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

and is used to carry one of the fluids. For what is termed tube side contacting, a first fluid phase
flows through the hollow portion, sometimes called the lumen, 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.
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assenbly and renoving the pins after potting. Sone
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include: P&t tHRTde$1cE SN HoRBwitiMek légﬁﬁife%ﬁ” [Hé%%lé&{ ﬁ'gl R4HThifS the potted area

grooves or channels on a surface o
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
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mechanical interlock and or a fused bond between the potting material and structures such as

channels or grooves in the housing shell. The interlock and or bond serves as a molded in
sealing surface, that has mechanical strength, preventing separation of the mating parts. The
grooves, and their additional surface area, some of which may not be parallel to the housing

walls, result in fusion and adhesion of the potting resin to at least a portion of the surfaces of the
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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
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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
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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
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thernopl astic material. The thernoplastic potting
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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
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tast a po {68 BP e 3t el e IR R o ERSHRIE eingh § opgaton of
ousi.ng o rogves during the potting process. The
these on dﬂﬂﬁg %Pfg"ég iog g@'%}‘ﬁ% thaheandass With theriottng Tesim  Beverpegreoves are
fromall perfluorinated materials bonded together
present o) thepHs2, gt leps 2 perigniob therhoupiagigeenves e prdgdid the, thermoplastic
__silicon resins, and other non-perflorinated polyneric
material feofognadluie sichisealrhetweearthe thhemaeplastia mypgerizl, ofie hdilwprordeinand the
invention elimnate the need for a reinforcing rib
housing. bBredmethbd irichelel exchiamging Energy, Madsk, g atcb@binaiiod of thésagvith the
decreases the costs of manufacture and also pernmits a
process flyrié &3 leg trentedigy flOwinkg @h leRutat S6k bikideT1 & okl & 86Loh# s{dB 8f the
device resulting in higher contact surface area and

hollow c@afkts NThél Qﬁbi"%{/,ynatsﬁ‘,q;r alcBRIbAMESN bf B i€ tralgd R TRPEEmARY

ef ficiency. provi di ng structures such as grooves In

process e tchtfﬂla‘ %kaﬁng@ﬂgigggm\lll\ﬁ %113, :hﬁﬁ%f\ﬁ cEHcﬁhﬁquF "ﬂlm }lo?l\évw cogguits may

conduits are bon e exchange devi ces

. o, i ) ; !
be one oritrﬁglieﬁ{&ﬁﬁg)%usl l’BYlS{\]’tthé)eg sk%nél\lfelmcgl 8?g1?1/8 ) %éﬁgﬁ%gs g@)/(la\? FIEGI'S, Co-

I mersi on exc
cl earanc xchangers, and exchangers with one qor nore
extruded fppafolsfofl "iebecocsirinke pries Hiongubssath 4 Spretmstionsf these.
8r fﬁa ily machi ned parts. Advantageously, for high
[0014] Exchange devices in embodiments of the present invention are advantageous in
that the structures such as grooves permit bonding of the hollow conduits to the housing or
sleeve and permit venting of gases, generated or dissolved, that coalesce to form bubbles in the

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

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



purity applications, stress relief channels in the

potting resin, which can trap fluids and contam nants
wanesnesdecs equi red i n exchange devi ces of the pPesaIS2004/042941

invention. This greatly sinplifies the manufacturing

cans PPEEE P P 8 L oo BUTREI bl b &y
DESCRI PT. TH 001 I
the potting SECESS, theschgs %e%%}f'\ﬁ,g 3 S%t?ﬂ"g%raib e g flgm

enmbodi nents of the present invention will be apparent
perfluoringfedimategals BON?dttﬁ&Eﬂf% eligunatige dedtees frrirasrhanipn) & pins,
cl ai ms and acconpanyi ng drawi ngs where: [0016] FIG 1
silicon rejih$, and otheengrepeiflorisated pelymiarn hendies fegias. Barthendhpexchaggers of
invention for heat transfer, mass transfer or a
the presetamizintiah ebhmimzfe thh @set fof A)eihﬂokailsg ribbesded th thedionsjingv Eliminating
endcaps whi ch has one or nore holl ow conduits
the reinfordifig HBidagrehek ktokts BE thadiifabratd aid aisolpRimits ®greater number of
conbi nati on ofthese quidIy sealed to the housing by

hollow cd¥ahiftd fe0be R8T 1k Aedicd f};@ﬁlﬂﬁ %h& cof@biburfaltearkLaidpackdg
hol |l ow conduits are initia onded into the housing

den31ty t Plrﬁﬁ?‘f)%s@raﬁgfe} géﬁor?rﬁ%éﬁl{ L@EHEI?cyatB}eﬁ%bldﬁ%%nﬁétufe@ Such as

ousing. This unitary en structure can be cut

8rooves 1};1?h %gl h@q#ﬁﬁ%? slteé‘%ée(h tqgé g&%vf@&ﬂdﬁltg QIIetbOH&d%h‘Fﬁ‘lltﬁé
ortion ve or
d t h B) .i tr .
exchangeg Eﬁﬁ%aﬁﬁ“gé&%‘é‘& IH%F\‘/‘F iy "oHBE S et%aﬁ&%vaceﬁin@é%% ﬁ%éargm

housi ngs or sl eeves connected by one or,  nore hol

exchangegs, W&lﬂa&e e eley a8 X chngrioRIdesFhanses i sy &pre fﬁeﬁf@t end
housi ngs; (C) illustrates an exchange device w t hout

caps can be made Bsing Eaggily pralablp orreadily mashiaed parts, SAdvaniagapugy, for high
non-limting (A) trapezoidal, and (B) rectangul ar

purity applivapiens, gireso velsf ohalmhlamméies)ottmgaeﬁm,u&hinlg cay trapl fbadssandal |
that can add nechani cal advant age, bondi ng, and

contaminhims ease teqmired dicexchnee devicehe thepesdm trevehidneBis ghosly
shell and potting; the channels nay coated with a

simplifie$thd h@h@thchig RS indperBites | % Rhtel HimB&H df theh WAL TRV ow
have vari ous shapes; [0018] FIG 3 is a schematic

condu1tsi&ﬂe%&&ﬁ{éy&ﬂaﬁ-gecﬁvﬁ‘a@éj portion of a housing or sleeve
hat includes one or nore grooves or channels with
thernnplastlc resin filling at | east a portion of the

DESCRIPTION OF THE DRAWINGS

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

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

has one or more hollow conduits including hollow tubes or hollow fibers, or a combination of
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channel s and preferably fusing to a portion of the

channel s and housi ng surfaces; opened hol | ow t ubes,
woaois3deel | ow fibers, or a conbination of theBeTaS2004/042941

shown potted into the resin to forma fluid tight sea

ousi n d gr o0y housi wal | s
these ﬂuﬂ#ﬁﬁ%@%&ﬁ B 07 b P B B Y R b S Y il
nopl asti c materi al 0019] FTG 4 is an
hollow of S pF ot ﬂﬂy bendep g hrhRpsIng a0 tosst e waishge &t each end
i nvention, preferably wth grooves in the housing and
of the hopsing. QUi WY £8d pEICHEE CAThlaeT PR ERHEPES the dubessihg thepmeplastic
resin bonding with the housing walls and grooves, the
potting majegtahis gbovueﬁ%@@ jtdeast 4 peytipmpbal gepo v ar ¢haphe é@rnmdpa thethoysing;
for conditioning the tenperature of a process fluid
(B) illustrpgesch anexcaaga devioamhaving ercloepd xalded tossparhite houkiags atsksves
in a bath o r a substrate hol der such as a single
connectetMay efie 6 rrélihuflovand¢itiondbdwy thEREEHMstiE kdsin Bondsd ®the
illustration of one or nore exchange device of the

housingsP(CY SR Rtrate e Bk HaRge AvadealIuY fitid dhdeqjR; or nore grooves
In the housing, wth holl ow conduits potted to each

[omd]nptfa bhead ANRIAGod SHh 195mhg Aggg@eegoﬁhtﬂ h‘q‘% g;e)qg% u@;ang

a thernoplastic resint

shaped ggﬁu:ssor cHIA8NS R a A‘R)ﬂgng 81' lgé%ect%ﬁfjtlﬂtttt ¢hn ?H gte?l?éaﬁthc%? gc?vantage,

evi ces are use an a

conditio rocess. fI id.anpd S ndlt oni ng .t he

bonding, 5?%3*@&6&8 R e PR imjptich Pl a4 ptupe e ghpnets

% tratio of a exchange deV|ce preferably wth

may coafgy %ﬂtﬁﬁ SPRb sHoRIasticmateral for Randimeand may haye,variaye shapes;
hollom1f|bers potted to forma fluid tight seal in a
[Q0AR]} Kisph Base ﬁehqm%lp llugkaden elohens partigruefeashapising or bleeve that
housi ng wal | s and grooves in the housing; the device

includes prp argeate gropas or dianngls with sreanoplaftir regio fidliing aéasga portion of the
process fluid prior to dispense on to a substrate

channels wind prefenab)y fisingtoatponipn dfrthnchaanhelngnd houshigatitfacay gpentdihollow
this non-limting illustration, fluid froma fluid

tubes, pofoRll heltowMibe&rh, oty coatbiffion©ff @RRE i shbwn potRst ineY the B¥sinft8form a
coating it is filtered with an opti onal partlcle

fluid ti ghf éelaI ®1th 8R%oBSREWalls TRS ?roo%s theQRIHBInD Q&taMQ anP%xi%) ﬁave

ded to the process fluid or removed fromthe pro ess

fused to til!—:li’lklg‘fa@é( aB%d@f&ﬁI&?ﬂg)?&edQE%rHogﬁgﬁ?ﬁtﬁtengf eferably in a

counter-current manner e exchanger. The
ner t he roces
[@? Eﬁ g “hr ougfwi‘]pu?’{tgt “6 e%%( L?Bée a%‘fl? ofr[h? B 21 gy preferably
with grooves metﬂ(ecl?o%rs] % efnldLHoﬂow con uettrsaptoltjtcreg in :P trh(eersrgcyprla%ttg?gsm 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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flow controllers may be used to control the anount of
fluid di spensed onto the substrate. The conditi oned
wORoBsas3366 coat i ng, or cleaning fluid can be debPCyaisem4/042941
by a punp to the substrate which nay be stationary,
td.ng, .or. rotating. The a fMS,: i ncl ude. .
BT FICE S il BlE b B8 or G PREB BT ¥ i g imagrtion
the fluid may be from a, pressutjzed source; [0022]
preferablsfYih O of ogt efaoy et s P isTies ith PGl St RLfipd & cach end of
housing or a end potion of a sleeve that can be used
the housing interprdq farane Buid ek sgal with REbGTRGPBSEC 1§55in that duses walh) the
grooves on the inside of the shell, the grooves
housing whlly, gropsese andhellavyg constyith;ribe elchargecievichaara aised as part of an
i nterconnecting parallel grooves; a conpleted exchange
apparatusifov icorglifioring el esocesselod ambeandgivaingthe poaess fRlidprior to discharge;
7Bil lustrates a cross-section viewof FIG 7A;, FIG 7C
[0021V51G. a6 ie an alluseadopof dn éxghafge deVioe|Sirefgrably 8iktle6iveori hore
cross section with one or nore hollow tubes potted in

grooves fh thO/BSuIRR! A8 thoflowashed ok Aolld\E fiberS PBfed folf6rm 4 Bluid tight seal in a
illustrates an end portion of a housing or sleeve in

ermop 2S5 L4 At bYSEE 5 LSRN g1 o
device 15}431?({ M%?%h %gﬁuﬁ'gﬂu? f(groco{‘lzl]ialoﬁ‘%g g\ﬁ?%cae%soigrlég ]p 01l t%‘ dl%eig%ero%nto a

ustration est man e use
SubStI‘ate::Vﬁ{Slgél‘lber]l?}/ ;B/lc? roi%tﬁlhgz grggséﬁﬁ%ﬁérggté{f’o&%%a]lh %ﬁéqgrgli{l@uer%?llustration, fluid
iJlustration of a_crpss section of an end portion of |
from a flyid sgyree, &5?@0 gy, b mlsaeing &eoﬁuggfraé%%gg RRARNE & is fiderge! with an

) nore grooves in a portion of the wall of the housing, .
optional paticlg diferanstencrgy §lash v 8 combinpdomefi tieseds adderl tq e process fluid
nmeasured fromthe inner wall of the housing, one or
or removieg fromcthe piocesgrfbngd by thergxehanganasdt passésy prsfapaldy or a counter-current

channels in the housing wall, a powdered thernoplastic
manner, thadughitlsd excBarsgeowWlihs exvhenged trihnsférh endrgy & arofram tisl presess fluid
wall; [0025] FIG 10 is an illustration of a cross

through the Bbilcw tudE waills efterap@id with tHefexaing¥ EInal) JRnERYite8, pressure and
housi ng or sleeve that has one or nore parall el

flow confb QY By b8 uged¥Bcbh@ tBE ahBent W bbiddisgei & d S B QubdtAR. The
grooves having different wall height's between them and

conioi BB AER LT P MNP M gt i
may be s&%gge{r?,gtra%glaékg%\f%otating. The apparatus may include particle filters, valves,
flow controller and pump, or the fluid may be from a pressurized source;

[0022] FIG. 7A is an illustration of an end portion of a housing or a end potion of a
sleeve that can be used for an exchange apparatus showing one or more parallel grooves on the

inside of the shell, the grooves illustrated having venting slots or channels interconnecting

parallel grooves; a completed exchange device includes one or more end portions; FIG. 7B
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wall; [0026] FIG 11 is an illustration of a cross
section of an end of a housing or sleeve of an

wexeisaaspse devi ce with one or nore parall el groeeedsand042941
one or nore grooves al ong an axis of the housing

rconnect.i n R%a e in t :
s B G B0 BB 2RF "I %@%ﬁ% saraednlgrssne

varying al o the |le t he .
sleeve in {3 ot WA Anc.& ok PaHn Thbs Rore7 o Plimotdassf Shain to the
bei ng potted in_a heated vessel; {0027 FIG 12 (A) is
sleeve; FIgh 711 lllla%tfaft%&arl&ﬂd Beriphef @hgusing arileayR IoFross sestign it gag or
t ube; Qmis an image of a portion of the cross
more Co- @@@ﬁﬁ«bhol ralb@Bw&wgﬁb@@atw@rmﬂ@@apmmdemptwﬁem Arifisrmeplpgtic resin
tube with an inner PFA | ayer and an outer MA |ayer;
tothesle¢€) is a full imge of the cross section of the
coextruded tube in (B); (D) is a cross section of the
[0023ERIY. 8desh llusiesion of 4 €3st pabhifeld tha ndayt bearsed fdrasdting an
resin and bonded to a thernDpIastic tube. [0028] FIG

exchange]a?pépﬁ()us ISt l@dka% dY8Ge intdgridy PAdt Jepfdrinckhe cross section
col | apsed oIIOM/tubes fused to a potting resin;

(0024 ¥1%5.9"%s AMGQra‘ﬁBn Bf PREdsk QkktiBh of B efid Béﬁoﬁ 8€ bl %hﬁﬁge device
co-extruded perf uori nat ed tubes potted in a

housing &%feebyﬁ-{o% £ ro% gigo%;%g%)?g% o V(gf tgée g)aH 61? Iﬂ?)EV\I/IO%%% the depth
f A

of the grcgpey gy BeRESial i ke 6503%% u%*sa gvDﬁ ok Pt or fore

P e b o .

versions of an exchange devices of the present
material s s siptsredde thedigusing emsleeve Walke housi ng i ncl udes one
or nore potted hollow conduit that contain one or nore
[0028] EIG. 8 if 4nl iHwsratien ofna crass brstiboef ant ¢nsl pastipmobandexchange
hol | ow conduits are bonded to one or nore grooves in
device hduki@gwakleevefthdt hes dnews noge pREaTIAl grEbydSRSERbAINGN theOOADY the
Before the present conpositions and nethods are

housing, e $eédveehaving diffrehov NENLIRHL IbstvaRs thdh@hnd SteSor Mvte BEdoREs or
is not limted to the particul ar nol ecul es,
slots alorgQARRAIJE HRMDusiFE IR 88iifSthe parallel groove in the housing or sleeve
wall;
[0026] FIG. 11 is an illustration of a cross section of an end of a housing or sleeve of an
exchange device with one or more 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



protocol s described, as these may vary. It is also to

be understood that the term nol ogy used in the
wdesisricpiss on i s for the purpose of describing POEUS2004/042941

particul ar versions or enbodi nents only, and is not

[ ed.tq. Lim e of th ent_ |
(O ERERS7 1Rt iseeioB ar Pesgossine appzﬁgsoex*m EbE"®) s an
clains. [ 0031] It nust al so be noted i hat
image of R@PRIOR o A8 cFass £4OR 95 8RB EAtENed RRTUGRRted; higon St with
"a", "an", and "the" include pIuraI ref erence unl ess
inner PFA fpyerandtagsoutes Mk layesi(€) bﬁtaefsﬂldtfﬁéfr O the croshgegtion gf the co-
exanpl e, reference to a "hollow tube" is a reference
extruded tubedm@ )oD)riv  ecrrs Istctiont af Bascaerirusgd tubgs ant® potied of
known to those skilled in the art, and s o forth.
thermopladtic essin deftionést otaheermmopiastiatdbet echni cal and scientific
ternms used herein have the same neani ngs as commonly

[0S EFIE. 09 ¢A ¥ af MBag ofod sirfiad Yf @ik ictdss bdttibhef edltapsed hollow tubes
Al t hough any nethods and materials simlar or

fused to liYRle 6t (B) % diaRgedes ‘foﬁiftf?ﬁd)f QY @by se@bnST cHREuid

e practlce or teSting of enbodi nents of the present
¢ 1 f th
perﬂuonﬁd?%’cgtp;ﬁég%gtt%clr @ea nﬂ%‘i‘ﬁ%ﬁi C ?‘éélbﬂﬁ‘}&%ﬁ%tlc ge \{ec gtél) bsﬁc{;ﬂ 1 image of the

e o SO L BRRPREA R 1S e
s LT B Bl o0 R SR B o

Ver si ons of exchange devices of the present invention
sleeve frogma @B ncl ude one or nore thernopl astic holl ow conduits
fused or bonded in a potting process at a first end
(49391 Flon 1éfllusirate doerdss sestion versione phairgbarige degisphof thpresent
t hernopl astic resin bonded to the conduits can be
inventiorf fios beht ransBynttie Hodsing ineludet @rd @rmaera pbtigkhalvey condoit ¢hapcontain
nore structures by potting on an interior surface of a
one or mbtelr&distivt ERMEnain the lsdllows the resin @nd hbldow comsiuite art whdad to one or
t her nopl asti ¢ housing. The second end portion of the
more grobR@iAMHelvasitdf¢hdidukiply. condui ts are fused or bonded wi th
a thernoplastic resin; the thernoplastic resin fused
to the interior surface or to one or more structures
on an interior surface of a second sleeve or to

structures on a .iugri PﬁwﬁEgh}ggg‘lbﬂer nopl asti c

housi ng. The hoI OWs 0 condui ts may be

[debgggﬁgfﬁ)%éthé Hxie%éang gorhggmﬁ&‘l%' ald mh&ﬁ %Hs' &gcﬁ&g, ft ?mLﬂetunderstood

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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on the housing or sleeves that the thernoplastic resin

bonds to can al so include structures such protrusions,
wWQReEH0es366 or a conbi nati on of these; preferabl pcrhis2004/042941

structures are grooves in the surface of the housing

[Oﬁ%}]sl El%%t sgsb e il Pf‘edql%%@r ce thﬁ%ﬂggﬁelmcﬁr@ sBfular

I"ow porous ho ers

forms “a”g!r‘akr)]%r e hgr%&@ dﬁ ]ﬁrgé gebn%F Bblgsﬂ t%é)((:oﬁta)gt cel lc? g{’ateéJ g@%rwme.

t he resent i nvention d.nmet hods for nakrn ﬂ

Thus, for prmileidcigines i9g: OV rﬁw ISR ET9eP 0B BhBIOEe § f%er tubes and
wal | ed hol | ow tubi ng or porous hollow fibers, into a

equivalentsdheskoigknowndnhose skibldinghesyand a9 oyt Yhlersrspingd pihrwise, all
resin. The hollow tubes or fibers potted in the

technical udissiengjfis egvons aseel hiogin hate théeame mghnisgseasmopeeedy findgrgood by
to be conditioned froman exchange or working fluid

one of ordif@¥ skidirin theaants f Althonmls sny matdpdpyandomaterigle simiteator equivdlent to
these with the process fluid. Such exchange devices

those des&fedinBfeiiiéld HRuUsedBiahdpactidertr testing of Embbdiniearsde the present
menbr ane contactors, gas contactors, ozone contactors,

invention! ﬁrlg Pretérlett m&ﬁ@ds 36%&@ %ﬁrn%terﬁﬁsa&%%bd@éﬁbedh et gbdications
F'ow fiber filters, or conbinations of these. These

menion{ YR TRUARUES YNNG b BI5h el
adrmssmr?rﬁ'@? %g'irfe\%ﬂté 1@ grlﬂ r%\fvtl%g & a%?e%aé%h sgﬁgﬁre.byﬁ{/%%ngeealf' p‘fl%f'

e or inclu
separately contalnlng t he process and exchange fluids.
inventionr 0034] One version of an exchange device incl udes one
or nore co-extruded thernopl astic hoIIomrconqurts
[0082leHersiongof gxcBange HgvipRsrat isrpresent i epEa AT BCIggs gpe or more
thernopl astic resin; the thernoplastic resin fused to
thermoplastic ihntlew cendudts fiisad er ynded ini 4 potting pengessgit afigsteng ppgion of the
end of thernopl astic housing. A second end portion of
conduits taethtinaiphosp¢ sesini Thedhdrmaplasivaesin doades Hubechbndirithcam be fused or
thernoplastic resin, the thernoplastic resin fused to
bonded t@theliftb®dr sorfacelintiae enebr 10188 G0Nk es Ibgeoaimgyort an iatesiocaufhce of a
end of the thernoplastic housing. The ends of the

first slee\rbcﬂrlt@!ﬁ’nfcﬁﬁgé%ﬂ the FikQ@hd bea eintdpthstidiioasifg. eThe Sdcondénd Portion
be opened to fluid flow by cutting or mlling a

of the thé&%%lﬁ&ﬂ: }1%510&1 henddie ra@ﬂ%&ﬁ&r'b%n&eﬁswﬁh %QHJerﬁfBBQ's'ﬂlé fesin; the

y the exchange devi ce housing or sl eeve

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

surface of the housing or sleeves. The exchange device hollow conduits can be hollow tubes,
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one or nore fluid fittings. The co-extruded hol | ow
conduits may include a thermally conductive materi al

wonaBstH6ess66 combi ned with one or nore of the | ayecs/ushai/ 042941
make up the hol | ow condui t. The t hernopl asti c housi ng

eve cha vi.ce ayv
porous h@[)%%gﬁf% |85‘Hm?‘i]1 g(?l?oavefr( 1ber %gﬁast%cutgééswg? %%ttr%dedgngﬂﬂvﬁubes or
r esi uring the potting process. It may include
combinafiof ?ﬂ&‘ior sl eeves that are nade from a
t hernopl astic, thernoplastics with a sintered materia
[Q933] E@haﬁgeeqlqveﬂes slithe gresent &yeptiqn arfbyethnds fas praking thegm include
with one or nore thernopl astic |ayers, nolded
potting atwreking pledist far sxavnplh thimwaled hadlow q\émgm;mogg{sihgllow fibers, into a
portions. Preferably the housings have a thernoplastic
housing @rona opowote ddeeves withe thwaibpladtictréstn h@tis holdpwe tubsk eefikers potted in
contact with the potting naterial that is capable of
the housihf SépagatarihirdughhieiPWillsi aygodess gidad bdgohdigowedTesitlian @xchange or
process. The housing or sleeve nmay have a snooth

working Su{df tB& @aR fransterTRass, RAMBY Q9 BMbIA RN DF ke WithShd SHoBRE fluid.
on its inner surface to bond with the potting resin.

