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passes through the filter medium prior to being removed, that is, the entering
liquid must be prevented from simply passing through the épaces between the
wound filter material without passing through the filter medium. Such
constructions are shown, for example in U.S. Patent 3,962,097.

A problem encountered in spiral wound construction results from the
fragile characteristic of some membranes, such as ultrafiltration membranes which
tear during filter cartridge construction.

| In one process, spiral wound filters are formed of multiple layers of
membrane filter and screens wherein a membrane filter layer is folded onto itself
to form a V shape and two filter layers. Multiple leaves of membrane/screen
stacks are glued in a flat orientation, and then rolled onto a perforated core.
Layers are formed of feed and permeate screens. During the rolling operation, to
form the spiral wound filter, because the membrane layers are sticky, they tend to
wrinkle instead of sliding past each other. As a result, retention integrity is
compromised. Flow properties are good, as negligible parasitic losses are
measured from flow through the relatively short permeate channel (about 18

inches long).



In a second process, a single long leaf is used to formthe spiral device.
GQue is applied only inthe rolled form This |imts the nunber of |eaves to

one, but reduces the st t he e.as it . is being.rol.led. In a single
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filtration apparatus, having a housjng with an iplet and an qutlet and a
plurality of HHPilYdusto bﬁgm%@sdrggém%ﬁ%@nﬁ} YRuRagosRtahle gy, The

filtration cartri dggesriipelwaeyvsul®be gaditabik i hilveni¥pund about
a perforated core. Thé f%zﬁ’l | ayers inélaug:e8 &“ﬁ??yﬁ{ogy Pglra\t/‘\ﬁi‘@ﬁxgre f or med
by fol di ng a itilezes $pital eroustl didter cartrolge consh@pen td-ninichizzepemmaitedlovayers are al so
provi ded conprising.a feed. spac | ayer and a per.neate spacer |ayer. The
filter | aye;ns)bﬁﬁ‘fﬁ (?r%‘ﬁglé'&saﬁ‘%/“é?@ymeﬁﬂHfé}dglﬁt‘?’bcatm@%erfor ated core. The
perneate spacer |ayer is sealed to accept perneate passed through the filter

| ayers and to direct perneate into the perforated core. The feed spacer |ayer
is sealed to accept fluid fedd/MMARY Qff THE INCBNTIONough the filter |ayers.

The filtration cargyl s.are seal ed. event adm xt.ure of, feed d
perneate. BRI EF DE@&#?‘%%DWV&!&%E ton ﬂPPa{? l?vﬂg %h%%‘g'é ive view
of the filtraddialktafdad ahtled a6l atpirslityOfeikirith cabfridgéLpoditiched withdsthesect i onal
view of the filtration apparatus,  of Figure 1 illustrating fluid flowto form

permeate.  IMugmge Theifdirafionssapiridgesingludoe plurality afiflablayenmeterielsivapmdof ¢ hi s
1 tration cartrt e opRaRsRe R SRl ARl P RIEERJAS ol BeTulihd 12 i o
of an additi dnafolding adlat ltepsheetrintoss/ Ershage. diuidgremheabléd ldyemegle alsoa filtrati on
cartridge of this inventi.on. Fi gure is a partial cro sectional view
of the Tiltr RPYAHCLEITPTgE dred srcerilFpE Apg pReormeate spacer layer. The flter
layers and feed spacer layers are adhered to the perforated core. The permeate
spacer layer is sealed to accept permeate passed through the filter layers and to
direct permeate into the perforated core. The feed spacer layer is sealed to accept
fluid feed and to direct feed through the filter layers. The filtration cartridges are
sealed to prevent admixture of feed and permeate.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of the filtration apparatus of this invention.
Figure 2 is a cross sectional view of the filtration apparatus of Figure 1
illustrating fluid flow to form permeate.
Figure 3 is an exploded view of a filtration cartridge of this invention.
Figure 4 is a schematic diagram of one method of forming the filtration
cartridge of this invention.
Figure 5 is a perspective view of an additional permeate spacer layer
which can be utilized in a filtration cartridge of this invention.
Figure 6 is a partial cross sectional view of the filtration cartridge of this

invention.



