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PCT/ US96/ 11207 SEPARATI ON SYSTEMS AND METHODS BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a vibratory
separation system and a nenbrane 5 nodul e and ot her conponents whi ch nay
be used in a vibratory separation system 2. Discussion of the Prior Art
Separ ati on dev™%/o382 typically utilized to separate one or REIVES96/11207
conmponents of a fluid fromother conponents in the fluid. As used herein,
the term"fluid" includes |iquids, gases, and m xtures and conbi nati ons of
| i qui ds, gases and/or solids. SEPARATION SYSTEVMISSAND METHIODS Pprocesses are
carried out in separation devices, including, for exanple, classic or
particle filtration, mcrofiltration, ultrafiltration, nanofiltration,
reverse osnosis (hyperfiltration), dialysis, felect Ri.odL, ?.I YIS

pr evapor ati on, water spl [ tt| ng, sieving, affijni ty sepé‘ At 6nL aff i ni 184 I

purification, D | i R D.getip: feil ty.ati gy, 2 45
bact eri ol ogi cal f| | t rat [ on and coal escence. pilgal(;)sepas.ati gp d ccles,jray
15 include dead end filters, open end fil tEﬁ:SI GfDS:ij l OW\f'I ter‘s L §

dynamic filters, vibriatBild sfapalmendon il ter $dispasabl. e A ters,
regener abl e fllters i ncl udi ng backwashabl e, Blowhack and’ soIVéﬁt dieahabt@
and hybrid filters which conprise different aspects of the vari oUs above—
descri bed devices. Acuergésest dvenfitn vé@es R4 QibfatorlyNepdraidh sysiemadndtd Membsdnal |
be understood to include 20 all processes, |nclud|ng filtration, wherein
one or nore <onpBefA andosther qompppentsswhich may b aised int e vibraiasynsensEation system.
conponents of the fluid. The term"filter" shall be understood to include
any nmedi um made of any material that allows one or nore conponents of a
fluid to pass theret 2 oDbussion of derPrioy Avepar at e t hose conponents fromthe
ot her conponents of the fluid. The term nology utilized to define the
vari ous conponents of

Separation devices are typically utilized to separate one or more components of

a fluid from other components in the fluid. As used herein, the term "fluid” includes
liquids, gases, and mixtures and combinations of liquids, gases and/or solids. A wide
10  variety of common processes are carried out in separation devices, including, for
example, classic or particle filtration, microfiltration, ultrafiltration, nanofiltration,
reverse osmosis (hyperfiltration), dialysis, electrodialysis, prevaporation, water splitting,
sieving, affinity separation, affinity purification, affinity sorption, chromatography, gel
filtration, bacteriological filtration, and coalescence. Typical separation devices may
15 include dead end filters, open end filters, cross-flow filters, dynamic filters, vibratory
separation filters, disposable filters, regenerable filters including backwashable, blowback
and solvent cleanable, and hybrid filters which comprise different aspects of the various

above described devices.
Accordingly, as used herein, the term "separation” shall be understood to include
20  all processes, including filtration, wherein one or more components of a fluid is or are
separated from the other components of the fluid. The term "filter” shall be understood
to include any medium made of any material that allows one or more components of a
fluid to pass therethrough in order to separate those components from the other
components of the fluid. The terminology utilized to define the various components of

25 the fluid undergoing separation and the products of these processes may vary widely

i
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25 the fluid undergoi ng separation and the products of these processes
may vary widely 1 WO 97/ 02087

PCT/ US96/ 11207 dependi ng upon the application, e.g., liquid or gas
filtration, and the type of separation systemutilized, e.g., dead end or
open end systens; however, for clarity, the followng ternms shall be
utilized. The W@P®W2MTi ch is input to the separati on system SHtaiussan2ey
referred to as process fluid and construed to include any fluid undergoi ng
separation. The portion of the fluid which passes through the separation
medi um shal | be j&QkgdihEGpdnnd apphRitibRat 8. aRflidCa @k fiteioh Carldihd @?@of bephfafib®
as well as other terns, The portion of the fluid which does not pasS

t hrough t he sepafystemghilizediie.gn dendiend propeafead pystemsp hopevien farglanity, g dollowing
construed to inc n f.ake, 4 d. -

A common probl em&%?\#?ltgegpf'{/&gl I@egg@a{,#]g%qéy@te\fn%wes ?@%@frg?’gsk%? cl)lu?’ipng
of the fil&er, fmferrdanyspromssividmad censtreetbroaincluddenynfivitd aandergsing gepanatimag h

the filter fromgthe upstreamside.to the downstyeam si.de of. th Llte
| eaves a retent a'hée pefyet ogﬁ]ea@'éﬂf"". } PRYFES g‘ﬁ%ﬁéﬁﬁegﬁ’a orbfne{hﬁ@ &‘f‘llt] ?’8#‘%&9‘? ng
a different conposistpefifieatd)d@id dofetiuedfto ildRidp fiies 8s wklllaslothdinietmy. eTROpGtion of

| ayer may include conponents which bind to the fi|ter (gnd Iog its 15
pores, thereby fOfIfui whish gaep ngh pasg thrgugh the Sgparation me Wagfg}?a‘h e geferedtq as

llayer, either of repitatdarddl ddRStRRA it ﬁi&ﬁﬁ@%gnc@ﬁtratté!%l&@rmﬁﬂ]%tvﬁelltd’sm tdrfhsPass

£

through the filter to the downstream side of the filter. In _essence, nass
transpor t1& hr ough t heA £pmmen psebleny i virtpaliyeall peparation pysiemspig plipding erifouliag ahd

et na oy © kB SRR b, bl by BRI R) )
if the filter andieuhsireamyside ofthé dowebtream side of the filter leaves a retentate layer adjacent
to the upstream side of the filter having a different composition than that of the process
fluid. This retentate layer may include components which bind to the filter and clog its

15 pores, thereby fouling the filter, or may remain as a stagnant boundary layer, either of
which hinders transport of the components trying to pass through the filter to the
downstream side of the filter. In essence, mass transport through the filter per unit time,
i.e., flux, may be reduced and the inherent sieving or trapping capability of the filter
may be adversely affected.

20 In certain filter systems, it is well known that if the filter and the layer of fluid
adjacent to the surface of the filter are moved rapidly with respect to each other, fouling
of the filter is greatly reduced. Accordingly, filter life is prolonged and permeate flow
rate is improved. Essentially, the two categories of separation technology which are
currently utilized for developing relative motion between the fluid and the filter are cross

25 flow filter systems and dynamic filter systems.