Such exohgx%%c e IQ?J &aﬁegc'lﬁche%ugal@lﬁﬁfsﬁnﬁ%aﬁﬁl 'Boﬂ&ecﬁ'g&g?ﬁgg contactors, gas

present 1 nvention ma

contacto}shezF) Q&n@gc'i(lt)rg Cf%glﬁs)é% rﬂe te';?ls ér"éll asaslgg.lb&%.%f l?%l?e% %oll%vg rglber

uorlna er nop
ndi ti oned

for ont a fl ui Lth
filers, oA %fr AP bﬁuléseégm © Gt leh hfianass
devi ce | des a_bundl e of a plura
ora comb*@ﬁtrmfrtg Ekpeeharib mpa@fqd&ymlloa‘whﬁm@ga% fhean dhe dgvices
hollom1tubes 130 as for exanple shown in FIG 1A
may be immessdothyyle ehinclisle 8 hawsingler prpasirly spntaining ibe prasesseng exchange
each have a first end 110 and a second end 122. The
fluids. nmenbranes and tubes have an inner surface 109 and an
outer surface 111. For hol | ow nenbranes and hol | ow
[@034EOnt hersion € an sxohfgeelevioaiclusies oae brundre @rexnaied The
hol | ow conduits may be sel ected from non-porous hol | ow
thermoplbétealloN@oh@itsffilee b MBADERIRS:IIRYE the condidts @18 tielhbpledic resin;
i nner surface, a porous outer surface, and a porous

the themﬁiﬁ[h@ﬁ’(f fesilfhdbR Y bR inRIoPeGThck BEMirl Rl 0o boREtrsi@iayranes
aVIng a non-por ous ski nned |1 nner surface, a por ous

thennoplg.ﬂkq{ouﬂ{% f ﬁ%&;on@%ﬁd ﬁ%‘ﬁgﬁ Bt'the ﬁ%g@%hfaséé ﬁéifow&ﬁldgﬁé %gﬁ‘sed

| ow ranes g a porous skinne

with a thgrﬁ%%{)apﬁcur;e%ﬁg% lﬁ}ﬂeg% ?%Xé él Sin nglﬁ%fis Por e];nal%?dno? Qlldrface% 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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hol | ow fi ber menbranes havi ng a non-porous ski nned
outer surface, a porous inner surface, anda porous
weuppmesdest ruct ure bet ween. Each end of the bumrdiraisedo4/042941
condui ts or menbranes can be potted with a liquid
The thergpfpsicfouiag S e Hahe Co e SV kb naig (o have & composition
erfluorlnated t her nopl asti ¢ housi ng wherein the fiber
that Peméﬁd%to Pse YoHEthe petting fgs qurgg thespeiHagrasgss iomanimcluge hpysings
FIG IA In one enbodi nent, the housing 124 has an
or sleevep Higbareviade frai hthetraonistie, thermgplastiesswillna smtated hterial on its
portion of which are filled with the thernoplastic
interior spditdei egextasled theamaplasticowttk onavad inoreTtherniuplstio hyersnablded
wal | defines a fluid volunme between the inner housing
thermoplagtick wath@né bemotd thérdplitc grtidye Mefelaly theBEsiAgs Hahe a
hol | ow fiber nenbranes. The housing may have a first

thermoplhdtidicil 4 n ofQie W8l SEHRP h¥usthgl drf sidevE liéshtd® widignd %thltng

end 11 the bundle to be contacted wth a sec

material fhlaf"l' Qaﬂ&ﬁle"‘(ﬂ ﬁ@ﬁ/ Pfth ?{'éﬁ)% tng%n | UI out ﬁhggff@]hﬁ%ﬁn]o]cg s.

housi ng may nectl on .
ousng S ESTRLEY PO v S T T s o
e e 5, e 120 2

.s.of the hollow fibers or tubes. The second
[¢05§1 gafbei -fipidabataronipsion peerchinas dlenioe W Eie rrerent inkeation may be
wal | of the housing 124 and the hollow fiber nenbranes
made frogy thereglasticspplynmeric matgs il gndprgferatly pedluarineed Hhermeplassic
134 connection to renove the contacted second fl uid.
polymersf & @Fvige ensttisodedfor parkaatigg a ffulidi tabe ¢anddigpbdisath a working or
contactor substantially made from thernopl astic
exchangepflig.nEhescantadtop veéxahaiyeydepies fricliales aduade oh e preaitast i
pol ynmers for contacting a first fluid wwth a second
perfluorifdtdd tHerffRyplasticholibey filser Mendbrahe® BRHbIEoW tutds P33 asHot E)Vanﬁalé shown
perfl uorinated thernoplastic holl ow conduits such

in FIG. 1RO e Hollb& tuts 'ﬁt’d’y%(:p%rou@ o haw Mﬂ? S‘a'nd% agg E%E}aehh 9%0 and

of these having a“fi end an a secon

a second Q)‘}H %ﬁ\.N'ﬁ’lg 'ﬁgelﬂﬁﬁrac‘nelg g?(c?tu% @a%, % i rrfs@r%acqug 'ﬁrb (r)l%gﬁr %lﬁ%ﬁe 111.

surface I nner sur ace conpr 245
s t.hat .can be
%he

ane

For hotlof g es i 1580y ngﬁse*hﬁm%w S SEHRPHRF S 4 Uy Sblor.

cted, fr n1 rou conS|st|n of hol | ow fi ber
hollow “f?@ BRLEE ek 1o rom PR BRreUL i ti0e s el oy bemembenes having

por oysout er Sur f ace, and a porous support structure

a porous fﬂ@mé SHIET FHEFRACE.RGIOFQIA OUfen syrasedampasOResUPReYt Siructure 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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non- por ous skinned inner surface, a porous outer

surface, and a porous support structure between them
wboabdsmesdes ber menbr anes havi ng a porous ski nne#8CoOWSe04/042941

surface, a porous inner surface, and a porous support

a porous Wgwrgg e REEED JdiE ha BEfle AORAIOY LanEks IFAIBABRRS can be

sKinne er surrace, por ous

i nner surface, and ROr Oyis .su r&d structure b

potted wifheh iquic e aesoripale] EETOPIASF °oh fIPBWé‘B?%"&E(‘ g MR wih a
are positioned and surrounde end of

surroundipg perflueinaies féerntqpé%é%bq’lﬁ%u“éheﬁ‘d% Q’FE epnd3 are open to fluid flow
perfluorinated thernopl astic sl eeve 1102 havi n

as shown byl &0 andhl22 inHIG. bhakmelesntodigpenoresshopsing 134 faggn Smeppall
wal | 1104. The holl ow conduits 1106 are potted at each

with chan@eld oofrobines 10dradd é 1 pegiortiamddvhich are éillcsbwﬁﬁﬂgs: thermeragtic
end of the bundle potted to a different housing sl eeve

potting ek} fridCdntfugerividlll Ithe dbeding innét wall deGhes aifliidgobume between the
perfluorlnated t hernopl astic 1108 to forma liquid

inner houtsﬂng mallgiﬁﬁ kleltididat 18 hreioleR! tabdsioe tHieaallowifitier tn@ntemets. The
the hollow conduits and to forma unitary end

housing rfl# HGL .Ls[r‘f{:r‘st‘f”lu'icrI idigosty Jugﬂlpq' 136t fREJ {0 tHOTiksh&i €410 of the bundle to

nDp astic ou3|ng [ udi ng bonding to one or nore

be contac? e elgg?(? ﬁhlrﬁ e\@fl(ﬁ%%ﬁﬂf%pé%%{?ﬁ%?ﬁisl%ﬁet “Mhh ’[fhE ﬁousmg may

ter potting, the
v a1t 19 BNl 5 LRSI PR
|| ustrated FIG 1 de fluid. fl th
ot b8 e bTobots 0. 15 5o B iy i elabh SRR e o
the acts of nodify wﬁthUSln or one or npre sleev

supply a gfcondhBuid éy be eontastashwifh fist Buid typugivihe W@Bﬁafe%leef‘r%‘e%g?efs or
conduits, or one or nore fluid fittings. .

tubes. TH teeomuicfltid etappies e wwavnctormed bywednghe saciowallef edousing 124
directly into fluid flow circuit or a vessel. The

and the hdBoW Eibernmymbenessedutes 130 Thmteusing magdéndlede a0second birttes 134
inafluid flowcircuit. In a non-limting exanple,

connectidd ¥ r& 186N the cdmdetéf sebdr@ fldid may have a first endcap 136
with fluid inlet 102 bonded to housing end 132 to

[(EBBP{A Ymé@hdd sShafihgh Huiladrdil Ehd‘sb t&dtacGuBstéhtifilytiigde from
e

to be contacted with a second fluid which may

thermoplgsglé%l&% %gnﬁgﬁrszﬁyb% ?e%'ﬂ'lﬁ %ﬁ t%éfglgﬁlcgﬂggyg?léi‘égoﬁcfntactmg a
T AR TSl 3
o B RO BB A DS hin

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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to supply a second fluid to be contacted with said

first fluid through the walls of the hollow conduits
waaWs/06kss6 second fl uid occupi es the vol unme for FET/US2004/042941

between the inner wall of the housing 124 and the

outer sur[‘lglcgci lae¥V ﬁ%ﬁg %)é?sr?ogt?épmct % I.Elp gx’? }{ég} {vr}ﬁ;éfql?ef%zérfeg %gging a

ctron OUSI n

o s B et A B e
hol | ow tubes, into the housing can be done in single

them; hollqw fibefanerabmpys haying Rorops ﬁﬁé?mt%{étl& er PPIPUS aﬂfier ace,
materi a | such as but not limted to Hyflon(r) MA

and a POrQULSUAROTT: BEUayre Rotanerm Bice ardhallawshibes membsanes gving a non-porous
Thorof are, NJ. The devices can be made by vertically

skinned qmlteacsunﬁgseaa paots mnercsurfaceh e porbied duppert sthectensdpetyreen. As
holl ow fi ber cord lengths with at |east one cl osed

illustrate@ IFIGO 1 &xa¢ Relldwocomelaasnpl0é abypositappd agl suneuhddd tmart engleof a
or hollow fiber on a frame and annealing, into a pot

perfluorihdtéd BEmplasti6 Boldid & Aﬁﬁ“ﬁfoﬁﬁﬁe@fheﬁh@l&ﬁb sl¥gve 1102 having an
approximately 1/8 - inch (0.318 to 0.635 . cn).

inner walT%%ﬁ&{@ﬁtdr%rJ&%é L} 1'2"hn9 h bﬁ’&r QI M R MTHehdHodC@duits 1106 are
around the outside of the shell of the device, and the

s S RS o TR

| ow

different ggl_%il}& ﬁ?[eaadg gﬁgﬁﬁr 1lfut:)tr% c{lmli? : u%mg n&e{’fg\pogﬁ a?epqmrmoplastlc
' . | . .
108 o g R R DA %@pﬁag&ﬁgéﬁr@@fm@ﬁ@f@%@%ggnduus

a tenp orar recess nmade in a _pool of nol
and to fogrp ér‘lﬁﬁﬁb’@g ﬁféu%mw@rth%@arr@umn&p%r&wramé‘r thefrrﬂ@ﬂﬁ%lﬂhewmg
conduits are held in a defined vertical position,
includingniindingi ta ongjot ineretdf élrfmhpnr@ést dreronyes B2 and 146 vih the
state so that it flows into the tenporary recess,
thermoplastisuedin.t Prefdraily efterqortihg) the emdsdf vier ialload dopduits arhepened at both
hol | ow conduits, filling the interstitial spaces
ends of tiElioteiRg ok Bedshudlstuate sleehgb(bisuchure ilaated inBIG. 1K)nol ptdvidesfluid
i ke grooves in the housing or sleeve walls. A
flow thrduSABRTRINY W REASSE. The iR %Y i iNANRItRS a@s oAMOBITFARS
in the nolten potting material for a tine sufficient

housing &q)ng Q5 blok @8] é”\z@g bt ﬁﬁfh W B VEdednetp H&%&M%H&pk tonduits,

|'ace and fhen wi e fil'led by the nolten

Or one or,Im hgr[e Fci f'j‘li? ?1%59 Al-m'?rﬁt v%{ip&r ALV &%y g? b%dleg hh)? cFdeQifrel nmto

be con era ur e pottil

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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material is held, the tenperature at which the potting
material is held during holl ow conduit bundle

wohesearst, and t he physical properties of theprpots2owg042941
material. The end of the hollow conduits can be cl osed

end 121 t§¥erﬁ§@el th@ Hon Qétéiﬁgjs 1d %F&H%SE]CB%&E lgfjen nl‘?@q)lf mg'?l%llo@y

forng | e co-ex :
om0 RROREREHI Sy S ¥R S50 4 4l DR

FI G nd shown FI us
to supply, sl TH B basoig g’ G@@ﬁfﬁ?&%@ i‘é‘l‘es‘éfa]bfeogfft{‘ﬁglé’&l w
ether and to a sl eeve or hou5|n | aci ng
conduits bﬁg r Ehei seqongkfluidh eecapigs the cyWU@zﬂqfewdsbqt\ﬁeeeldﬁ% Haer wlk ¢f the
each other an approximtely parallel relationship in a
housing 1duedl thy fwllogl ceedwits 180hEhe kebisingunay ivelndde sécnnd outlet b3
into the interiors of the ends of these co-extruded
connectidndidnded ahelbousingt134 tarsmolvé thel commetededconad fuiut er
thernopl astic | ayer of the conduits together and to
[00B%] Pértifig Mgt brdingtod hbltdwiténduit ebeig) oy fited@doflbwintbes, into
tight arrangement of the hollow conduits in the

the hou31§ BAVS: dohBen RSl REp Aking kG Smple Rlth@RRbla¥idW@¥h Petting materi al
ructures |i ke groove and pro?ru3|ons on its surface,

such as bHPﬁ’o RadRado i;gfigﬂ@ %@9&&3&@@1 aa%ﬁl'lszlé HSE A dsndd ‘TZISA gr

sur ace or dtoits inner surface that can bo

Thorofar% 1% de\éle:%sl c? \évb% a%g b% %ertl 1 ye;)rl?c% I Vg&ﬁllbn BES bkt etehdo ow tube

get can be po
and or hoﬁ‘ﬂg msr e %JJ efohg clfed S Prpeisd ??{C@F‘EI‘BB@]*’Y wrapping

portion of a plurality of thernoplasti
the hollowav‘?eo% IPHB&@"SF of 3 fape al?dnar@eﬂaxgsﬁnﬁga B?fdlf@ﬁ off tefeb%tqnhwace

a thernmoplastic potting resin to forma unitary end

of the pokhy appraximasty the “pioek (hl 8rte §i635 chol Theymopkastic regindn pellet foxrm
housi ng. The interior of the housing or sleeve can

can be plaadaramd tigy outndeofftheshell of theakerige,i and ¢he ot earobe hmated to melt the
channels or grooves in its surface. Alternatively, an

resin. Then@iaperhtayecsan bt f@nCcaboax270uAE8S A0S holtpve fiberbavié about a§®B05 =C
of t hernopl astic that can fuse to the potting resin.

for thin wellhoPlbRAEBEE afBYo-Xviled BolldW tubkd. UBd 18dif ehelth afrd Fowslihto the sheell
pl aci ng the assenbly (housing 1102, holl ow tubes 1106,

and betw@éhdtﬁg fintend b9 Bkad Se@uiReRl tARILY Bedok3 A RAL riERL hfégloa li’seto make
potting resins 1108 in the heating cup 1136 wt

a tempor%tr&re%a&eiﬂt ';Bgl & fsiten 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 arad
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or other heat source until the resin 1108, hol | ow

tubes 1106, and housing 1102 are able to fuse together
wWoR0d3mds3eb oss of the structure of the holl ow t ROBAIS2004/042941

1106. For perfluorinated thernoplastic materials, |ike

nd VFA this ca e.at ratfure in th

fix the bnglgf oo Gl gt Pooseegen wil e iFd Byghe Beteripeoglastic

preferred range of from about 280 OC to around 305 0OC,
The temaﬂwmaweo friat fecess cam begankplleghby the tempszatyie af Whish & potting

bubbl es. During heatlng the resin nmelt flows up and
material jsdielgk 81§ teperftufreat svhighdhe potting matesial is hpldiduring bollpay ¢pmduit

is equival ent or nearly equivalent on the inside of
bundle ptahemertteind tizsphyhiealquioririthe ob thet fogtirgehterial AThe emibafi theehotlow

arodisinserted into the nelt to create a recess or
conduits cavbd slosedivg sking] plggdidd) Or Wi 4 prefdi@d grbodia®ny by béiag feh®d in a

1112 and 1116 and the hol |l ow tube bundl e 1106 are then
loop. inserted into the cavity. At this point neither the

hol | ow t ube bundl e nor the housing touches the potting

[(?(IBI%I’ RWhilkhe- qug 4 éﬂl@ﬁ cBnélﬂQShdMole tuf)%]oﬁ\’lcm/ollgm}ﬂef' Havrnﬁ)g one or

t he voi annel s 1 n the housing over

more lay&g oP F]‘{e %ga ?laL ﬁyA!fs%ré{Qc?& fpd 15’8 Qﬂd glpov\’r{’ﬁd1 04 hﬂg be potteyd using

er coo ng proc
for

the meth%fﬁ%%ﬁ?& "“gen%‘{)ﬁ“e:‘h?l“é*@\%" b&fef%eﬁq%eéh%&w@ Srag o ighing by
plcing a5y of ek hOpbLT LTS BE Bl o g'th%a"%”mgrqﬁlm?@u pygaLle]

a machine and bit to open the tube hollows and to form
relationshiprig bausing grstecrel A dgrterhilvidsanpmintioderedine thejateponstof e
727 of the housing or sleeve as illustrated in FIG
ends of tifeSe cTHertridsid lholhow wbrdits Bofusehmlewdringling oujtrithemaplagtdgayer of
and 126 with the potting resin 106 and 114
the conduiestpgatharwed o thd heusjrgt wabitofounf axc esegrally boadgabilaid kighk
further using a heat gun to nelt away any sneared or
arrangenfeftigthPhdlicddcdduficigele sifeve. ThEHbGinY drikledvd, apmany ilesg
of holl ow tubes, such as 2000 or nore, it is possible

structure$ RS glob® :Iﬂaqir'(l)tﬁﬂiﬂiﬁs BAYS sRPcE] MYy BREAARr Wi ﬁ\@rn?tﬁghslﬁ@ fused to

repalred using a clean soldering ironto fuse

its inner GliRRE of 1161d8@ PSSR (0M: cBY bR il Ehe RGO s&a@%m 0

ect wt e al dering iron 40]

Altematlgélg thtl-: ﬁlscl—:(!i ud st lgo%tdgé totg%hglxlg gg rr&%{t)e'%:c\z/lh %8 BY g g ﬁ1 3 Wsrmoplastlc

or s eeve W PR one
tF %3|n wal | and where the housing encloses t he hol | ow
resin in thq PUSINETH o oy change device can have fluid inl et

fitting 102 that is part_of an endcap 136 that can be
[0039] 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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bonded, threaded, wel ded, or connected by other
sui tabl e neans to the housing or sleeve 124. The
woaousioasped 24 has one or nore channel s or gr ooveeT/,Ustmn/ 042941
exanpl e 104 and 116 (ot her grooves not shown for
clarjty), .in the housing or sleeve. The i hernppl asti.c
them’oplf‘%k“i h ‘-‘)F'b fusg e fisIPatting e;esg;h o heiprocess By tlweltvwstlllwgatefi fRFIG.
IIOM/tubes or a conbi nati on of both, bonds one or
11, plam%thé apssmbbikhousiag 1 109phelipw wbey (06yang resim L EGR) ima Beaging cup
the housing. As illustrated at 108 and 126 the resin
1136 andiipgting dhe podtingaeriss MO8 in tha deativiglcopvl1 fbwith aBextemel Heatimg lock
fluid tight seal with the housing grooves 104 and 116.
or other ligat foubhael ntilvtHeurbsn i 108, bolésy arbes hl06f antiHousingl 1 502 aeitbleto fuse
122 bonded to the housing or sleeve 124. The housing
together Witiiowrddds@fi el syruttned dfdiee Hdllomctubést 11106.0BorlpkZ i ated thelhidplastic
can be but are not limted to those that are bonded,

materials, Ik€BERRFATRLASMTA Mis @inGREERARL AR 1ﬁfthet1t3ﬁg°e%fvﬁcﬁlh aﬂc}ﬂ?265 °C’

hou3|ng 124. The exchange device can have a fl uid

to aroun®$03 il Vt&fhtat %’ gg g%frbﬁ Bt &89f°C%] ar%ﬂﬁjd: ?(5)5 ‘;%%nﬁ]{\ﬂé melt

can bé or connect ed

turns cle%&bh @sbil O d a?g%dsblibg %egung %igr’gt%? eglfller\ée t fi%w%u[{ %1dfb8¥\\§¥ﬁen

.a ar nd.s re and.the tuhe end cut to Q
the iber{ynd'} tﬁn?e%elifm?lﬁé Bt BT Vo Sh oSl o the
en Alternatively the potting resin and hol | ow
shell as t'ewé%ﬁ 4 fhe sheth MisrRas Vely. s ing ddpierthe melt {q seae afrgess or
. renove material fromthe end of the housing or sleeve
cavity. The,pousarg 1346 withghe gigeegstor shannels 11 5hand1idi6pad thethollew tube
position 117 This renoval opens the tubes in the
bundle 1106 arethenemsdrted inge the cavigm dAtfthis ipbint adither thi ol tube bandignor
of endcaps to the housing or sleeve 124. The hol | ow
the housing eshds3he patting eestutThameslBdtestn 108 edil flowtsr @udtyhofillake voids
fi bers, skinned hollow fibers, non-porous holl ow

and chanheélD8fthe 8Ok dA@€ HmbB @b p&thd h’(ﬂﬁ‘ﬁv @besHAY bR thethduRhgOf
these, preferably the tubes are thernoplastic or

s1multanécﬁ‘1§l|yu At cdAIRITRPP AR Frob&E Blaly Bk re I%Ig%gdelﬂdé él?l @g@ﬁtaletﬁd of the

| Ustrates an i nmmersion type” exc ving a

housing (lﬁB OWH) @P%Jgﬂi%ﬁi_ﬁlge\%h Affel Q‘lng%ﬁth& ONR afY co%!}ﬁ ttl]lgﬁ%agl\’}'hen be cut

urts evi ce ave an en

e N O, A A 0K R B

ee he_.endca % have gld inlet fittin
to open t e4t6 ‘?ﬁ%} i formy afgepssed potte reglon 72 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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fusi on bonded, threaded or otherw se nounted to the

endcap to provide a fluid inlet. Preferably the
woaousioasped 48 i s or includes a thernoplastic naPeriuak0o4/042941

that can be bonded to one or nore holl ow conduits 166

oy o SRR ST ADBAARAL ok Sy 164 IS 208 Bl e
s g B b T b o0 48558

outl et 139 bonded to the housing or sleeve 148 ang
[00483. FIfh dAdHustrates sapxehange dayice hawas 2 DwsIRgRfiesye Wh gne or
housi ng or sl eeve 158 having one or nore channels or
more grogves tvéhs hd&ang wall hed Wbers ithedhousing eddesss thpthellevidehep b6
can have a fluid outlet fittingl 54 that nmay be nvol ded,
exchangef désico Barbirvd aduid e ditb 102 tindt ixepand ofen wndoapdas thot cnebe
endcap 156 to provide a fluid outlet. Preferably the
bonded, thRH&dd Gelle@ dreofiected by WHRS sitableandmptohe housivat @rsicale 124.
that can be bonded to one or nore holl ow tubes 166 and

@2Ghat Ond HehoeRhamkisGr W&  ¥8Zexiathpld®4Q0NE 106 (dTr&rooves
Thehmm?%ghneﬁs 150. The one orgﬁgre hoIIowpconduits 166 and

not showﬁ E%r c’l@:ﬁi)‘?ﬁ%@? hB@s?ﬁ.cg;ogjs?e%vé. ofge tﬁéﬂﬂo@la‘étﬁi&%&in%ﬁ gyl(zlﬁ?%%lf €34 and

oW C urts 166 can be porous

fiber hol | ow tubes, cQ-ex e t

114, rom 5o ine: Bk PBFOY HESE 7 RSP TERANEESS sof bR B B Mligw
forma fluid tight seal. Preferall e I €s...

tubes 1300he meprspAend 165 B hosine. dus Mt I8 adhizedfeRsin 106
In FIG 1B, the hol|low tubes 166 are ill, s%r ted as

and 114 g ighiabe holloair tubsi S 28d Iorpc i ighties! wing Rogpetgrooves
| ayer 160 (indicated by dashed line, see also FIG 7C

104 and biéd Bacighollgw pebpjincliss aeipdail@ andhen okt F22 bapded toghe hepping or
represent a thernoplastic such as PFA while the outer

sleeve 124h@hebphsisg may bptyewall tchudy flosl fitingrer1Ropi 434 that ¢anikhe bvi-age not
that can fuse with an MFA potting resin, or FEP that

limited té thokdhatae byndea iedddd) mohiee) orhalobimatioln ef theseewithlthd housing
The outer layer of the co-extruded tube nmay only coat

124. Thé BRAEnRUelicO B Rive bTRiDGIteOfittihd D €8 tHabRtpaRtio apeidces 120nthat
the resin (not shown), or it may coat the outsides of

can be b%d,gglleh&@ﬁ, WHRES, RRoilebidd by BieAsuithP mit@hdda ' thehessiddér

one nore coextruded’ thernopl astic tubes,
e 2 SHFTAPLIPER LHBE LT CHSGABRESSU) Gl iy 2
s 3RS S I 5 B RBITE i e
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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[0042] FIGURE 1C illustrates an exchange device that

has a sl eeve or housing 186 that encl oses a portion of
woOhesiwesdeow condui ts which may be hol | ow t ubesPOT/US2004/042941

hol |l ow fi bers. Fluid may be inlet to the device at 170

ng o et from the devi e |d|
extrudedfiftofifibelo @%&qwtzmw G e mretitbly e oPrC BGhonjostiser
. (%ge Ehﬁ r the device can be melded into a
lnd”de?WGFHD HG nifold at inlet end 173 and outl et
The hou3|ng 186 includes one or nore channels

[6?4@ Fé@VB@ WB7llugtrtes P AMMeaTomyRe cxchangeedevice havipg abeysing

resin 172 or 180. The housing may be provided with one
enclosing gherppd @ortions df the hellovl genduiiel 166. (T dsvick enayh@@e an endcap 168

connectors bonded, nol ded, threaded or otherw se
mounteddomrkeusieglot deavh a4hbarsi g]gie&ﬁ .mokb ehdnlhels oo ploasés 162 i tiewall of

