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CASSETTE- STYLE FI LTRATI ON APPARATUS CROSS- REFERENCE
RELATED APPLI CATI ONS Thi s application clains the
benefit of U S. Provisional Patent Application No.

60/ 920, 660, filed on March 29, 2007 and U.S.

Provi sional Patent Application 5 No. 60/920,035, filed
on March QASSECITC[FE,-ST‘hEEMLTRATo‘,(ONthRARAfFUﬂWi ch are

db f h
| WENTT O SRR BRI Rebras AP LT R TEONS b o
' rrenbflﬁ@gplﬁlfgb (;r?élhl% AP B V\EE SA0RY 'i)roﬁ&f)ﬁ‘zﬂ tplafaglt Kbbltléa%‘bhon

conposition wherein a feed liquidis
No.ré0r20y660dfiled oo Mdrdh £H.200F mad &f. &sPrammoaalf Pdtent dtpplisatramam

n pt.i o0 estreama r d fromthe
&gé%?ﬁtq}é P%ﬂf’é @%Fﬁ&g{#@&t (e eflmescofl ﬁ?% HPates to
mgorgblgfégq@qgﬁrerfcgﬂ%ml al flow nmenbrane filtration
apparatu$ or dead-ended nmembrane filtration apparatus

that is formed aREId2OECKHEENYENIHOMN by utilizing

gas inte ded.to fi

961 oD (PO Elaidh 1o TRupRS i bl Al R b S
eff?étlﬂ_é'ﬁldaWEUTh Gyuiidrdogfpokitioh Mhefdie s € lignieistintedtiuced into

i quids have been filtered within a plurality of

the pppasstusipnilp Blratesireamrandsentionally peetorials siasm pe gmoyed
fr&mql V%oga&k&y M&R %ﬂlchpa 1fy, of e £ e o ?%5E§@u| e

S oneé “or ayers ‘separa
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mgd%@wﬁ&aﬁﬂﬁgﬂ&% efe%ﬁvéq sggmmﬂo@ﬁleﬁlbhﬁ{egentl al flow
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is flowed tarf@@@KGﬁOIyND\,@FTﬁETﬁﬁ%ENWéONurface to form
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25 incomng feed liquid is passed through a nmenbrane
méuifalé platg. tlEachen@hﬂe; ionludes ensl drdrore diigr yprsscppsied 8y én

ter.. ILn this |att de..o
T RRE bR with itsGpish o<t R apd iR Nl feed
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wﬁérgin%lgo%ﬁg fg&lqiq%ﬁ?ﬁqﬂ)lv@e‘a tlaﬂgeﬁtiglﬁr &¥elr d9ESnbrane surface to

form a retentate and a filtrate. Alternatively, filtration can be conducted as a dead

end mode otherwise identified as normal flow filtration (NFF) wherein all
incoming feed liquid is passed through a membrane filter with retention of solids
and other debris on the membrane filter. In this latter mode only a filtrate is
recovered.

Currently, new membrane products are constrained by the design of
existing devices. In order to achieve membrane areas sufficient for process scale
normal flow filtration, membranes are pleated and assembled into cartridges.

This limits the composition of new membranes to those materials which are
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This limts the conposition of new nmenbranes to those

materials which are 1 flexible and thin, and restricts

menbr anes havi ng asynmetric pore structures known to

i mprove filtration performance. Alternative filter
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t her | asti c_or.,thern n
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thB ROt @Preqliir® bltefsdvatevelopieht ﬁﬂh@ﬂi@to bepecifialforzacili n g

menbranes to thernoplastic plates is also well known in

cargosition, of ZaerlyaRs, epre; sizerang therawplagtie usednddditienalye it may

bei\;gegﬁ'@(ﬁ 'tgjllla%e%érﬁl ?)Bgtlé gﬁh%s%ﬁ%t&&%l dﬂgf‘r?ﬁig 1R RdRin § which

ane neterrafs are curre m di ver
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Thioes) boris weBEnsR b BEPRRH-LES o5y By WFlH oA PR s
héw&lef ﬁtrequlres that membranes be compatible with the thermoplastic filter
plate. Membrane materials are currently made from diverse materials such as
polytetrafluoroethylene (PTFE), polyvinylidene difluoride (PVDF),
polyethersulfone (PES), cellulose and polyamides (nylon) which requires a great
number of filter making processes and discourages the use of new, novel

