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1 PLEATED CONSTRUCTI ON FOR EFFECTI NG GAS TRANSFER
MEMBRANE 5 BACKGROUND OF THE | NVENTI ON Thi s invention
relates to a contactor and process to effect gas fl ow
between two fluids including a pleated porous
menbrane. More particular, this invention relates to
such a 10 contact or includin% a pl eated porous
menbrane and a baffle neans tor effecting contact of a
liquid streamw th the pl eated nenbrane. M croporous
nmenbranes are used in a wide variety of applications.
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liquid edretse difbersédintangsend liquid to enhance transfer. Packed columns and tray

columns have a deficiency as the individual rates of the two phases cannot be independently

varied over wide ranges without causing flooding, entrainment, etc. If however, the phases
are separated by a membrane, the flow rates of each phase can be varied independently.
Furthermore, all the area is available, even at relatively low flow rates. Due to these
advantages, hollow fiber membranes are increasingly being used in contactor applications.
Hydrophobic microporous membranes are commonly used for contactor applications

with an aqueous solution that does not wet the membrane. The solution flows on one side of
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advant ages, hollow fi ber nenbranes are increasingly
bei ng used in contactor applications. 35 Hydrophobic
m cropor ous menbranes are commonly used for contactor
applications wth an aqueous sol ution that does not
wet the nenbrane. The solution flows on one side of 2
the nmenbrane and a gas m xture at a | ower pressure
than the solution flows on the other. Pressures on
each side of the nenbrane are maintained so that the
liquid pressure does not 5 overcone the critical
pressure of the merrbrane and so that the gas does not
bubbl e into the quid. Critical pressure,
the Wﬁ&%fﬁﬁ@ g g%meﬁurﬁﬁéaw%pr%ﬁuwth@n thersoluiian ﬂh‘t’%o'ﬁ fhe other.
Presﬂﬁ’é@@n eacﬂﬁsﬁ@@ﬁthé etbrane 8 nﬁehﬁafrﬁ@& 8b itrat théslﬁﬂlot ;S?eggﬂﬁ@ does not

rane, |nversel on the pore si ze

OVGrWQ?&Fgﬁ@tlcabﬂr&SWP@&they“%mbr@n% %@@&B@t th%aaﬁ ehﬁsafotpw@ble into the
liquid.. Ceitidafl pteBsGréNthe PrestuteattWhchdAs sBINASEwill iftRldk @b fiPSdres,
n&ng ﬂ re Erlrﬁarll used because of the ability to
depepgt Arse &ngwn fegR %@d&@ﬁm@ede?mpﬁayewws%eh the pore size of
the mé@r\br@r% anﬂ’@ﬁ&tl?@ndﬁ@%rfébert@*s%rﬁcﬁ tﬁ@lldd@ln%ﬁfém wm the gas phase.
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M cr oporous nenbranes have a conti nuous

pAMliondpoBLE Wr@nésf@ve@@o@ﬂﬂ&)u& o g ReUEtureXhat dk@ends throughout
t he | d consider the ran

the mRGRA R THORETE 5T 8 (et eiderib ARl Py g 49 b Bam o
approxjnatoly iOnst mlcybnha a@pfﬁxmﬁéléli]‘ 10usilarone nMM§m5@ﬂe§@ah Be in the

form b eplheS e FaREh o 4 3520Bert e U 308 o b el o e
incorporated i aépﬁm‘almy dbv&%p at Eifgh fpgcld@/déi%&leat HéWer, mand fiBers have
the dgadvanEages theﬁhey are dlﬂh cult to %N orm a S ra?e trhgl\'/eefore expensive.