172 and 180 bonded to the channels 174 and 182 in the
the housthgus slegvel BB. athg endvapdsn hve Q1 @ nlét@it@nd DIO! tBNY rhay IR Sndi8ed,

including but not limted to porous hollow fibers,

fusion béWIBd RRFeAdE dFkHePWsé HIBBSted FPBE Eﬁc‘ﬂﬁﬁ@o % bR aQTuu?ﬁWet Preferably
conbi nati on of these. Each hollow tube incl udes an

the housin%I 198 1518‘Qn@m$_eﬁ g‘?%é?ﬁ%gﬁgu&aﬁltegﬁ'mﬁg B%ﬁ {l} éxterbg trrﬁ)rre hollow

sl'eeve 186 es are

condults.rl%ﬁ 'chti r{%{ed?&ﬁ%o la%hc ;'es% ]%qqﬁ %1186 o) %%m%l;]é) \C/F;angeﬁ%ln The

Ses on tu

hollow cﬁg(ﬁ].g 36 %igﬁeﬂn gﬁ‘%}"r{fg%ﬁ% u&cESI d%f)gcy n]n]:lélg tﬁgch hollow

by nachini ng _back to 175 and resin 180 and
conduit lﬁshﬁﬁ%wnds%am@dfg SutletdRP hapdedde thethousing ppslesye 48 ped 158.
conduit ends. The recessed ends can help with
The devige,ay daavn endean 19§ rerunigs) teiahgueng emdesys 15®havig ¢nsies mge
ends 173 and 181. [0043] FIGURE 2A illustrates in
channelsqor gsapvee t10 intheshausing lor ste¢vien Jhe xadnab d 56 tarchvern adlusd @rtlet
grooves in a portion of a housing, endcap, or sleeve
fitting154 et miag be seaddedofusion domdddhthirededwr atheitlisetSoun®dab the endcap 156
grooves include but are not l[imted to rectangul ar

to provid@radfii€@sut{ds) Prefdr@cﬂﬁﬂféllﬂm&ﬁgl DSSis B ARYViRles @\)henﬁ@ﬂastlc material that
conbi nati ons of these or other shapes. The w d of

can be bél#Rd & SRV Smork h@ﬂ(fw 888 b6 zfnla%oﬁdéﬂa%éf'% %1%&1@ 188§ 152 in the one

another, and their spacing fromthe the ousi ng

or more H‘B)‘nn@? ly(ﬁrTlfraedon foI' HI%PJ hAlfoW Jo%%lfn?sntﬁ E‘ah hgwsresm Fs2 form

Cross sect IOﬂ (0] rlca eev
sy A 104 0 Y b ot e

co-extruded hollow tubes or a combination of these that can be potted with resin to form a fluid
tight seal. Preferably the hollow tubes are thermoplastic or contain a thermoplastic material. In
FIG. 1B, the hollow tubes 166 are illustrated as having an inner layer 144 (solid line) and an

outer layer 160 (indicated by dashed line, see also FIG. 7C and FIG. 12 A-D). For example the

inner layer 144 may represent a thermoplastic such as PFA while the outer thermoplastic layer
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or formed into the wall of the housing 202 to a depth

208 frominner housing surface 210 and a di stance 212
wonwHosssss out er surface 216 of the housing or BCEAS2004/042941

FI GURE 2B iIIustrates rectangul ar grooves or channels

|.i ke groove. 24 es int housi ng nmay )
160 mayflzfrarm Bl i hﬂqﬁrc B 1o Mt g ﬁaowg%rsgwéfgﬁl%&wt is
30. The housi ng end 230 can_be bonded to an endcap or
thennallmplef@é tq imngr qllgvgubsolayeri 4. THe ayfes davesoidhhcyextruded tube may
characterized by an opening illustrated by the
only coatjthoseprséorsof Wedolle®2ubes thap 36, pottheé ingthe tpsiad noteshowe), or it may
equal | y spaced, for exanple 244 and 246 or 246 and
coat the 8&iidesoof thehieolpmonbessas ihystibied u ee halldw tubgrald® mpdset onasnore co-
illustrated by the | arger distance between grooves 242
extrudedahermdpthsticlinBesy prefarsbl ypsrlnaneatéd ttefpidpladizd) blir @aldd@e but is not
i nner surface 238 of the housing (grooves nay be on

limited tb Iib@roﬁﬁlblesﬂmﬁk'ﬂ frReEBopiAlic HBRbw FBEMNIr théRHfrbtidddAdREnelals or

lustrates the end portion of an exchange device

Cenmncnguﬁk&gmnaheeve or endcap in cross section with one
mor e shaped channels or grooves 304 in a housing,

" diff nt t of tu es.ar
(A5 R 12} PR R St SLAL o HRE BRI RER Y s o

et B SRR S G P
316
my e B b L e B R e o ok b o

| ayer (not shown) that is capable of fusing with the
conduit mRABphenmnesied t© thelousingl§o ciee FoE. Wk er thedeves caobduieldsed into a
The surface of the one or nore channels 304 is bonded
fluid handging teniféid nninjet ersd 173 andoutiet3:h0 181.0lbe hiusing dR6 immtuden o or
hol | ow tubes 318 and 320 in the housing 314. The
more chdrinels longesvesf174 laed beLihianighndsbd drvBermoplastivdesip 172 BE180. The
di stance between 308 and 316, can be chosen to neet

housing ta@ bppRSEdd &vithlie bEMPRY il ifetSIFR@LY fluRItJuflerS %fconnectors
exchange device for its intended use. In FIG 3,

bonded, ioldéa thRth&d oty BshiktiEd AL h6@nd86. h%déetg%ciﬁrﬁa%ﬁc resin

porous or skinned hollow fibers, co-extru
in 310
172 and iﬁ@?&]}iﬁc}?{ao tﬁ?é{hagﬂ{rp ﬁﬂf&ﬁ%ﬂﬁ l{enﬁ?l%ng ggé %g(bl!)ch o one or more
truded t ube bond 0
hellow t‘%‘?% PhEhaR ot C?E%P%’m o PP 2 90 E%éfw fubes, co-
| ustrates resin n j acent tube toget her .

extrudedi e I A3 (GEPEIOR AETEFF. G PO MOSTIGHcH G5 GIeL AP i an outlet

surface 322 and an outer portion or
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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thernopl astic | ayer 326. The outer |ayer and inner

| ayer can both be thernoplastic materials, preferably
woOhersmdsass | ayer 326 is a thernopl astic capabl eCofus2004/042941

fusing with the thernoplastic resin and nore

preferably has a | ogwer neltjng..point rat ur
to open th REAu 8RS | Hpapcossed endneinia T baroel gty gt fefdibr
more of the |ayers of the co-extruded holl ow conduits
encaps to thedopsieg edst’§ apk ¥l uor i nat ed t her nopl astics. [0045]
The exchange device may have a process fluid inlet ?nd
[0043] FEGUBH e dluetdatesaintcrass hestion A gon-HpitingampliPiahgnnels o
delivering a process fluid into a re-circulation |oop,
grooves i poftich dfiadpesisg ehdmab, orkleevethetia mepsl to bond with hpllew gendays.
exchange fluid or working fluid inlet and outl et
Such grodves fnchi@é bitQke hotAiRdd ta Fecexgliangeovds (@BY trapéreideshapaingreove
fluid separated fromthe treated fluid or process
b iBYs $fBesHBE SthbRdhapdd. tTRE width o thefgrddves, hiadit degtit, toirs
Qﬂ,mmh%h% tﬁe %ottfng bondin% the housing to the tubes. The
. -BXC | i H6%0rR theleh@ 08 R MdudiRe had BE vatied without
qmmngﬁgﬁ@&%gg?%£%?ﬂ$?%ﬁggﬁe pr%ceé% fluid th?%%gh?the hol | ow
limitationit. %@nﬁgﬁg%%g gré)gsxs%gtg&'g(sf a \Hié"heof%fctyhinﬁ‘iogf Qe lwith

used | apparatus that optionally

eapusoi Gl YobsEerp e 204 P Hheqteh PaRioBRY gV e OB L bhied
orformecpi th g BE e dorh g 202 SRABICMENSE Btk T Ry e JaBod

as part of a dispense systemor a re-circulati, fluid

distance 212dvere theqier surfase 246 phitghousinggyr sigeee FiGUke sBilﬁ%ﬂtfa‘&é a
particle filter. The apparatus may exchange mass and

rectangular greones @y chinhéls s gooveor4ariihe granyesinthegousing raay, begfprmed a
aqueous fluids including ultra high purity water.

distance Prek@h &l houting osylést ead 83@r Tertousing end23ecan be doadedig an
the process fluid includes but is not limted to

endcap of RERbS 1054 kld @EnRAPABE gRfditeddar e Rhathctibied byrad wptngillustrated
I ncl uding arsenic or silicon, or ceramcs including

by the dilﬁ%i#gibgmgen b3 Ll 3@NtheSErbORk inéfbe EQOMG Ispide@ B exbmple 244 and

ustrates an apparatus that includes an exchange

246 or 2 q\g):dégo,o(];r éltle{'%og{eg %?a@tbeiuﬂgé{mg S}Eagg: rQ arCNAbdifRAI Y IhAlarger

use ean’or co tes. The apparatus

e e 20 Sy R YELE 320 SSBSR  ce

238 of thgﬂsagusg}agg(sgg%vgsi, {ﬁgi%{: gxbfplg,b?}%g g@%igé& %E%@EW ce 416 of

[0044] FIGURE 3 illustrates the end portion of an exchange device housing, sleeve, or

endcap in cross section with one or more shaped channels or grooves 304 in a housing, endcap,
or sleeve where different types of tubes are bonded or potted. Grooves or channels 304, which
are illustrated as open trapezoids, can be any shape that can be formed in a housing or sleeve

wall 314. The sleeve wall has an inner surface 316 and outer surface 308. The inner surface 316
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an optional adjustable valve 412 and optional particle
filter 408 and returned by conduit 404 to a hol ding

woanis/o8386 Process fluid 428 for cl eaning or ceariusgo4/042941
the substrates 434, for exanple a sulfuric acid and

my e KK OSERARRASEA PR SR RE YT Y e

) devi ce 416 where ener, exchange occurs between,f] uid

resin and6 OF MG HRUIBRSOT A L SR P GH7E R T THBNGS Pl nded
hol | ow tubes in the exchanger. %bnditignggﬁiluid exits

to the thermaplasticasipy d1Qalong with pae PHAGGIRIBETRSA AL &}t igpheshousing
val ve 420 and optional particle filter 424 and enters

314. The thiskpess 0 the housirg.sleevis of entligap, tendistprasdstyicon AR and A1G; g#n be
include a drain valve 432 to renobve spent process

chosen td megtdhd pressutehrmdttamperadet. safe@Oadhgs/Af eagpagadeyicedor syistended
for treating substrates may utilize one or nore

use. In FGCHageldaicheHoagondulits siat edneted HolloWwltesSpordimeor skinned hollow
exchange devi ces 516 and 544 may be configured for

fibers, cd-EHTRIAS RlloW@bess BPMMY)contbiratith bEMREse pofted irdiesie 310 t®form a fluid
current flow. The process bath or cleaning bath fluid

tight scaD 2R FIG. 3, BOGIEH ifstlali6n SHERAOGRIEENIRRY BBEb&deliSthe housing

present invention by contact throughhollow tubes in
ot | . i th. ; i
14 witk QBRI SR, £ PR IctinWhn G A80AL bt hepl, The
h change fluid 560 may, tenpergture conditioned

nottow 1y 3B hGE B Bfer ottt el T PR 2e FUCet e By o

heaters ource of house/facilitjes hqgt or chjlled.
thermoplgsficdpyer }&?-?a ef‘??a?‘}t%ﬁx;’r pfeinpen jpypr ﬁﬁ‘y{’%é bﬁat‘?ﬁéﬂli’lé%ﬂc pa{ggials,

is generated and fed into the exchange device for nass.
preferabky thgnaiterrlayes 32kis atheymoplastiq qapable phiusing ity the theenaplaptigresin

chem cally conditioned fluid may be stored in the tank
and morgprefeeably fisradeweymelting peincirwheraiyee dhaw thednner payer §22. 5The

504 is an exchange fluid punp that can be used to
thermopldstice €dr onb er svochafithelafydrs bfitht ho-exigindedhobpw iconduits per frefetably

filter 508 and optional adjustable valve 512 to the

perfluorifitédéB@rdplatévd.ce 516. The exchange fluid flows through
t he exchange device 516 and can be returned to the

[6045K TROEx hiM RUBicY Alay Ba 806ks G et ambdhitleQRVnneRad dodthe

the exchange fluid iS supplied froma facility source

housing {Oﬁ r&éﬁﬂ'@g}gﬁ ggf?\%’érfsﬁg E%t]'%egﬂﬁlrig irﬁ@%?@gr& atfoh 166 dMo a dispense

roug arn (not s omh?. Process
ool Thi githine St S HF ah PO SR OB 5% e by IR guines
for flow gfe aYni eg(%hasn]gg 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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where it exchange energy, mass, or a conbination of

these with the exchange fluid 560. The conditioned
wonrosasssehl uid is renoved fromthe exchange derCTaIS2004/042941

t hrough optional valve 518 and optional particle

filter 522 and.is returned to.t .ocess_tank.5 f
fuid inlef yHeengpanBRains s SPUUTSa g IPE R Bulof o BeykPby he
may be di sposed of through valve 540 to renove ener .
process fhudl ‘B dHahaned duGoTmEN PRI 28 APt O IERCH MG TRIRA T TauAting
and direct it to a waste treatnent or_ disposal drum
fluid flow birenitg [Theappaatsgmay Thse further imclyde a paicle filieg Eheanparatus may
treated by exchange of nmss, energ%, or a conbination
exchangeDhadshiad er eekdy witls gases) drgapickiongiring ileldp op eqerous fiwideingleding
val ves 528 and 536 into the exchange devi ce 544.
ultra high PQAGvatdre PRX&G N g sUbstiates activle @ leardatedibyebe praces fluid
net hod and apparatus for the purification of gases

includes Eﬁ' i€ RotTBitdiEo Weds dueh 6 EPpeAdndl@RiaESESentitondlitiols indyding
e renoved froman effluent stream In particular, the

arsenic o? F]ig?cﬁ{]tor k&?x}ﬁ/ﬂ%i&tﬂﬁlﬂ{goa\ﬁrgﬁﬁn@bm&ﬁd Whdftinirai nt ai ns

egri e potting resin and housi ng seal
: ih . : . : e
e ERCAB D0R FPHBRA A EREATS 08 e Bl o e s
menof BFESHERYSF DB R bk sl RS UG s

o

_ hol | ow fi ber nenbrane potted_ jnto_a housjng hayin

fluid congpist PEEIPS (VAR ChH SERPTigR filighs-BotipmBler g o fluid 450
unitary end structure with the housing that can be c%t

may be diyseied tiypugh an cachangpdevieartigo! theprpisnt iBYeTHion by gump 446, through
conduits. [0049] An exchange device of the present

an optionahwdjnstalde valsy 4 Keandsmptiohad paicledilien §0bandistrngepygfonduit 404 to a
nmovi ng substrates. For exanple, FIG 6 illustrates the

holding @flR 4481 gProtess Fledni28 gorafleaningatr abating thaihbsiraieset W31 wkanhple a
fluid fromsource 632 treated or conditioned by

sulfuric 4di@ RS 1Bfdréen PB%ide SOIRLGY, cadbe purfpdtibytatid pump#38 teaghby

t he exchange device 618. An exchange or working fluid

' ¢ 8 BkcHBAR deQlce 196 SPefe@Bbigl eXcIRAbE 6@ uRWetween fluid
ad“mmbgﬁgR%fgg?ﬁ“gg nadég}o #?OMIth?gughg?hecexg%anae devi ce

150 IS 2, BT A R0 g, e
T T
filter 424, g} et ho peceass tanic opweie 44, rHeHotetd Ak 28 Gl iSGHE £ fhin
valve 432 to remove spent process fluid from the tank 444,

[0047] An apparatus or system for treating substrates may utilize one or more exchange
devices as illustrated in FIG. 5. The exchange devices 516 and 544 may be configured for

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

bath fluid 526 is treated by the exchange device 516 of the present invention by contact through
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of the fluid 650 may be perfornmed by additiona

devi ces (not shown) including heaters, chillers,
wohersioeades gener at ors (hydrogen or ozone ) and PCT/US2004/042941

controllers. Fluid fromsource 632 can be delivered to

t he exchange device 618 using a pressure source 628 or
hollow tﬂﬁ%ﬁxn e change fiise 1oayithyn exchanee dluil 00 viyeh 1sdHestrated as being

particle filter 622 install ed upstream or downstream
stored ingyg tapk 85G xEHiesarghange {inided 60 vad i temperatuggepnditionednsinga closed loop

adj ust abl e val ves and can be used to control flow and
chiller, regigfi vgtimmtersorehentean g souter ditmusd?faoididieshdtionichillé@ ¥aent er s

t he exchange device and transfers nmass, energy, or a
Alternatdelyithe Atidanaydfe 4 dhesgcahihiatis igbgeraved kidfgd idtoiid &xbRange device for

t hrough the hollow tube walls. The conditioned process

mass trahsfer td tHeprokss findP GRE Einpefatdre Ad 8f ¢HRthicHly ChANBbRIA A may be
substrate using punp 632, which can be a di spense

stored inPHEhnk G £2E A0 MYl dxcPingf A2dtE R3] §%pRis ﬁﬂex‘é%ﬁ{é@ lefid
d t h~one

of a housing, sleeve, or portion of an endcap w

' [ r |..qf ~the
pomp (X calf B B 16 e Toe Rehde HORhrcbn BibtontBhaicl g O0s and
. i shel r.sleeve wi.th v [ sl.ots 71
optional MR8 A8 512 B o X et ke STh, A s B siows through the
il,lustragted on_inner surface of the sleeve 726, FlG
exchange e\i6q 3 Oyand car by TrtipesLie taciark o3p Wemieh iglve P ancraggduit 554.
. dntercaonnecting grooves 720. The venting slots can
Optionally thggx¢hgpeg,uidds fupribedrom g dacility sperce forchange dewira516 and
. during potting. The housing can be a tube or sleeve
disposed; gf shireethicthensigh condyisr5ott éma dfairoimet showmdr Brobesk floid §26fesn the tank
and may be pretreated by fusing a coating of a
550 can podideteeld ytfverpn®isl thouglc adjoosbi¢ valdé HEP thaugheledixbgange device 516
thernoplastic to the inner wall, the thernoplastic can
where it bechatige dnsrgypinassi, 67 4 @inbigatdhAf eREOWith theSxERMBe fluid 560. The
illustrated by 936 in FIG 9. The housing nay be but

conditiohe?l prédesd flutt Eﬁ‘énfo@e@ffbﬂl'ﬁﬁgéx‘%ﬂéngﬁ \WBGSe theUH WpliSnd1 3NV 918 and

any nunber of sides including hexagonal, rectangul ar

optional ?Ertﬂbfei AR BIndGO Rt Fro tﬂ_@ﬁgb&g RS 56 'for%eﬁ&%gthg@%{bsﬁﬁteg 524.
or may metarfic

her nmopl astic materi a e a ceramc
j . | astic terial. The
Waste bR HGARBindY e ol ARTIRRLEVA% PGP Kbfovpenofay gnd or
referred enmhodi nent,. the_housi ng ar sl eeve includes,
hazardodi ewaﬁ%%@h%ﬁ%ﬂ%gg dpyics %‘E‘ TR ECU oG YasEe tgaPReRtiog disposal
can be bonded to the hol] ow tubes. [0051] FI GURE 7C
drum thrP'F&'Lu‘@f‘feasgés efﬂﬁ w@ptp groces dluidheandie tesaied by ekehangvef mpss, energy, or
.sl.eeve 726 shown in
a combination of these with a second working fluid provided through valves 528 and 536 into the

exchange device 544.
[0048] The exchange devices can also be used in a method and apparatus for the
purification of gases which may be used in chemical processes or which may be removed from

an effluent stream. In particular, the present invention provides a device which maintains the
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FIG 7A and FIG 7B. FIG 7C illustrates one or nore

hol | ow conduits, and in particul ar coextruded hol | ow
worbBsn63B8 potted with a thernmoplastic resin 7RETiUS2@4/042941

t hernopl astic or thernopl astic coated housing or

sl eeve 726 ha one or, .nor 7
integrity gf e PAUITE ﬁe%é{ﬂ%&%ﬁnﬁ éee\mwngee[’%{h%g%]%ex ru 8 g 56211 ?Ifséévhere for

tubes have an inner |ayer 704 and o qut.er .
example pp petaystibgd isuafied BK éﬁaC‘il%%/aefcgnR?&}Fntﬁ gﬁ?’%‘fﬁ gP’%ﬁ‘(‘f‘W reactive

During potting, the outer |ayer 706 _of the co-extruded
liquid, gelresrpseontainedoasne side b ABPives hollomhfies snembyane Roged Bitga

the hollow tubes to the resin 722 and the housing 726.
housing havifg g00eE, th¥ potting hnd hollvesonihits formiag aluaifety eafl sewrsure with the

co-extruded tube and the potting resin formng an
housing fhabdanrbarcut yped @i Med flontthrolgic the poped fatliomgronteitun- f used

out er tubinglayer 706 from fused resin bonded to the

[6049] QW dxbRASe dOBcHHdhE Présdnd thvémion rhiiebeQtsedrErelearing iongoating

grooves or slots 712 for inner groove 738, and venting

6 1d @di@%ﬂ bt deRand asih # 8r El0niNEst d REtgaS
OmeVI@S%& % grwf;%)i/gg) 0, 71451 rand 744 d%rf ng ng)oéftl ng. T%

substratetf# ?heﬁulﬁ ro@?o%?ce%ﬁ%%at@égr E@Mxt&ﬂé@b irhfdede e mass, energy, or a

ast1Cc resi I nNg pottlng one oOr rmreo
. 738, 740
ool O S o AP
L Egiéiﬁ%iqdﬂt“%%kéﬁhw”i%&ﬁo%@?e Rorpsiene

and the placenent of the housing in the

618 using@fpumpi @At The reeangst lgd 650 dderagteVih Hisctiodess 1w 632 dpueh the
to provide strength and integrity for the intended use

hollow tatestit theexclirnpe devien/d 18end san baotetusenddp ty tabethrighgglve 614,
tubes 708 to the resin 722 and to housing 726. This

optional paitichefilete 660 mdeshduis 604 Tdreparaiste capditiowingier diemitaimogification
and expected application use conditions. As shown in

of the flitil €50 by Ge pedisimdd®yl aditiotslaleviod (hatshewn) inkkatling heaters, chillers,
|IIustrateg bei ng connected to 734, and outlet 724 for

chemlcaf ééﬂeflat(ﬁrls AWdrobaR of BARE ) laAY E8ntidNEds! PThidfrofhiewee 68X tantsted
bing whére outer layer 706 is still present is shown

dehvere{? Y%Jlg Qx%gﬁgee&&ﬁb% 618 %Xlﬂé % crsEer Qou?ée éﬂ%r %Qm?)@% UggE fluid may

e outer yer fused he resin
2 1is

e Sk P BTt b 0 i
device. &af 6[2|% %B?(L?ani eSI let\ﬁi ves. gﬁde%flﬁﬁ 48 @&ngt?&tfg@ and isolate

Preferabl¥ the grogves are arran eg SO tgat their
the exchﬁ@gegdqwce. rocess 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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decreases fromthe groove nearest the outlet of the

sl eeve or housing 744 to the groove nearest to the
wOonw@ricssss of the sl eeve or housing 738. The waPCT/US2004/042941

bet ween adj acent grooves may be any shape. As shown in

FIG 1C for_ il lustrative purposes onl t he. grooves
(09501 45 SATHPle@f BROLHG S1°F b BBRSTGP LhsaficaRarEong fydrore

hei ghts of the walls between_ _grooves C si_n r.om
channels T4 hdiner SBouTBaluR] DAPJISHIE YL UEEGe oy o TR
the potting process may be recessed fromthe end 727
housing gl oh sle¢neuritngenting slotsellé imgwonrscling e grooyeeaidgnnels 720 are
surface 725. The end surface 727 of the housing or
illustrate@ bf éter aafacbef thenited: 126. dAGC AP dlustrites i ckoss tseatig, venting slots
wel ded into a fluid conduit.[0052] FIGURE 7D
716 interchiréstin2drB6veR 28 NTh Gdriting Bloefcan allex chramngs lide virte escape from
Cross section where one or nore co-extruded tubes 758

the resin %ﬁﬁn%’g&qﬁ | 70 RARHgRENBE a Ribe b SledhertREieficl 456 ahpriianToae or
portton of the thernoplastic resin |ayer 756 on

more holztgjl g%ﬁg%ndﬂﬁgyll ?éfl]vgrtct' %‘gu?d g}gﬁ%sin !ﬂ%oﬁtﬂ%ecﬁ all)%lwld&\@dttllx@ﬁloﬁﬁé’cic, co-

nopl astic or thernopl astic coated

xS0} S8-S0, b8 BB AR P B
e 7Aoo S0 BEF oL B
R SRR LN S L M R

792, or 794. The co-extruded hol | ow tubes have an )
rectanguian oe riangyler conguits ndhoheusiig ofsieavegnawbhe 3 Giganeplastig material or
(additional |ayers not shown for clarity). During )
may be Damathie@r ntebeliowbe codter eith 7 9@ oeplastie neriereakt Theldigrmepistic
fuses, m xes, or conbines with the outer |ayer resin
material chi9be adjiapelyimer.uhegeteaed embodimenthtielhowsingibedecve dreludes one or
786 and the optionally the housing 776; additiona
more chhfhRIsTR Meafhdror bRt Wallthat £ BésREddduo bigisbllonerubes. mor e
hol | ow tubes to the housing 776. In FIG 7D, 760