membrane materials.
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nunber of filter making processes and di scourages the

use of new, novel 30 nenbrane materials. 2 Sealing with

gaskets such as silicone and thernopl astic el astoners

has been well known within the industry. However, it

is usually applied to a single filtration |ayer housed

Wi t fseam@% Fith gheeRauth 8 sifbcietang timspRkHY ssombisdas

pl at es nore filtration area is needed to affect a
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THeRe a@ﬁﬁmwmefdea % aﬁﬁzldeﬁhﬁd bathtvays thaedskiiredge
escribed requires the nenbrane to be 1nsert nolded,

mmmmg fluiidhiotbe ﬁlm@wﬂbba:mssqdrthmugbn manbraneplients t o

reioig o AR Froft B " sl TS Rt BibpibAu il o
thitah B bathivad ©3Hnd FonPthelrh&abrasss dNa be 28@4/d0 m&z&m

discloses a filtration nodul e mhereln sealing.to
cagttiflge desgribed isquirgsshie prgmbgansfto pa insertmqldeds i its
| e
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Moreover, it would be desirable to provide a

t angherordinglyl mwoaid e drsirable telpryvidelamultilayer GPpéieat us
an%g{%}% %tfu%ﬂg?s( feaélw'l gp lteafl I)n El'eHerta tvx'zh%?elrll ﬂ%%?er? fle U nit
appropriately sealed without the use of adhesive or solvent bonding. In addition,
it would be desirable to provide such a filtration apparatus which is not limited by
the composition of the membrane or the filter plate. Moreover, it would be
desirable to provide a tangential flow or a dead ended filtration apparatus
containing a large number of filtration layers per unit volume of filtration
apparatus which can be formed into a stack and which can be appropriately sealed
to define liquid flow paths within the stack. In addition, it would be desitable to
provide a tangential flow or a dead ended filtration apparatus containing a large

number of filtration layers per volume of filtration apparatus which can be formed
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apparatus which can be fornmed into a stack and which
can be appropriately sealed to define liquid flow paths
within the stack. In addition, it would be desirable to
30 provide a tangential flow or a dead ended filtration
apparatus containing a large nunber of filtration

infoBY®4ck ARBFwHIEH ehiEbeQippfopkiblett sealkdap dafied liguidlootpatian be
formed 3 into a stack and which can be appropriately
wighin thegstack. define |iquid flow paths wthin the stack.

SUMVARY OF TH k%ﬁ?ﬁ? \javention provides
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L V@ Wi f i ; | at e
bl LG KRicH (B8 Bafeloih Plage elaifi e Bl apuib A% B of
prasssscafifthid fiofvace of the TFF feed plate of Figure | a,

i ncl udi ng ' i ective view
el udng. gt B0ee B B i BAGRRCE! LY U
t hi spioiNertis QPeMPédive viewosd fils0 athcd 80 a WFFITes PHIRRUS thid
the first surface of Figure

invention.

Figure 1b is a perspective view of a second surface of the TFF feed plate
of Figure 1a, including a membrane.

Figure 2a is a perspective view of a first surface of the TFF filtrate plate of
this invention which is positioned 180° with respect to the first surface of Figure
la.

Figure 2b is a perspective view of a bottom surface of the TFF filtrate
plate of Figure 2a, including a membrane.