Accordingly, it would be desirable to provide a contactor apparatus which effects gas
transfer from one fluid phase to a second fluid phase without the use of hollow fibers. In
addition, it would be desirable to provide such a contactor which effects gas transfer between
two fluid phases with improved gas transfer efficiency as compared with presently available

contactors.
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the di sadvantages that they are difficult to form and
are therefore expensive. 30 Accordingly, it would be
desirable to provide a contactor apparatus which
effects gas transfer fromone fluid phase to a second
fluid phase without the use of hollow fibers. In
addition, it would be desiraple to provide such a
contactor which effects gas transfer between two

fluid phases w t hgyuMMARTOEPREINPERTRINES fi Ci ency as
conpared with presently available contactors. 35 3

SUMVBRY ol IS%I&MMAF%Q’%M&MMQ 8 pfé%\%‘(:l' rﬁ@rﬂbrane cartridge
conpr i sin an outer housi ng,
and eng 913 plyeality a4 hatiae pesitienes (al lmtwe?n Bfe Ib@ﬁrfsué’gce of the housing and
the o@@é‘rlswaéée& tﬁ@%le%ﬁ"r‘ﬁ‘&ﬂbr%h@ céawg@ cﬁgﬁ)fmﬁh ah ﬁnaﬁdlameter of the

housi ng the outer surface o ple
pleated mﬁfﬁbfén% ﬁﬁffrﬁgég'éh%bafﬂ% efigict fic flay inte e '“Eﬁr%th?é? getween the
Ieavéé"& thé ?I@ﬁl‘%@ CHRAR]AAIRY iR Hitd96n of S olrfRh Fdrse ﬁ’tffi &6 the Fontactor.
luid flowinto The interstices between the eaves 0
the pl eated cartridge and in the direction of an
outl et for theflwdfromthe co_lnté\ctor 10 BRIEF

DESCRI PTI ON CE 27U X
view of a contactor of this invention having baffles
pokiBt 1 rrebrokeihsidn view iaroniagtar &t thisinventionwvieg baffles positioned
on afBIRIRNRIES b d aeﬁed Fhdinbréné Sarfidgeoken side view of a
contactor of this invention having baffles positioned
15Fign2 ira priekeraide yiepf & @ﬂta@tqﬁloéﬁtl%@vwvmrf@n@g baffles positioned
on af Hsidel dP8ce &5 dpledtel ndntahé t&tridgep Vi ew of a pl eat ed
cartridge used in the present invention. Fig. 4 is a
paFigi Afs apartaliprviewiof 8 risateteartidgeusehinsthe prasent ipyention.
' | #lﬁsﬁ [Fae! b&gal‘:isllo%"‘(/@x/ oPQ%orﬁthijof thlE'lrgren{“:?or\ ﬁuﬁreﬁlﬂg %l SRone fluid.
a segnente l e used In the present I nvention.
F| @9 Bisiastog visat efi aaseanegnted b@ﬁl@ﬂseﬂ Ipaing presertinyegtiemet h
used & psé t| rt?ﬁﬁe\t/v df B\ flVing t8Snfs8d infthb r@sehplgventlon
vi ew of e positioned on~an I nner surface o
mehigr aﬁea toea/recw @f®baffl$pg$ltl®eﬂ§n@mlﬁWSSUQ‘QGQ plohaemprang
cartr%ée.an alternative contactor of this invention.
SCRI PTI ON OF SPECI FI C EMBODI MENTS 25 I n accordance
wi bi. 8 s ascropy/eentipagl view efon alterative epntagler of thisdrveintion.
provi ded wherein gas transfer is effected between the

fluids. A fipEsdriBTNOFSPEERIC BMBGUIMERTS eam i S

cont act ed
In accordance with this invention, a contactor for two fluids is provided wherein gas

transfer is effected between the fluids. A first fluid comprising a liquid stream is contacted
with an inside surface or an outside surface of a pleated membrane cartridge while a second
fluid is contacted with the remaining inside or outside surface of the filter cartridge. One
cartridge surface in contact with the first fluid is provided with one or a plurality of baffles
which direct fluid flow into the interstices between adjacent leaves of the pleated filter. Fluid
flow is maintained within these interstices by a baffle positioned to provide blockage in either
(a) the space between the inner surface of a housing for the cartridge and the outer surface
of the cartridge or (b) the space inside the inner surface of the cartridge.