[gbélg %g@@ﬁ@’ﬂﬁ hﬁlgfr@tgé Ay st Sioh B eﬂ’dJ%(_ﬁfiorll 8@k sREvd 128 shown in
ondae

co-extruded tube forns an arbitrarily defined

FIG. 7A! Al %ﬁ{}?ﬁ%egﬁ? ﬁggﬁlbggtgas%ge BpﬁlﬁféthoﬂU%v%nﬁtﬁbéeén&B gtaﬁi%ular co-

CO- X portion of co-extruded tubing

e out | ayer m X Wi esi: 0 or
cxmate S BT UG o Shopob kS Elf A2 bt
wal |l along an axis of__the housing for venti ro
thermop{ e GRS IRNNDESY HBNEIAOIRUAR PO T OPHBE YT BbIRe /T 42 A 744
790, 792, or 794 during bonding or, potting These
in the hqysiwgweadl. 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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or vent slots 766 may have the sanme or a different

depth, size or shape than the grooves 788, 790, 792,
wOonRo0058943360ur i ng potting these channel s can bon#Ctastkdva/042941

t hernopl astic resin. During bonding or potting one or

nore of the grooves 788, 790, 2, .or 794 ] he

layer 706 fieous fused tesin taded to) t’é?jh%lh“ht”g??e?“%&'f‘f‘ 3&@%’562 QS;{? CHEA.
The nunber and extent that the grooves are fiIIed\Mith

venting groesesomsats B2 fommined 219pve Fitfh g yeting sifrol 1gimayrbe formed m the
thernopl astic resin in the pot and the placement of

housing foheenkiog ghgfoinhd reopst740,442udrd Titelyring patiag. he yrigesred
788, 790, 792, or 794 are bonded to the resin776 to

these slot®7 08 i@ bShd @MYt hathdpistgresing72RorDurreg pattingrhedr moee ffthe
t he exchange device and for bonding the holl ow tubes

grooves 7888740 7A9US 749 irf 8 hoksinShidnviean pbsing oevirt. Ulhe rif5Beias extent
an inlet, illustrated connected to 798, and outl et 796

Lol e WA redi ty Hahgin€ ehctthdumeletthériophgtic
thmthegﬁﬁgFéggﬁgbgdﬁgpeggéé q%é%ggégéiilén%resent is sﬁggﬁ b;
.. 78, the portion - ride [ Qf k438
e i By AP LA LAy s
thernmoppl astic, resin is,.i|lust T . .
vonde U eSSk LS B o s i
bet ween t he hol

| t f luid fl t . With
and for bpRAMB HEdIoDRyBPes gL Beasr by e otk Rp s

t he grooves 788, 790, 792, or 794 are arranged.so that
determineusing theitesh pRRsepealdS. B @Bﬁiﬁf’fﬂ‘?éteg PBU%F@“%%FF%QW‘{‘WE' &'shown

outlet of the sleeve or housing 794 to the groogve

in FIG. Ine€ exh hbbow ebei T0Beas on indst, illnwratadeheing conneirssiprigt 28 outlet
The wal | between adj acent groove may be any shape. As

724 for fRH@NBwWI NTHd iGner18yer portionlof thetcosexirvdedpubipg sédisrecytey layeh €06 is
groove walls are in the shape of trapezoids. [0053] A

still prestR4 sIRMRASE1A8S Thefiniee &8/f pordort dfethé od-expridey tubing where the outer
performance of an exchange devi ce mayi ncl ude an

layer haseqﬁgmggﬁ‘e Hexi708 is TRESAESHy TIEE The poRing of efthollbuitatees creatds
flurd handl i ng devices such as punps, conduits, and

regions ?,32;%%’2%%%%{“&?09’%1{%9&8&60% g% g@ttﬁ)%%éiﬁ 124 fR GuRKBSPEShtRt wath the

at 1nclu an exchange devi ce 804
navi 19 one. Ok 4TS 76! Grel @raflgddUdSha ehelheight
outer taygf B8 AP RE S g0 e bRl B O E o I et
exchange devi ce 804 under.test, or.,an ti
decreaseg ot @p@;o%yeggstitﬁx&gﬂtg{ (éfoth% gle%\ie Ok gausl\{lgg ngélt tg gl{pla e@’é?\teﬁlgarest to
controll ed encl osure (not shown). The nifold can
th interneF (a1a8ve AERANTERE: G0 el DHIEY RIS BiBifs S ah s share
an optional sensor .
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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808whi ch can be but is not limted to a pressure
gauge, tenperature probe, concentration nonitor, nass
wanelsysees f1 ow neter, or a conbination of theBeT/UShm®4/042941
quid outl et and sensor nmay be fluidly connected to a
I I a an adj stable valve 812, that is
[P By RUgh TR a5 ibd Bpdangdt P et o pgctn
The exchange device gutlet 816 is in flu
where og R 9T S PHAdaH £Ybet 11 e PANGado Beshiogher P ﬁ‘%ﬁﬁ@ resin 186y from a
tubes that nmake up the_exchange device. The fluid from
portion pfhg fhareopRs - wrinhaneg @26 emadiaceahallgy tobesd/ 58 orlfierfaged dnllow
of these with the fluid fromsource 834 through the
tube maydielbondadtbdlse thitrmdpdastx ohthageopdastic ceatedinaisinlyn gleever 770 (similar
state of fluid frominlet 842 as neasured by sensor
to 726) 8&Gng omnordhdreanebveh288; 70,6790 ort19@ blylfudich étth@hbsats valtfthe resin
(mass, energy, chem cal conposition) as neasured by

layer 755@5n3B¢ th8ABopTRYicHR116W @thek Or BNA BESESH 24 8sih BEfoRS af (RETRPES I 776
or integrity of the exchange device 804

that bon% Bﬁé H3hbloYiowt tﬁﬁes't@ﬂﬁq{oh&}f% 990 ﬁrnﬁon%)ﬁ? E%?%gr ﬁ?éé'?%g 790, 792,

‘ be determ ned by exam nihg either t ow tubées’
or 794. &lthg gré %t)(g‘g?e%jfﬁ)c K rlllgg{tlu%tl,nsg{ag §rf' ﬁ‘m@xf ltager 7?4 QIS& | Odqjl%éore outér layers 756
iohSTR&L AL emi.c Pt
(add‘“"“ﬁ D Hedefou for 62“1% 38 P %f‘g’ftf‘)%?‘ﬂer YT 33@9@@ figextruded
be £ ected due_.fo du%fu5|on or perneatign of th
tube “?Fét ‘EPﬁe%ﬂOff’ﬂP’BH‘ﬁﬁ Withdhe QRier lower F@lq izorg adjpera E@ﬁ trbopel the hollow
oss of integrity of the exchange device 804. An

tubes toa%rp%rs%fié isnd the-oniiengbothe heusing 765 additional themmaplastic resin may be
conmuni cation with the outside or shell side of the

used to peyid g or gisee holitve tubas tpeh@R@isirgr776e I RIG. 17D, @60 illustrates the region
communi cation with a sensor 822 that can be but is not

where thei outerdalyer of thefoedsimoeexyadebiubt rme b btbiteardy Odfened interface
concentration nonitor, mass anal yzer,

separatis@ehe tintagloated 1@Bjeeof the LWk iRled ltubelB6 ah & bEti6R BNEEExtrAEd Bibing
conbi nation of these. A fluid conditioning device 826

where ofifey1a€r rhixds dith (6NNEELLH6! et nﬁ%&é@ﬂ@é@ o GMhtGfots %'(’Sergay be

fluid condltlonlng deV|ce can be a chiller, heate

formed %@ﬁe %P SloREQh aWs! Gr([j&ﬂ Edfrv%nﬁ%no%g?rromge %Hedo xg{)]rte.r ol

shown] or ot e for |t|on|nga

concent§<?hi‘l}ylfgx%{e rgcwegzri%S %ggzﬁgdoﬁod Pn 1P%P§oé€£%:ﬁﬁmrooves
o ven 8 b BB g e I e S B . 90

onnected to a pressurlzed sour ce of f|UId wi t hout

792, o o es PR HiprerhapRslecastbong & e thegmoplastic 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
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nodi fied during a test. An optional sensor 832 can be
fluidly connected to the test fluid source 834, fluid

weauwspe3®sd84 can be an overfl ow tank. The outl| epPCcofustdoa/o42941
shell side of the exchange device 804 nmay have an

adj ustabl e valve 838 to confrol fluid flow through:t .
776 t0 pra¥idd srepcandine R feuihe sodsd vy o e et dedicn S it Bonding

tube lunmens of the exchange device 804 be, _
the hollow dwlres I68 & hausingatfi0u dtsahpwn pabdollgw) tyle Tpdias gy inlgtyllpgirated
val ve 846 may be connected to a sensor 850 that
connected&a®as; asd dutkst 996 far fhiid HoweThe portiod of tiesp-exiudadgubing where the

exchange device 804 through inlet 854 froma source

outer layér 36 i§ RaVpksent eshe@n D778 50e payiob of trsed-cxudadripling where the
inlet state of the fluid to that nmeasured by the

outer 1ay8+ﬂdﬁ Shn&ldab GdAB&H HOR6W BinduEs SOtheRiplarid resans fitustraed by 784.
with fluid fl'ow rate and packing density of the holl ow

The un—fé#??%gib& Jehfe BUFNPRBEs HEMECHadR 742 berweeR theldBow tubes for fluid

ency or transter capability of the exchange

[ 005 || b QG4 ’
flow con&%g\lg@@ghe[aor? réleyhe;rr%g fh%o—egﬁ%dé'ﬁ tﬁﬂ)&?‘??efefabl@ﬁh@grﬂg 41788, 790, 792

ven! ots fromF G 7B is Shown in .
or1o4 aifpabiiesh b it BBl B LS0e e RGRPRERHAS s

wall of the sleeve haying depth 916 in the

or housingt U ATHEToR A DERER [y NIy P 59y S e Re b Tl
t he grooves 914. The grooves or vent sl ots between

between geljaosns gradve meayrbstaay sb@peg it sgp\&a]@ EIG. 70, for dllusfrgfive purposes only,
housi ng i nterconnect adjacent grooves, provide a

the grooowdilnge suthkabape dddpgrordsi t venting of gases fromthe
t hernmopl astic resin during fusion bonding or potting. _
[0083] watest HP8raafs fohmeisutisg thg,integrity we perfermanercefanigachagge device
t hi ckness 928 defi ned between inner wall 920 and outer

may inci¥at hn Sdhandd @ vedsedbors e boudiargst fhiidsered flwd hmdjﬂ_mg devices
932 may be wel ded, fused, or bonded to other fluid

such as @ﬁﬂ%i:&gluﬁ?,\ﬁ.nﬁ Q8lves 0PI} itiBusti@fes ¥ 868 SinGtifSexahploffagest manifold
xa ein FIG IA The inner wall surface, groove

that incl\g%%g%ﬁg?glrge g%slge Whﬁﬁg&fn@% RRFERb1MW DbdsdhaRPoatousing or

own as a broken white line, that bonds
seeve hRIDEPRGOVEPR Groved rana VoRp ey AFndElucP RO uAERYE offny
prion e Sl R Pk P Hhs S oA Uy o
shown).ﬁ’rggq %gﬁ\égggg ilrrlgg@g Qﬁ}lglﬁgﬁlaé;lﬁg‘tfgg {gf_uicg{z] 8ct)n|?1%ctgé %e%eoptional 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 c;onnected 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 Iumens of the tubes that make up the exchange device. The fluid from the
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grooves or vent slots 1012 interconnect grooves| 004.
The slots permt venting of gases fromthe

woOhersmepdeast i ¢ resin during fusion bonding. OCpPComabkoo4/042941
grooves 1014 may be provided for venting fromthe

ot 3 Son R S 0255 108 O ] 0 Al

hei ghts of the groove walls 1028, 1032  and 1036 .
through the bk gFbBLBS TN EHIPend T SingRdl it DB i kg 842 o
The height of the rectangul ar walls betwe adj acent .
measuredypyoesnees §59 frgyp 8ok nrhihe gtateofthreflye ot %@gS}é{wwwn@gM‘\?gﬁucﬂ
bottom 1020 and |ine 1040. The taper shown gives
compositipm) ay meamirtd biesegber0gimay beosed to chapgterize thg pgriormpraceefd
of the housing, sleeve, or endcap 1032 may be wel ded,
integrity biiedxciange BovickesD4t cAlariivelyl thiednthgrityllof iy estehange device may be
conduits, or vessels as shown for exanple in FIG |A
determindd By EXUMShindeditheStHE hall®y nheo a2 8l G fue flutd 83odfter apyridaleof
pre¥reated wi th thernoplastic powder (not shown for

time und& t@gticﬁ}faitioﬂ‘gff f@f‘&%ﬁl@#ﬂessﬁ%& tagRratd o BRA¥mItAY Coriteition. For a

nore grooves fornmed o machined into its surface.and

non—poroigg 56‘18116\9 ?ruob\rgzgi%lfl?lggv of ARl 3R thgé&?@ted-r&lﬁ: Bt rkisa opf

or conduits 1106 1 nto a housing having
pemnca 5 G 1RG5 PR e AhER AR AT B, SIGBYE Byt B

grooves is illustrated |1 Fl 1. . In. ELG 11, .1102 .
exchangggertrabtHost FULSLTICEgEs SE) Sanrfaaliseqit piig Fpptbpicrdivic e
~and slots 1132 that hoIIOM/conduitZF1186_can bekpotte h
outside axjshell gide pthabpilew fubes. Bg YalYs $40ep be dpythuid compmnicaion with a
1108. In HG 11, a gas bubble in the resin 1120 is .
sensor 822 thabtandteduit fenot {igiitad ta hPISERYEC FawEc \JENPergiust PIBRS, wRRsRniration
grooves 1116 and 1112. During potting to forma
monitor, sk anylyzmgspsetaiphotometes) flowretmduirtice (AmEEr, erlagogdinggion of
frame wrapping the hollow conduits (other conduits
these. Al flli@ cdddBRomng dati o826 mppediluidlyrconteetddao hecixchatge devier. dlhe
the plane of the page), are fused to the potting resin
fluid conh%tgﬁﬁnérﬁ@i&oé'eﬁi tech chillé?, Redte® ACdhs QbR AtobWith kenpeeaine dngirbring
1136. The hol |l ow conduit ends may be opened by cutting

and cont?élﬁ{lcptt%g{)#vﬂporr cﬁﬁér'lle@i_@g o UBRMtibnifE 4 SluRf §3T FoP ﬁ%liﬂ% Ia%l’i&nically

ormthe unitary end structure. [005 12

compr§Ebpl, 28 4 f 38R L1 8RBttty o s
side of t%agggif tliIJ%gsd oi‘j tge g)l&%ar?g)éc e A(iit%%iaﬁseﬁy hl% eY(Sﬁa%ng Hg'w@ef cah %@
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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i nvention. The hollow tube can be but is not limted

to a circular cross section, the shape of the tube can
woeorswdsdosed to be rectangul ar, a pol ygon, or RAT/US2004/042941

el li psoid. The tube has a thernopl asticouter |ayer

. 4 Wth a I ckne ho bet ween 1208 and 1212 and

an acjus i it Y@ 51 < FHERI YRS Py DB amscien 195 wpsorfin tha
o%ger | ayer 1204 can have a nelting point that allows

measures {he glate Bg%te\m Hwiddnlet tghe xehanseserics 894 theaughtinlet§drfun a source
or collapse of the inner conduit |ayer 1228. The

(not showi).c KirfeseaserriFOumdyf terused {p epimprabvethk dnjetrstatimgf tha flyiddo ¢hrat measured
the length of the tube, however the variation permts

by the ofitlgfistate méasuted Hylsor®or 808 ambcanrtetused with flual flovp edté kmbpacking
resin. This outer |layer may include additives to

density ofittie hylldvh aibex infthe gechpngrdsvice @s detkrrhife tHe@ti@ucl Wp Gandfgr
exanple, thermally conductive material such as carbon

capabilit§asT ticex@HalRpd dedickhe outer |ayer 1204. The hol | ow tube
has an inner |ayer 1228 fused or bonded to the outer

[kl)g% TR Al &Jsh%egkﬁﬁﬁ&léidé%% o &1@%%{9?% ﬂ%‘gﬁﬁyg is

and 1220 and inside di angter
h P ' ks ) ection .hol | qw
shown B PLeATIARPS YA AL BEROREbLR o PuF M ap, s shown
. C. | 12B..th r. Layer. 1232 can _be a
o L Sl B b B RO AP0 22888 B e
eqfr s, a darker layer 1232 thermally bonded to the
surface %Dr@g tﬁea@g}oni%éthe £rpoye . @e§r¢ﬁv§ﬁ 8 veﬁ% plp;srp@tween grooves
) perfluorinated thernoplastic Iike PFA. FIG 12C
illustraterd, hy, e algngsaniapis qfdhq bausing inlpiconnashgdjacsatigropyest previde a bonding
thickness and uniformty of the outer layer. An image
surface, aiid perpidfy ienting of gases faoro Waanidernatplistie rqsimeghaimg dusisn bapding or
co-extruded tubes 1238 potted in a thernoplastic resin
potting. Th@6vallrPO& of lfeer mmising sdl¢eve sdreaudeapdias b chiskegs 9B4R ihed between
shown in FIG 12D. [0058] FIG 13A is the partia
inner wallr29sind eatet @an 924 NHEerf ofahEhdusid biedle, bRdBIIY3RThdyChe
housing with wall 1304 and thernopl astic hol I'ow t ubes

welded, fulad, oMBbR1eAb beer f1idhafdIBRVRvINeS, RBHILIS! Es%ls% sFown for
tenperature that resulted i n collapse of the

example ?ﬁ EEEON A%elifnel %ﬁ%uﬁ@c@, g@ggé %C%,%%‘ibgﬁl rg%}l! l%eh ergﬁ\{‘\%agegls\gith

e thernmoplastic resin ow con
ermop G4 R AP0% e 0 LB HRRR B P BS54 eBoueane
(G5h Tt Snal Sl o i s and S sl gL 9 bt
with a tali):ére pgi%'g\h o'f: ‘lth(e? 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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13Bis a partial cross sectional inmge of FIG 13D

FI G 13D shows one or nore openedthernopl astic
woaeewsssaded hol | ow conduits 1322, the hol | ow eonais2ios/042941

have an MFA outer |ayer and a PFA inner |ayer, potted

[ .S) ith I '
et 116 0SB B RSB T R o
ith the M jn 1318 wit | f th
s 0 e I o Sl NP R s

_were cut_open to give open hol|ow tubes bonded in a )

approximafeghag 15 distapee katwespeerBevaRniomip20and ligs &%‘?0- t Hie tapgrehown gives
potting conditions used for FIG 13C. The higher

groove wath heighty viglmp@Icar ul082 of L02Re The ped of thy Beusire, slsevenor ¢nggap 1032
conduit may be used to retain the shape of the holl ow

may be weidedfusedaa bpndadan btheoflhalimadiingpdavicey,aiondiiisoasvessels as shown
process conditions, nmaterial tolerance, and nateri al

for examPRAMBEGE.1120NThé B8P alf bésfac dgrosvesuriatd, 08 bothtmayrbeqfreteeated with
exchange devi ce having a housing 1416 encl osi ng one or

thermopldRicoAb] Gt SRV ok Slatithyd2 ThB Bliteftvall B@sted 044 nAy have one or
thernopl astic resin 1440 with one or nore grooves 1404

mone eV et QAP g N PR DT
' | wi dl. ,
(05T E8 e OE B pud ARG oY reR dRM0R g p ooty pying one or

hol | qw, co 1$s can include sisjjye . w.res or . .
more gropygsahidAdacl 1466 i EpouRpER R LELA el i oahsctipg tadiacen
circuit at _ends represented by 1406 and 1410. THe .

grooves igjilusirated ip FIG, bl In FlGc [ dilAg cap brokusing ilenvg: Asgdeap with
controller (not shown). The wires 1402 in the hollow, _

grooves Ebldchnil slots1 1132 thashoblewrceosdluits MOP wambepetipdyyith hihepagplastic resin
supply and control |l er whereby thermal energy is

illustrated g A aetydgt 1W0Bh Im FIG i ldla g43ubbid iptthe rssinHd 20 evillusirated as rising
1408. The fluid 1432 is heated by the holl ow conduit

through $8 etk beasdentgrotesvl I BsantidQ22. Dueng pottibg to fomm\eachithrycend seal
t he exchange device as heated fluid 1436 at housing

the hollofW dén8uiBULIY, clskd®by FaREHragiif M HbEOER ofl@MisGEthe®dbnduits like
include but is not limted to one or nore potted

| ; . . fi .
1122 arets?igs:o rﬁgbﬁﬁgxg%{h t 1bOirdRdd iR tH@PﬁHé oL hayy)! hlg;qﬁs%d to the potting

ow fibers, thernoplastic tubes,

i LGSR 3 A RGTER AR 1 PR Sopa s

i.nvention can be nmade wth .a vari.et f hol | .

be opencg i iing s B wgE e siiopuPenBiEtshehag Jgnfille form the unitary
surfaces including but not Iimted hollow tubes,

end strughyet angul ar condui ts, triangul ar

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

tube can be modified to be rectangular, a polygon, or an ellipsoid. The tube has a thermoplastic
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conduits. The holl ow conduits generally have an outer
surface and can have one nore channels al ong the

woneiste3wt conduit. The porosity of the hol | owpcomsiol®42941
wal I s can vary from non-porous to those having a

0 ity suitable for filtration, |igquid-Iiquid _
outer 1ayBE U3 i, 8 Hhicapes sigin pebysen 08 B 1 Pk anTanalerel ot
. .that, fl ows through the hollow portion of a potted _
dimensigqypr didfpeieibitfior  Theoutes ipYehE2Q4 o8 havs 2 msHmememt Hett plbows it to fuse
) tubes and hol |l ow fibers, can transfer mass or energy
with the pgttigs £4sin Hutimpsieth change euerllipscel theinser enpdpialayeni228hdhe
hol |l ow conduit. A hollow conduit that is a porous
thicknesgrandoumafioemita of be ldps cndybady dwer dre longth of thedye, however the variation
di mensi on and an inner shape or dinension with a
permits fusiono$ thealibestthioak asskerioe tove pottihy es3in. AHObUOWayer may include
non- porous conduit is a conduit that can be descri bed

additivedtp madtiguhe exgRagepopertledBAé BSllovAfube NBEF cxABPRE tHREmally
di mension, with a non-porous wall thickness between

conductiV® Bifterilduch ek LAWoh BRHbSdddbd tAMNE Bﬁ%r %a!'}‘léiv 1709 ﬁ{ﬁﬁ QP?OVQ tube has an
e (0] ow

non- porous walls, inner dianeter I'nes the

inner layg?ﬁt%cefﬂ?e(ﬁrorg}éﬂﬁéb t%fth%&ﬁextlggeg dﬁﬁl?na &?ﬂ&aéﬁ%?ﬁaf_hgn eg {n'%%svl%l?e%e

'urds or exchange
or. ;hol.l ow condui.t.s . brai ded or tw sted
between gg%qp%p | or?zﬂnfly}n léwee lﬁ’ﬁlf’tieg/%ntﬁ&yeﬁ ¥ &pariigl dpags of thecrgss
. hen .t he individual, tubes separated from each ot her
section of A GO Serem P Gy SRS BB e HEPTORIFIGH R 6 In FIG

or non-circunferential shaped single tubes. Thernal
12B, thepierdpyend 2deean herfopes HuarinatodpermRaplistiofike NG Aner MiRihet dppears as
so that the individual hollow tubes or cords can be
a darker laypial 232 dacranadly handaddd thel inhesulayert k234 gt ean brga higherseelting
shaped hol | ow tube may be potted in the thernoplastic
perfluoringed themsonlesticrlikodFA. [FI06 22C Thestratet ete variatioinehich uiafy@¢eur in the
of a hollow fiber nenbrane can be skinned or
thicknesuamsliuinifosdity Af shisionter $aydr. t Ah indRFQ poutidnastan leRdihge device
integral with the substructure of the nenbrane. In

repared $KinB A6 @x rRA&Y @B&S1238 HBttE®InQ! thEMdpiRAc Rlsif £S5 .
PP floﬁlthﬁough t he nengﬁanenresideéﬂinctﬁg{gﬁpﬁﬁgg%ﬁmbﬁmmc

sleeve or HoGsiRg I 2AFR sAbWA i RMG.q9pt @i n pores |eading to the
continuous porous structure ofthe substructure, or may

ST A S S8 B
housing with Q;%ﬁtﬂ’,&? algc& gl%vn}lcl)ql)rlgslflig [ﬂnohg\s t&oeg f Sa't wérsey prgtrgé Enl g 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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refers to the uniformty of the pore size across the

t hi ckness of the nenbrane; for hollow fiber conduits,
woOho@s/063366 he porous wal |l of the fiber. Asymret PCT/US2004/042941

menbranes have a structure in which the pore size is a

thermoplgszlgfc% g%&ufe&&o@éﬁc' Sd?ntshfdﬁgﬁ*ﬁe Bhffo& Qi ‘f)ﬁ\'}é :QrpMFA outer layer

Yy, gradu Increasing 1 n Ssi
and a PEHGIoE A ?%B{iﬂg%stg{éﬁ%%? HE B s ?r%%% @*"E e outer
MFA 1aygn§fﬁaé@éﬁ§o%§g§?ﬁﬁffh‘éé£%ﬁh@% Ratnie a2 LoRubbReoL iR one

pi pe and thick walled channel s useful for housings,
inner PFA lceedpits Thasecpotiadibeljssy coriuils 332 MeTeCui 8RS 1Qriivecensd lipHaw tubes
and non-por.ous hol l ow conduits froma variety of
bonded imatlermeplsstictstevenmdousjegeidat volladhe Baienpténgednditiops used for
t her nopl astic polynmers. These can be flowed and nol ded
FIG. 130MTER Higet adlthgdemptawss oft the imneohyei afahe ballawdconduit may be used
properties when cooled. As the conditions of the

to retain HRRhAfRf iR MdlIew\Wahdilik AfEpraodd: evllf4RO AN {o vaBiabieisg ptises
becone nore severe, the materials that can be used

condltlolge{ﬁgt%ﬁﬁ thlefint&4nq Faferi@X 88Mb&itiddhe or gani c
vent - based 'sol utions used for wafer coating in the

[dv.\qesg”(gﬁg qq% % ADiGSdide H? taméx%alng ﬁ%ﬁﬂa‘@ﬁﬁ Sidhle| 1436 gnclosmg

o common meri c ow nbranes or
one or mtgﬁeI q%blﬁwfgrrlglg{j Iﬂéﬁe? ﬁ\l’ﬁt al(rlﬁ Sj)'gtge tO. ar}himg ein?(cg) %eg S{zﬁo with one or
more gfoaﬁféﬁ o YAt A 18 AT D YD RaSIGE S BIE BN hip fuid inet

H gh tenperatures an ressures will deform and weaken

1408 andﬂwd putls)d26 formed, |bewleﬁ£ e adedsoraiberivisefluidly capnasisr e e
tubes. Perfluorinated thernoplastic polynmers useful

housing {4916. ngsir mpse ofshebellosy camdiiity ohn gluco mepistive witpy of filamgas 1402
but not limted to perfluoroal koxy (Teflon(r) PFA from

that may Degomtectelieémfn dedtridal BFduit noendDadpkésanted bfy [160¢ ad PHA. Rhas
from Dupont), perfluoronethylal koxy (Hyflon(r) MA

electrical difit MESRdINA powdr sl ¥ aat eontadl fey (ren ehgwm)pilhe méres 1402 in the
(Teflon(r) FEP from Dupont) and co-polynmers of these.

hollow coRRE 1887 by B¢ feBRtRYy BEQE&TBE HRSJowes sidpBf MRTddnblisr whereby

resi st ant and thernally sta SO that hol | ow

thermal éB%F%I ?yner i Aﬂma tluaggnlme%hef JRetah @@@s PRlVHEE %432 is

co extruded versi ons of them can have

heated b% heﬁﬂ%hg\g%r)ﬁ&vtae%l%%% Y %ﬁvg ?ﬁ? %Eﬁ f(ﬁ%én)ﬁe?}%o%heﬂémltﬂey

nmers astic

exchange device as heated fluid 1436 at housing fluid outlet 1426.