In cross flow systems, high volumes of fluid are typically driven through narrow
passages bounded by the filter surface and possibly the inner surface of the filter
housing, thereby creating the preferred movement of fluid across the filter. For
example, process fluid may be pumped across the upstream surface of the filter at a

30 velocity high enough to disrupt and back mix the boundary layer. An inherent weakness
common to cross flow filter systems is that a significant pressure drop occurs between

the inlet and outlet of the filter system. Specifically, the process fluid entering the filter

2
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adj acent to the surface of the filter are noved rapidly with respect to
each other, fouling of the filter is greatly reduced. Accordingly, filter
life is prolonged and perneate flow rate is inproved. Essentially, the two
categories of separation technol ogy which are currently utilized for

devel opi ng rel ati ve notion between the fluid and the filter are cross 25
flow filter sy@&HE¥Nd dynamic filter systenms. In cross fl REEYSHRME? hj gh
vol unes of fluid are typically driven through narrow passages bounded by
the filter surface and possibly the inner surface of the filter housing,

thereby creatingyitefi BNl & GrealATBNbreurd it belieR @6 Wtelép Righ! FIGRT velbcities:
exanpl e, process fluid nmay be punped across the _ upstream surface of the

y p AN
filter at a 30 however, 3sdhgpiogsss finghis disperend tergeatially #stossig updEeRmRurfage @f the
boundary | ayer. fifar,i 8 gfesshre gﬁ?ﬁpaé&e&mm&ﬂsﬁ%p{esﬂw&h BalP Y Gb& e | S
that a significant pressure rqﬁ‘g occurs between the Tnlet and out’l et of the
filter system Ypstedanm syzfaceof therfiltes cansessrontyniformish ingransmembrang priessure, 2.¢., tha\D
97/ 02087 : .
PCT/ US96/ 11207 LFEFEg difference through the filter hetyeen the upsiream and downstream sides of the |
hi gh fl ow vel ocifiliees Thismoe:naifornsity inhteangmemirane piessuck tesdsdtiodperease douling of the
tangentially acrgss the stream surface qof the filter, .the pressuyre
sharply decreas tlt:r.Tlgﬁcgorggngy eg%gr fbﬁg‘f}'ﬁt&@g regji‘il%mﬁé%fes%efife aéggggrql“@reas of
upst ream sur f ac gheofiltdrhifiay bdcbmé f@ﬁe&ﬁﬁrdﬂﬁ?idmﬂﬁfaﬁ lotHet Yirehd) {AGAIRDERND tHiS Snakes
pressure, i.e., the 5 ressure difierence thrgut%h the filter between

S

) p .
the upstream an&e S R Frass Hey systempdiffiqult; dyencrpfly filirs AYSieMS a7 sealsd ymby
transnemgpane phesisgrRdhBRASHt? dIGhdME St LdtdoN A elbhéned liddr&ises the pressure
Accordingly, filter longevity and efficiency i's reduced because certain
areas of the fi Wiffarenvial/angeiodures grsater domuriformityi dl y t han ot her areas.
Addi tional ly,

this nﬁﬁﬁﬁer, many components in process fluids cannot withstand the high flow rates
used in cross flow filter systems. For example, the maximum allowable velocity for
many biological fluids is far too low to allow adequate back-mixing and thereby reduce
15 or eliminate the stagnant boundary layer. Furthermore, the required high feed rates as
compared to the filtration rates in cross flow systems require numerous feed recycles
through the system, which are also undesirable.

Dynamic filter systems overcome many of the problems associated with cross
flow filter systems by driving a movable structural element, such as a rotatable element,
20 adjacent to the fluid rather than using a large pressure differential to drive the fluid
across the surface of a filter. Dynamic filter systems may be constructed in various
configurations. Two widely used configurations are cylinder devices and disc devices.

Within each of these two configurations, numerous variations in design exist.
In cylinder devices, a cylindrical filter element is positioned concentrically next
25 to a cylindrical shell or filter housing. The process fluid is introduced into the gap
between the filter element and the shell, and either the filter element or the shell is
rotated about a common axis. While the filter element or the shell is rotating one or
more components of the process fluid in the gap pass through the filter element and are
recovered as permeate. Cylindrical devices are highly efficient because rotating the filter
30 element or the shell with respect to the process fluid in the gap greatly reduces fouling

of the filter element. However, due to manufacturing and operational limitations,

SUBSTITUTE SHEET (RULE 26)



the scaling up of cross flow systens difficult. CGenerally, filter systens
are scaled up by 10 adding additional filter elenents, but adding
filter elenents increases the pressure differential and induces greater
non-uni formty. Further, many conponents i-n process fluids cannot w thstand
the high flowrates used in cross flowfilter systens. For exanple, the
maxi mum al | owal¥P&70288bcity for many biol ogical fluids is farP@EESHAR0T o

al | ow adequat e back-m xi ng and t hereby reduce 15 or elimnate the
stagnant boundary layer. Furthernore, the required high feed rates as
conpared to the chlindricalt devites 8dniSt b madeoRisgef le@y R )i UiFfizuly @OtreSse TR sQtfsce

SRS ATh I ik U R sl Hé“&;ﬁcﬂa%é%soasggﬁ;r St b crpeat )
Ilter systems Cross ow
filter Systems by drx meaa&&%% %&ﬁé ter @lefidRiRtare m&@dﬁpﬁanata bl e

el enent acent to t er than using a | afge presSure
di f f er ent i al toaom'mmozt s fandjpomméwﬂnmdlesﬂ}tﬁrdmsmg dnf theseedevicBy thenfleid

used cont 1 gur at Py S8SH b it B G43. G el o 8 S0 pefntlionts

t hese two confi gam:axt arenmprlemmabmcn/ﬂrel ﬁltarodissj nDide devjeseovierdomel sonteybf tder

devi ces, a cyli cal filter Iene Si.ti ned centrically_next 25
to a cylindr iycalr‘l %é??gﬁfr(’fﬁqsf Pwl‘?88§¥’$@ep$?1véceﬁ gc EP’EH gcxpynof H
into the gap bFunkawhiletkirhdesf B GBI Yurfatitarée tﬁ@ﬁddsmg%ﬁu@ rnhansctm;ce

filter element or the shell is rotated about a commopn _axis, Wile the
filter el ement BIaYthESURITIOF fo that ok extinder dswiceothe Fasiods SWhFRIMBEIYSIONt t he

process fpuid in they émfck!:’h%gxh nfvbﬂtéoﬁﬁl GEARMEnG GRS i€ SPlGhEd

as perneate. Cyli ndr| cal devices are I cl'ent becausSe rotating-the

filter 30 enesgye reguireroent tforcefidetive ﬁmaunn r dypisally, tin retadngodeviees sthe |lepengyi n

the gap greatly, I ngQ.. 0f. t hegf] el R due.

manuf act uri ng an@ﬁg%gggté‘%g% ralﬁlltem gt [ géuésc %ﬂcgﬁy ’ Jl&ﬂﬁ e eﬂfe@ﬁf YI%S' be”tfided 1o
overcome the high moment of inertia of the rotating portion of the system, as well as

maintaining the high rotation rates. Another concern associated with dynamic filter

15 systems is non-uniformity in transmembrane pressure. In rotating systems, certain
conditions may result in fluid dynamics that produce non-uniform transmembrane
pressure which may cause preferential fouling of the filter. These conditions generally
occur in the filtration of highly viscous fluids and fluids containing high concentrations
of solids.

20 Another disadvantage associated with some conventional dynamic filter systems
is that they are very difficult to clean in place, i.e., to clean without completely
disassembling the system. A conventional dynamic system typically has a multi-
component housing, filter unit, and rotational unit, each of which may be rife with
cracks and crevices. Further, the filter unit and the rotational unit are frequently

25 constructed and positioned within the housing in 2 manner which resuits in stagnant
regions or regions of low flow velocity within the housing. These cracks, crevices,
stagnant regions, and low flow velocity regions all collect and harbor contaminants which
may be difficult or impossible to remove by cleaning in place. In addition, O-rings and

. similar seals present barriers to the flow of fluid and are thus collection areas for

30 contaminants.