Figure 3 is an exploded view of two TFF filtration modules of this

invention, each comprising a feed plate and a filtrate plate.
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| a. Figure 2b is a perspective view of a bottom
surface of the TFF filtrate plate of Figure 2a,

i ncluding a nmenbrane. Figure 3 is an expl oded vi ew of
two TFF filtration nodules of this 30 invention, each
conprising a feed plate and a filtrate plate. 4 Figure

4 | FiguRelis RYetsp¥Rive iveww of a TFT Fiftrdtiontappédanus oar at us
_of thr's invention. Figure 5 is a side view of a snap
Iny¢niioar r angenment useful in the present invention. 5

Fi gut.e i . Si ' f ' '

o SR R Al B R RO R Bl
ini:v@ltj@np_er spective view of a TFF apparatus of this

invention., Figure 8 is an exploded view of a .

fil thigasedris ﬁétﬁ?ﬂ vaewy pf ?Ih?léemwgﬁf%’?d{t. arrghggmeRt @EF“E? the

prgﬁeeﬁf’ﬂl% #ote view of a first surface of an NFF feed
plate o 10 this invention. Figure 9b is a perspective

Vi evFiglired/ is agerspedivefvaave 0Hd TFRappiErtus o€ thipinaerfionof

Figure 9a,. Figure | Qa i ctiv [ f. Jrst
sur fEigwregY is gn expieded Vel a NS fBFerge moule qt b fevealion s
Fi guEig kAR ib 8 persPEHTB S ¥fea MisEVirfice df e NPPdesliplbRGE Of
the NFF filtrate® plate of Figure 10a. Figure 11 is a

thipdnspeioni ve vi ew of a NFF apparatus of this invention.

DESCRI PTI OF SPECI FI. C EMODI NE 0 f I
and PEPSRIS pepET s o R rate e S SRUBIES
Omﬁggfghdentical gasket configurations and ungasket ed
ol'e configurations. The desired fluid flow fhrough
adj akignte fladsia aprgpective vigmeols Busbsurfage gban BFE J1lisgte plate

si-tioning the surfaces having ungasketed holes in a
Oﬁgﬁﬁé‘r'e%\?\n@nﬂch prevents mxing of filtrate wth either
f eedFigure HIbdR b peBpedive Risveof 4 segondsifaga ofthel NFAfittratd,
the two surfaces la and | b of feed plate 1
plate of Figure 10a.

Figure 11 is a perspective view of a NFF apparatus of this invention.

DESCRIPTION OF SPECIFIC EMODIMENTS

The feed plates and filtrate plates shown in Figures 1a, 1b, 2a and 2b have
identical gasket configurations and ungasketed hole configurations. The desired
fluid flow through adjacent feed and filtrate plates is achieved by positioning the
surfaces having ungasketed holes in a manner which prevents mixing of filtrate
with either feed or retentate. '

Referring to Figures 1a and 1b, the two surfaces 1a and 1b of feed plate 1
are shown. As shown in Figure 1a, surface 1a includes an outer peripheral gasket
2. Each of the holes 3 and 4 are surrounded by gaskets. As shown in Figure 1b,
surface 1b includes an outer peripheral gasket 11 and an inner peripheral gasket
2b (shown in dotted lines). Each of the holes 5 and 6 are ungasketed and open.
Feed enters surface 1a through holes 5. Each of the holes 7a and 8 are gasketed.
Perforations 6a are provided to permit fluid feed to pass through plate 1 and
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are shown. As shown in Figure la, surface |a includes
an outer peripheral gasket 2. Each of the holes 3 and
4 are surrounded by gaskets. As shown in Figure |b,
surface | b includes an outer peripheral gasket 11 and
an inner peripheral gasket 2b (shown in dotted |ines).
thfoagh fitkationendiabrase 9. Mﬂle@eﬁ’bﬁtlungéaskletaﬁdn@dinapeﬁ] 30
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ac l'es a 20

the are
fesdita pasm rech duyface bkt sirfadetGao ﬂéhel ganlsetSLZIaOEF leu@f Ibdnde@a

rou plate 10 to peymt filtered fluid 1 ed to
OBGe OB SR Pt e PGy U En TembRES SR TR of
sd: i o] Iao 4 Bfe gdfed t0kad GHES AR 168 rg‘éﬁkeﬁsOI 1s&7l 22 feeve to
peri phery of filtration nmenbrane 9 when the two

seglithe pedphdr ofifedd Ipkataat endviilteste pleteelé)e R hetgaskets spp@uning

et t th
nRSK B 1 T R EertS 20 18R s G REL AR St iR
afiol EeonBactBethhhe: a0 it se@BCh ot her to form seal s. The
gaskets surroundi ng holes 7a 20 and 16 contact, each

ot hefs sbowmmﬁlg@rgﬁsthe@ecgmm and ffifrgigrndate 10 appgomed d
to% T to S Oc“nldt g][tﬁe #t?'c{n?) ]n?en%rﬁné %&?&et\g&g%t] & séa?