[0060] 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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fl uoropol yners that can be used may include

honmopol yi ners and copol yners conpri si ng nononeric
wanoaswestss i ved from fl uorinated nonomers such BET/US2004/042941

vinyl i dene fluoride (VF2), hexafl uoropropene (HFP)

chl orot.rifl uoroethyl en FE), vinyl fluoride (VF),
and outet furiarqs JRgRqing puret IWT@E}I?@WautteétrF%\%ﬁlﬂyiﬂr&s?Wseﬁ@néular
_ (TFE), anong others, optionally in conbination with
conduitso e pllavheandyitheancrabhy heve e puiat wufape prshean haxe aprimpreadannels
PTFE, PTFMis suitable as a shell material or
along thecigsitlewitondvit. nEheepdrasityf ¢frthe halldwi cendyitawallh¢an vany fomalon-porous
i s capabl e of bondi ng and adhearing to the potted
to those hafirera @drositystiitatde &irifiltrativet ligultliguidaaseting, end Hqnid -gas
severe conditions of use, other thernoplastics or
contactirfgh € fluiblpAikd shardlywl @hiéagliltheMolIb® HoktedH dfeepotitd hbllGw conduit,
i nvention and can include but not limted to,

called th® RIn¥R IR 8breTH KRS tuBESInd HlTbWAiterg) BarRAREH nddss Wb @By to a
pol yet hyl ene (UHMAPE), hi gh density pol yet hyl ene

. | ' q ' .
fluid whﬁg%@\ﬁdgfﬁg oﬁ{eP rgzgzg of ﬂle%n%% dcyr;}ta?lg.gii%ilbgr&.oﬁ@gt @h@g a porous

use or simlar but non i mat eri a
as | vet hyl ene pot.ting material. in 0l opyl epe .
membraré ceaF l%e }éi?sc F}’o% (I)Lhtég:r Sr}rlg ee ?Ii cgfnep%o%a lng%rlpﬁﬁlalpé/ or aimension

. Protruysions rooves, or,channels can be de in .
with 2 paraii HlEbIcEpéss PEGER D PR RBRE N CaRJuH) 1§ 2 cppyitat can
The exchange device may be made_ from a housi ng, hol | ow
be descriDgh by, jap QUteE sIPH Bt LGS OB A NR¢T8hape 1 die2siefs WathA non-porous
thermally stable, chem cally conpatible, and
wall thiclpeshbetveen thgms Fpolellaw tibulap Silamants having perous popu-paretsswalls,
may i nclude, for exanple, a honmopolynmer or a copol yner
inner diafrgterdefirfes ¢ra hoblowmpertiomort lsmeo of thertibeganid| can usateto c@ime one of the
housi ng and hol | ow conduits may be coextruded and
fluids oriereHabigtemediemor nore | ayers of fl uoropol ymer, or
different |ayers of fluoropolynmer on the inner and

[6061F Thé Kl REREMbRAES br ISt wadth Al may Be BeaidR 0@ Swifed and
fluoropol ynmers that can be nade into hol | ow porous

optionall?fl?_lf%%)ﬂl‘i‘}e&n'éﬁ'ﬂaﬁ‘gl 4 B {RFLARIHeY G RMa i8S EsepaRRE3onPEach

process. In one exanple of the TIPS process a

other aftéei')cyto%ﬁl"l to20ith &ﬁf?sglﬁ%cgrrtilla]%%%&l a%ﬁ%ﬁﬁﬁﬁgp%gf}‘g%éﬁg shgbeﬂrgingle

er to a ure a
i sspl ves. A _menbrane i ﬁggp gﬁg% ext r.usi t hr ough
rbes. ThirRRRimrERing e ans 2theSaR B o iSnedoig e Gy
to forma gel. Duri ool | t he pol yner

hollow tubes or cords ca% %e separatleg gn(f handierglgwithout Etrai ghtening. These shaped hollow
tube may be potted in the thermoplastic resin as described.

[0062] The outer or inner surface of a hollow fiber membrane can be skinned or
unskinned. A skin is a thin dense surface layer integral with the substructure of the membrane.

In skinned membranes, the major portion of resistance to flow through the membrane resides in

the thin skin. The surface skin may contain pores leading to the continuous porous structure of
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solution tenperature is reduced to bel ow t he upper
critical solution tenperature. This is the tenperature
wakomrocksst ow whi ch two phases form from the horogaisemuws42941
heat ed sol uti on, one phase primarily polynmer, the
other primarily solvent. If done properly, the sol vent
the subsHyGiprepPrABYY Beot Han-Rorewnteatbiikmiliesptaien da ppinys skinned
porosity. The solvent rich phase is then extracted and
membran¢se TR BiQINEscys ipdtharify0ne@nnaitiveftnys ihrepghdhelpaps , Asymmetric
sl eeves used in exchange devices may be but are not
refers tolthemirtifodmity of thie pkirevsidel aerbse tha thiicksess bAthe anembrghd; felrtiotlaly fiber
tubes, conduits having any nunber of sides including
conduitsneiksig e orous el laof gl fitier O A s frim At inambeaBOhkve . striiP@re in which
housi ng, endcaps, or sleeves have an inner dinension

the pore 628 & RinforCiNbtibh Mo PRShOE I !
° Porec ondui t g boo nded tlo t h(()el@lﬁﬁt e rr|og%1 E&SUBQ hSlea%c?L g{p‘ibaﬁ’? ér@&hally

1ncrea51rf‘gr}q GBR 1 in Qﬁveﬂn‘f‘geff@m ot ?I.B Ued B8 hosthE U g S at e ga)&ngﬁlef"manner of

ernopl astic, preferably a per uor

i FEPORL T B B 5 SR e
T T T

t ended use of the device. The housi ng or sl eeves nay
housings, Sefyse B <Pk COLEY ORI qembrrRRFnguits; @ad ppn- Rotonshollow
t hermal | y bonded inner |ayer capable of bonding to the
conduits fem p Mefiqtwef materalpdhe mastasratal elassaeing systhetic thermeplestic
provi di ng nechani cal support for the housing.
polymer Biese eyl e fldveedi and enol deyveren e aedand eecoverdbeir original solid
t hernopl astic housing will have a | ower nelting
propertigsevtpecasled.eAs tierconditdomsuifelie AppitiettionNotvetictathe Wellyw chhduit is
housi ng or sl eeves can be nolded to have one or nore
being usédBscOMB nRsé beeROThe in®iiialy thhit@Warte used branRe Ndiikdr 88 &Ample,
The structures such as protrusions, grooves, a

the orgarﬁ@ BRVaRIbheA s@futlBﬁbelfs@d fd}rwatfé}%oagﬁ%fn' € Pg&gél@&ﬁﬁ@& 15311%11y will

ou3|ng or sl eeve may be coate

dissolve Bﬂﬁ%ﬁmd%k Bﬁ%Bm!rrﬁ%ng;o n(e?-fc 1?811%(001‘1 Ser %ngb&%qeé r%¥ gpn walled

esi on ayer ou5|ng or eev
toI ok to AST
notlow 835, B g Forlelrd S s Blpbinoled 1 Sircioty ibRsly S8uaS oL hisiy
. . i ckness for t he housi n or sl eeves for
corrosive ‘B’éﬁlsttF%tlfF‘% o Vspmtrnst SXEH yollibor i popades cormmon
housi ng, endcap or sl eeve includes one or nore
polymerss tHligh ﬁwwﬂelﬁ%\%ndaméssgweé ik defopmennd veggken maw 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

40



depth of the grooves or channels are in the conduit
wal | are | ess than about one half the thickness of the
woabds/063386067] The housi ng, sleeve, or endcap UBET/USL004/042941
forma single entity consisting solely of
t hernopl astic materjals, and preferably perfluorinated

chemically,gesisiapt 2k thermaly fablgy 9, th%’fé‘ﬁ”% meraby: aP%dms oflpydubes made

pretreating the surfaces of both ends of the housi ng
from thegsy padyyaerdy conps mess cang sosairesied verseons i themy cambrve argrided

step. This can be acconplished by nelt-bonding or
advantagsioveelessmipeniqatiyveed tdrniadlystabfe rohanets e Otgsluasful thepooplastig

material to the housing, one or nore sleeves, and
fluoropobyhony thatdan be ak¢d rnb pinsluda hdrhepolyhanand sopdlamers coipeising

internal surfaces on both ends of the housing nmay be

monomeHie %hﬁﬁdéﬂv@é ErohOflddiAbted ARhbMBE sBEh B viaylideds Flustidd (EF2),
nmelting point and i medi ately inmersed into a cup

hexaﬂuo 5@:‘n5‘ 136P P RS horoethylene (CTFE? vinyl fluoride (VF), trifluoroethylene
ol ytetrafluoroethylene co-perf uoronethyIV|nerther]

(TrFE), z}g\lu SIYfEfrr?‘bﬂrﬁDH%EQ??l giﬁir)ﬂ %@g (l)tH&s kﬁf‘lo al?%ﬁl' Joﬁ?mﬁa&r ¥1Q&mh one or
more othﬁr g;ﬁ £ l?(%rﬁx%ﬁed?rﬁogogger ‘t g ﬁléocfgfbe%ﬁ%'ltl% q”lﬁ—‘i\d E)So%eulltfl uséP ggptﬂimatenal or

ot.t S|n is_ then f sed o tered t
containrieEpRGHPLISE 1 THBSoh 1 SRS ARSI O grogipeand aihcaring o the
rai sed features or a conbinatijon of t hese for bondi ng
potted mptegialy Butis pigfl petdnalt pregessahls) IFeplcshsrygre condigiong of use, other
conbi nation of these to the housing. A non-limting
thermoplastinsor thepfblends g be wsaduin & pyactige of thisinyentém andecan include but
housi ng or sleeve surface is the sintered
not limitedey, polpethet sutfoo@EShgrlt@3Ggh molestitaatveighit poliyttBylefie (THMWPE),
housi ng may be polished with a second heat step to
high denfitysgol getlyylenco@EIPR) Nand®itlice golpelefinp | RifetiheenfoMOSf alsd be iiged for
preferred that each end of the housing or each of the

similar bt SSVigentle8l th8A41S Sichlas b@l?ét yleMd £6ttink bthtdrfdl & a polypropylene shell
pre-treatnent. FIG 9 illustrates an adherent

or MFA Pﬁﬁﬁg@ﬁt&ﬁf G Iﬁ@ﬁgﬂeng P%%ﬁlsifoﬂg g’? WY, dBak i 4§ bg d‘ﬁ&le ﬁ%

[astic sing wt nor e grooves

housings 0}%166{,?(%0 ﬂeﬁlj?l{ W rﬁzﬁgﬁlﬁét exchange devi ces of the

especially those |nclud|ng one or

Uabaticesinn vwseﬂ%‘y’%ap‘” ¢ Rmut boiis Y Fp it ing goring
rsin thaf Lot S eemalbitetf chrucaly SHOBBIE, Rt megragisey Rrene

very hi gh packi ng densities of the hollow conduits in
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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t hese devices. Packing density relates to the anmount

of useful nenbrane surface per volune of the device.
woORo0ispesmwbat ed to the nunber of tubes, conduit BCT/US2004/042941

fi bers, or conbinations of these that can be potted in

g d tactor.. T acking density of the
oL BT L s bR P Fa camthe mass disdliow
corgs of these_and ?ogﬁinations of these within the
porous ragiapriangs, e thisThermally diducaddihpee Separationi(RIRS) procassgdn one
from3-99 percent by volume, preferably 20-70 percent
examplegf tho THRe ok palymeindfosgaaly quidasonized sethheatpy in an extruder to
vol une. [0069] Hol l ow fi ber m croporous menbranes can
a tempeigture slephitlvihe palymee dissrivege Aopembiane isshepexhbyasxtrusion through an
filtration, gas contacting, and degassi ng. Hydrophobic
extrusionidiss apbthe eesruded nenbtinbés wotainb fames gelt W HFTR0liYg 1 §elymer
for degasser or contactor applications, with a liquid
solution temfieattitedatedtccdh@ beld@ake Wfper Waical ESutidRARBREOThi@ &Sthe
contacting, the liquid flows on one side oOf the

opes ARSI 05 LA bt on
e RS ST R A 58y TROHE G 1S T 0
oS3 RTRUAS, ol 1 RN R 050 0 P
membral G © G Dends direct!y on the material used to make

rane, inversely on the pore size of the

[{’r@?%é @E&u% ﬂaﬁm& PY Sjeeygs v3ed inexahange davipsh onmydk buhare not

. liquid in contact with the gas phase.

limited tq{hckewallgesonduatsithns srefaytindsivat mbes, agndvitsiharing aex orabeyerf sides

_ ~are to renove di ssolved gases fromliquids,

including brsgaersl mertangular potriavighlar cpadeu The bbatiag@adéaps dor sleeves have
liquid. For exanple, ozone can be added to very pure

an inner distemsion oapehietof sethiaingdine b moveli@losy thiPR4Md orahi@eRded to the
devi ces of the present invention nmay be operated with

interior df e lwusiag Smdédpliockl&aB! TR haiBink ™R sicBod MGy BE aiiEmBPhside
surface of the potted holl ow tubes or conduits,

preferabld @RAofglated ineRh&lastie, lﬂﬁ’%ﬁ} fl?c}e/ IZJ':Sa %ﬁg zéértﬁica)gtgfl setarlr’ay

particul ar application.

oo SRR, L 5Ll T B ] L
chemical%iogl%al‘?gﬂifyt}gr, tﬂg 'b(l)l%%é: grrcl)ge%is tar?d &e 9nt|31%1e?ii urs]g 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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[0071] Potting is a process of formng a liquid tight
seal s around each holl ow conduit, for exanple holl ow
woubis/es3ehol | ow fiber, within the housi ng. TherPtuwhis2004/042941
sheet or pot separates the interior of the housing for
the exchanger or contactor from the. enyironnent.. The
region. Thebtiichyesaatieas pIoUisONSoBQRYESt %W%@“W&Bé’?{ 59 RE ﬂi‘fd’inﬁeélor
surface structures such as protrusions, channels, or
surface ofthe BB of blesvehnmubaparedypr mpddadtHibermoplashs ey layer, for
nmelted materials as during welding or fusion of o
example MFA! fb#8E e sdheston hayai oahe hovsinglop gikevegnaseriaka Osyej skilled in the
as well as chenical bonding of the materials. _
art would HnB a5 Bek Yo hREMPRBRS hefinehs pesittébhrsising oasidevietconduit wall
grooves provides a fluid tight seal. The bond to form

- th ' y Sled E6 aFhvtidutar ugy dfeke Eehveerddvive. Where
ﬂ“d“w$6gﬁ??ﬁgkﬁ%fggﬁa’%gﬁg t he hous;ng surfaces and housi ng

. groove syrface e TRYCHRRs tHafark 8fdelés, pefarablyi the
ahousmgg]emfc%%sg etvlg(rflné:%gﬁgg eoél}gﬁng mater: al s bg fusi gn,
mel ting, of welding., Pref ¥ A ddo08orRNfhIf the thickness
depth of thsgEqoy ,Orichﬁrflﬁsf’i aﬁ%%thﬁ/c%nfdg{tﬁ@uh%%%%ng' s coat ed ©
surfaces, are thernoplastics that can be fused or
of the walle| ded t oget her by various heating methods such as but
not limted to welding, induction heatin ul t.r.asoni
[ONSAHThghousingr deeve, HER qaﬁgl,sedaﬁ?@%?{“f‘a@ .e“‘%ﬁé"ﬂ%%%’i‘%%leqy of
and potting material may be the sanme or different d
thermoplagticanaterials, afidprefexamip pesflpornaas iBermgplisie watepily canPpepgpare
potting MFA. The potting material can be thermally
by first pr@redesk he sirfreehafitwitngnds o6 thelhogsing ethrng vE mere ﬂ?"d’é’v@?m the
orraised structures on the inside of the housing in
potting B BoRABSRES. THIY ettieicdmplshedibycmelr-bomdingensinien g a powdered
structure. The inside of the housing and channels may
form of A€ tl%?rﬁ&ﬂgstiw biting rh-ARH tdthe hb@inobid digndre sieeves] axidgrdye or
nol ded ‘or cg-ex ruded to the one or nore inner housing
iSUrhac ek | T it sROREL HObIRENRONR theltuptisi himgbe
mnuum%ﬁgnﬁgﬁépﬁgé&?%%%éf ﬁlfidl§ seal ed refers to potting

v Tt PEFARADRE b 6o ARty B o

er wel ded or fused
t oget her, or rmed. a hani cal herh AEAS
cup CO“@W&PW@FTC%%&VW“%%?‘%&QT’Ibe %)o%egﬁ g%?m%@g@; BastéHtThe ’
bonded areas. For hol |l ow conduits, |i-ke f.ih e
thermoplaie PRSIpRSAS S HABIE [ ALBTHRO S A B AT Rs e e g irface
tubes and is physically separated fron1ffuid on gﬁ? ottin
temperabu¢ of theheated: suefadeof teshqusise aghigherithagdhe melting ROl of [figpoting
wal | s )
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 potting. [0073] The termunified term nal end
bl ock or unitary end structure describes a mass or
worbds/oeszeca t her mopl astic resin bonded to one OPCHISE004/042941
hO||OMICOHduitS such as hol | ow tubes, hollow fi bers,
cord .these and a housin r sleeve Bondi ng of
thermopfas(ic pexeder it PreleRied et S1ocpd e SARRAE & caithof Heelsligees be
nmechani cal. bonds between the resin and structures of
treated af |easti{yice Wity thispre braimierts FIGh Hustaies anpehetengthemedpdistig coating
or fusion bonding, or any conbination of these. Figure
936 formpd; qn| the inside o a hermaplagicdioofinhwith ove eMdwigrer & 904 and 912.
320 fusion bonded to a thernoplastic resin 310 and
[0068] iHvdlow qoadtit exchedgealeeicey offiny meseheinnedton3Epetially tose
housi ng i nner surface 316 that was used to forma

including bhé oratore @orousahd ebnopaR6ls Hollbw CibeE 6r othbGhaged conduits, are
illustrates a unified ternm nal end bl ock structure

advantadebad bdd@sse RS Tak B nfIRE With Ri SRAS SorktR® siPck QM5 Ot H&h contact

tubes. The thernoplastic resin 310 occupies a port

surface a‘i‘éa i laﬁe & tH@XlgﬁtRﬁQ éb@lﬂ{ja %fgﬁ%ﬁ p?ﬂ& YE&R e n{)ﬁﬁ%%t%llgw cgpduits in

fornms a struct IS aco I nNa
dev'*?%“ 3A5L a0t L OB 2 T e
AL e I e

b 41 @.ﬁ@ﬁnd structure(s) may. cut or machi ned and
e potte Wea IUSREA CoRtadtpl Hisinagking 6%15)/ t)‘f‘stheiaalé@eaondnhte st asihegow
sin and hol| ow tube ends nay be opened so that the

fibers, h‘?ﬂé’é{‘f fabesn sords plethesecrnd gpmbingéons\af thesa Wishin dhesshred] tobe, housing, or
sl eeve end as illustrated for a single end portion of

sleeve cagrbedn diganngs of it 3-98 Ipersentibyy vBluGie, freferalify G)-70Qercent by volume,
Alternatively, potting material and tubing may be

and more prefevabily 4060 pgreera dytvolume: egi on | ocat ed bel ow one or
nore of the end of the housing or sleeve end as

[0069Y ol gibet MidrdgorodsAnenidrines b badd FdrGnasd gxclﬁq'}?e operations
exanpl e, as shown in FIG IA potting resin

such as fﬂ@ﬁmﬁe?asfcbﬂ’ﬁbﬁlfge alli@&’ecga& é&t?élg)%fc é%%o#op%ﬁnqq?lg{v%ersn

bel ow The ends of the ho sin arly

membraﬂ]c_je%3 Gle c'oﬁ’m?so%R{ %éeg Qor(“(fégasggr orr%gﬂ}{cetgr applic @&tgﬁf HNE hg&g? ge] {reated

on bel ow or
o e AP O e AR A
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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di ameter. Wall thickness should be m nimzed and
preferred thickness is 25-350 um Hollow fiber beds
woamspessss st of mats of fibers with thickness pangisn4/042941
from1-25 cmin depth and Il ength and wi dth of 10-100
cm _The beds can be circular with dianeters of 1-25 cm
applicatigpgifor eoRjiqting srerphyanesgyshangers aee to seRaYeflissalved grses Framfliguids,
to distribute gas throughout the bed of fibers. Hollow
"degassing'h 6F & 4dd atgaseays pbstaney oradiguise For exdnge, aapnecean tsadded to very
| oosely packed. The hollow fibers may be extrenely
pure wateniegvashdemicapetbrivafas.| engt h nearly equivalent to the
| ength of the device, effectively closing off the ends
[0070f Exclidnige de ticesnE e présshtrinddnaon ehay iba@pérhed patht thdgrocess fluid
process. [0076] Hollow conduits that are non-porous

contactiffpOtht Gidide Wp & dHiBsige Juifare dthigd 15763&3 fﬂﬁlld)\ﬁ fubdk bihcddhisd Q@pendmg on
di aneters ranging from 0. 00 i nches (0.017t

which 1s(¥nc?rz a@VEhiagBA 1H9{eepaﬁfc‘ﬁfa?5ﬁﬁ’1|c¥tld?l %%?t%ésoang #e%ﬂﬁ ay be

063 to 0.25 cn) nmay be used in the exchange eV|ces

mountedq{n h@ fsliE S %thohﬁ}{g Bt fltﬂﬁ ﬂo@(}’g]tté%%oweﬁ Q%ﬂgﬁgpgpt (g)'x Cthe shell

exchange t roug n-'por ous
may have a wal | thickness rangi ng
side of tfe o133/ oRdhils i hplie. o (0.0025 0 0.25 cr),

r abl O 003 t 05 inches 75 to 0.0125 cm
[Wﬁﬁ PR b Cpropcy of EEMBABHGRE, MR Rapb holray contt,for
| | ow t ubes- gas sep aratlons- t he thickness of the
example rballvwlae@s Boll@ beriihia therusingi e fube Fhest Popotooparaltseihe
can be used individually, or the tubes can be conbi ned
interior gf yhepfrauisian ey, the xohengey or esmtacteir Stoimitye eingrontment. Gherpatting material
conprised of nmultiple hollow tubes. The hol |l ow tubes
is bondedrtrythb Bowsutg iectetliyg lsarfigre atmactweapphds potasibey) ghdhnsle Adr grooves.
equi valent to the length of the device, effectively
This bondingshaygneibde pHyeiceindsifof inftfted alatepidistat BErik %w rlg o 8fsidh of
flow during the potting process. [0077] er mopl asti c
thermoplbﬁids,%é&l@ﬁleélliﬁt’érlﬂ@(‘ln% STahAdSHR, GO wRN Lk Hﬁ&ﬁcil%ﬁm? bAdE! C

tubes and porous hollow fi bers that can be pot Into

materialsS [F8&¥R81yQhe DONBhMISentRe lﬁ&l‘éﬁg%ﬁ& P?gl%g}{éjsﬁ)\eﬂr“gﬁ%aanﬂmg light seal.

co-extruded tubing or porou :
The bondFEER) ﬁfauﬁﬁxf? eﬂﬁﬁgﬁﬁ%rsl G B BB Bt i and the
t t
nousing 35t 30 n§o e R wilereha Jh o gt berie il § Son phipe

extruded are thernall bonded or fused to
potting a'&)‘ﬁlé OUSHgRAleria Tﬁéf‘%’&ﬁ PelEngiox gvekﬁ%&rpﬁrefembbt e poitipg andf

. Cco-extruded )
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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tubi ng has an MFA outer |ayer and a PFA inner |ayer.