Vibratory dynamic filter systems in which the filter discs are oscillated at
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PCT/ US96/ 11207 cylindrical devices cannot be nade large, e.g., it is
difficult to increase filter surface area because of constraints on the
dianeter of the filter elenment. In disc devices a set of disc-shaped filter
el ements are stacked in parallel along a conmon axis and positioned within
the filter hou¥ORJ/02084 t hese devices the fluid 5 not i oPOTASEE/HIEd by
rotating the filter discs, or by rotating a set of inperneable discs which
are interleaved between the filter discs. D sc devices overcone sone of the
di sadvant ages of prédetsithiricd feeqaetics aré BIIE fwell b ®a Sas i¢I beef fdne an ek Afiine@IObEMET Y
of design. Further, while the batlo of l{%hee{%ﬁés% surface area to the

housi ng vol une i R§TENEET BAtCRYEAR, 1 EPTiXaMPIS PEOPRSFS 2 ghapk-type
devi ce, the ratigshs wieré {hern?én?cfréﬂéeéu}i drPé%uc@aQe and a filtration appafinsRUBLJRAAGT N

in many conventional dynamc filter Systenms is the high energy requirenent

for effective fibangesk fooinducpthe Eikier 9ake|tn dron ﬁpﬁh@ed'éw cd&S. PaenteNer §3545,969
13t fi
11 zod Co over EHg Septh piaehif il B4 K3Rb RO V.S Bapell N,

the system as v&970,564 dncln&ealmsysgm lndaetei g Hilten tisa imieokmnically vibratad tih ar dmcﬂr n

associated with d fLlte non-unpi formt

transmenbr ane pr'@i‘?gﬂ‘g(&' HI. rXé‘PPW& t’éi’/%‘?%‘?éee“féﬁaﬁgluﬁmgSR?F?W“E)H?&ME‘;"?%’%I t
in fluid dynam qsmdsatfommﬂuﬁs PatntUNG.f42358,962ans menbr ane pr essure which may
cause preferenti al he filter. These conditi 8 I(Pgeneral | y occur

in
inthe filtration of HII%SA iy yibraary dynamiciEltation systemsa tadeafbbetweng fHieg sprface
concentr gigi ons ereasﬁld' Q§tem2\9e1 ht st be made. AAnGeslah sﬁ&‘fa%@‘i‘x‘@a%?@ﬁtrﬁﬁ:ﬁqg LRSS

wi th sone conventional “dynam I'ter systens is that they are very
difficult to cl elgsiradyhpwenss, i mcre@mg sudfaed aremuspalin involvesinpleasing the overall weight
di sassenbl i ng t G YR Ein s WEEhOD Bbnet M A BrSoet T4 ARGl st 28uefor

mul ti -

example, to size and transportability constraints, but is of particular importance in
vibratory filtration systems. As the weight of an object increases, 50 does its moment
15 of inertia. Accordingly, increased weight in vibratory filtration systems means that the
vibratory drives of these systems must be larger and require additional energy to
overcome the increased moments of inertia, and are thereby less efficient. The current
state of the art vibratory filtration system has not adequately resolved the surface area -
weight tradeoff. For example, typical vibratory filtration systems comprise large, high
20 volume housings, which are not of inconsequential weight. These systems also have low

ratios of filter surface area to housing volume.

SUMMARY OF THE INVENTION

25 The vibratory separation systems, membrane modules, and other components of
the present invention overcome the limitations of the prior art by providing a reliable,
effective, efficient system which offers increased surface area available for filtration
without a substantial increase in system volume. The vibratory separation systems,
membrane modules, and other components may be utilized in a wide variety of

30 separation applications.

In accordance with one aspect, the present invention is directed to a vibratory
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conponent housing, filter unit, and rotational unit, each of which nmay be
rife with cracks and crevices. Further, the filter unit and the rotational
unit are frequently 25 constructed and positioned within the housing
in a manner which results in stagnant regi ons or regions of |ow flow
velocity within the housing. These cracks, crevices, stagnant regions, and
| ow fl ow vel ocWP7PEET ons al | col |l ect and harbor cont anmi nant BCHEMMSAIREY be
difficult or inpossible to renove by cleaning in place. In addition,
Orings and simlar seals present barriers to the flow of fluid and are

t hus col | ecti on sepaeationf syste@(for providingoerthamied SiitrationVi Tineatibrayoryl \sepanationf systemr
systens in which the filter discs are ascillated at 4 7/ 02087

ST US96/ 11207 (PIRBHS AR RbEe SR En § ABEE eerBhFe. £ rofsss SHEELEDF & Phmsnee
froman exam natgufi@. Ofhe embrand mbGIlE iitAidesh phirdlity of Siackeatfet elmentd ah® 6achS3,

for exanpl e, prc%poses a shock-ti(‘pe sglstem where t he menbrane support
structure and a fiier elementdhas ap siched metahmembeens sypen plaje gad ¢ eermeable mpmhsane o

filter cake 10 QLGRg fdnOUpdtidfm Ardt 8" dowrdstRan3treRE. Nahe AiowhsrddfP s@rface of the

enpl oys a shearing plate which is oscillated parallel to a fixed filter.
U.S. Patent No. pstmeablegaembianrecis sanuated te hetetchedumstal membrane suppost platetimaifust | y

vibrated in a di | ! e fi Vi ' .hav I \
created using uléégég%ﬁg]?%égg&% ‘s‘,‘&%‘g‘i"%i&@ﬁ# g'@&(éill ?;I ff’@.ﬁﬁ%ﬁlggﬁp‘dm
4,253, 962. Typi daletd gommunicatel mathahe/ uphpreanisarfdce lof echipermeapizt membrand soastipslf fa
between filter surface.l0 .,._.area and system wei ght nust be made, .

| ncreased surf a@é"cﬁ?sefﬁ‘"ﬁ}bormf“ivfbf‘ft%?'i SEPATAHON FYHER) Adggﬁ}egta ;ouﬁg\ﬁgwnpxcates with

i ncreasing surf aigedowBReans slitfabe/ of CAVIPpitRRabIA SHeLBRine\d The8rivd/MechahisEs edtpled

to the membrane module for imparting vibratory motion to the membrane module.

In accordance with another aspect of the present invention, the vibratory
separation system comprises a membrane module having a plurality of stacked filter
elements each of which includes a permeable membrane having an upstream surface and

15 a downstream surface and a membrane support plate, a drive mechanism coupled to the
membrane module, a process fluid inlet communicating with the upstream surface of the
permeable membranes, and a permeate outlet communicating with the downstream
surface of the permeable membranes. The downstream surface of the permeable
membrane is mounted to the membrane support plate in a first region of the membrane

20 support plate having a thickness in the range of about 0.002 inch to about 0.040 inch.
Additionally, the membrane module has a filter surface area to volume ratio of at least
about 100 ft*/ft*. The drive mechanism imparts a vibratory motion to the filter elements
to resist fouling at the upstream surface of each permeable membrane.