Figure 7 illustrates an adhesive pattern for the feed spacer |ayer and the
permeat e spacer |ayer of this invention. Figure 8 illustrates an

al ternati ve adhesi rn for a,perneaie I t hi i nventi on.
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filtrati on appamehtespader tyet bf thid iv&itfonon conpri ses a housing 12 having an

inlet 14, an outlet 16 and a plurality of filtration cartridges 18, 20, 22, 24
and 26 and pr ef er abigyre § Yhsisates pr altgrnativeradpesivapatiery fr 4 permeate spager £ | ui d f | ow

path within t | at i pparatus will be described with reference to
Figures 2, B,HSeI;dr#Aw?ﬁ‘}&gﬂgﬁom therein, incomng fluid feed 39 enters housing

12 through inlet 14. TheDESCRIPTION ORSPECIRICEMBIODIMENTScartri dges 18, 20,

22,24 and 26 (Figure_ 1) at the tog_4 surfaces and bottom surfaces thereof and
into feed spacer |Rgferinggto Figured, thefyjtratien anparajus Hhef this 1gysntiont he filtration

cartri dges atodiigides b W8I 1 2HEAE A il £ SHIG AT ISRy AdhiFaREESSUT @

drop along th pat sre as conpared to causing urd feed to
enter at onl ycartrelgeop8, 20y 22 dsandr26tame poefetabiy Sve drosie filtrafioa cadpdgest f ace 30 of

per neat e spacer | r .32 is sealed.by seals 31 fromt interjor of housing
Do Bl trabton 1 ay S48 i baR it eip oot peatreuhaluRh ayer o8
and perneat e SRRERL th F¥&iresZ-3, 6Ad FOA RO IMIth@ERS inkSnAnginga fedd Ppt h perneate
spacer |ayer 32 and feed spacer |ayer 28 are seafed with seals 36 and 37

(Figure 7). Téndersbousingd? drronglyimlet18. iThe fluitbfsed entersstba fidtrat®naadridges The

per neat e spac Iy 432 .l udes. si eal 42 T uter surface of each
filtration caﬁ’r’zlk)?%% zfé?ndggc(btgi“e 94atgﬁedt%§§uftgce§§35§889\§ntsﬁrf§°q’slt IR nper meabl e
sheet 38 (Fi gatidEin®) febd §puideinyéd 28. By eadinghé fillidsfetd®d &paaRs fitkitiohi gure 2)
between the filtration cartri dfges 18, 20, 22, 24 and 26 and enters these

filtration cagartridggeat theiF tpghr msmriwttmafamean@eﬁaé@ﬁ Presgee dp® as shown by
arrows 43. Thgﬂlgge&% 30 afagﬁsjlg??&d%&’ F.gé‘?x{l]ﬁ%ﬁe& td éa%Fingg%{fﬁ%ﬁffﬁéd‘t% ehferap form

per neat e 44. perne rave a spira I N perneate spacer
| ayer 32 as i oly cladteg stsfaces oo thedwttantsupiasese STHetop saifaqe30f affpetrmente 48 of core
50. The perneate then travels, through pathways 52 (Figure 2) and then through
outlet 16 as $ma¢rda¥eéé2®5%@hdo@y@41.sg3ltgomthwtmorpghwwl%y ?t?tl@an conpri se
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form the fil tfe%& is;?arc]:erl l%;grrﬁ a?}g sgaqu \%ilth seals 36 and 37 (Figure 7). The feed spacer

layer 28 includes side seals 43 and 45. The permeate spacer layer 32 includes side

seal 42. The outer surface of each filtration cartridge 18, 20, 22, 24 and 26 is

sealed with a fluid impermeable sheet 38 (Figure 2). Incoming fluid feed

39 fills the spaces 40 (Figure 2) between the filtration cartridges 18, 20, 22, 24 and

26 and enters these filtration cartridges through spirally wound feed spacer layer

28 as shown by arrows 43. The feed 39 passes through the filter layer 33 and 34

to form permeate 44. The permeate 44 travels in a spiral path within permeate

spacer layer 32 as indicated by arrow 46 and passes through perforations 48 of

core 50. The permeate then travels through pathways 52 (Figure 2) and then

through outlet 16 as indicated by arrow 54.

The filtration layers can comprise one or more filter layers formed of a V
shaped filter sheet. The filter layers can be adhered to each other at the V juncture
55 (Figure 3). It is preferred to utilize two V shaped filter sheets positioned in

contact with each other to form the filtration layers 33 and 34.