One or a plurality of baffles can be utilized along the height of the cartridge. The
baffles can be formed of a single piece or from mating segments such as two mating
segments. The surface of the baffles can be smooth or one of the baffle surfaces can be
provided with teeth that extend into the interstices between the plates or leaves of the
cartridge. The inclusion
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with an inside surface or an outside surface of a

pl eated nmenbrane cartridge while a second fluid is
contacted with the remaining inside or outside surface
of the filter cartridge. One 30 cartridge surface in
contact with the first fluid is provided with one or a
plurality of baffles which direct fluid flowinto the
i nterstices between adj acent4| eaves of the pI eat ed

of th(—:]c felefheﬁ vnEé Hioge m‘ JT‘I%Y%# té@'b@fv\?eleﬂ?l‘#e WeHB"Jh glsi'e %ﬁl’gldgg S§nd the

I nters |ces oned T 0 provi
first flluwi fedro lsich g(aa)s Itelmvsp@cmt@whwb@asia‘tmrowdemr surface of

a Tlrh% @%ﬁ\bﬁ‘g}% g%r eddo(?% rﬁ‘é}QbrIaHg aag/gﬁ %ﬁd 3 ﬁgoﬁggupp%rt screen

€ space I nsi
layer §§|rlsf welékrwwrtlh éhe:ant t$u|iagb hy8EpBnkic orengbrphes iatlute thoke formed of

polyt%gefﬂyr)t%gt@@ﬂ%hg ﬂéﬁ)’l’l#d{%@gth Ilvf?19 tﬂePgr rrea%13?1ytéz)ﬁ'alfrula?qethylene -Co-
perfltprmepw\rm)ﬁetbm ﬂ%ﬁA)ngolsfeg'aﬁmrsetbylemB as-hénaﬁlunﬂprcmglene (FEP), and
poly AR fprdg PV HE). 2 BT aRB pht PEp3RaRE T RbRellisere
manufacitired oy éNPanbtWilmingtann D&r bleofie® IBIéQ\ seepolyiner avadlalgle from Daikin
Indusltr%\/ﬁ/#AqJIaf 5@ is g?)r frﬁe?%@ala lféefrérﬁ F%%F\L/\Jé@‘hﬂ{ htértﬂgrofare, NJ.

rovi [T
Preforroed Nﬁﬁdﬁ@‘fon@@ddﬁl? Tefi® tubds atecavailabis frofl Zeus Ihdustral Products,

Inc., é?ﬁﬁer@g?&g%d ?)tﬁ&rwgrﬁ%pﬂstlégl{)rﬂgg@ gﬁhgg\%@nfa%r@ {ng\fulqrgﬁwe aor{actlce of

ted nmenbrane rane
this inveptioroinsiuge pploare netlireitad tol pmyyéehiastriflsoraethlyleka wmyhdemnetﬂhende)

polyv?% chIoﬁHé tp%Wg?efln¥g[18rPQ ?)nyﬁro%?lgﬂé ap%?y%tﬂ)&%l ug&yrtng%yf%entene ultra
high molegulatweagtit polyettylenk cnltraligh pwidculao weigbt polyaethelghe (URE),
polyaéﬁ@%?, Bol?%dgpréhgéup\%)ﬁ ré%ﬁé&gloﬁg%&%g polycarbonates.

pdrefersing &f Figot,amerenmuén e -df excahlaator ofthispyventien 10 REPown. The

conta#@)?l ﬁ?&l d\és%o'g%‘éa.?lefria\'/% rBO%Fﬁ(i Prg: %péssﬁo%gd Eé:gnd cap 14 includes

a liquideiniet a&tEmb@pr}B iDtierdes a lighid auhi&leﬁrand @R.oubletdfd ampedte®RA a

vl BuRB (TREoRNEA BBhea EEATBR) &Pl 2480 6l g borous
supporhcage hismodades, to NippdroOtheroaftddgee2i. Mrgechad borous suppalt cage also
con S5 R0 P0AH 1B 3 LBl ) IR AR, Bl o
outergircurnferenchlof trescanhidgd 24r Eneusaflasl 30 extdritefrgm tet outer safiface 34 of
e chfl 5 ENEPHEPRBEAER bnd G, 26 PFR O e arct i