Anot her exanple is a hollow tube having an FEP outer
woaysroczasd a PFA i nner portion. One or nore of PCIAIS2004/042941
Iayers of the co- ext ruded hoI | ow conduit may include a

rrater refer abl

s sy om0 A7 e b pier TRBHERR o pPvpe ey end

e T qﬁgaﬁ%éfngzsg?@@%z@ S ot ptng s
conductive carbon particles. During potting, the
sintered,cBelderber cPeexiudad teltessonerpr prpae RAr kousing surfagse i fagilitatenthg
or conbine with MFA from adj acent hol |l ow tubes or with
bonding bhiaveeh therpopingsind bowadng. i ng resin. Unpotted regions of
the co-extruded tube will retain the MFA layer with
[00i22] tFhediyabdlsd efesdtogioitire 1pgin ttherieplasisc hdusing! halo@tohduits and
FIG 2C This thermally conductive |ayer will contact
combinatibes dflthidsel tianhdveeitbert wdlael @ffudeleodettee oPftkimbd A RRERAical bond
energy to the fluid on the |unen of the tubing. [0078]

together THY® isQUR@rabteri Y ﬁtﬁa‘ﬂﬁﬁf%e@ﬁ&t'fﬁwﬂ?ﬁs%hb% h
o8¢ erco extrlildeful1 tulbl ng can be sel ed for Ctleﬁe%?eratscﬁ%rr%lwclzlg

condultSQﬁkg éfBErs Q)F ﬁﬁ)‘egﬂll th@é\gtfé%ra}éae %IUICI ﬂévi@%h ?nstl&kcgf%tubes aBd is

conductivity I"as™ proper at” e

. ' r nd
o A B A IR O e IS s g v
d ttlErocess For exanple, during potting, the outer MFA
andpottifiyer of the tubing will nelt and fuse with the MFA

Bn gdjtacent hol | qw tubes, fuse with resin in the

[ ¢ teRm s ierieH cpdl blogk eBuRiiry end: syaciurrescribena mass or
| ayer of the tube keeps the |unmen opened. Potting

well of att@m@mﬁtm iesipbondeglito Ang emnmercdiplipe corduits sudhasdeHow tubes,
that the one or nore outer |ayers of the co-extruded

hollow fibetsi erronds| of thenelafdskousimgoosbevee Buntimgaditecesit withhieshauking
a thernoplastic potting resin but the inner |ayer

and condugisreaniaclogemectanical hoadnbetivasti the redfh @idtseictidel of A Bbusiiihnd
an i nner PFA |ayer, the preferred potting tenperature

conduits] cheR@SaVIp 86n ARG WelERE 08 ARiAGonBRE! drdly %ﬁﬂﬁgf%%ﬂ%ﬁﬁesg OFigure 3
ot her co-extruded thernoplastic hollow tubes may be.

1llustrate§i§1‘i SXaMpAe 8 Y oHvAshiig BXRRE B%@ﬂl%%{l b&@d@ﬂ{l alfﬁe‘?mgélagtf&q'esm 310

testing manifold of FIG 8. ustrat
r i o e PR SR LS
to form aUhi 1ec£ tgrtmlga nd rP)lociét t!rl?cttureoh(g 1 lustrates a umth ied terminal end block
structure that has been cut open to expose the hollows of the tubes. The thermoplastic resin 310
occupies a portion of the grooves 304 and spaces between the tubes 330 and forms a bonded
structure, that is acombination of mechanical and welded bonding, between the resin, tubes,

grooves and housing walls. The resin may also bond to a layer of sintered thermoplastic material

on the housing and groove surfaces (not shown).
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hol |l ow tubes fluidly sealed by a bond with other
co-extruded thernoplastic hollow tubes or to a

woOhersmepdeast i ¢ resin. The inlet of the hol |l ow pabas200a942941
be fluidly sealed by a bond to a sleeve to provide a

fluid to the hollow partion of the t

(AT Boe Bty end PR DTS Pamcfg e%ﬂu@% ghigge hgllow

anot her_part of the sleeve or to a second sl eeve to
conduits gxpasedl el Heqrottingrssia land holfqv fube eREFBNRE WENGLR thethg whin and

of the tubes. As illustrated in detail in FIG 7C the
tube endg are@xen witle thethobsing nesledye ehd asiidlystrairicionesinglagnd portife of an

housi ng by thernoplastic resin 722. The exchange
exchang@@paveahorsn irENIGH dwe FiG STz e emativeby) pottig g trintedriabangd tobieg may be

. the hollow tubes, for exanple 124 in FIG [|A, or 186in

removedfan@opéked td % Qgﬁfnﬂbbated oW 6hd OMMbIelE She ep@bF ihB ot ox; sleeve

and the housing are thernoplastics, and even nore

end as 111915@2&&( ia e, 1 ReETd. Up! dddetied 7€ hebrmahdsd, heshowhGRSRE. 1A, potting
Hol | ow t hernopl astic conduits and co-extruded hol | ow

resin 106 RELHRRY 25 %Il the ‘flﬁﬂ?ﬁée Tﬁ%&g 160 td J‘I%gioﬂ\b@ﬁw AP FRDFRR housing

npregnate conductive powders or
S [ t
128 or 1} °§let ?lwlﬁﬁ T8 RO fon R PR M B0  EAARIAAS3 0
. re not, limted | ass fi bers nitride fibers,
region béf"f"lo& B‘ﬁld&iﬁb@ ‘?‘?gf ft%g gPﬁ"&?eShf’lw}S‘é)r sl6rf‘c§)lr ?ésr aphite. The
hermal conductivity aof the hol |l ow t her nopl ¢ tubes
[%975ﬂ kpiouyAratkewet Rellon HiPetirEetat|crp ey Few 1193 95 upn
this invention for energy exchange is preferably
diameterg Walt bicknesa shebd be minimizegand profured hickiespis r25d“>ég ge Hollow
Kel vin. The co-extruded hol |l ow tubes nmay includes a
fiber bedslean erabishafanats ohiioers with thckmessalanging &dmol-2Tomibi depth guid langth
any of the layers of the hollow tube, preferably the
and widthwf ¢0-10Gyter Thd bedstdae beoptdatwich dihmetess odUt2Sren arylengthgof 20-
i nclude, for exanple, carbon nanotubes, graphite

300 cm dnldR8#tainHREEple baffled & distriBLid gak trﬁdsu@battth@m dfdberst MRIIGR fibers
conductivity val ues of about 500-1000 WnK, carbon

in the cofﬂa@l%f RaPss Gchig oP QirV&ClBMéeW%Jckéd erfedtdwiriRls Iﬁa?}rberh@&‘t/r@mely

her mal conduct|V|t|es of out 10 WnK, electrically
ons o B R LS i VsTEEl B b G Kb
e ents ST %%W D R AR 11, % S
[@(&tﬁi %h&l{jgﬂg LBtF ar{grrétn%npgorgulg%oﬂcr)\gst’u es rnia é/ From tl?ermoplastlcs 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

47



por ous and non-porous holl ow tubes nmay be potted

together. Such devices nmay be used to limt the anount
wohooms36t r ansf erred whil e maxi m zi ng t he anpuRCTAR2004/042941

ener gy transferred betmeen a process and an exchange

fl i . For exa tenp re c hone eou
non-porcui ip iy Bk MERPOHET R PHelis LU BT Brerehly cag P grade
of an_exchange device to condltlon t he tenperature of
thinner. éﬁhr hpliovy tubppeanrhsaiseding Vi dHBYr thedbles cap bn eambined bybrgiding,
am nes fromthe air. Tenperature conditioning of the
plaiting, g Pwisfng them mwm@@rdwomesqﬁﬂfmﬂtlm helimv pbes Ude pollave tibes
hol | ow tubes while the amount of air in contact with
may be exlremely U@umidsuiappedite adaigth searly bipiivajers od theilengtif of therdsdce,
exchange is controlled by the nunber and type of
effectivepodloninty ¢fotHeeflds b Bollyve adBto mslt td3i ey daeng thOPSBhg process.
Baf fl es may be useful in the practice of the present

[00778 ThérdplaBtiEREIRRE Conldiis Mhy IndBideBéletnglet iRihbMAstR tubes and
flurds oneither side of the hollow tube contactor or

porous hEX&H BBES VAR RREd SO WReveR of hdsing? to O ek ahQé"ﬁJvﬁcQ?r The
e By

contactor or exc ger can pe used 1 n a SlIngle pass

co- extm@nglf?% 01&9‘203 8?5{ lgbvr ffb&ksagah?%e agrghé %Eveeér}erb? o(%e or?tgrt layers or

pn L N B Gt B B O AL g e

d | umen, side of the housing. Usually. one
most POfBB‘i‘ tor E@ Wéfst Gl S’“F‘}dﬁa oing. ethedaygrs éhs%eﬁalds@«ym B3
a fluid outlet. The ports or fluid connections on the
thermally hended o1 fisedio anganether L¥eaontiamiing exampleefehistyns of cotepimded
with the lunmen side inlet and outlet port because of
tubing hasiae NYBA outer Lyt andfa Riffeinmentayern dnhtbet enampbmid wihpHow tutiethaving
non-porous wall of the hollow tubes. Preferably the
an FEP dukenlayef dnolvd PRA winthportiodn eOheitwarsore of thiedayers 6f thecseatuded hollow
the shell side fluid flowing on the outside of the

conduit thasbigsluad g thefmaliyoendudtive wagaiant f(ﬁdfelﬁb!l& 088 br fndrefsFahe QitéGhyers
as illustrated in FIG 8; preferably the fluid flows

of the hollBw @oARMNAEudK aGhe BN BhiRRtife BLEEA. bePé’Xaﬁfglé A8 MEAb&kS:
with respect to one anhother. [0083] FIG

pin AaL B4R el 5 AT S
concoci ETAE DI G SR GRE mg?w B
hollow tl'l%ses (S)’rhv?i\{\ffl1 tlierghelirlng‘plagtic Iiottmggresm.v %ngé‘rttzedcrggr}ogseofahe co-extruded tube
will retain the MFA layer with the thermally conductive particles as illustrated in FIG. 2C. This
thermally conductive layer will contact the fluid on the outside of the tube and transfer energy to
the fluid on the lumen of the tubing.

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

selected for their chemical and or physical properties, for example thermal conductivity, as well
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outside of the potted region. There nmay be one or nore

of these grooves outside the potted regi on and these
wgreesscer channel s may be on the inside or oBRCEiIUS2004/042941

surface of the housing. G ooves including but not

limted to 244, 246, 250 H nd'ﬁftthEF So resin 2

as propertigschal meake dheshbreswgbledorRonfipg il ¢36h Oogr 8@4‘% Cialser-\el
forma unitary structure with the potting resin and

combinattvalof wse wisdsn thErpettingEERSesSo fEog FEERRIS diFRE PRkng. the PiteiMFA
area may be changed without limtation. Wthout

layer of thd tahiing gvill meltewnti Gusedvithythe NEY fromeadiacefrtholiew 2utes e WiEh resin
used to reduce radial pressure on the pot and shel

in the pot, Bif £¢ongatiof obtiege whilathe ifies PRé ilayer offthe tibieddetpsithy luiyen
pressurized by the process fluid which tends to expand

opened. POEing R b 3p fsfongbrpdraturthvan ¢ clessn sethiaethe one dbiweore outer
i nside dianmeter orthe outside dianeter may all ow the

layers of B olextrRadd tﬁl’ﬁng*ﬁ%}‘ttanﬁ s of BSthbing with28/a88H niRd EA M@rmoplastic
ress on t ot and shell interface and maintaining

potting reg}nsbua the jm rertl%slleyieglga%é] ’f%‘ r%rgfiwgmgmab: Ing;h%m Butet Nﬁ:"/Q (2898428 an

: ann oy machi ni ng or
inner PFgﬁzgeb q%&;gt%rrﬁéﬁg gé’ Eelgﬁ)gté ere 1sODl'é§\!vQ Saé)mgttr%t@%gﬁ %Stﬁhé on

unequal spa hown n FIG. ZB
temperatipgy B 6URERCo-EKGH ﬁbearrw%ﬁ%wélp i e e e SRR pR Boutine
i nside of the tube, the consi st of a serles of
experimegiasion and#goh éhesteﬁmsﬁ”@aﬂi%lél 9&319 & the housing; a
hat ched pattern, cross hatched pattern, variations of
[Q0r78% 45 ilnstrated ondBiGh dAFGrangikchangs éequEH@a}g%b‘dé §NePr more co-
channel s are preferably located in fromthe end of the
extrudedBdisiopigsticholloattubdse Facit tubsbasrmatislet @id ameptleideefluigifiow, the
and bond with one or nore of the channels. The
hollow tsHRaf0Rlyscald by Ao oha usth oghewad-Exirmipd ermoplestecthodiowdates edto 2
with a sintered thermoplastic nmaterial applied to the

thermopﬁgtﬁ:qgﬁﬁ' Phe et oF ARANHR hifief nfaf be PaIHly st@lediblyt g to a sleeve to
potting material. Preferably the depth of the grooves

provide :Pﬂtalﬁ hang (Flloﬁmp ?Bmotnsof tHaquhiR léﬁﬂ ﬂﬁ JufletBFItRY l?dlfé“ﬁtaﬁésqﬁﬁ&l& Gealed

nperature rating suitable for its use

e M A g e
SR LA iy t?as%ﬁa%s%iuﬁn B ey L e

of the housing or sleeve ..
bonded together and to the hgusmg by thennop\f\ﬁsltic 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.

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

used in the invention can be impregnated with thermally conductive powders or fibers to increase
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[ 0085] Groove, channel, or slot refer to narrow
openi ngs or depressions in the housing, endcap, or
wehkemwe3dsal | and may be used interchangeably. POTAS2004/042941
preferred enbodi nent the grooves are interconnected
~_with each other as illustrated for one end portio gf
their thersnah gensiupignéas Gapmplesoppsefy] thermally eondyeiaveAatpnas @CBIHC ut are
vent slots allow gas may be generated or trapped in
not limitedhte gase fibersdwetakjtride dibetst silieny ane gecsa sagbiderfifees. eugraphitemThe
the channel. The renoval of gases fromthe channe
thermal ainboativity of themgllow thertoplasticl tubds@r gmpregested thernmpteagiic bellpw
optionally interlock the potting material with the
tubes usdTQS ith§ invégonenéncehipdxordrge bejraferibl it freatgr thay etsouc6.05 watts per
have a volune that allows gas in a grooveto escape and

meter pePHES&S RAVIM. 18 cYRRErudaddNEW Sulled Yy lifBuda ARh& Al keabGnductor
t he grooves. The nunber and distribution of channels

material %i%@oﬁmﬁleﬁw V&$ of Rk iR dliow @BE, pr&eMB thO@R&Iayer.
present i n the housing during potting. The number can
be ri d [ ! ' f -

The thertGplilc ¥ tpe SRE1R PP BPflac 6 RARER, ForhiFntlofBel e fbers
amount of gas, that, needs to be vented, durj

made o DY P B 08 S eI A VNS B ARRERD-1agg Wi,
be varied between grogves or sloped to further ..

carbon bgB RIS AP HEHAMNREAN) (Bl SR e ShRrTIob CapidtgHpites of gbout 10
an exchange apparatus the housing nmay have one or nore

W/mK, eleatrigdly insytpsivoreramisrigispelike l{owale}ndpﬁﬁatg% By hermabnt
edges as well as the bottons of the grooves may have

conductilpity ofabeun6q-80 Wiinke dlununegniride witk o dhesnal eonductiviy ofjgbout 300
finish; the edge of the top and bottom nbst groove in

W/mK, étheixhaeessofnheseay be sl otted or vented with the slots
tapering to the inner wall (not shown). One or nore of
[0081] 3% BR\MRSticE of ViiotSembattihems obthe e iaVeat o coabinatons of
are preferably interconnected by slots or channels and

h8 8o P 6leaASIRLNHES 8 (PR fheP SUBAIRvRBAMRPHE hised o limit
ponnma[00%7? The grooves ogp%%gﬁﬁefgﬁngy have ; shggg t hat o

the amox?ﬁ)éf gfg%setf'anﬁéﬁfe&%iléfrﬁﬁinggipg et Mm@gper@%lé@.gfc{%ﬁ% Ye&len a

ting material an e housing gr

d h d | f.th ' £ .
roces PR SRRSO Tt AP Sl O 3 Bl o

ry “thé arroun

be re-inpylgel 2 ha Sl e bR SRUck SEORIBRBHE FoPoRHE a2

bet ween the channel and potting is desired, deep thin |
cleanrooghaigyTEME Ve frece HMOURTs of greaniy amined fiomythg air. Temperature conditioning

of the air may be changed by the number of non-porous potted hollow tubes while the amount of
air in contact with the aqueous sulfuric acid scrubbing solution for mass exchange is controlled
by the number and type of porous potted fibers present in the device.

[0082] Baffles may be useful in the practice of the present invention to enhance the

mixing and distribution of fluids on either side of the hollow tube contactor or exchange device

50



surface area of the channels, sone of which may not be
parallel to the housing walls, result in fusion and
wadhsmicssss of the potting resin to all faces or peuSa0me®42941
of the groove. The radial force created by thermal or
pressure expansion of the device durin% use .may. have a
(ot showp ot FiCor).The Wilipve 7 EORACIpI S FREHIER A0 08 HEhhin SR RanY
t hrough bondi ng of the potting resin with the surfaces
mode or inh ré-tieculpting weslevibr aithergréath the praspefiid akordhe exchanee g’r‘nd as
t he devi ce.[0088] Wile grooves and channels are
illustratedih GG, Hes) Froferdbyiic ngntadier is pervidsgd|veitht v or axira flpig ROFE O
housi ng of the present invention, it is also
fittings orf @B ERMPInAIGled §1a8 off thé Bading! NUsoblly e® foerseneent & fluidanleieand
or fused onto the inner surface of the housing tube

the secondl 8&(«% ﬁlg & fIRESuRRIT s\ F10i dt dd@néutions &f the elielbside of the
channel's or grooves for purposes of bonding the

contactorﬁ‘)g?e;rggpllgtt%gf tflhfd R Wil Qhe{)lﬁﬁlieﬁ‘ sidP if1Bnh Ut et betBe of the

ructures may be considered as an equi val ent

porous w%alg gigth%) ?n\éﬁ‘{ r'%% §H%H 5\ rc]:g%cﬁlft% Bf thl %Pg—&ﬁﬁﬁs Q;allgh fheHoBS& Mibes.

ere er nop I c bonded to the
inner housjng wall, is a non-linRitin I . 1l
ety SEI B ey LR Tt B 5 QIR bR b
Preferably the struyctures result in bo ding%og {H%{€ﬁ38'
the outsidgenf Weeetbesifad on figas fley cqrtes Ereahig ef‘ﬂ‘e"tﬁ%rtafi GIRESIh, S
Preferably the bonding transfers a portion .t he
preferably st filid flows i 4 mewnes w@?véaw@aws% ehoes gw P&hé g{“&étwefﬁspw to
the potting resin and the raised structure. [0089]
one anotgaannel s or grooves may be forned in a housing which
can include, endcaps, sleeves, or any of these bonded
[0083PFITR 2B iNgstdds|diffcFae tyhepbhgmndesathose iwfthe pestegrregion@44,
or height of protrusions on the inner wall of the
246, 250) AHEL S WilaH mdy Be bsede R poaBdirepidn24a. Chesvew i the pbited region
resin and bond to one or nove hol |l ow tubes are chosen

bond witb Qheb&@tﬂlgmaglﬁ ot Berh&stishc 2RE sk AIindFIG! 2Bda k@R 282 édn be added

hat® maimtal ns separation between fluids on the inside
o i QYRI5 I ot o B A s
eson oL S o2 Rl B PR 6 g
Croovs e S B 50 R B g g
om0k L, SR L RS i nd

exchange . o
hollow tubes. The number of grooves and their surface area may be changed without limitation.

Without wishing to be bound by theory, the groove 242 may be used to reduce radial pressure on
the pot and shell interface by hinging at this point. The shell may be pressurized by the process

fluid which tends to expand the thermosplastic shell. The stress relief on the inside diameter or
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devi ce. The device preferably includes 1-4 grooves,
nore preferably 2-3 grooves each having a depth that
wWO00si065d60 t he safety limts for use of the derCTAIS2004/042941
preferably about half the housing wall thickness or
.less, and a width ni r hei ght of. about 0..05 to
the outsids Supefer Breplraieghell e agou s fe %rt%ef?‘we’g?dmg eeggon the
vent channel s can be forned between the grooves al ong
pot and shejbinjggface aird maiBkéiag {YyiRers eeve. Preferably there are
about 4-8 vent channel s per groove and the depth of
[0084] He shovhiarAGH 2, théerogugseor gquiy denlyt dhamnal gy by madafey
grooves. [0090] It is also contenpl ated that
machiningad imdlding thergrames frothe hewbing. Witlaut Egstatien the groavhemay be
housi ng and the potting material nay be used in
concentridGdil s¢paratddbcdpana] uhequal graomy as shawn indIG02B; the grobwss may be
exanpl e a housing with channels in the inside of the

in the forAPSdNRGr MRYe BAME AR tBeindide WRlhe t6be, thféﬁ QUushig of A &f
by machining to relieve pressure on the interface

iy | b Bc a IHatc attern
soove JEHUE S, FELIF ORI i RO0uklS, She bl
van'ation% gﬁgllg%ey br g!:&%ﬁ?untnog ngegél?’r}ég X%‘?B(F?\%g gg {:Ttga‘?‘lﬁéig gre":i{r%fgﬁf)ﬁ' 1b&ted in

f “conpensat onents
i in the i ity.of the bhond bet ti
rom B P be N el R B REL B B A
more of BRANTHEDS: 15° SVTHER ABDIMESORNE LAY De FAYEGH o OBk Nge

devi ces made with _ hol |l ow tubes potted into a ) i

sintered thaenonbastia sateriahenpdied ip the speves asglisglosed greigforhanding with the
40-50% but w thout one or nore grooves in the housing

potting mwereal.nBtéeratrlyl theglepthans theegrooves ohelrageels permits drentenusing o mgintain
the data in Table 1. It would be reasonable to expect

a pressurt laad teeqelmung eatthg\suitasde fofr its bee. Preskiitediim theratt would kidvi to look
for exanple co-extruded tubes or grooves in the

to ASTM@UEs fgfind /¢ ipeanifibdrivhiR Ehicknadrebsthe hisd et thopotedriduice. SPreferably
woul d have exchange performance simlar to those shown

the deptH &F tﬂ@?ﬂo@vés- or LARIRELs hreBQ tharffatolheMaftind MickhedF tiRthousing or
tube Tnlet Qutlet shell ID hollow length transfer tube

ybe flow shell shell flow (inches) tubes- (inches)

sleeve WB]
surface tenp tenp rate tenp tenp rate

[0085] 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

52



approx area 0C OC (I pm O0C OC (I'pm 13 (ft2) twist/ft
2.25 680 18 14.15 70.66 45.26 5.55 13.09 63. 14 2.97
wa . 205/06806 18 14. 15 70. 02 35.77 3.80 13. 05 58. 8BCR/US87004/042941
2.25 680 18 14.15 68.15 26.71 2.64 13.24 52.17 2.97
2.75 1000 8 9.25 70.5 48.87 9.5 12.46 49.58 5.8 2.75
to escapg gubprgfegably thpp/est dunlshaze e sama @eigh 3s the zrowyeggbheumber and
21.22 70.1 22.91 4.4 14.5 46.5 6.6[0092] Heat transfer
distributiet ofebmnghst tetween thdgrodbensioudd besufficititao edtigavestpudser in the
and water on the shell side of the hollow tubes fl uids
housing dtiriigipotiiing. €Thd Mumiest adniectirigd depending T1poh for txmaple the size of the
approximately the same (within experinmental error of

housing] t88 S all aEkRBO6K thd R8BsinzNirAUBN ath bt bO bAsanartndb® twak hénted during
potted in the device. Calculated heat, Q transferred

the potti?% ,p%dggsss ek ldefhthdbOnt 2898hnhlle ?ﬂa?h’;@ Whrig ﬂ@@gégfér%ﬁvgs Br sloped

watts at different tube flow rates

ot ERARRABHER kTR o Bob i S RS i
wat t s, at rent tube flowrates for the 2.75

h 15. 000 . di ff.
may have ong, OH Q" rpoﬁtbq}lgiwﬁtg‘ EWTES8 inch | ength, and Q for
25 inch inside dianeter device with 27 inch
lﬁ’&fe@ ﬁ\*@ﬁééovg 8¢ ffeIM,S% @s wafl £8 Fheﬁ)@tsg@f olihe sEpyshmay havstbut are

. .the present invention is the |arge surface area of _
not limitgg ftq ¥pareeo hgviled. on aradiugdinisd; thetedggiofi the ippdadbeommagt groove in
smal | vol une device. For exanple, the devices of Table
the housingghahbedetkddmy verind with e shdts fapenmgtiodin indér wal 608gholay.eOne
approximately 11 cnR of transfer surface area per
or more ofithe grapans inntb¢ end pdrtidroefshaexchalgerdevictagheefepbbkintegonnected
densities would give a higher value, and | ower packing
by slots O£¢iRinhid1€sndbY kLchgh ¥edes 188 Inla§havebnetor rhé® 8dd péXibns.
enbodi nent of the present invention is an exchange
[06%/7] Ci%he ighSdveslbiéhaRitds Rhy FRE S sRC! RS Rl GRRELEES of contact
capabl e of transferring heat froma first fluid to a

and bon@fg BAW el tePotting material and the housing grooves. The depth 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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t hrough the walls of the hollow conduits, the exchange
device integral at a tenperature of at |least 100 OC

wandsacpoessure of at | east 50 psig, the tenperParmise004/042941
bel ow t he conti nuous use tenperature or nelting

erature of the hollow condu terial r ef er.abl

FQOREY SVip e chomnel i Aee PRRALE BPTEE e s festn to
of at least 160 OC and a pressure of at |east 70 psig

the housingef therpseseat invention! ibiy Aweosismpianddha raised yiRisiyess Permancntly
or nelting tenperature of the hollow conduit nmaterial .

bonded dPrfeded oatyl the irmer axtbaoftbe htimingaupraesividies medssindyiseslwith the same
vol une of holl ow conduits between 20 and 70% nore

effect as Rh&inelsallgyoodOs o Putpyses of bomlingthel hermepleuieipiogingeekimiotthe
potted holl ow conduits to have about 9 ft2 (0.85 nR )

housing. 08 ucxaReN&Richités MSEbAERBIdERd a8 RBE]uevalint BX@Oaveg ionchanhels for
| east about 13,000 watts of energy between a fluid

purposes! dfQHd A3saR 1rf'%'e1f1t§cfns tA §hdRdherkdoplabid! bRed Y inhetMdubind wall is a
second fluird tlowng on a second side of the holl ow

s R PRGN B o sy
structure§ [rca;gﬂ E?‘Hién%%ﬁ f?lgwl g tw en tthg AT strugtﬁ 2s Ad Eh@%o&%gg%gr] o

e exchanger
.aining its fl ui rit unde a variet f

Preferab{yby bReAiaE T 6P°’i‘18ﬁﬁg ihs e Torg¥ e et SHRPOIGPORT e

as shown by the results listed in Tables 2-5 with
between S RQtHRE Hemand thegaisef SR BNge of 20 to 70 percent.