In accordance with another aspect of the present invention, the vibratory

25 separation system comprises a membrane module, a drive mechanism, a process fluid
inlet, and a permeate outlet. The membrane module includes at least first and second
membrane support plates, each having a process fluid side and a permeate side and one
or more openings extending between the process fluid side and the permeate side. The
membrane module further includes at least first and second permeable membranes each

30 having upstream and downstream surfaces and wherein the downstream surfaces are

mounted to the process fluid sides of the first and second membrane support plate

6
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of the filtration system Wight is generally a problemfor all filtration
systens, due for exanple, to size and transportability constraints, but is
of particular inportance in vibratory filtration systens. As the weight of
an object increases, so does its nmonment 15 of inertia. Accordingly,

I ncreased weight in vibratory filtration systens neans that the vibratory
drives of thesWORJ928hs nust be |arger and require additi onaPCENEPEHI12470
overconme the increased nonents of inertia, and are thereby |less efficient.
The current state of the art vibratory filtration system has not adequately
resol ved the surtgeaivelyea The\\draibibld micieRddes Heliy msanted @vert el 6tnings br ThOT Y
filtration systens comprise |large,  high 20 vol u housi ngs, which are
not of i nconseqPEARGAE s‘@&éi%m‘.f“%ﬁ@géﬂcg%fnéﬁ@mﬁéwpﬂﬁ\? 19531 JeSHES &0 gch pther er
surface area to0 QQysiMithefddy Hehninpy Yt Ehakipkr. | MEDEHENe Ramber communicates
The vibratory separation systens, nmor ane nodul es,” and ot her conponents of
t he present invevith the H1standsecond permeableamewheanes vigHbe PPeringsaint thgymembrane
provi dingga reli eqt | b Ci | ' e

U ace afoa avarpody pies Tht pteaf e bomah bl Bhoohn hBSEEARGE
system vol une. TPemneablermémbranesang dlieqpermenats yatet commumicdesavith the pgerimeate chardber.

ot her conponent . be utilized i i de variet f. 30 . _.Separati.on
appl i cat i ons. | rFEAESY HeErhamsyy it fouplhs o s erbtpge il o Enaning i igieY Hotich
directed to a vithdrébory 5 WO 97/ 02087

PCT/ US96/ 11207 separati on system for 'Br ovi di ng enhanced filtration. The
vi bratory separ at i on 1% \ASeIfance With apether aspest Qh e IRSFR, Inyentiony dheipraons m

a procesgof | ui d sbpirtion P8EmaoRMFERE Membrane module, a drive mechanism, a process fluid

inlet and a permeate outlet. The membrane module includes first, second, and third

stacked membrane support plates, each having a process fluid side and a permeate side,
and first, second and third permeable membranes each having upstream and downstream
surfaces and wherein the downstream surfaces are mounted to the process fluid sides of

15 the first, second and third membrane support plates. The membrane module also
includes a process fluid chamber and a permeate chamber. The process fluid chamber
is formed between the process fluid sides of the first and second membrane support
plates and is substantially free of any structure, thereby enhancing dynamic flow between
the process fluid and the permeable membrane. The permeate chamber is formed

20 between the permeate sides of the second and third membrane support plates and includes
an arrangement for reducing dynamic flow between the permeate and the membrane
support plate. The process fluid inlet communicates with the process fluid chamber, and
the permeate outlet communicates with the permeate chamber. The drive mechanism is
coupled to the membrane module for imparting vibratory motion thereto.

25 In accordance with another aspect of the present invention, the vibratory
separation system comprises a membrane module, a drive mechanism, a process fluid
inlet, and a permeate outlet. The membrane module includes a plurality of filter
elements. Each filter element including 2 membrane support plate having an outer
peripheral region and at least one permeable membrane having an upstream surface and

30 a downstream surface. The downstream surface of the permeable membrane is mounted

to the membrane support plate. The membrane module also includes a process fluid
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outlet. The nenbrane nodule includes a plurality of stacked filter elenents
and each filter elenent has an etched netal nenbrane support plate and a
per neabl e menbrane 5 havi ng an upstream and a downstream surface.

The downstream surface of the perneable nenbrane is nounted to the etched
met al menbrane support plate in a first region having a thickness in the
range of 0.002 W@Xin0t87 0. 040 i nch. The process fluid inlet corOTNSBHLZI

wi th the upstream surface of each perneable nenbrane to supply a process
fluid to the vibratory separation system A perneate outlet comunicates
with 10 t he chaises twhichoofintivniva®s efithabe ipspreamsatfdce ofreadhrpenacablevaerfbriaie

nmechanismis coupled to the, nenbrane nodul e for i,npartin i brato not | on
to the menbrane MHNAPEICAR CHEROST SOMRUTIRHNG Wit b APWIHERR sucthes of eachpeaarable
invention, the Vighdrfiey ﬁﬁ%ﬁﬁir}r B fift el AMBnEs QAP SdciRd t@emdﬁggﬁfeaaﬁhmweeoum

having a plurality of stacked filter elenents each of I ncl udes a

per meabl e menbr aperipheval regiens arpdaminatedand define @ cantamingnt wall isolating dhwproeess fluid
surface and a meqgpy g&%eﬁéépc‘ﬁ berb loﬁtoFie side 'tP{eewHFﬂ&ﬁNm? %%E E%oﬂa@xehﬁ@n the
a urdrn I'ng W the up

nmenbr ane nbdul e, rocess et conmmuni ca Stream
surface of the petheeaidt of tienwalhn&he provdssaflpid rintetacanmuni¢agss witheachi pragess fuid

with the downstream.surface of the neabl e nhranes. T OWRSt r.eam .
surface of the pgﬁﬂ%ﬁ’l a@%@éerpﬁpgﬁ‘ée ?“31% S ugaca?eg h& eea%Epr%P gaﬁ%&samgﬁ%r epn%rél"tﬁe
in a first regi omechanisheisrsenpledahe thembrane nvdpledor infpasting vilrwtongmatidhtheteness

in the range of about_0.002 inch to about 0.040. inch. Additiqgnally, fhe
menbrane nodul e has al%f i3FgoEdancs, with. anotheraspect, off e Presgnl JnyRALion, péag Ty ut

100 ft[ernd/ft[ egéparatibhCsydichn’ @omPRtan Sg¥nbraANR dyfindricdl Rhafithne WRYdURD 4 Qirivee
filter elements to resist fouling at the upstream surface of each perneable
nmenbrane. | n acc8cekanise, i process Auidinlgls gadta pirmese oytets edbe jganasaity eylindripd
vi bratory 25 rat 4.@; | : Lol
mechani sm a proé:nems@?z{h?uﬂl?lt(S uﬁ S%ﬁ,aﬁlgrr?dﬁggg?rﬁgg?gmgﬁt g@?a?ﬁg%%?lgﬁg ahd s
nmodul e i ncl udes alrjlisnof peimeableamembranesnd Eashnthin metal upgmehranepsuppert platadhs a

having a process pfd sl e %pefnbitl THET Gn SflF pBAShe?t Segion, an outer peripheral

15 region, and an intermediate region. Each permeable membrane includes an upstream and

downstream surface. The downstream surface of each permeable membrane is mounted
to the intermediate region on the process fluid side of the thin metal membrane support
plates. The plurality of thin metal membrane support plates being secured to one another
by laminating the outer peripheral regions to define an outer wall and by laminating the
20 inner peripheral regions to define an inner wall. One of the inner and outer walls having
axially extending conduits in proximity thereto. The process fluid inlet communicates
with the upstream surfaces of the permeable membranes, and the permeate outlet
communicates with the downstream surfaces of the permeable membranes. The drive
mechanism is coupled to the membrane module for imparting vibratory motion thereto.
25 In accordance with another aspect, the present invention is directed to a
membrane separation unit. The membrane separation unit comprises a membrane
module, a process fluid inlet, a permeate outlet, and a retentate outlet. The membrane
module includes a plurality of stacked filter elements. Each filter element includes a
permeable membrane having an upstream surface and a downstream surface and an
30 etched metal membrane support plate. The downstream surface of the permeable

membrane is mounted to the support plate in a first region where the etched metal
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or nore openi ngs extendi ng between the process fluid side and the perneate
side. The nenbrane nodul e further includes at least first and second

per neabl e menbranes each 30 havi ng upstream and downstream surfaces
and wherein the downstream surfaces are nounted to the process fluid sides
of the first and second nenbrane support plate 6 WO 97/-02087