the intevbtjoes r3§3| behiemni pﬂmts Bo lthyeoblef fonsovde moee iptingter apidce between the

ent Sne [tr Ejgg
peaBEAEHPEER o ORI, N RSDNSD el bfhollt epov ot
introdweed) tiroygbl iglet &2l ene ( UPE) , 15 pol yam des
et her et he3}<
oot § BBl B BFe<Rl o rLCh s Bfehecsanen iatucs
through opertirr 2D unddr cohdiionsneesffettaranser osozineuhroudih the pleated
Q .i.ncl.udes usji n havi n ed end
mem%rggésa@f) tj&ﬁﬁqlil sughas wa rirﬁ ng%bi\é@gﬁ |nletg1 éP ?fn d%swe(? a second
outlet from the housing (not shown) for the pressurized gas can be provided to remove the
pressurized gas from the housing 12.

Referring to Fig. 2, a contactor 42 is provided wherein baffles 44 are positioned within
the core 46 of the pleated filter cartridge 48. The cartridge 48 is surrounded by porous
support cage 50. Liquid to be degassed is introduced through inlets 52 and 54 into the
central core 46
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aliquidinlet 18. End cap 16 includes a liquid outlet
20 and an outlet 22 connected to a vacuum source (not
shown). A pleated nenbrane cartridge 24 surrounded by
a porous 20 support cage 26 is provided to support the
cartridge 24. A second porous support cage also can
be positioned within the central core 28 of the
cartridge 24. Baffles 30 extend around the outer

of th&bérﬁk‘j Qfs%ﬁ&gélfﬁe U RaGRstthd g%gnicded If&[]ﬁ tQ?ﬁJJeG?ﬁQZIQ? interstice

ext en fromthe outer surface
betweerstherpirats 80:kq effast epre inBmatsLeontagt with thememarahkeers trgCpleats 60. A

vacu M%hfc%r(nfztosh@{/vh?ﬁtcoh él:lt'%djto' S8t 63 3 o\lé&§5§bb$§ﬁ%ﬁ1§ough the

et ween pleats 4 y tO provi
pleatééﬁt@%@agéé‘dM%é%lstrh@o\@ﬂeqoﬂhméwuﬂ@rﬁﬂr ane of the pleats
4Qn ahBthtePbl%bS urlz%%sq£%gnlb§gntﬁ§dﬁcé§ W&’ﬁ&dsf P88 through
INntro uc ough I'n"a secon

OUﬂete%mermmdlt@Sﬁp @é‘getrgazélaw@;a@h@m:aoag inde tigndd ddnedbeed through
|n|ets'5’2tér¥bd5l£ed t hrough opening 22 under conditions to

fect transfer of ozone through the pleated .
ne‘ﬁ%f?ﬁﬂ@éo Figt 8. tha@ldatsod of thecartridgewad efr Fignt,ravel nogitioned between

poroﬁshéég;%% 4l rodSea lef41d@§%;é 86 ¢ t§8§ B0fle A Z&gﬁiégéd gvgﬁlﬂglgusing

ousi ng (not homn or t pressuri
12. provided to renove the pressurlzed gas fromthe

hqit@flemg Y8 Fi S Fid Raf&e rbb@gf & C%l& thé: lig B¢ RoR&s e trf%ﬂééts s

provi de el n ba are OSI I one
showgdyearepgy & anhe’ sl @‘actemmfe intiateccantact bizjwedr theTllgeid and the
membB@hk! i dge 48 is surrounded by porous support cage 50.
Liquid to be degassed is introduced through inlets 52
arféefeding i@ bigt hethg HattleTOrimformed &romaws baiffe segemeants Tt amttyé2 which

causes the introduced liquid to nove
contaf}:ﬁte%éﬁ:?ﬁtggﬁn{r@ sutéléce between the pleats 60 to effect