Referring to Figure 4, the process of formng the spirally wound multil ayer
filter cartridge of this invention is illustrated. The filtration |ayers 33
and 34 are forned at the V juncture such as with an adhesive. Filtration |ayer
33 is unrolled fromroller 57 and filtration layer 34 is unrolled fromroller
58. Feed spacer |

er. 28 Ls unrqlled fromroller 59.and permneate spacer |ayer
32 i s unrol led f roHFTRe ref out T Srett T he By D AR TR, et o
spacer | ayerfiltd2catriegs eathitinesntish tanfiustratdd. Jue éltratior agedsi 3t ard 34egrer j uncti on 55
is adhered t,0 co 50.,.Al ternati vel th er te. spacer,.(32a), 1l ayer can
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adhesi on t o foof @oltd 5Ftand diltyationtzyengd [samnaiati drobl @ileit 38. Gegt spadetr tayat | ons 48.
Afiltrationgcartrid of this inventign having a,single spacer |ayer provides
efficient T 48 ATURT (RGNS SO FEH P Ao cRA S b2 (KB H TR (18R s | ess
t han about 0. iThe ez, spptafiayenl2Byandblosiperifeateos2et lagdred? @andeaedtaspr ef er abl y
about 18 inches. Referring to Figure 5, a second perneate spacer | ayer

32b is shomﬁhoxf'ﬂ(—i:n B@H?e%te spacer |ayer 32b is positioned adjacent perneate
spacer |ayer 32 are filtet lagel jarsctioh @Bris adhdred)tor @rd 50 Thiermasealyf thes a t hi cker

per neat e spacer |ayer J ronot es, perneate flow The fe and

e moat o sparurenisret Lt (isn PRt BRLBE AT Ay ot Sfbess aparsedeR AT SR i havi ng
a hi gh voi d (Figuten®) teiprarhote adpesiorebdoee 50 whilel pbnidtiowpemédie fled geauge di recti on
and at reasonatbl . hi g? rates without the need for high inlet pressures. In
addi tion, trPeerg[)%'c?B? ayer shoul d have a thickness sufficiently great to

perm t substanti & filfrbtiordcdriridge pathasinirmtionbtvisg atsinigeksaset laygreduce fil ter

surface area _and filter .capaci ubstantially for a given filter volune. It
s breferr e pridee 1Sk RS WY R BB B e e BeRa ot 030 | nehes

t hi ck. Suit gbarealspacéiindnay qirsferabty atsbeit nétd 2Mipchey anetimbyt dreferabdt sbcot par al | el
pl astic Stra‘lt%qﬁép one set of strands is laid on and adhered to one surface of

t he ot her se % arrangenment so that the sets of strands intersect at an
angl e. Suitabl e rrdfeiring to Bigansah, |sadelcendi pelereatdgpdceadgenEives SMaxarthef rom E. | .

DuPont deNemours_.& Co. The r ands . .hav eneral ly circular 0SS section.
Thi 5 ‘st uot UPLTGREAPRPILEE" SAF BOGRECTb 2P et PP Yete SayeY EORAE 830n set o
strands i n coledeas showinhin Giguye driEneadpaltierst thickért parmeatgapasar lajeatvhidnui d can pass
easily into ptrQ%Otsé %%rengeétg%g\;v‘ and between the two adjacent filter |ayers.
The feed and permeate spacer layers can comprise either a woven or

nonwoven material having a high void volume which is permeable to fluid flow in

the edgewise direction and at reasonably high rates without the need for high inlet

pressures. In addition, the spacer layer should have a thickness sufficiently great

to permit substantial fluid flow rates but not so thick as to reduce filter surface

area and filter capacity substantially for a given filter volume. It is preferred that

the spacer layer be between about 0.020 and 0.030 inches thick. Suitable spacer

layers include netting formed by two sets of parallel plastic strands; one set of

strands is laid on and adhered to one surface of the other set in an arrangement so

that the sets of strands intersect at an angle. Suitable netting is available under the

trade name "Vexar" from E.l. DuPont deNemours & Co. The strands have a

generally circular cross section. This structure when placed adjacent two flat filter

layers has each set of strands in contact with only one adjacent filter layer so that

fluid can pass easily into the spacer layer and between the two adjacent filter

layers.