PCT/ US96/ 11207 WY vel y. The perneabl e nenbranes bei ng md&H{E8¢Hr t he
openi ngs. The perneate sides of the first and second nenbrane support

pl ates are secured to each other as a pair, thereby defining a perneate
chanber. The per meaibeane bappostiplaonazianhickicesinuhd tangerfeorh abait 0000 iBae Bbut 0.04
per meabl e nenbr ane La the e s .in the nmenbra 5 support

pl ates. The pr oc&'@ PEP"F??%‘[‘&?@%HBF\ PEIcas ?‘ﬁnaﬁ’ﬁfﬁ?!’%a%ﬂgﬁﬁ? Sevples to
each perneabl e rrﬂﬁtiﬂeamwlﬁoduhhe Wﬁfﬁ@és@ﬂﬁiﬂtdﬂettcoﬁﬁxﬁm&te@ HidghdMipdirehd Qurface
perneate chanber. The drive nmechanismis coupled to the nmembrane nodul e for
i nparting vi br at 8f tie peracahlemeabaanss. (The Rermsale AYtlet SMIMHINIGASS fith the gewnstsam
the presend invegir00of E}ﬁepe}‘rh@a'%fkt MEibrafes for facﬁ a.ﬁ IR rﬁlgzﬁp rffoﬁfﬁle
menbrane nodul e, a drive nechanism a process et an a pernea
outlet. The membmemdrazeamedulei Tde relensate iontlet comamamtes smhl thempst;tem suwrkaeel of the
menbr ane support Vi.N 0ges I & sl erne

side, and first, péé'lé:\%{l)lﬁ% nﬁ%@éﬁhe?aa&d %F?ri{aag% e r% lrla<l';f1n§ e%eél“ﬁl\eﬁ ﬁf@’é‘im
and downstream smloﬂwlees and wherein the dovvnstream surfaces are rmunt ed to

t he process fluid sides of 15 ) first econd and. third nenbrane
suppgrt pl ates. The ?FEWW&W@“%&&P ea”é?ﬁ‘é’f) aspeet Ggé'%e preseny clokention, ithe gembgae

and a perfeate c&paifon udih ConirRe£S tefrbring nddaEh & process fluid inlet, a permeate outlet,

and a retentate outlet. The membrane module includes a plurality of stacked filter

elements. Each filter element includes a permeable membrane having an upstream
surface and a downstream surface and a membrane support plate. The downstream
surface of the permeable membrane is mounted to the membrane support plate in a first
15 region which has a thickness in the range from about 0.002 inch to about 0.04 inch. The
membrane module has a filter surface area to volume ratio of at least about 100 f®/ft>.
The process fluid inlet, the permeate outlet and the retentate outlet are coupled to the
membrane module. The process fluid inlet communicates with the upstream surface of
the permeable membranes. The permeate outlet communicates with the downstream
20 surface of the permeable membranes for facilitating the removal of permeate from the
membrane module. The retentate outlet communicates with the upstream surface of the
permeable membranes and facilitates the removal of retentate from the membrane

module.
In accordance with another aspect of the present invention, the membrane
25 separation unit comprises a membrane module, a process fluid inlet, a permeate outlet,
and a retentate outiet. The membrane module includes a plurality of fiiter elements.
Each fiiter element includes a thin metal membrane support plate having an outer
peripheral region, and at least one permeable membrane having an upstream surface and
a downstream surface. The downstream surface of the permeable membrane is mounted
30 to the membrane support plate. The membrane module also includes a process fluid

chamber communicating with the upstream surface of each permeable membrane and a
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I's formed between the process fluid sides of the first and second nenbrane
support plates and is substantially free of any structure, thereby

enhanci ng dynami c fl ow between the process fluid and the perneabl e
menbrane. The perneate chanber is forned 20 bet ween the perneate
sides of the second and third nenbrane support plates and includes an
arrangenent f oWO93@M87 ng dynami c fl ow between the perneate aRETUR® 1A% br ane
support plate. The process fluid inlet communicates with the process fluid
chanber, and the perneate outlet communicates with the perneate chanber.
The drive mechanpeiieats dbmbéreebxﬁmm@ﬁngmﬁﬂf gredomdtban fsurfadenuﬁeidhngenneable
vi bratory notion th reto accord not her t
of the present i "E"‘PBnTh? %&Rﬁlmﬂm s%c@ffgrtﬁte a‘@?sﬁ‘é@r‘&‘ totﬁf)pptgxégergxigraf

nmenbr ane nodul e, regiof§ ia¥e laNBAdIRN hfd efhe R @&ﬂaﬁﬁmédttwﬂl isblafifhg ﬂ@ﬁo@es@%ﬁ@%&
outl et. The nenbrane nodul e includes a urality of filter elenents. Each
filter el enent |PREMERIE Shambereemeneridestf pyg@mll ;Stroat the [ggbient enviropmertron the other
peri pheralg r egi og 25k, e {ERPp! E&g}g

surface and 30 sid @&Sgh??’gg%r%&gg@ aceP 'rlt@laﬁtrlgeag}r{rﬁ]l E%r?‘g%tg[go%}’ﬁ%he
per neabl e nmenbr ammpled totben trechbrame trivalutee niihe rpeocssspflaidtiniet eommuiiibaenwithreacie

nodul e al so i ncl ude o3 uid 7

T/ US96) 11207 HTERE RoeRamoe Ak R ket ool RATRE A M SRR PP Hbgs o
per meabl e menbr afoe faciihating tiwcrenioedl of pdrmeRte fromahtihembabhe figdyie ! Thé fefentate outlet
downstream surface of .each perngabl e ﬁrﬁ)ran The pl urai#lty of f|¢ter
el enents are secTPIIBRRICAtes F¥ifh efch BFocess FagmbeR and, facilitatesdhe gemova) o B

are | am ngt ed anflolehd MemBrag®tiogdenant wal | isolating the process fluid 5
and perneate chanbers on one side of the wall fromthe anbi ent environnment
on t he In accordance with another aspect of the present invention, the membrane

separation unit comprises a generally cylindrical membrane module, a process fluid inlet,
a permeate outlet, and a retentate outlet. The generally cylindrical membrane module
includes a plurality of thin metal membrane support plates and a plurality of permeable
15 membranes. Each thin metal membrane support plate has a process fluid side, a
permeate side, an inner peripheral region, an outer peripheral region, and a region
intermediate the inner and outer peripheral regions. Each of the permeable membranes
includes an upstream surface and a downstream surface. The downstream surface of the
permeable membranes are mounted to the intermediate region on the process fluid side
20 of each of the thin metal membrane support plates. The plurality of thin metal
membrane support plates are secured by laminating the outer peripheral regions to define
an outer wall and by laminating the inner peripheral regions to define an inner wall. At
least one of the outer and inner laminated walls has axially extending conduits in
proximity thereto. The process fluid inlet, the permeate outlet and the retentate outlet
25 are coupled to the membrane module. The process fluid inlet communicates with the
upstream surface of the permeable membranes. The permeate outlet communicates with
the downstream surface of the permeable membranes for facilitating the removal of
permeate from the membrane module. The retentate outlet communicates with the
upstream surface of the permeable membranes and facilitates the removal of retentate
30 from the membrane module. At least one of the process fluid inlet, the permeate outlet,

and the retentate outlet communicate with the axially extending conduits.