oun sed i'on nenbrane

the pefiphey ‘Oﬁﬁi&d e 1 and d@lperiphay pﬁ fiitpse phateolfO. f"ﬁmjsupﬂae&se)f 1

and the periphery of filtrate te 10. The Surf%%
the two plates 10 which mate to each other have the same configuration w.
shown on the surface of plate 10 having the perforations 17a. The gasket seals
surrounding holes 3 mate with gasket seals that surround holes 16. The gasket
seals that surround holes 4 mate with gasket seals that surround holes 15. As
shown in Figure 3, incoming fluid feed 7 passes through holes 5, across surface
1a, through perforations 6a, through membrane filter 9 (Figure 1b), (to become
filtrate 8a). A second filtrate 8b is formed by passing feed 7a through porous

surface 33. Porous surface 33 can be formed when molding plate 1. Filtrate 8a is



10

15

20

25

30

the two plates 10 which mate to each other have the
sanme configuration which is 25 shown on the surface of
plate 10 having the perforations 17a. The gasket seals
surroundi ng holes 3 mate with gasket seals that
surround holes 16. The gasket seals that surround

mited feth4ilrae 8bWitith gasdsahrosgRberfétatibnssarto tivith fittages 15.
As shown in Figure 3, incomng f|UId feed 7 passes

stredmd &g hRefentats léa pawses soughholesd andal S ¢ hr ough

f :©1dsP)
(o ‘D2Ehe 5E L § MO LFE RRIAREalys o5 nchuges BRRLCL")
36fadrggla bt}aclfasﬁhuggoﬁ mdgl%a?% harfegkg mlga0ou Siltraseiottt 42 38d
r can be
o e Rlea4 T She Bl RR e JF ent AERUOR SRTE 3 ficede
&bg ﬁﬂﬁe@@fﬁ&f@tﬁ}%\ﬁtsjﬁa to formfiltrate streams 8c.

tate 12a passes through holes 6 and 15. Referring

to FRe;femmgato Figuee 5, F':lanﬁp fit cartricctor Eppawat dem3k qonnftthdes
mani f

| d a_stack .of filt |
Aot cPRPEEE N JoFPISEPE Shideitpesd Gl TR0 rrd®
prBI?ésQfStﬁtlﬁto%ﬁqhﬁtcoﬂﬂect&m@afiﬁ fdeti pldton. modul es 38 and
mani fol ds 36 and 37 are held between plates 41 and 43

by d@fcmngs;o F@tteeé,ranmétemuw gmpéitgomgpcgqﬁa@shqwn. Male
cof O?E‘Fgﬂ%ﬁtgf 1%3[%1 che@] tg%llt?atg [Lrt]e gé i theca K tetlcélqent 51

pron

fith it Faxhe Pbrdeetor 83 1ri|'f®edplhlt@ngs 48 fit |nto femal e
connector 49a in feed plate 1. 10 Referrin o Figure
6, aretemrngripKiguie’.onblF filtration maskicos shawyh e o

el(%ﬁém%%%lg@eil ofﬁg«gtr}gaé]%ia%?ﬁh%r Eﬁfée S Pisf okft 'bg&deb&l)v@ér? 10.

e conn nment Into connect or
mbdfold 32 esdimph#bid 3. NRafifoid Bhg; }irOVlﬂeay\MIth féed ialeTFE and

s utst 3pe S £ Bprintedt yith Flile pl 2 54 Fege it
4P C@ﬁ% 4P ngl g?é NRROmedms 4B P f Rlidkd3h tﬁ@ chanegid 31|| Whikda

provided wmth feed inlet 12 and
sebond sreabf ﬁ}uratfulutkt mBans 44kin pfolidbdIm the npnioldded ThetfHtrate

