

Time Fluid Fluid pressure | Duration(hours) | Device
Temperature(C) | (KN/m?) Integrity

Day 1 100 34477 24 Passed

Day 2 120 34477 24 Passed

Day 3 140 344.7 24 Passed for
fibers, housing
fluid fitting
failed

Table 5. Integrity Test Result for device made from co-extruded tubing with grooved shell
(Imperial unit)

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
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1 An exchange devi ce conprising: one or nore

co-extruded thernoplastic hollow conduits (130) fused

at a first end portion of the hollow conduits to a

first thernoplastic resin (106); said first

thernoplastic resin fused to a surface of a first

sl e¢o® 18] t o ahswshiacef thé tadts showshat@n@dxetange device of the present
t hernopl astic housing (124) in a term nal end bl ock

invBhfi PR a mBRGcDrISAMNInE PP RN QRS atd B IRMERExtruded
nore co-extruded thernoplastic hollow conduits fused

theﬂﬁlg@aﬁicsc%ﬁ?ﬁ% atnla%rng%? h%?é ér%o(/(?sslh rﬂhe% l}c;u%)ng c%ﬁ“rgnaciﬁ %gggral uptoa
ernopl asti ¢ resin tusedto a surface 6f a secon
sl eeve ar a surface o ond end of the
tendi i 4P P o Bieage S 7 RRERT oo dhst sthours
structure, characterized in that the co-extruded
t her nopl astic holl ow conduits have an outer |ayer
that include a thernoplastic with a |ower nelting
point or nelt flowindex than the innernost |ayer
thereof, the layers of the co-extruded thernoplastic
hol | ow conduits being thermally bonded or fused to one
another. 2. The exchange device of claim1, a) wherein
the ends of the hollow conduits of the term nal end
bl ock structure are opened to fluid flow, or b)
wherei n sai d housing or sleeve includes fluid
fittings, or c) where the outer |ayer of the
co-extruded conduit includes a thermally conductive
material, or d) where the co-extruded conduits have an
i nner thernoplastic |ayer thermally bonded to an
outer thernoplastic layer, the outer thernoplastic
| ayer fusing wth said first or second thernoplastic
resin in the exchange devi ce.
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67 3. The exchange device of claim1l or 2, wherein
said first sleeve or said first end of said housing,
or said second sl eeve or second end of said housing
includes, on the interior surface thereof, structures
(104, 116) wherein the first or second thernoplastic
resin bonds with the stru ég» . 4. The exchange
devi ce of claim 3, mherel tructures are grooves
i nt erconnected by vent channels along a surface of
Whah & lirefdy or sl eeve wherein the thernoplastic resin
bonds with the structure. 5. The exchange devi ce of
claiml or 2, wherein the thernoplastic is a
1. peAnl axohangoldgvree com@risidg:net hod of treating a fluid
conprising: flowng a fluid to be treated on a first
si de afnetdn Gmccm eo-@Ktrmrtﬁdethdzrh@ptaB@tt baltdve cortdmith OMO¢ dinshdiatt 8 first
of the exc

oxchange 14 B HoBAT el Be T Hahe RoPHGF Hein L00); said

hol | ow capduidsopafiid fe6in T 3R a8udR¥i 8 Mt s“:‘ée@é B} tb d Qurface of a
transfer mass, energy, or a conbination of these is

bet ween fitee efd pEa thermoplestisheusing ( k) itha tﬁu@mahelwhblbck structure;
bet ween th first and second side of the holl ow
condui t s™%. The method of claim6 wherein a) thermal
energy is transferred, or b) said conduit wall is

non- pos @¥dsnd @fd p(ﬁt)lOIS@ﬂ ttle o8¢ Btinbrendl-¢xtiuded Aha@t®plaStic Ksllow
apparatus conprising. an exchange device of claim1,
and a sogPrduitsfused prthrigiscond iharnamkassie resn ¢1d 4} saidiseegnd

fluid i n#@}mgglagtme efé;ﬁfekga 98 SGHEDF 3@% 93\%(/ &t 1.%Laf surface of a

process uid® conn to a secon
t he exchasrged ded ofthe thdn@oplastst hcmsithgs{ez@nni a térhmmaii and block
inlets se&grated by the hollow conduits, and a fluid
cont r ol | &FUGYIG; d) y
characterized in that the co-extruded thermoplastic hollow conduits have an
outer layer that include a thermoplastic with a lower melting point or melt
flow index than the innermost layer thereof, the layers of the co-extruded

thermoplastic hollow conduits being thermally bonded or fused to one

another .

2. The exchange device of claim 1,

a) wherein the ends of the hollow conduits of the terminal end block structure

are opened to fluid flow, or
b) wherein said housing or sleeve includes fluid fittings, or

c) where the outer layer of the co-extruded conduit includes a thermally

conductive material, or

d) where the co-extruded conduits have an inner thermoplastic layer thermally
bonded to an outer thermoplastic layer, the outer thermoplastic layer fusing

with said first or second thermoplastic resin in the exchange device.
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connected to an exchange device outlet in fluid
communi cation with the second fluid inlet, the fluid
controller providing conditioned fluid to one or nore
substrates to be treated with said conditioned fluid.
68 9. The apparatus of claim@8, a) wherein the
exchange device outlet in fluid communication with the

3. setlanekchdrdgeiddvicabétlaipi v dewhaemdiaid fanededvie wir daitl dirat end of said

tank containing o or nore subsfrates,.or. h) wherein .
t HOUsING; of S@@rﬁegmn %i?evrﬂ or éeclsaﬁﬁ{ldb aft Whuing 155%6,& on ﬁﬂs mterior
| i g | , ; - .
S Lt sGRBLAGIA L LIBTRHARC B ot RIS s

d)bonde matihrthe $teicsrbst rate to be treated includes a
silicon wafer. 69

4. The exchange device of claim 3, wherein said structures are grooves interconnected by
vent channels along a surface of the housing or sleeve wherein the thermoplastic resin

bonds with the structure.
5. The exchange device of claim 1 or 2, wherein the thermoplastic is a perfluoropolymer.
6. A method of treating a fluid comprising:

flowing a fluid to be treated on a first side of the one or more thermoplastic

hollow conduits of the exchange device of claim 1 and

flowing an exchange fluid on a second side of the thermoplastic hollow conduits
of the exchange device of claim 1 to transfer mass, energy, or a combination
of these ts between the first and second fluids through a wall between the

first and second side of the hollow conduits.
7. The method of claim 6 wherein
a) thermal energy is transferred, or
b) said conduit wall is non-porous, or
c¢) said conduit wall is porous.

8. An apparatus comprising:

an exchange device of claim 1, and a source of exchange fluid connected to a
first fluid inlet of the exchange device and a source of process fluid
connected to a second fluid inlet of the exchange device, the first and second
fluid inlets separated by the hollow conduits, and a fluid controller fluidly
connected to an exchange device outlet in fluid communication with the
second fluid inlet, the fluid controller providing conditioned fluid to one or

more substrates to be treated with said conditioned fluid.
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9.

The apparatus of claim 8,

a)

b)

d)

wherein the exchange device outlet in fluid communication with the second
fluid inlet provides conditioned fluid to a tank containing one or more

substrates, or

wherein the fluid controller is a pump, a dispense pump, or a liquid flow

controller, or
wherein the exchange fluid is a source of temperature controlled fluid, or

wherein the substrate to be treated includes a silicon wafer.
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