10

SUBSTITUTE SHEET (RULE 26)



other side of the wall. The process fluid inlet communicates with each
process fluid chanber, and the perneate outlet conmunicates with each
perneate chanber. The drive nmechanismis coupled to the nenbrane nodul e for
imparting vibratory notion thereto. In accordance with another aspect of
the present invention, the vibratory 10 separation system conprises a
general ly cyl i W@97@2987nenbr ane nodul e, a drive nechanism a RGOSR d
inlet, and a perneate outlet. The generally cylindrical mnmenbrane nodul e
including a plurality of thin metal nenbrane support plates and a plurality
of permeabl e menbraneg, a&dfdindenwith HRiofler TRPERE P GhS PRI inkerdoR, BRS nibmbrane
process fluid side, a perneate side, an inner Perlpheral region, an outer
peripheral 15  scpajatign &pit camprises & mewmbrageimadgle; @gproeess Buidhingess awaddess fluid
menbr ane i ncl ude fa _

surface of each g%%ﬁ%g%?%ﬁeﬁgeg%@%ﬁeﬂ'ﬁgp%%ﬁ%gﬁﬁpg t ?e?e PE#%F%‘%%%‘%J&?%WS% 2on
t he process fl ui plusalitieofstackéibfikdrietenrentsal Eaok filteraaiement: piohudes ppertresble Tieebrane

plurality of thip npetal nbr ane suppor | at es bein ecured to one

ot her by | ami iR EieR RECGTR 3PS AR A doyfhfesly spitect dnd B iriboase sigpen nlas.
and by I am nati n@ih¢ lewastream surfadeneff thp etrivdableahehiBi@hd3Ne nfoud Rl to @hé tenibigie
wall. One of the inner and quter walls_having axiall Egeextendi ng conduits in

proxi mty ther et ¥PPIRePIYHEocdbe Rrpeesy fluid dnlete Bnroupiedatos themembrane mpdule candh

surfaces of the gfBabha WRRS ; | '
wi th the downstream su%‘taces ofﬁ?ﬁgegéﬁgn%g%%&ﬁéeﬁﬁ%ecg%ﬂﬁﬁgh ??irﬂ\%%%%

mechani smis coufrmhranes fordntradneing Reccessdlinié td ge memhinng mgdwe b Tie Procesvfliidn
thereto. gp outlet is couplBd RFth ﬁfi%?ﬁe%mlﬂhgtcgﬁﬁnuﬂ&prﬁg%ﬁtg%%b?uﬁggﬁﬁ Whirface

invention is directed to a nenbrane separation unit.
separation unit efoph pEthe parmeabls membranss hétwveemthp poressSIuid inled and khet firstregion

perneate outl et, g e e ) ul e jncludes, a

plurality of st a%iﬁ@ u? ?Lfe?}é‘r&ggéeeﬁeﬁ%%ﬁégéaé%g&l]ﬁr{?sggug{}g&en PREP T I ule"and

per meabl e menbr acuenriwnicans with & pedond aegioniof the axparcinpsutfave of eathrofahe hagseablad

an 30 et ched t al ,Hgnbrane sulgp.ort Pl?l at e. Thbe down;&rfr%m surface of

t he per me abl e memoranes. permeate outlet 1S cou ed to the membrane module communicates
15 with the downstream surface of each of the permeable membranes.

In accordance with another aspect of the present invention, the membrane
separation unit comprises a membrane module, a process fluid inlet, a retentate outlet,
a retentate inlet, and a permeate outlet. The membrane module includes a plurality of
stacked filter elements. Each filter element comprises a membrane support plate and a
20 permeable membrane having an upstream surface and a downstream surface. The
downstream surface of the permeable membrane is mounted to the membrane support
plate. The process fluid inlet is coupled to the membrane module and communicates
with a first region of the upstream surface of each of the permeable membranes for
introducing process fluid to the membrane module. The retentate outlet is coupled to the
25 membrane module and communicates with a second region of the upstream surface of
the permeable membranes. The retentate inlet is coupled to the membrane module and
communicates with the upstream surface of each of the permeable membranes between
the retentate outlet and the second region of the upstream surfaces. The permeate outlet
is coupled to the membrane module and communicates with the downstream surface of
30 each of the permeable membranes.

In accordance with another aspect of the present invention, the membrane
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menbrane is nounted to the support plate in a first region where the etched
nmetal 8 SUBSTI TUTE SHEET ( RULE 26) WD 97/ 02087

PCT/ US96/ 11207 menbrane support plate has a thickness in the range from
about 0.002 inch to about 0.04 inch. The process fluid inlet, the perneate
outlet and the retentate outlet are coupled to the nenbrane nodule. The
process flui d WRI%0208bnmuni cates with the upstream surface oFCHP¥6{IE0Meabl e
menbranes. The perneate outl et conmunicates with the downstream5

surface of the pernmeabl e nenbranes for facilitating the renoval of perneate
fromthe nmenbr arsqaamiduhmit chimprisest £ nemibeane tiddale, GOproTEss cﬂaidemleui 4 Iprédess fluid

upstream surface the perneabl e nenbrgnes and facili t he, renov
retentate from ©CHE® FPB‘?“%’FB ‘ﬁ‘%ﬂmf@emfi'ﬁ PRERCRHE P ’é‘FmQE"BE %BIF

the present i ”V%Hlddég‘a lhmm&?éaeﬁlépelemems BRAMIRE él&ﬂeﬂ! ebﬁlpﬁéaﬂ’?ﬂcﬁﬁ?an@
menbrane nodul e, a process fluid inlet, gerrreate outlet, and a retentate
outlet. The memiSwRped piselandsa pmmhi@membpm wmggnuﬂstrmw@ae #ad 2 dpwnstream

el enents. gEach r I Hﬂﬁ? '

upstream surfac%ﬁggér‘l: ?h% %‘s%egl?ﬁ sur %g)gggéng;@ gpéﬁglﬁbnﬁgﬁéagﬁﬁggﬁugﬁg{&ewwe
downst r eam sur f amanetsugmopqﬂate abheeproeasdbflisid énletds couplet ¢aithe mentbeaneemdsiuterand
support plate in_a f t 15 region I C as a.thi s.i.n the range
From about 0. 0B RmECHEs 3B, e 8brh MR sPticd SloHeR of ik peTIRPEG,
surface area t Omeﬁlbuaﬁ‘ﬁs faitih@oduting tpréce@sluid ko the Mébraid Mbdyié.f tThe ipidoessThEid
process fluid inl thelﬁgerrreate outlet, and the retentate outlet are

coupled to the I’Sa‘fPé‘P epthans pedu |CQMEPunicAles With AbA BRStreana SURFCE 1

the upstg@am subf eeh oPthe permeable membranes between the process fluid inlet and the first region

of the upstream surface. The retentate outlet is coupled to the membrane module and
communicates with a second region of the permeable membranes. The retentate inlet is
coupled to the membrane module and communicates with the upstream surface of each
of the permeable membranes between the retentate outlet and the second region of the
15 upstream surfaces. The permeate outlet is coupled to the membrane module and
communicates with the downstream surface of each of the permeable membranes.