[trate, outlet 38 and f i nl et
ouklet et S B priecisd B sl Giss et oo o 2a
cotlid: Bats 46 3818E48 B Ot sdalddiByadBkaY bh e sUBRESOPRed late
provided on the manifold 32. The filtrate outlet neans

2935 sémv/n44{oé¢se48mﬁ ﬁ@&,‘tde‘dlﬂli gadketstonghe susfﬂcp ef feed @laé% s set
sndl A G el it el 2 st R PR,

ariiEavKets bi@ﬂﬁssuﬁ&ce%@lz&e al7 @dt shokath. Q&ﬂkﬁi@oﬁ;ﬂaﬁe 26 asemcﬁtac e
of feed plate 25 not

sealed with gaskets on the surface of plate 25 shown and are sealed on the surface
of plate 25 not shown. Holes 47 on plate 27 are sealed with gaskets on the surface
of plate 25 shown and are not sealed with gaskets on the surface of plate 27 not
shown. The configuration of gaskets on plates 25 and 27 assures the fluid flow
occurs as represented sequentially by arrows 51, 53, 55, 57, 59, 61, 65, 36 and 38
so that all liquid feed passes through filtration membrane 63. Incoming feed are

represented by arrows 12 and 40.
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shown. Holes 49 are sealed with gaskets on the surface
of filtrate plate 27 shown and gaskets on the surface
of plate 27 not shown. Holes 50 of plate 25 are not
sealed wth gaskets on the surface of plate 25 shown
and are sealed on the surface 25 of plate 25 not shown.
Hol gBeférfin@fio Plgates, e Altaitisr aleattni28 hehaisk fled ptate 25iea

L o Pt e S g e el el e AT
pl%tg gg :‘aﬁ% Iﬁigl‘éfts? glaféfﬂgﬁé KSdhSprB¥iald Q/titﬁ%lpélg h88876 Ind§ Iu res

W ‘occurs as represen sequentially by
respetiividy bdd gbRetedhole578 and92 Gbpedively3éhiamdssBf: thaidluifat

all liquid feed passes, through filtrati ane 63.
LB PRt oo SO AL, PUSERYE] by hr F B 82 R 240
63.21,5?; [irgm9 to Figure 8, the filtration elenent 28

I'nc

udes feed plate 25, a filtration nmenbrane 54, a
fi | tRefermingltaFiguess Sard Qbsthe dwd shifaces Abwagy] 27teofHged mlate

I 25.and fiJtrate plate 2 h, br-ovi ded
25476 oo EE 5% thebidet b0 Eadimerl e L fERRL AL BNG
pekh?h@ﬁl ZRkass. Fhch 85BR HoleéF0YANWID Gl antouneed hiagasketsi d 5
flow occurs as represented sequentially by arrows 5l a,

Swsfae 25b inclwipa an sutar p@ipheral gadet b Eagh@f daholeefools opay

t0. Fi 9 { 5
tog B R FaoR B AT HQRE T8 e Bp UL OGERe R ABMbEO SR
pdggrdng@ eﬁh alhr]:f@taﬁz}seﬁm;ﬁﬁ sat;igu@dwibyr@72 sketp6s hmh68.al gasket

. Each, o e hol es an are surroun
gas kiefstringdo EiguresclOaznd 10hthe e S‘H%"S%@@r af‘ﬁ‘gﬁij’ﬁ% é?eéil
E ' ' | ow.