The filter layer nust be sufficiently pliable to permit winding it around the
core without fracturing the filter. While many filter materials are

sufficiently pliab r this 0S&., .. S i erials.are t brittle
to afford their uslgﬁ%frilgern]’ﬁ%%r ‘%‘ES?%a&*ﬁ%&ﬂgﬁﬁ“%ir"et‘%E’%‘@?ﬁ&”“?‘ﬁ%&‘66‘?‘&#3186i n the
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filters formed. fromcellul ose esters such as cellul ose acetate and cel |l ul ose

nitrate and heNablgfos thispemask spoe diltsr matesialseare fappritHe & afferddheinnserandet er range
d t re _ . .
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filters, Sol vmateritlsripclidd matrsparons Wtrafilaebh mhd filtetsdomsmedBomestlelosd hese filters

sufficiently pliable, they nmay be | am nated betweep two pliable porous
material s sucters suehseliilercdastate %Fllrli%mnﬁm Baving HeReTigeRea net

adnesive Tor gk Wikduifiets RRILARGomER} fanlst BEEmaN Gl DALY Bk AImedO! YOt hyl ene

or pol yam de fi bers. wever, e-understood that the prese
i nvention i s metketedibiytMliparetGreperstominchidinga€elotate® fidtarspPurdlen® fidtersus filter

| but ingludes. th . of lat fil jum t din th
et e cont FFSETUIRSRITCR AR, satBheybsh Er SRR OR 4ifes R "Gl oyea 1<
such that adhesdstehdelfiiteRngficighty piiible, 1A thhy bélankifXied bbiWee 8o thygh the

filter layer when applied so that” sealing on one surface of a filter |ayer
does not resuparonsimgierls suctozs a wevapgoti toemed fromcpolyasis fipersrwith a net

pol yur et hane- hesi v ar nticul arl seful, for providing the desired
seal i ng. CLA@ES\Q;\?]%%@ “(’:lﬁ'zsatller?ég?a%le resi @berﬁuﬁlﬂ? ?Woﬁ?sg% Igodﬁ?ibglfﬁ‘goﬁwavi ng a
plurality of psfyamidefibesuHbwdvet, iisit®Be GAddrsto6d dfat GRGIResRAINYENtidh iIBHBY ent

adm xture of feed and perneate_conpri sing: a housing having an

interior, a fitmited fodbgusaefaylir @ﬁaéﬁmamgcgrémrﬁmﬁ!teralﬁuerabbteinﬁﬂ@d@séhg use et
plural ity of " Bary Al SRa et b oRRARh ful Mol PEAEHTER RoB ' 71  Pati on
cartridges conpri sTigtype and amount of adhesive employed is such that adhesive will

penetrate into the filter layer but not through the filter layer when applied so that

sealing on one surface of a filter layer does not result in sealing on the opposite

surface. Epoxy or polyurethane-based adhesives are particularly useful for

providing the desired sealing.



a fluid inperneable outer surface, a perforated inner core and a spirally
wound nulti-layer material having, two opposed spiral end
surfaces, said nmulti-layer nmaterial including two flat filter layers formed by
folding a filter sheet wherein each filter layer has a first surface, a second
surface, a top surface, and a bottomﬁjél e such that the fluid feed enters

t hrough the housing inlet and enters Itration cartridges at the top and
bot t om sur f\@ha&tds claimed: a spirally wound perneate spacer |ayer having a
first side, a first side edge seal, a top surface, a top surface edge seal, a
first bottom edge seal, and a bottom surface and a spirally
wound feed spacer. A fitystiontapyparatusahdvingsd platatley, of apkallystousd digratidgeasiitles a second
side, a secong sildg edrge s(%zal . .a tgg surface a‘g?d a bottom surface, t he
first surfacs oPEdLhPEY PR MUNE O IS5t ARG 8% CPEPREat e spacer |ayer and a
t he second surf aclkkowinggavingfan ibteriol, ayleid feeminteatt a pgrnsatepdteedy, Fpdeer | ayer,
said feed spacer