In accordance with another aspect of the present invention, the membrane
separation unit comprises a membrane module, a process fluid inlet, a permeate outlet,
and a retentate outlet. The membrane module includes a plurality of stacked filter

20 elements, a head plate assembly, and a base plate assembly. Each filter element includes
a permeable membrane having an upstream surface and a downstream surface and a
membrane support plate. The downstream surface of the permeable membrane being
mounted to the membrane support plate. The stacked filter elements are mounted
between the head plate assembly and the base plate assembly. The filter elements have

25 a substantially conical configuration. The process fluid inlet, the permeate outlet and the
retentate outlet are coupled to the membrane module. The process fluid inlet
communicates with the upstream surface of the permeable membranes. The permeate
outlét communicates with the downstream surface of the permeable membranes for
facilitating the removal of permeate from the membrane module. The retentate outlet

30 communicates with the upstream surface of the permeable membranes and facilitates the

removal of retentate from the membrane module.
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t he perneabl e menbranes. The perneate outlet communicates with the

downst ream 20 surface of the perneable nenbranes for facilitating the
renoval of pernmeate fromthe nenbrane nodul e. The retentate outl et

comuni cates with the upstream surface of the perneabl e nenbranes and
facilitates the renmpval of retentate fromthe nmenbrane nodule. In
accordance wi t WRABIAEr aspect of the present invention, the ReHBI%AR025
separation unit conprises a nenbrane nodul e, a process fluid inlet, a
perneate outlet, and a retentate outlet. The nmenbrane nodul e i ncludes a
plurality of filter elrca®tdanceagth irotiee raspdce B nhe ipheskitdivenionithe MRintdrane

menbr ane support pl ate havi ng an outer, peri ral regign, .and at | east one
per neabl e nenbr afPRLIN HBIL SPMPRIEE F%W@&ef%%?%ﬁcpr%ccgﬁ)amgt‘ﬁ@aﬁl@ﬂ??%%‘.‘ﬂeﬁ?he

downstream sur f aggs @frefch@rePSitREALHR MERbYaA Solisle TR leﬁga BRirality of ts&ch?lleﬁlter

menbr ane support plate. The menbrane nodul e al so includes a process urd
chanber communi c8lemegis.d haad plate asppmbivhaving a substentislly eencavelewabumsiaee, apdB basee

and a9 WO 97 ' ' h filter element includ
A tso6) 11007 pRREMEembly having a substantially convex upper surface. Each filter element includes

of each perneabl @ pepndablenmembiage having an alpstreamt surface and ¢ (dosustreane siwrfaco tané ra
such that the oute ripheral, regions are | am nate nd _define a

cont ai nment wal | ;Eéé‘(??%‘ﬁsﬁ%m(rﬁgh rog‘g% ?oyﬁ(iﬁeamaﬁgg‘% eegfngxgtpgngﬁagiﬁogﬁgg\bme%ﬁg
side of the wal | mooned ttdeheamembrine esopporoplarst The tiskediftier efements are Sheélmteaf
outl et are coupl BEVEER B ABIESHeerhIg RS oriase plik ek lp gptrelin paiigring the
outl et are coup . n

communi cai@®s W t hefbedne RuoeSlatkd titdl 2 GliesdEAlly ddicabesiiRataioR Ut TR process fluid

comuni cates with each perneate chanber
inlet, the permeate outlet and the retentate outlet are coupled to the membrane module.

The process fluid inlet communicates with the upstream surface of the permeable
membranes. The permeate outlet communicates with the downstream surface of the
permeable membranes for facilitating the removal of permeate from the membrane
15 module. The retentate outlet communicates with the upstream surface of the permeable
membranes and facilitates the removal of retentate from the membrane module.

In accordance with another aspect of the present invention, the membrane
separation unit comprises a membrane module, a process fluid inlet, a permeate outlet,
and a retentate outlet. The membrane module includes a plurality of stacked filter

20 elements. Each filter element includes a permeable membrane having an upstream
surface and a downstream surface and a membrane support plate having a process fluid
side and a permeate side. The downstream side of the permeable membranes are
mounted to the process fluid side of the membrane support plates in a first region having
a thickness in the range from about 0.002 inch to about 0.04 inch. The filter elements

25 are secured to each other in pairs such that the permeate sides of the membrane support
plates contact one another and define a permeate chamber. Open channels are formed
between the permeable membranes. The open channels are substantially free of
structure. The membrane module has a filter surface area to volume ratio of at least
about

30 100 fi*/ft>, The process fluid inlet, the permeate outlet and the retentate outlet are

coupled to the membrane module. The process fluid inlet communicates with the open
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for facilitating the renoval of perneate fromthe nenbrane nodul e. The
retentate outlet comrunicates with each process fluid chanber and
facilitates the renmoval of retentate 10 fromthe menbrane nodule. In
accordance with another aspect of the present invention, the menmbrane
separation unit COITPI’I ses a generally cylindrical nmenbrane nodule, a
process fluid VRIP#P208% perneate outlet, and a retentate out | RET/USHRA1207
generally cylindri cal menbrane nodul e incl udes a plurality of thin netal
menbrane support plates and a plurality of perneable 15 menbr anes.
Each thin netal chamblsal'mveetouﬂét&bﬁnhaB‘.atas pitbdespknﬁéaw chagiberefor eacmﬁmgat e
side, an inner peripheral r out I.phe lon, and a re on
It o madi a6t ha STl 25 Re B Ropihs BrEbEE Fioge b e Ry
nmenbranes incl Ukt e dﬂéﬁtchﬂﬁms%fﬁéiﬁta&@%@ rélAyvas of eaermﬁzurﬁcﬁﬁ%e Hbﬁhbrane
downstream surface of the perneabl e nenbranes are nounted to the

i nter nedi at e red@¥8leon the process fluid side 20 of each of the thin
netal menrane supp%h&bﬁéyﬂ%ﬂ&éﬁé {the Bfestrtifvel {?ﬁls @Bﬁ%‘% filter
support plates are secured by I'am nating tHe o ter peri era

define an out er elgmient. aFae ﬂycrlehmenmonmgimh@amme !pembqamaamﬂla magbmns support

define an inner | | of fhe ou | am n | s
nas. axi al 1y oxt BAT ngoE BrAACE Sooss. b Atwgtes R R emfRE el dlig fu f e
inlet, the permesgien havidged thivkeest Iilethleehngﬂtfmmm 06002 2fich to about@.G40CiaLH| ed to
the membrane nodul e.. The proce I d inlet comunicates t he up tream
surface of the pernmedbf%° ‘%@Wﬁ ‘Z\‘ﬁb Léﬂ‘iés%?'%%P@s%t”i“’éfm%ﬁrﬁﬁ’ﬁf:@gtt%é

t he downgéream sifmeas e'mfﬁltdaexeaﬁﬁmaipheeswé‘&hedmﬁsm&ﬁﬁmﬁ@ﬁdld téhbrafe Elﬁ:%ort
removal of perneate fromthe menbrane npdul e. The retentate outl et

comuni cat es wi PR h&hg B@W@&%S@PW&&@‘? d¥ an plehedanetalamembisandipand Plaerd The
facilitates they E:%{EQME"meﬂib[r ?H)to n~d gbot#e membrire b Otﬁe}rgggnbrane modul e. At
t out

| east one of the process e perneate and the
retentate outl et corﬁmcwdmemﬂlmﬂmamfalhe)pr@ﬁmtemmgl!@dmmedts.a s¢4). The

seal comprises a substantially circular ring having an inner and outer periphery and a

15 gasket mounted to at least one of the inner and outer peripheries of the substantially
circular ring.

In accordance with another aspect, the present invention is directed to a seal. The
seal comprises a substantially circular polymeric ring including a plurality of holes and
at least one metallic insert operatively associated with the substantially circular polymeric

20 ring.

In accordance with another aspect, the present invention is directed to a separation
method. The separation method comprises porting process fluid through a process fluid
inlet into a membrane module having a plurality of filter elements. The process fluid
is directed to a first region of an upstream surface of each of the filter elements. The

25 process fluid is then directed from the upstream surface of each of the filter elements
between the process fluid inlet and the first region of the upstream surface and through
a process fluid outlet to facilitate the maintenance of a substantially constant pressure
differential across the plurality of filter elements. The separation method also comprises
. directing retentate from a second region of the upstream surface of each of the plurality

30 of filter elements through a retentate outlet.