PIERZ oy HhpRPiEe SRR dficr R BRERI ehRefdoui anl o
inn@rgeripherabghsket 82p &ich bHthe dhoten 84 andl 86 ar28aroanded lsy

oSt SRS BTSSR 0 S0 S5 BBt Lo
is %E?‘? thi%xiid oSy SHRMemSidhE 38 & Aduhde BIIBSKAH SO HhES2.,

pheral gasket 80 and an 15 inner peripheral gasket
E&2. of Bacholex 92 dre shiwdwsle@by gaske86 are surrounded by

Su f 27b..i ncl.ud : i bher.al
askohe B AR RS afd Fite e ol Filt o B8, LR are,
joRlda (SRR A6 SurRint Sng Yéd] enyRladtiy meadlal S48Rerabetwseh.

Each of the holes 92 are surrounded by gaskets. The
S¢aling ds ¢ffested spshatrayter peripherd gosketco@andf0 mptgip &ympgseady

e
The gaskets surrounding holes 70 mate with gaskets that surround holes 84. The
gaskets that surround holes 72 mate with gasket seals that surround holes 86.
Referring to Figure 11, the NFF filtration module 98 includes manifolds 32 and
34, a stack of filtration modules 100, a feed inlet 102 and a filtrate outlet 104.
The filtration modules 100 and manifolds 32 and 34 are held between plates 106
and 108 by bolts 110.

The filtration apparatus of Figures 4 and 11 are clamped from manifold to

manifold during use to apply pressure to the gaskets descried above. Upon
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Sealing is effected so that outer peripheral gaskets 66
and 80 mate to forma seal. - Peripheral gaskets 68 and
82 also mate with filtration nmenbrane 54 therebetween.
The gaskets surroundi ng holes 70 mate with gaskets that
surround holes 84. The gaskets that surround holes 72

coffl&ion of il @@ e the SRS drdadleased irlthd stack epfifatior 5
Referring to Figure 11, the NFF filtration nodule 98

- mo@Hesigdiscarded-f ol ds 32 and 34, a stack of filtration

104“1“}%?%&%01} 1t%r {:‘3[ ?%ﬁ c?rlllo es ggggangfelnlg%élrfq% FHJQH]%’% %avn

1n&ﬁdmgeoﬁ@bﬁuhﬁ&mb@naplates 106 and 108 by bolts 110
The filtration apparatus of Fig ﬂ 4 .an 1 are
cl amkRePTPICBHInYEMIGIREY Poused ovitkaipitgtian Ykl use to
mBPA aﬁ)(;neﬁﬁé% ?%\4}63 ﬁe{h%ﬁgt?a?i&ﬁtfﬁtepseﬁﬁcl b(?agseact}%&roﬁiﬁﬁf’oﬁ
conp etlon o tration, t eclarrps are rel eased and
filtdneosthadike.of filtrati on nobdules is discarded. The
filtrati can f or,med of singl e | ayer or
mul oV BE ey pETOFS Bl Reieh S apbef i Risdibrianaat 58 The
fopffl&? £0#n th gﬁﬂb IR dTRY bl od Siffteditd Po RF;’Ethéﬁﬁlphbﬁé%t ineMiding
(U mcrofiltration filters, nanofiltration

pcﬂysluﬂﬁme g thsutGee qrolypkenrbhonsnd pobBRIuponsh, ( he
q1¥]V1{1¥11 cgn% rﬂgl‘fgré et rami 8%{]1%55%5%18 Ilﬁﬁlglééﬁl&?ﬁ%f&%k&paﬂﬁop&luﬁgd
add%%éﬂétd‘d@i &llulg’et Thésaiffieeh tpicpldy etude ﬁsup;wiolagsr that is

i nc udlng 10 pol ysul phone, polyethersulfone,
gepetallyemyadsafiadnele pares sevssaiey | é’iQ}Cﬁh’é?ﬁ@élals for these support