nd?@‘eﬁrwgitwﬁ@e%tbﬁtbaﬁlﬁ 73 indluddsdeetb mbrwhich fitrnto rderstiesst etween
adjac@g{ ?Iéats é@ f e ct iggf Zga @R‘&Ytgﬁ%cﬂtrﬁ?rggﬁﬁ?%% %gntta?t b%tween the
liquidend ttu@ qrestrdnd. Vihdndhe Hafflede pesitahet hwitbinghe oatel Qa‘tthfﬁdartrﬁige as
h C be
showh'h 5 ﬂ?\ &R 9%15@{% ou@%c?%ﬁ(acése tgagflfﬁ seA))

|n r uce I nt 0 housli ng roug | et 62 under
c oveoshavaris Fig 7ethedeffllegbisoffAig\d cammrisesis solicbpiecé.nt o

R 5 PR SRy B0l 1050l o,
The cpntagtas 1@d8¢ludasraahbu§mgv\7é’ehravnmcmsd eaq eap}a61 4at ﬂ)@rEmdscap 14
incIuaﬁ% llcﬂ;ﬂd mﬁ%qg %&%ﬁfﬁ%ﬁd%’?g&&tﬁd %Qtle??ﬁ ea%g%,:ﬁfci tlgf %%i:cﬂmected
to a vaguge SDh@eI(thlﬁdetlb Ami&aied n‘termhrzhrm Hrgidys 24(Suasunded by a porous
support cage 26 is provided to support the cartridge 24. A second porous support cage also
can be positioned within the central core 28 of the cartridge 24. Baffles 30a extend around
the outer circumference of the cartridge 24. The baffles 30a extend from the outer surface 34
of the cage 26 to the inner surface of the housing 12. The baffles 30a function to direct liquid
into the interstices 38 between pleats 40 thereby to provide more intimate contact between
the pleated membrane of the pleats 40. In this embodiment, gas bubbles are removed from
liquid introduced through inlet 18.

In a second embodiment, a pressurized gas such as ozone can be introduced
through opening 22 under conditions to effect transfer of ozone through the pleated
membranes into the liquid such as water introduced through inlet 18. If desired a second
outlet from the housing (not shown) for the pressurized gas can be provided to remove the

pressurized gas from the housing 12.
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40

45

shown by arrow 65 and 67 to effect nore intimate
contact between the liquid and the nenbrane.
Referring to Fig. 5, the baffle 70 is fornmed fromtwo
baffl e segnments 71 and 72 which 15 contact each other
during use. Referring to Fig. 6, the baffle 73
i ncludes teeth 75 which fit knto interstices between
adj acent pleats 40 of the caftridge 24 thereby to
ef'f'l%?ﬁoll&ﬂh& eké}hv\ﬁlﬁﬁﬂ@trﬁlggttl?&ﬁreb@rﬁt\&ﬁ%lﬁtlémﬁnd isirtlinterriad to limit the
he menbr ane en the baffle is positioned within the
Sam%ore of the cartridge as shown in Fig. 3, the teeth
are on the outside surfaces of baffles 44. 20 As shown

in Fig. 7, the baffle 44 pfanigq1 2 conprises a solid

piece. Referring to Fig. one enbodi nent of a
The §8HrGS5 of F|%01 ﬁéwﬁ@a ol dsvrﬂi&trdrmydlébhoslc&mmﬂgh ma#eular we|ght
cont act or i ncl housi n havi ng bonded

nd
polyiay)anes MomENEE SR A LaBa a1 Ao F RISy i remove gas
from e whed GRPe W6rd r'ilﬁ%élﬂ#&gﬁs o sty 1SLILDWE besitg &Qséﬂﬂ%t ate outlet of the

outlet 22 connected to a vacuum squrce_(nhat

appasataat e ofisiency ol degassinggge Measwar Ml sied 5&;9095 %%}V&a@xygen

Metet YaS UAPPALd $60ferbvdi %t BREWIrgadi 0 IRSHIRIAL 4nd D @ Ilter/1 m|n
cartridge 24. A second @‘rous support ca