Wiere the hollow conduits of the devices are simlar

[0089] KBwenals erpaves ming befetmed de p Soesingruhich can inpludeysndaaps,

be reasonabl e to expect that exchange devices of the
sleeves, pr apedftthésabemdeidan a bouding wall. nHwedepthcandawea ofitlm graeves or height of

exchange capabilities. [0095] For devices prepared

protrusidiSionghPmneisalnell thelodsingahs areieed eelsondavittngthamsipidstiaresin and
packi ng density as shown in Table 1 may be made and

bond to §I|l€r%l‘l Abve HoRo& tfbes 2t (16 181bBAS with tf 88f ahd frmi aTid it Geal
the internal nmenbrane area). [0096] Various aspects of

that mantntgﬁls RESSSITh Heﬂ?;e%ﬂ ?lluflfg oWithd in88e hrlld SRdifbEede l%ﬂ(ﬁv tubes. The

ce tot l'owi ng non-l1imting exanples.

depth anwlf%he; IL) \Qe 7J'en;r annél Wl:l hiCAn R a5%T pt‘&ﬁlsf%m bi 0¥ ifer wall
Bt FEni

vari ous pot exc ange

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
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wi thstand stress testing. [0098] Table 2 shows the
advant age of addi ng the grooved interface. The
woni@gioazdes PFA desi gn showed | oss of housi ng t oPODUSRIVE 042941
material integrity at 1200C. The tenperature/ Pressure
test is a nethod of accelerating | ong term anbi ent
housingawsieve. dirsferahly theee ade ohave4-8Tient diFRnpls pergeanve and thgwepth of the
| oss of bond integrity at 15Q0C. All tests on MFA
vent chahmels ¢ckessamet dr 1¢daehanntposo wé theignbeves.ace are integral up to
2000C and beyond, the PFA device with the inproved
090NV E iDdlsCiubitditplated trat Adieonabmads dod oiefigastress between the
tenperatures up to 1600C. This device was

housingd@atth tiiﬂ§ﬁ1&ifeﬁ§t B8y Bd ised it ARIiHARBChired @k g{o@v&ﬁn ehousing.
strength of the bond. The strength of the bond is

For exafiBIELIDPEE P SR OR B lnghl o PR A B hE)cHfe Slrel il of e
. t.hi ck . | al q Cj nf | .
nousing RS Fap o AR EUN S BRI ShacE ML B BlIBBe materia

appr oxi ove the po

| €aving a t. pproximately . 5" w de by .25 .

and the BheTE TheihpeEm et A BRRGE 1 SRl el B A lowing
material in apn attenpt to pull apart the shell L

temperaiigfe ap§l H’fes%"nr%ﬁﬁf‘?%to(é&:ts‘?% EOTRRNSRt g bY feyible,FUmRARARS fo ppiatain the

_ _stren%th of the bond can be tested qualitatively by

integrity f the borgd befwaen the aeitipg repimfisedfoitheshqusient such as an
Instron. [0099] The process of this exanple inproves
(0981 b Ve edchangerdemige magfindide ahe wir owrelyollomi qondeitsi pogfed at each end
stress at this interface, and transferring the stress

into to 4 thetnplgpat heokimnt lateiedl exohtmgepjeeites maddwitlyhatvresibes potted into a
Wthout wishing to be bound by theory, the grooves,

thermoplisicthd@sihg, adshcking dadsits Of ARE4650%, bRGiTEhoaf ondttir @lbré Srooves in
not parallel to the housing walls, also add adhesion

the houfthg WeR RMdd indGisEEH Heat & cRingkR38 buBmBRSddityIhe &8in Table 1. It
préeferably all surfaces or faces of the groove, adding

would 1 re6AbIE m@@&%at bRcHin #ea&'v?ée% bPhE ﬁregélﬁ zlfvl%gh(%g] .\&Hﬂq‘“ﬁf@ample

or pressure expansion O t he housi g s I'S Snear

co-oxtrfRERIRE B o058 e RRE DS e BB 0o B n G RRfiCivoua
have exjigr gedangsguia’ Qe shijy g ravte £ 1P SF

TABLE 1
Shell # tube heat Inlet Outlet | tube Inlet Outlet | shell
ID hollow | length | transfer | tube tube flow shell shell flow
(inches) | tubes- | (inches) | surface | temp temp rate temp temp rate
approx area °C °C (Ipm) |°C °C (Ipm)
13 (%)
twist/ft
2.25 680 18 14.15 |70.66 |45.26 |5.55 13.09 |63.14 |2.97
2.25 680 18 14.15 |70.02 |35.77 |3.80 13.05 |58.83 |2.97
2.25 680 18 14.15 |68.15 |26.71 |2.64 13.24 | 52.17 |2.97
2.75 1000 8 9.25 70.5 48.87 9.5 1246 [49.58 |5.8
2.75 1000 8 9.25 70.5 42.8 7.2 12.4 46.8 5.8
2.25 680 27 21.22 | 70.1 2291 |44 14.5 46.5 6.6
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PFA tube, integrity original |loss PFA tube integrity
w stress groove loss relief PFA tube Passed Passed
woassad3dsassed Passed w grooved | D MFA, ori gi naCTRas®emd42941
Passed Passed integrity |ossTest Condition 12Q0C,
1300C, 1400C, 150C, * 160C * 170C * 180C 70psi g, 5h
[PB92]; Heat transferhegyesh wesginghahmen side of theéw%lgw tubs asd etsr on
t ube Passed Passed Passed Passed Passed Passed passed
the shellyida ofdbehejlayobes Buideat tha-inlet (dmepePawrsegivempskablehwsied
Passed Passed Passed passed w/ grooved | D Tubes fl aned
approxiiRashettle Rans edthinsgednpan edorpd dse thap abae d 0%) tHrough the hollow
rotational fixture, M-A original Tubes flaned Passed

tube walfepaed iparskdicpacardlapdseadQpasstredbl the Bt fluNahged from
fixture, MFA threaded |ID

about 8,000 watts to 10,000 watts at different tube flow rates for the exchange device in Table 1

with 2.25 inch diameter and 18 inch length; Q ranged from about 13,900 watts to 15,000 watts at

different tube flow rates for the 2.75 inch diameter housing with 8 inch length, and Q for the 2.25

inch inside diameter device with 27. inch length was about 14,700 watts.

[0093] One advantage of the present invention is the large surface area of hollow conduit
that can be potted in a device in a small volume device. For example, the devices of Table 1
with packing densities of from about 40 to 50%, have approximately 11 cm? of transfer surface
area per cubic centimeter of housing volume. Higher packing densities would give a higher
value, and lower packing densities would give smaller value.

[0094] One embodiment of the present invention is an exchange device including one or
more potted hollow conduits capable of transferring heat from a first fluid to a second fluid
through the walls of the hollow conduits, the exchange device integral at a temperature of at least
100 °C and a pressure of at least 50 psig, the temperature below the continuous use temperature
or melting temperature of the hollow conduit material; preferably the exchange device remains
integral at a temperature of at least 160 °C and a pressure of at least 70 psig, the temperature
below the continuous use temperature or melting temperature of the hollow conduit material.
Preferably the exchanger has a packing density by volume of hollow conduits between 20 and
70%; more preferably 40-60% by volume. A device configured with potted hollow conduits to

have about 9 ft* (0.85 m? ) of exchange surface area is capable of exchanging at least about
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EXAMPLE 2 [00100] This prophetic exanple illustrates
that the potted devices of the present invention may b

we 208@d3¥6er heat and or mass exchange i ncl udi ngChbws2008042941
limted to filtration, gas contacting, heat exchange

crubbi.ng an I nations_ of e.. [00101

13,000 Wiy A gnsrevi %&e ﬂﬁﬁ%@m@@a e e qoppuit i o
cl.eaning or chem_cal npodifijcation of substrate )

second Qyjfdlowdne pmye Pwnﬁ §idp gt thg élpllw RSy Ryeferanlyl the figt Spid flows at
cleaning tools, recirculating cleaning baths. The

9.5 Ipmg@elgsgen g anst side of the holew cooduitsang dheseennd fhishApws airfl.hitpm or less
of fluids prior to disposal (such as hot sulfuric acid

on the semad side of grechadlopadopdwits. dha ek clgpagdrioeapeplt iof mlaintdihiep &s fluid
and photoresists fromcoated silicon wafers). As

integrity indest vaded of wsfdonditidbnof texmpbratugs pidsstirel a0d duw@rikh Bgshown by the
fluid 450 in a tank 448, (or a chiller or cold water

results 1fstedTh Tablds D& Wigh pakg)deRSHESR tRedtan S\6MID)to 78 PefeEnt. Where the
directed to flow through one side of the potted heat

hollow &HalRIGhe ﬂé‘*ﬁces'%r@éiﬂiﬂaf%%é@%s&ﬁfof ieleldBHedr@of Table 1, dt would

re-circulate the exchange fluid 450 if neCessary an

be reasogglglta t&efp F %tecri(gléﬁlgg d@ﬂges ?ltﬁ/ ﬁs%fligmva%oﬁ cgvﬂd l%g trrﬁa%g gﬂd have

Focess Fom a Focess
udi n ut not I|n1ted to solvents aci ds, bases

Sinﬁlar%%?ﬁ%qgfgla b é‘heé useful combi nati ons and m Xt ures of
be re-circul ated on e shell side of th
O T ees St MRS PRUhUBY: T er ot GG aiglar packing

fluid te erature condi tioned (heating or cooling) by
density phoradn Jpblg limey bscapdagd sinidardransfor umiags dypas ohsaipgsi (e

tube walls. The tenperature conditioned fluid 428 is
includingdhe infasepl meempbrangparedess bath or tool for use on the
substrates 434. As shown in FIG 5, a potted exchange
[0096]cBark28 asectshd thar resent inventintwill e ifbustrived withdefieence to the
cool a process or cleaning fluid prior to discharge at

followir@uidndimiviap ¢garhplds. A n exanpl e of such fluids includes
but are not limted hot sulfuric or phosphoric acids.

EXAMPLE 3 [00102] This exanple illustrates a potted

menbr ane device and nethod of making it suitable for

use at high tenperatur gxAMPLE 1

[0097] This example compares the ability of various potted exchange devices to
withstand stress testing.

[0098] Table 2 shows the advantage of adding the grooved interface. The original PFA
design showed loss of housing to potting material integrity at 120°C. The temperature/ Pressure
test is a method of accelerating long term ambient conditions for the device. The MFA only
device showed loss of bond integrity at 150°C. All tests on MFA devices with the improved

interface are integral up to 200°C and beyond, the PFA device with the improved groove or

channel interface is also integral at temperatures up to 160°C. This device was destructively
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[00133] A potted filtration device having a 2.25" ID
and 12.65" in |length MFA housing, and contai ned about
wOQ0E/WB386 por ous hol | ow fi bers. The devi ce contairmseod/ 042941
grooves each having a depth of 0.25 cm and hei ght 0.15
cm Vent channels were formed between the grooves.
There were about 6 vent channels per groove and the
tested aie@tie B°C hedewemine ceastrmrgtls ofihs batdo The girengh ofrthe Pagd is
potting nelt was MFA heated to 278 0OC for 3 days.
deternfi RBP4 ttinh effdsivhiog thamstside of dd dévaee 1E4vinigdpprakiawgisly H80 - .100”
under the follow ng conditions. Hot fluid at the
wall tHi€aper axisl endfirciffr@Galt @is2tOmadE intadis shplt eppsaximatgly 25F alpve
into the shell side of the device at a very slow fl ow
the poftét @ref teeving afdbuipgrokineaely 3™ tide tyulielosg.dBre tiotan then de vggdo
were capped. Visaully inspect the device daily. Any
pull uREE thelagdriabin a0 httanpt topull dpert thersbell watdual ifion thapated perial. In
failure. The result fromthis experinent is listed in
this mA@et ehe StrergOX @ boAd taste eaddumalithtichy tafierch.eor guanttatiyely by an
test these devices is shown in FIG 8. During testing
instruinbi@ shdhdsdn @éntresi.ed at the inlet 820 and flow out at the
outlet 838 on the shell side. The fluid used is the
h a9} Tiensbess dfltihds exahip® impcheedtie byreall siisngth elCthe device by
| ubrication Technol ogies,Inc. It was heated 826 with
elimin@hfi @amkox thiemterfaxs hadugmsfenringehe sdkAHO 1845M14G! raxtetial entrapped in
pressure was control by the outlet flow valve 838. The
the grd@Mey.eWaButwashig to de dound byelsdory, the grdvaed, hwsltheinatiditivoal sadase
the fluid pressure which was neasured usi ng an Orega
area, HFRSE Whethgentd a8l to th @odsing vehll | abuy add adtosiont ofFhelotting resin to
gallon per mnute at 70psi. The test was stopped at
at least 1 QofiGn, dnapadiaablphll furfaceb odl égpeatad gnoveTiidingestdar sonygfonent to
the tests are summarize in Table 3. Table 3. Integrity
a radidig6ice Restell b thefiial depreseas erpaeiondf the i@ntngnigells I Thisshéan
grooves Test Tenperature Pressure (psig) Duration
compéﬁ&u%@atly@mpmes fhate@eihtof tHeQieyicd 100 160 100 Passed 2
160 70 24 Passed 3 170 70 24 Passed

TABLE 2
Test Condition 120°C, 130°C, 140°C, 150°C, | *160°C | *170°C | *180°C
70psig,5h | 70psig,5h | 70psig,5h | 70psig,5h | , Shrs | , Shrs | , Shrs
PFA tube, integrity
original loss
PFA tube integrity
w/stress groove loss
relief
PFA tube Passed Passed Passed Passed | Passed
w/grooved ID
MFA, original Passed Passed Passed intlegrity
0S8
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4 180 70 24 Passed 5 190 70 24 Passed 6 200 70 24

Passed 7 210 70 8 Passed EXAMPLE 4 [00106] This
wexerseases | | ust rates co-extruded hol | ow t ubi ngPpDiUSeE4/042941

into a thernoplastic resin to formhollow tubes bonded

into a thernoplastic sleeve. [00107] In the

preparation of potted devices, the process w ndow can

Tost BahationJ] | $ogrependergocon | hgadfeh tlubiseeCimal erdoaC | “170°C | *180°C

propertiEgohd ghl NpBR8H | 70Bdiy,5h! | OROpBigesX| |, Shrs | , 5hrs

MEA B 1 g dli ) dNPpEeadel I Passelings Papsape| Passedddassed p’assed

w/stre¥é3ér¥o om batch tlo batch and can he accommpdat ed by
relief v and adj ugting process varijabl es |ike

MFAtbﬁ’é'pera‘ T Baddbd PORHs88d T | NPasdaderNaRiskdd {IPhsded | Passed | passed

w/grocR/@H'i HNg gan resulit in thejcollapsed of the|tubing and

TubesUliiieq TeRtT Ty Can GafIsEq SOMPaksd N0 paebed O| paswdddysdseed | passed

with rc{t‘;\ nBPtting. Various techmi ques ngy be used to prievent
fixture M ng col | apse, [for exanmple puttiing a nmetal wire into
ongmél e fiber or tubg lunmen of filling the lumen with an

Tubes fAegAT ¢ sat t——ih sBHt"Uﬁ‘Bséléﬂ"’e Slas8é® | A&ded | passed | passed

| |ve, costlyl and may|add contla t th
th %QF Y y ontlami nants|to the
\fl:/;turfd v [ 00108] ~Co- extruded tubing can be potted fto
threaqggghﬁves or hou3| ngs to fonm exchange devi cés. One

efbotrent—of—the tTnventtTon s perftuorinat ed
co-extruded tubing or articles such as exchange
devices made fromit. The co-extruded perfluorinated
tubi ng can have one or nore outer |ayers or portions
that include a perfl uomxsNMPLE2her nopl astic with a
| ower nmelting point or nelt flow index than the inner
NEBLO0POr t i Ahisqrophayeexambletiestraos tat thephstgd denigen g thy pegsent
different perfluorinated | ayers of the co-extruded
inventiod Biap Geaisal fohBeamaid or nipenekeblarige irghding ot et Himit@hte filtration, gas
nonlimting exanple of such co-extruded tubing has an
contacifr\ herttexthdngy, @ps endbigAndconisationsefdeesé.ayer as
illTustrtated in FIG 12A and shown in FIG 12C. Both
pofdiyior i nathe gottddateniog rasyt becpldcay ram agpagatus for cleaning or chemical

modification of substrate surfaces including but not limited to single wafer cleaning tools, re-
circulating cleaning baths. The device can also be used for temperature conditioning of fluids
prior to disposal (such as hot sulfuric acid used to remove polymer coatings from optical fibers
and photoresists from coated silicon wafers). As illustrated in FIG. 4 an exchange fluid or
working fluid 450 in a tank 448, (or a chiller or cold water from a building supply source not
sﬁown) can be directed to flow through one side of the potted heat exchanger 416. A pump 446
may be included to re-circulate the exchange fluid 450 if necessary and particle filters 408 and
valves 412 may also be used. Process fluid 428 from a cleaning or process bath, including but

not limited to solvents, acids, bases, oxidizers, and useful combinations and mixtures of these
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thermal |y bonded to each other during extrusion of the
tubi ng. The overall dinension of the tubing shown is

wODRo@3/008866 0. C02" (0.01 0.005 cm) with an M-ACOWSE004/042941
wal | 0.003" 0.001" (0.0076 0.0025 cm) and PFA wal

0. 003" 0.001" (0.0076 0.0025 cm). This tubing may be

may be 1giGirgniaEg antaﬁﬁlz‘&ﬁgq fdlshelioy tub?%%d’&‘i @scﬁme.d,ewgce and the process
Orangeburg, SC, USA. [00109% An exchanger sanpl e was

fluid tempgrriuig sonpdjtipnedethgating i coqting) brpontastgvithrthe exphenge fluid 450
| ayer/ PFA i nner | ayer co-extruded tubes thernoplastic

through the lHobwwoobmiwalls Thegempedivigtanditic®eBliidc28 (Ore@bnahip the Bocess
inch (7.6 cn) PFA shell. This assenble was placed in a

bath or tgpaldflor ode oithé eubslykibs 434. 3RO sHYrf iaFIG65, hqueted exdhangeadepice 528 of
was renoved, cool down and cut opened to exposed

the presénbBl wéiBsh md} Be §&URb %p&ﬁ}?r@é@& YEZQEhnipRIid bAGT fol didtharge at outlet
m croscope as shown in FIG 13B and FIG 13D. The A

oAl i f 11ni -
e 5300 S 8y T 1 QR PR Ao
potting conditions. A sanple nmade using all M-A hol | ow
tubes of simlar |ength, wall thickness, and di aneter
conpl etely col |l apsed the tube holl ows when potted in a
pool of nolten MFA at 300 OC. This sanple was anal yzed

under a light mcrosco 0 in FIG 13A and FI G
13C. This exanpl e i||u§3#§33§2% e greater processing
titude ail abl e to make potted exchapge deyices )
(ORI s o it e e A R FST1E,0 iee Ghbmethod of maldng
.. . melting point inner layer. Variations in hollow tube
“Su“”ﬂFﬁ%FW¥5¢g%?ﬁ%“ﬁ?@ﬁ@?ties or heating equi pnent which
may cause conpl ete col |l apse of tubes during potting
[(HO3e avat pettrddiltragemde viss-hexing ade?h HBI andi 21630 éslength MFA
EXAMPLE 5 [00110] This exanple illustrates the
housing,fand contained abari 00O MEYX porpusholbw fikark aflgedeviveicontaimedd grooves
with one or nore co-extruded holl ow conduits potted in
each havingha dgithgf 0.26 Ghlahld héight0.d5 emofVénd Ohdnnkls inetk RAded BAREsh the
co-extruded tubing, about 13 tw sts per foot was nade.

grooves. TT¥eert Wk gbote 6 @ et channel 28 grodive Bn @i @dpih of HeS/eRBdhannels was
di anmeter and a wall thickness of 0.006". The tubing

about 0. IL'S%IE TRE Botking MeitWasTFRHedled to M o@RA 3ffads. (Dupont 450

acids.

[00104] The device was tested for fluid integrity under the following conditions.
Hot fluid at the temperature of 100 °C to 210 °C under pressure was fed into the shell side of the
device at a very slow flow rate and no fluid flow on the tube side. Both end-caps were capped.
Visaully inspect the device daily. Any accumulation of oil on the lumen side indicate device
failure. The result from this experiment is listed in Table 3.

[00105] A test setup which can be used to test these devices is shown in FIG. 8.
During testing the fluid entered at the inlet 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,

60



thermal |y bondede to each other. The outer wall was
MFA and the inner wall was PFA. Both the MFA and PFA
woaysrs3tsad a t hi ckness of about 0.003 i nches, pcowak0o4/042941

wal | thickness of about 0.006 inches. The bundl e was
placed in a shell nmade from MFA, having a 2.25" |D,

Inc. It was bgrted§36ayiith Shromalenbeat Trehanges modewgﬁﬂ{b%ﬁﬁand afesNe was
grooves on both ends. Each groove was 0.25 cmin depth

control btk @itles Swi valwe 838h ThT elve 1838 whes slleedd togestities ke figy wed increase
on each end was sintered with a | ayer of powdered MFA.

the fluid pBR4t& whidhew panédsngdasingiah YOmees pagspue gangd &2y PHe Fbuidifiew at
shell was placed in a heater block with a 4" ID by 4 "

about 0.4802Pof P¥i fnihute AF0BAY ThY tesBad étbgstd\at 210 &C,Ibryise 6f fluid
alum num foil.The shell was held vertically in the

degradatfoY ThY ré¥ultd of th@ Wts a3d Qurfihn@fR: iQfTaplesy. moNt ' s MFA 940AX
resin was poured into the space between the shell and
the cavity wall. The heater block was then heated to
297 0OC and held at the tenperature for 2 days. After 2
days the heater block was cooled slowy to 150 0C and
then to roomtenperature. The shell w th tubing was
renoved I e 8s'go_end pfi he tubino1 .spaled to

Table 3.