I

lag&L ¥n0'1 V\}eags{fsg%{r{q%ggéng@?tfgglgl ﬁ%{ is A %o%ﬂn‘éd é)g) eth len or
pcﬂﬁ;brbpyleﬁe: papdres glabs bit micsofioy@isanbtesials farmedef ﬂmﬂapmmrt

| ayer that is neral |y forned of a highl orous
diffeteqt prlveer a51he Lger ﬁ%@hfle rHIrRAtELY. f}}?e%lgp‘g'ﬁb%ﬁ £ an ORGRIY
P rBl‘f g%gnﬂﬂ@t'[i'lcﬁ’ll'i te 9-1'1‘ 8\@63 1Of E@ﬁfréﬂkﬁh&&'ﬁﬁeﬁﬁaﬁﬁéﬁ‘be either

un yet or 15 pol ypropyl ene, paper or

fogrtnad; snthror m1ﬂmupma@‘usmdmt Sudhdilters are vedl lofownHe thears aod

di fferent r.as the.filter itself .ernatively,
arp SOOI SO 5 sty §F Sefesateh s NBOR o
Cbﬁ%@@bﬁbfgghgkgmmx the ultrafiltration filter that may

bé either formed with or w thout macrovoids. Such

fi | t Buitabley GF Widlefs ikeludmragenarafied aeliulosgrag polyselfone filters
i TN Ber Mok ® AReS aVhMBIEmR N lliord OB 1O
Billerica, MA.
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20 Corporation of Billerica, MA. Suitable UF filters

i ncl ude regenerated cel lul ose or polysulfone filters

such as YMIM or Biomax (r) filters available from

MIlipore Corporation of Billerica, MA. 9 CLAIMS What

is clained: 1. Afiltration apparatus conprising at

| east one filtration nodule having a 5 feed plate, a

filtration plate and a filtration nmenbrane positioned

between the feed plate afd-AMSfi|tration plate by

sk the feed plate and the filtrate plate. 2.

Wgatelsﬁa?r{“?d;ti on apparatus of Claim1l wherein the

appar. aA didtrdtiom appamtusicamiptiyingfat lehe ohe ifil trattonanodne hdvesg a

3. The filtration apparatus of Claim]l. wherein the
foghplaient (14988 Pitte ] & LrtigR P@mhral?edmsrtw&?tﬁ@%ﬂ?%fﬁed
plEk bRE he! ARGESH I%lﬁie HPJ, Wedid b Rt el hd Mrafd d4teat i on

appar atus. 4. e filtration apparatus of Claiml

wherZi The fileratippapparaiss tfSlaoné vdrereinthresapphnaiug hab ew pat hs

whi.ch fect normal flow filtration within the
Pl?“iai‘fyr%fﬁp%ﬁﬁragﬁﬁg?n‘glﬂ‘lf§: 15 5. The filtration apparatus
of J are f1t4h6k Shiardtieof Catn Pveceid itk dpperatfsitat bad beon
plate are snap fit together with the nmenbrane ]
motedhuiad Boweaths vhichpiedt itdngential devaitlation withirthefiffration
wherein the apparatus has a plurality of the
AMPYat i on nodul es and the feed plate and the

filt4 arhofluptioh 8ppai@us SNERIh il twhepg £ tiedppatats Habene or

menbr ane therebetween. 20 7. The filtration apparatus
meye flyid flawpaitsarhirhetfer nappal dlorSltrbien avithy @Fﬁqﬁrﬁ%f
a glla%sfiltrati on nodul es, the flowis selected fromthe
B roup consisting of normal flow filtration and

t anggnThefiltfatiomapparatuadf Olairan dvlidngin fleefted plateeandrttle t he

filtration plate are snap fit taogether wth the _
filgatien Biste arp étllaé’[)@ttﬁ%eé]ﬁﬁr V@.ﬁl the QleF‘?qq%f“F*eaTS?I@ COY5F%r at us of

tClh Zi %nl "gltléé‘gﬁfaﬁgﬂ abHeatd@5KE1an A"ehdt0h Y5agplratéshaBladce oOn

plurality of the filtration modules and the feed plate and the filtration plate are
sriap fit together with the membrane therebetween.

7. The filtration apparatus of Claim 1 wherein the apparatus has a
plurality of said filtration modules, the flow is selected from the group consisting
of normal flow filtration and tangential flow filtration and the feed plate and the
filtration plate are snap fit together with the membrane therebetween.

8. The filtration apparatus of Claim 1 wherein the gaskets are molded in

place on the plates.
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