respﬁ@flﬁﬂbsﬂ'te% FRYItICPMPArer i &Rk WD ad’&rﬁehozls%afbef RgmbFane contactor

at a G\ Htb 602 0ditbr/1Bakf | es 30a extend around the outer
circunference of the cartridge 24. The baffles 30a

extend fromthe outer surface 34 of the cage 26 to
the inner surface of the housing 12. The baffles 30a
function to direct liquid into the interstices 38
bet ween pleats 40 thereby to provide nore intinmate
contact between 30 the pleated nenbrane of the pleats
40. In this enbodi nent, gas bubbles are renoved from
liquid introduced through inlet 18. In a second
enbodi nent, a pressurized gas such as ozone can be

i ntroduced through opening 22 under conditions to
effect transfer of ozone through the pleated
menbranes into the liquid such as water introduced
through inlet 18. If desired a second 35 outlet from
t he housing (not shown) for the pressurized gas can be
provided to renove the pressurized gas fromthe
housing 12. 6 The followi ng exanple illustrates the
present invention and is not intended to limt the
same. Example 1 5



10

15

20

25

30

35

40

The apparatus of Fig. 1 having a 0.05 mcron

hydr ophobi ¢ ul trahi gh nol ecul ar wei ght pol yet hyl ene

menbrane (3500 cnR area) was tested with deionized

water to renove gas fromthe water. There were no

vi sual signs of any bubble being present at the outl et

of the apparatus. The effickency of degassing, as

nmeasured with a YSI 5100 Di ssol ved Oxygen 10 Meter was
CLARAs:% and 10%renoval at a flowrate of 0.5 liter/mn.
= and 2.0 liter/1 min. respectfully. These results

CONPR Eonthdidy é%ggﬁ{ bdfot foé’ctl § '65\9&%]9'9(81“85% ﬁﬁéum%%?ane from a

~ contactor owrate o 1 mmn.
first fugd tosse@md fllll@ whieh gommmisapMS: 1. A cont act or appar at us

for el L6l aR-PBRIRAMATnARS RIRISROREIRIAAG i 22

first f to a seco rises:
cyl i ndrsaishinoysingshavingresfirst inlgbarda first gg@ttﬁig ftrﬁtdh@ijand at least a

secoWH?ﬁ]ﬂélf@r Qgé@nggm,dsal d housing having a first inlet

first outlet for a first fluid and at | east a
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positioned within a first flow path for said first
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4. The apparatus of claim 2 wherein said plurality of baffles is positioned on an

outside surface of said cartridge.

5. The apparatus of claim 1 wherein said baffle is positioned on an outside surface
of said cartridge.

6. The apparatus of claim 2 wherein said plurality of baffles is positioned on an

outside surface of said cartridge.

7. A process for removing gas from a first fluid which comprises introducing said first
fluid into said first inlet of the apparatus of claim 1 and removing said first fluid from said first

outlet and applying a vacuum to said second outlet.

8. The process of claim 7 wherein said second outlet is in fluid communication with a

core of said cartridge and said baffles are positioned on an outside surface of said cartridge.

9. The process of claim 7 wherein said second outlet is in fluid communication with
an outside surface of said cartridge and said baffles are positioned on an inside surface of
said cartridge.
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of said cartridge. 25 6. The apparatus of claim?2
wherein said plurality of baffles is positioned on an
out si de surface of said cartridge. 30 7. A process for
renoving gas froma first fluid which conprises
introducing said first fluid into said first inlet of
the apparatus of claim1l and_renoving said first fluid
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surface of said cartridge. 8 10. A process for
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13. The process of claim 10 wherein said pressurized
gas is ozone. 14. The process of claim 11l wherein
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claim 12 wherein said pressurized gas is ozone. 16.
The apparatus of any one of clains 1, 2, 3, 4, 5 or 6
whth. diha psededs bh¢laime12 whereitesaid psswized gpasa azoosed t o
extend into interstices between pleats of said

cartridge.
16. The apparatus of any one of claims 1, 2, 3, 4, 5 or 6 wherein said baffle includes

teeth positioned to extend into interstices between pleats of said cartridge.