Test  potting MBS Sescr | sDeyige Integrity

di amet ér®@©F the shel| through the| pots, at a ppsition
above tlhe | ooped ends in the bundle to expose the

hol | ow|of th&0%ol | ow conddfPs. Excess péPting pat eMassed
was refqoved. Two 3A' PEA fluid fiftings were thermally

Dbonded {to thd&6&hel | .| [00114)] The |devi ce24was tept ed Hagged

fluid ilntegrity under the following conditions| hot

Fluid gt a téfderature of 140 0C o 20020 C unfler Passed
pressurne  The heated fluid was fed to the shel side

%f the|devicé8dt 6 Iliters Ber minute wi?h no f| ow dassed
the tulje side. Both lend of the device were uncpapped

2nd expose t&%Qir. \fi sual Thspectled t he24dlevi ce| dai [Rpssed
Any acqumulation of loil on the tube side indicated

@evice|fail uP@) The [result7®romthe tes?4is |iktedDPassed

the Tahhle 4. The test set up is [ h In Fig
‘B and descri BHY i n Bxanpl €703. [00‘114] TBe resu|ts &hssed
the tests show that |a perfluorinated exchange device

W th

EXAMPLE 4

[00106] This example illustrates co-extruded hollow tubing potted into a
thermoplastic resin to form hollow tubes bonded into a thermoplastic sleeve.
[00107] In the preparation of potted devices, the process window can vary and is

dependent on the MFA tubing material properties (melting point, melt flow index, tubing
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one or nore hollow conduits bonded to the housing, the

housi ng prepared with one or nore grooves, renains
wonesgeades under t hese test conditions. Tabl e 4PCT/US2004/042941

Integrity Test Result for device nmade fron1co ext ruded

tubln ooved shel | Tine [e

dlmens“’[’)@?%ﬁ R rﬁg &Q?S%R?P%"é‘ SI’%"WpVé"Fy grur el %)h p%tldé ‘?g%ng%r ity

é 1 140 50 24 Passed Da Hg gg 24 Passe &B

accommoggfyd by voryingpad @diysips BIOSER BEDigs %@B‘é’eﬁ&y" and p %f“&%me
50 100 PassedEXAMPLE 6 [00115] Thi s exanp

Overheatirlg duging petéing pan rashl ipthgicolapsed off the abing qlquguler heating can cause
t her nopl astic holl ow tubing (MFA outer wall and PFA

some tubirgmet tovtmint Yudmg theopdtiing. t Vdsious teshoigues may Mrseddo pegnent dyping
exchange device. [00116] Co-extruded tubi ng device

collapse, §¥Esxpple phtthigndinetadivie Sito i Shezdr (Ub8 ltmersoistilieg thedwngn with
and | ooped co-extruded tubi ng was nade. Approxi nately

an morga%ce’saﬁf Th&e nfad dsfvevbingt Biboeintenivk| cstly uidmapraddcdntaminants
A only, approximately 1/3 of the 650 tubes were nade
to the de(,ggm co extruded MFA/ PFA hol | ow tubes. The tubi ng was
abou .7 " long, wth 0.0042" internal dianmeter and a

[(er;ltlog]r t h' C&Q %ﬁ‘t‘?u(ﬁ’% @Pﬁ%tcaxpgg ngtle:d td RRetelQr hHRRAG to form exchange

i al s"were: of MFA only, an
. co-extruyded %bl ow t ubes
devices. IS%& (ﬂé&g t e'_ﬁg,\jenylﬂ% ésrperfgl@ogr%gteglz -€ ﬁ'gg{:dotlug% gle§l such
tubes, both the MFA and PF éa s_.had a.thick
a5 exchagggftices DO FoIBHboTHS Graiies prrHPERASELiE Eme on or more
0. 006 inches. The bundl e was aced in a shiel I
outer layers@RpWEians haninlydg apegiporingied Elesrsﬂp lessCaReh Blover s glg point or
The shell contained 3 internal grooves on both ends,
melt flovEaslex thao thednugasnost Pertiom erlayrsof Fegedextrudeat twbing. fihgdifferent
The inside shell wall on
perfluorinated layers of the co-extruded tubing are thermally bonded to one another. One non-
limiting example of such co-extruded tubing has an MFA outer layer and PFA on the inside layer
as illustrtated in FIG. 12A and shown in FIG. 12C. 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.
[00109] An exchanger sample was made using five 3 inch (7.6 cm) long MFA
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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each end was sintered with a |layer of powdered MA
[00117] The packing density was approxi mately 40% The

wehaeilsioessme pl aced in a heater block with a 4" POThB2004/042941
deep cavity. The cavity was lined with a | ayer of

alum num foil. The shell was held vertically i h
lumen. Thevimyle was r@nelméd%ndﬁb@ﬁthggt?@&r%?ﬁepeo S SROYP %ﬁ{d-g3bﬁ d FIG.
940AX resin was poured into the space between the .
13D. TheVEAIpotimg pdrtor melted/andeuped imje PRIIEYEVEY 5ROYA dhe tHgs did not
heated to 295 0C and held at that tenperature for 48 . |
collapse un@eiTthese Pbttittg canditipss. t Asahplameade isiog lRINMEA hepw dubss ghpignilar
to 150 OC and then to roomtenperature. The shell with
length, will{BidRHesdPend @amYRE contpletelypptispsed tiendbe holidves wlhni notfediinsa pool
seal ed to the opposite end of the housing using a
of moltenNHA! 23000C ITHEs HRLEHUE Malyheé undssadighanirracopsss shhen in
Ianeter of the shell through the pots, at aT
[ B2 9 hb tohéhtdrGREREsiRNHG tide atdiRble to
. 13 A, B R O o oo PEA

make pot{elég&%?{ié%!%\ﬁ 2 v%%%sfn%%‘b@krh%eﬁ%ﬁﬁﬂtu%& M?l?hl%ﬁ&l thelting point

> device was tested for fluid integrity
nder. the .fol |.ow ondi t | il fluid.: .
mertay s b B LSV R FPbbET Bopdtl by BBt st mo
cause completrgPIRRSE RS AT BRHEPA TR ORRE oY iige S aRridgiffiow

end of the device were uncapped and expose to air. The
tubes. device was visually inspected daily. Any accunul ation
of oil on the tube side indicated device failure. The
conditions and result EXAMRI#EStest is listed in the
Table 5. The test set up is shown in FIG 8 anpd
[00a3@) i bedThis eExmpleliBusgratey sl fabricatipn gag) mt‘tgf‘tyl'%fs%n Heaanep
for device made from co-extruded tubing with grooved
device maikewlth She'dr fbott @b-&ltmided boltess coneluideipettddon @HOUTIRY. Devi ce
Tenperature(C) (psig) Integrity Day 1 100 50 24 Passed
[dAY1R 120A5%6undft dtasoedisiaayand Idopad 56-e2dudeagslbdg fabput 13 twists

per foot was made. The tubing were 8.7 “ long, with 0.0042” internal diameter and a wall
thickness of 0.006”. The tubing were made from two materials, MFA and PFA (Dupont 450 HP)
thermally bondede to each other. The outer wall was MFA and the inner wall was PFA. Both
the MFA and PFA layers had a thickness of about 0.003 inches, total wall thickness of about
0.006 inches. The bundle was placed in a shell made from MFA, having a 2.25” ID, 2.88” OD
and 8.7” long. The shell contained 3 internal grooves on both ends. Each groove was 0.25 cm in
depth and 0.15cm in width. The inside shell or housing wall on each end was sintered with a
layer of powdered MFA.

[00112] The packing density was approximately 40%. The shell was placed in a

heater block with a 4” ID by 4 “ deep cavity. The cavity was lined with a layer of aluminum foil.
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fibers, housing fluid fitting failed [00119] The

results of the tests show that an exchange devi ce of
woOhespeesent i nvention having a m xture of hol POWUS2004/042941

t hermopl astic conduits and hol | ow co-extruded

her | asti c .cgndui and_one nor e ooves,
The shel iUV EaFAIS R AR A 1, B aalaraq; 3 e pons h@?@?@f\x
) 0C and ressures of 50 for at |east 24 hou
resin wag m}nglp whe FRAGE, hetyvgen tB?é@ and ﬁ\e;@ﬁylp)bwalhélgne@@éqqr block was then
described in considerable detail with reference to
heated toc8¥/t°&i andhelsk a thedemparionss fast days. el @rdays thedieatgeblotlowas cooled
are possible. Therefore the spirit and scope of the
slowly tcaliPe’ied théretionmsors lempechtnet  The shelhivithdubting Magremoved. The
description and the preferred versions contain within
opposing dnd®f stperabihp ®ab saaked@ hNdMsppdnd endofth@hdmihg wingla similar potting
exchange device conprising: a thernoplastic housing

method d¥8HibRE. ANGit Rlas FRASaIIARE kRVARATREH oF the shall thr&@dh tA¥pots, at a
conduits fluidly sealed by a thernoplastic resin and

position RRIVE Sk lbg?éﬁrbnﬁﬁﬁ tﬂé)mnkl tPdx r@?é {He RBHSW BFiheHdR0F M Bnduits.

portion t he ou3|ng avi one Or nore grooves,;
fpor r
Excess p8 eg g?‘#}% 9«%§ xgegx%r\{écg f]['ak)% ﬁsﬁﬁﬁpﬂ?ﬁ fﬂméés%é/re %?mﬁl&y Bl & the
said groove to formsaid unitary end seal 2. The
exchange devi ce of claim lhaving a sintered

plasfi ¢ coati nsi de of i d. housi ng

@ﬁ% e’ exihe écem.t%@cgforglusﬁ infegrifhwder ﬂlesfa I‘awwg&gvch@ons
_includes fluid fgtt|n8<5 4. The exchange devi ce of

hot fluid @t & fempeiEe of HQ WotogPO st wndgr prsyaise. aF e hastes il wat feddo the

by vent channel s.
shell side of the device at 6 liters per minute with no flow on the tube side. Both end of the

shell.

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.

[00114] 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

Time Fluid Fluid pressure | Duration(hours) | Device
Temperature(C) | (psig) Integrity
Day 1 140 50 24 Passed
Day 2 160 50 24 Passed
Day 3 180 50 24 Passed
Day 4 200 50 24 Passed
Day 5-10 140 50 100 Passed

64



5. The exchange device of claim1 wherein said hollow
conduit are perfluorinated porous hollow fibers,
woeodsloassss nat ed skinned hol [ ow fibers, perfl uopPCnaisem4/042941
conduits, perfluorinated co-extruded hollow conduits
or conbinations of these. 6. The exchange device of ’
glalnhl gheLfin tEe ends o f the hollow conduits are
pened. 7. An exchange device conprising: one
the{ mopl a]:c,ti ﬁ hol | ow EZAMFLE 65 uggd at g first ogmrjmre
ortion of the conduits to a thernopl ' L. Ld:
(OWHISi mop! Ssiesampleni e 2oL@eoTE BRE Ror e ariea pradfde
an interior surface of a first sleeve or to a_ fir
hollow tuing (MFAtcuer wafllaad PFA inoersvall);and hallew M%@a%ﬁo‘aé\a:ﬁéﬂ make
of the thernoplastic hollow conduits fused with a
mlmwhm@@géﬂaplastic resin; said thernoplastic resin fused to
one or nore structures on aninterior surface of a

[02?}‘6?_”‘3' slc@eM@uasd fuBink deeRersarapld. of bunidie oSO rwistessd B ewists
ousi ng. 8. The exchange device of claim7 where the

foot) S HGIUESx AL RURhE Wik Gitle. ApPRKERatelyr2/RoL hari65 attiedrndl
pm:oo)d%f?ﬁgég. 8. ‘The ex%haﬁge gev?ge ofagP%in$7 wher e then )

were ﬁoll%{v rtlé Ceté §1{?§§ fr@W%&Ygégh%xhﬂﬁeﬁMﬁ 8CBe 650 tuves Wereshadg from

a sint her l-ast.i énge%?eV|ce fgﬁf!ain]7 hqying
i e
diameter d ¢ VAl dhickpgss C%%E‘I’ng)cm ;Jg?egtv el ttlgﬁllgr%gagfrgxﬁAm&gl‘éhl'é%l}or\]vgtubes of
VA oyt eSS Sy v JBHE s oY R Eboft B0 )

device of claim7 wherein the hollow con

inner laygro fFouthelvotekouded thas sboth haMEQ 316 HTsWapFTs g'gléta thickness of about

t hernopl astic conduits, co-extruded holl ow conduits,
0.003 indhEs, total wall thickness of about 0.006 inches. The bundle was placed in a shell made

from MFA, having a 2.25” ID, 2.88” OD and 8.7” long. The shell contained 3 internal grooves
on both ends. Each groove was 0.25 cm in depth and 0.15cm in width. The inside shell wall on
each end was sintered with a layer of powdered MFA.

[00117] The packing density was approximately 40%. The shell was placed in a
heater block with a 4” ID by 4 “ deep cavity. The cavity was lined with a layer of aluminum foil.
The shell was held vertically in the cavity with clamp. About 310grams of Ausimont’s MFA
940AX resin was poured into the space between the shell and the cavity wall. The heater block
was then heated to 295 °C and held at that 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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combi nations of these. 14. The exchange device of
claim?7 wherein the ends of the hollow conduits are
wopers@dsdse fluid flow 15 The exchange devi cePof/ush@ini2941
;er?ﬁreln t?edthﬁrnnplastic condui ts include a
uorinated ther I [ | ' »
I S R 2 N
_ hqllom/conduits fused at a Iirst end portion of the
PFAfmuIﬁmmgMWE®t@ﬁmﬁﬂfh@Fﬁéﬂ?§§§h@'resin; sai d thernopl astic
resin fused to a surface of a first sleev r. s
[00318]f ace e devicemeas tasied forf flwif SRS ?fctﬁﬁ gﬂgﬁwﬁ}égo""g‘l‘rﬁ‘%}“’é‘s’
second end portion of the thernoplastic hol | ’
hot oil fluid ®B4ted 4t thmpadiuvd ¢ftfraal A0Herlnd ﬁCamdPrz:PrP@grwa%fg&/ pto the shell
t hernopl astic resin fused to a surface of a_second
side of theSleGeY 8t @litefshetminiitd @itk noflual fewondhewde gidet Beth end of the
thernopl astic housing.17. The exchange device of claim
device we%e%n}@%l%[eg L & s&iddsr, afheldegich vk eisualbyihspdcedatady o patied
0 uid flow 18. The exchange device of claim 16
accumulat\f/%qntec{f o glbg %Hé i aR¥a eV RE ¥81drél CThelesnditioms @nd result from the
L gngs. 19. efe?change apparatus of claim 16 where
o er XL F iribed rifige
estis e R AR ohTUER rod s PR DS e nae o ™
apparatus of claim20 where the co-extruded conduits
have an inner layer thernmally bonded to an inner

| ayers, th i ; -
Table 5. fraty et Ropsitios device s fiom ogpeRiguflePubRE HRPEAB ddShell

. . - : . G - Y YLEL =7 *TLIAYAY B dl |
Time {1 ui d Boidpri si ng | FIFdgwpsigea rPyragonthops) | E §ai°§[d olr:ga
first| Emperasiretie @pighnre t helr nopl astic hoHow Y

Dayl condujied the holl¥w conduits 2dised at a f4PASEdang

Day2 POrtipreeof the copsluits to 24 Passed

Day 3 140 50 24 Passed for
fibers, housing
fluid fitting
failed

[00119] The results of the tests show that an exchange device of the present

invention having a mixture of hollow thermoplastic conduits and hollow co-extruded
thermoplastic conduits and one or more grooves in the housing can remain integral up to a
temperature of 140 °C and pressures of 50 psig for at least 24 hours.

[00120] Although the present invention has been described in considerable detail
with reference to certain preferred embodiments thereof, other versions are possible. Therefore
the spirit and scope of the appended claims should not be limited to the description and the

preferred versions contain within this specification.
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a thernoplastic resin; the thernoplastic resin fused
to one or nore structures on an interior surface of a
woiomstoesdeeeve or to a first end of thernopl ast PCT/US2004/042941

housi ng and where a second end portion of the
t hernopl astic hollow conduits is fused with a
thernopl astic resin; the thernoplasticresin fused to
one or nore structures on an interior surface of a
second sl eeve or to a SEABM® end of the thernoplastic
housi ng; and fl ow ng an exchange fluid on a second

What is clgintbd i®f t he t hernopl astic hollow conduits to transfer
nmass, energy, or a conbination of these is between the

1. Aff exchtngentdvice camprifibgsi ds t hrough a wal | between the
first and second side of the hollow conduits. 22. The
met hod of ¢l aim 2. ' @duits$ said hollow
tr aﬁﬁ%ﬁ%&? t1%u§qnﬁ\§@ﬁ%§ h%dérg?d rgltﬂacl)iureﬁa?f wherein said.
concihduiraluidly seatedrbypahaueplagic; reSineandgiondesl iefanengipaition of

wherein the ooves are .ntercon :
DD Said MBI SR O TR PR g bn e BB el said
one 0k, JARhEd LR THRRhES thitar otd witictes dihietedn fhesesin and aousing
first end portion of the conduits to a thernoplastic

r esifise ataipgrtionct seip BEooNe o foma sadAdialy %9 S8l or nore
structures on an interior surface of a first sleeve or

| £06f Qhint DRARP] aitkicd thomsiphgtic asuting cnaboimside of
2. T@%ﬁaB%?%?%ﬁ'o? the thernoplastic hollow conduits fused
sai hbusengt her nopl astic resin; said thernoplastic resin

fused to one or nore structures on an interior surface

3. Tﬁ%gﬁ:{k}%&c Qffics loﬁagﬁl PlyhtRinfsaRBfANGh 8 RCludds flu@fittings.

Cast 1 ¢ ousi ng. a source of exchange fluid
connected to a first fluid inlet of the exchange
4, Thppedhatgesieaive oficlgiont wersin HHiosE EXRTEfRAVES E‘Gﬁﬂtéf??’%eclt‘@ by vent
second fluid inlet of the exchange apparatus, the
CRAOET- and second fluid inlets separated by the hol | ow
tubing, and a fluid controller fluidly connected to an
5. Te¥ eXehager devitelof tlainm 1 fuhaieth said hollow conduit are perfluorinated porous

hollow fibers, perfluorinated skinned hollow fibers, perfluorinated conduits,

perfluorinated co-extruded hollow conduits, or combinations of these.
6. The exchange device of claim 1 wherein the ends of the hollow conduits are opened.

7. An exchange device comprising:

one or more thermoplastic hollow conduits fused at a first end portion of the
conduits to a thermoplastic resin; said thermoplastic resin fused to one or more
structures on an interior surface of a first sleeve or to a first end of thermoplastic

housing; and

a second end portion of the thermoplastic hollow conduits fused with a

thermoplastic resin; said thermoplastic resin fused to one or more structures on an
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10.

11.

12.

13.

14.

15.

16.

communi cation with the second fluid inlet, the fluid
controller providing conditioned fluid to one or nore
weubstioeadses to be treated by the apparatus. 26PCThiS2004/042941
apparatus of claim 25 wherein the exchanger outlet in
fluid conmmunication with the second fl h? i n| et .
pr oviHEFOr sWkase Of 8 sesend FIGE P g0 & sechnd eea theihsrgoplastior
nmorepsystrates. 27. The apparatus of claim25 wherein
the flurd controller is a punp, a dispense punp, or a
liquid flow controller. 28. The apparatus of claim 25
Theerehange dryvice,of klaad Wherd @peisguetusss GFecRIOBTS RS B0 e, PB2
uid. 29. The apparatus of claim 25
C\%ﬁ@ﬁ%ﬁéﬁ ?ﬂgégs%bst rate to be treated includes silicon.
30. An exchange devi ce conprising: potted holl ow
Therdchiange davicg ofi olagh Mgvhespihisstructiires pzngrbeyesiim thersaeface of the
froma first fluid to a second fluid through the walls
BOPSIPRE" %51Fow conduits, the exchange device integra
at a tenperature of at |east 100 OC and a pressure of
Hie ketanpe &iqesif glaith Aehahink lacmtered dubrtneplastia cogtiag padici ingde of
gegsi ty vol ume of holl ow conduits in the housing of
e ORTESL EHE20 and 70 percent, 31. The exchange device
of claim30 wth potted hollow conduits having 9 ft2
THR. eRbhafi e devide o LA TOEhesdin kaidGoasif@or §lbeseenstid’ gRiid fittings.
devi ce capabl e of exchangi ng at |east about 13, 000
'ﬂ?tts of nerg¥ EFt en a first fluid flow on a o
eresfhagpgdevise oA (I g NAYRE LBRAGIOTHATORVE B4 SPESY §recves
thatQvd R@redindictiasonrdt &aggelQf the hol | ow conduits. 32.
The device of claim31 where the first fluid flows at
a rate of 9.5 |liter per mnute or |less on a first sigde
e exphangoiqving o sfﬂm i/tvehexaiy theollogceanguit pig ReTeYsdinblowiibers,
k@ined Rdllow @oéré,‘ttﬁe‘imQﬁlﬁstﬁ‘cBHBﬁts‘? Eo-k£SSdelhollB® BRGAR0r

S
side of the hollow conduits.
combinations of these.

The exchange device of claim 7 wherein the ends of the hollow conduits are opened to
fluid flow.

The exchange device of claim 7 wherein the thermoplastic conduits include a

perfluorinated thermoplastic.
An exchange device comprising:

one or more co-extruded thermoplastic hollow conduits fused at a first end portion
of the conduits to a thermoplastic resin; said thermoplastic resin fused to a surface

of a first sleeve or to a surface of a first end of thermoplastic housing; and

a second end portion of the thermoplastic hollow conduits fused with a
thermoplastic resin; said thermoplastic resin fused to a surface of a second sleeve

or to a surface of a second end of the thermoplastic housing.
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17.

18.

19.

20.

21

22.

23.

24.

25.

33. The exchange device of claim30 where the device
is integral at a tenperature of 160 OC and a pressure

woR00806p3s6 g. 34. The exchange devi ce of cl ai m BOTwIS2008/042941

the device is integral at a tenperature of 200 OC and

50 psjg. 35. The exchan evice, of i

R e R S S L T

cond@[betngd toXPuid Tlo®. exchange devi ce of claim 30 where

the holl ow conduits are nmade from perfl uorinated

t her nopl astics, . . . . . .
The exchange device of claim 16 wherein said housing or sleeve includes fluid

fittings.

The exchange apparatus of claim 16 where the outer layer of the co-extruded

conduit includes a thermally conductive material.

The exchange apparatus of claim 20 where the co-extruded conduits have an inner
layer thermally bonded to an inner layers, the outer layer fusing with a

thermoplastic resin in the exchange device.
A method of treating a fluid comprising:

flowing a fluid to be treated on a first side of one or more thermoplastic
hollow conduits, the hollow conduits fused at a first end portion of the conduits to
a thermoplastic resin; the thermoplastic resin fused to one or more structures on
an interior surface of a first sleeve or to a first end of thermoplastic housing and
where a second end portion of the therrmoplastic hollow conduits is fused with a
thermoplastic resin; the thermoplastic resin fused to one or more structures on an
interior surface of a second sleeve or to a second end of the thermoplastic

housing; and

flowing an exchange fluid on a second side of the thermoplastic hollow conduits
to transfer mass, energy, or a combination of these is between the first and second

fluids through a wall between the first and second side of the hollow conduits.
The method of claim 21 wherein thermal energy is transferred.

The method of claim 21 wherein said conduit wall is non-porous.

The method of claim 21 wherein the grooves are interconnected by vent slots.

An apparatus comprising:

69



26.

27.

28.

29.

30.

WO 2005/063366 PCT/US2004/042941

an exchange device having one or more thermoplastic hollow conduits fused at a
first end portion of the conduits to a thermoplastic resin; said thermoplastic resin
fused to one or more structures on an interior surface of a first sleeve or to a first
end of thermoplastic housing; and a second end portion of the thermoplastic
hollow conduits fused with a thermoplastic resin; said thermoplastic resin fused to
one or more structures on an interior surface of a second sleeve or to a second end

of the thermoplastic housing.

a source of exchange fluid connected to a first fluid inlet of the exchange
apparatus and a source of process fluid connected to a second fluid inlet of the
exchange apparatus, the first and second fluid inlets separated by the hollow
tubing, and a fluid controller fluidly connected to an exchanger outlet in fluid
communication with the second fluid inlet, the fluid controller providing

conditioned fluid to one or more substrates to be treated by the apparatus.

The apparatus of claim 25 wherein the exchanger outlet in fluid communication
with the second fluid inlet provides conditioned fluid to a tank containing one or

more substrates.

The apparatus of claim 25 wherein the fluid controller is a pump, a dispense

pump, or a liquid flow controller.

The apparatus of claim 25 wherein the exchange fluid is a source of temperature

controlled fluid.
The apparatus of claim 25 wherein the substrate to be treated includes silicon.
An exchange device comprising:

potted hollow conduits in a housing capable of transferring heat from a first fluid
to a second fluid through the walls of the hollow conduits, the exchange device
integral at a temperature of at least 100 °C and a pressure of at least 50 psig, the
hollow conduits having a packing density by volume of hollow conduits in the

housing of from between 20 and 70 percent,
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31.

32.

33.

34.

35.

36.

WO 2005/063366 PCT/US2004/042941

The exchange device of claim 30 with potted hollow conduits having 9 ft* (0.85
m? ) of exchange surface area, the exchange device capable of exchanging at least
about 13,000 watts of energy between a first fluid flowing on a first side of the
hollow conduit with a second fluid flowing on a second side of the hollow

conduits.

The device of claim 31 where the first fluid flows at a rate of 9.5 liter per minute
or less on a first side of the hollow conduits and the second fluid flows at a rate of

5.8 liter per minute or less on the second side of the hollow conduits.

The exchange device of claim 30 where the device is integral at a temperature of

160 °C and a pressure of 70 psig.

The exchange device of claim 30 where the device is integral at a temperature of
200 °C and 50 psig.

The exchange device of claim 30 where the device includes co-extruded

perfluorinated hollow conduits.

The exchange device of claim 30 where the hollow conduits are made from

perfluorinated thermoplastics.
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