o o P SRSl BN Bl S5 e bRl O bR BRI B § oL
entering eaunklef bhdiration cartridge at the top and bottomsurfaces to enter
S e aacery b GltER U AR B TSt core by T
first side edge ewehlfiltration cs&ratlged campssingl bott om surface by the first bottom
edge seal to thea el Tn%’;;e"’}%%gbug%h%r Shgac%(?cept perneate fromsaid filter |ayer
and to direct
a perforated inner core and
a spirally wound multi-layer material having,
two opposed spiral end surfaces, said multi-layer material including
two flat filter layers formed by folding a filter sheet wherein each filter layer has a first
surface, a second surface, a top surface, and a bottom surface such that the fluid
feed enters through the housing inlet and enters the filtration cartridges at the top and
bottom surfaces,
a spirally wound permeate spacer layer having a first side, a first side
edge seal, a top surface, a top surface edge seal, a first bottom edge seal, and a
bottom surface and
a spirally wound feed spacer layer having a first side, a first side edge
seal, a second side, a second side edge seal, a top surface, and a bottom surface,
the first surface of each filter layer contacting said permeate spacer layer and
a the second surface of each filter layer contacting said feed spacer layer,
said feed spacer layer being sealed at said first and second sides to said filter
layer by the first and second side edge seals, to permit fluid feed entering each
filtration cartridge at the top and bottom surfaces to enter said feed spacer layer and
to pass through said filter layers, and
said permeate spacer layer being sealed at said side to said perforated core
by the first side edge seal, and sealed at said bottom surface by the first bottom edge

seal to the perforated core, to accept permeate from said filter layer and to direct



perneate into said core then into said bottom perneate pathway, whereby
perneate exits the filtration apparatus through the housing outlet. 2.
The filtration apparatus of Claim1 having between five and six filter
cartridges. 3. The filtration apparatus of Claim1 wherein the length
of the perneate spacer. layer in.a spirally wound directipon is less than 24
Unches. . permeatg g raicidf hep iy sal veRapipeBrae st WL WReleEY RoTRES engt h of

t he per neatexits frecfétratioa\sppaiatusathspigh #d youstgralitidi.r ecti on i s between 16 and 20
i nches. 5. The filtration apparatus of Claim1l wherein the | ength of
the perneate spacer layer in a spirally wound direction is 18 inches.

6. The filtrati anTappfiarationapedratls af Clalmvhevigroedeeah fiieadndfsix filer | ayers are
ultrafiltrati,on nenbranes. 7. The filtration apparatus of Claim1l
wher ei n saicd"tf'{’)%‘?s'fi lter |ayers are nicroporous menbranes. 8. The
filtration apparatus of Claim1l wherein said flat filter |layers are forned

from cel | ul ose eSS.Ll'%cra?iltragf‘igrll !agéaorgt%s%?e}a?r%q v%]eqei(r:m?tlwé Ilélngt%eof me:[ prez#n%'ate

spacer layer in a spirally wound direction is less than 24 inches.

4. The filtration apparatus of Claim 1 wherein the length of the permeate

spacer layer in a spirally wound direction is between 16 and 20 inches.

5. The filtration apparatus of Claim 1 wherein the length of the permeate

spacer layer in a spirally wound direction is 18 inches.

6. The filtration apparatus of Claim 1 wherein said flat filter layers are

ultrafiltration membranes.

7. The filtration apparatus of Claim 1 wherein said flat filter layers are

microporous membranes.

8. The filtration apparatus of Claim 1 wherein said flat filter layers are formed

from cellulose esters, cellulose acetate and cellulose nitrate.

9. The filtration apparatus of Claim 1 wherein said spacer layer has a

thickness between 0.020 inches and 0.030 inches.

10. The filtration apparatus of Claim 1 wherein said spacer layer and said
permeate spacer layer each comprise a netting formed by two sets of intersecting
parallel plastic strands positioned so that fluid can pass into the spacer layer and

between the two adjacent filter layers.



9. The filtration apparatus of Claim1l wherein said spacer |ayer has a
t hi ckness between 0. 020 i nches and 0. 030 inches. 10. The filtration
apparatus of Claim 1l wherein said spacer |ayer and said perneate spacer |ayer
each conprise a netting forned by two sets of intersecting parallel plastic
strands positiongd.so.that fluid cap.pass.into.the spacer |ayer and between
The tvio ad acent it Tt Sbrafap, apirstus 3RO 3o Whelh S RBRGH oy iierBileof ol ai m
10 wher ei n crauldr sbsasstsiohave a general ly circul ar cross section. 12.
The filtration apparatus of Claim1l wherein said feed |layer and said perneate
spacer |ayers conprise woven or nonwoven nmaterials.

12. The filtration apparatus of Claim 1 wherein said feed layer and said

permeate spacer layers comprise woven or nonwoven materials.