In accordance with another aspect, the present invention is directed to a separation
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I n accordance with another aspect of the present invention, the nenbrane
separation unit conprises a nenbrane nodul e, a process fluid inlet, a
process fluid outlet, a perneate outlet, and a retentate outlet. The
menbrane nodule includes a plurality of stacked filter elenents. Each
filter el enent wWOBsl0gs2s a perneabl e nenbrane 5 havi ng ®ETA584/1128Ym
surface and a downstream surface and a nmenbrane support plate. The
downstream surface of the perneabl e nenbranes are nounted to the nenbrane

sy reabl ! _
support plate ﬂ&ﬁo&r?ﬁf;ﬁeﬁaﬁaﬁéﬂ RethBd %m%r?se@ﬁ&ﬁhfﬂroﬁ:&s i RIERR agyg%cg&gk?ulghe

and comuni cates with a first region of the upstteam surface of ]
per neabl e nenbr dhlst inte g membranguaedule havirges plurality ef fillen elemenstvh The proeessufluid

The process fl ui; l.gf: | QQQ
communi cates w tlﬁ ‘%%éte%ﬁgtar g%&nr%ﬂ 3’5%90 se%éiggéf&?hf%%?%?gggﬁ%t%r amta\sé
bet ween t he prockesentft is directiéde froond setomdf regivn ofedpe arpstodant warfacp sdfr eaenof the
surface. The retentate tlet |j oupled to the rane dul e and
communi ca;Ees wi tHurgliy of ?fﬂtﬁr ?el%[ﬁ?%sn&'ﬁ? gin ﬁé'etﬁ‘btgtfrogté%fg?ﬁfeg%‘gﬂgfslihﬂbﬁm&fmtf%n
per neabl e menbr ahe apstieam efaceaf eachudflthé pluality op Ifiidr tlemehte beRvdeh ane rdiditatk e
and conmmuni cat es with the \%?vmst ream surface of each of the

5 ] .
per meabl e menbr AWEEt and,ths seeond Jegien of the upiEaR SutassAnd throughy @ mgicatateninlet to

i nvention, the nRihaaNhe SBRAEAINE Df U hibsRialy &RftaR prBRRfamierefRAM Kros the
process fluid inlet, a retentate outlet, a rétentate inlet, and a perneate

outlet. The mentpiwnbtyfidilleeclementsdes a plurality of stacked filter
el enents.jgEach filteq, gl SR, »ﬁ%ﬁhﬁ?&g@c{,@@fe?ﬂ&?ﬁ%ﬂﬁﬁ%difélcféﬁ‘?oé‘ afati
r nd a do ce. The

per neabl e menbrane having an upstreams ace  a wnstream sur
downst r eam sur f auethaf. Theesepaatiomabétbodreoniprisessparingprocese fluidahtongh aprdeessftnid
support inlet into a membrane module having a plurality of filter elements. The process fluid
is directed to a first region of an upstream surface of each of the plurality of filter
elements. The process fluid is then directed from the upstream surface of each of the
15 plurality of filter elements between the process fluid inlet and the first region of the
upstream surface and through a process fluid outlet to facilitate the maintenance of a
substantially constant pressure differential across the plurality of filter elements.
Retentate is directed from a second region of the upstream surface of each of the
plurality of filter elements through a retentate outlet. The retentate is then directed from
20 the upstream surface of each of the plurality of filter elements between the retentate
outlet and the second region of the upstream surface and through a retentate inlet to
facilitate the maintenance of a substantially constant pressure differential across the
plurality of filter elements.
The vibratory motion imparted to the membrane module generates dynamic flow
25 conditions which tend to prevent the deposition of fluid components such as particulate
or colloidal matter on the upstream surface of the permeable membranes. Therefore,
clogging or fouling of the permeable membranes is substantially reduced, and the
removal of permeate is not impeded.
The dynamic flow conditions are generated by the movement of the filter
30 elements relative to the process fluid. The drive mechanism imparts a vibratory motion

to the membrane module; accordingly, the filter elements also vibrate at essentially the

15 This Sheet Has Been Replaced
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plate. The process fluid inlet is coupled to the nenbrane nodul e and
comuni cates with a first region of the upstream surface of each of the
per neabl e menbranes for introducing process fluid to the nmenbrane nodul e.
The retentate outlet is coupled to the 25 menbr ane nodul e and
communi cates with a second region of the upstream surface of the perneable
menbranes. Thewe27@aesdate inlet is coupled to the nenbrane no@GRESAAI207
comuni cates with the upstream surface of each of the perneabl e nenbranes
between the retentate outlet and the second regi on of the upstream

surfaces. The pegdipafréquenty. CHowsves OB Ipﬁfd:eésmm@aoaama leRUIBit Witatby MBSbn at the

comuni cates with the downstream surface of each of the perneable
menbranes. | n act®McdHaUENcY o thah of ibe f%bé@i“%‘ﬁ t Reergfores dhgre i, Felativeo motipp e
nmenbr ane 11 d

PCT/ US96/ 11207 seﬁ?‘rz‘{a“to‘iﬁgﬁz"“ss fluid and the filter elements causing e dynamic flow conditions, 4

inlet, a processwtﬂchlmmufmhng oﬁthcé‘ﬂtenelament&ut let, a retentate inlet, and a
perrreate tlet. The e nmodu e|n ud r.al i of stacked, fil
el enents. Each filter I‘gﬁfgﬁfy &8 P‘é@? Pﬁﬁaﬁﬁéﬁs&éﬂw% PIoviies, fof ? of fphapc
per meabl e menbr afleid fHirativg throuplp fhprofdd semméac foandtea E:mmﬂrfﬂﬁmdi is achieved,
surface. The do%\)/nst ream surface of the rlE)ermeabl e rane 1 s nmounted to

the menbrane sup{9bekapples By refneing the ameu PﬁlpﬂlmFWP'éta ©r caiinjdal gnatisr cpptained
merbr ane nodul e ﬁﬂﬁinQﬁgB}H&bsﬁeﬁlﬁ@ fooht Beify bpodited’ &OIHR MmAAbraMembBai’ SO filter
surface of each of the perneabl e nenbranes for introducing process fluid to
t he menbrane nodelementsthdcgerdinglys feuling andlor (clagging of dhgp meabrage tppdium i gready

modul e ang Commﬁa&&aeﬁew Qlc{gﬁﬁ%{;bg?ﬁeéﬁéﬁp%ﬁgé £ flow e, dAdc}]m&{allfatgxpu&ffultlﬁ?

per meabl e menbr anes between t et an region
of the filter elements is increased thereby, and longer intervals between cleaning and

replacement is achieved.

The vibratory separation system of the present invention provides for the effective

and highly efficient filtration of fluids. The drive mechanism which is capable of

15 inducing a vibrational force on the membrane module of very high magnitude may be
a simple motor arrangement which requires less energy to operate than standard drives
utilized in rotational dynamic filtration systems. Accordingly, increased yield is
recognized at a reduced cost.

The vibratory separation system of the present invention is energy efficient. In

20 the vibratory separation system of the present invention only the process fluid in the
boundary layer may move, rather than all the fluid as in a conventional rotational
dynamic filter system. Accordingly, regardless of how thick or viscous the particular
ftuid is, the energy requirements in the vibratory system are substantially the same.
Consequently, the vibratory separation system of the present invention is equally efficient

25 for all fluids, and particularly well suited for making fluids thicker, i.e., an effective and
efficient concentrator.

In utilizing the extremely thin metal membrane support plates, a membrane
module having increased permeable membrane surface area per given volume may be
realized. The thin metal membrane support plates allow for additional filter elements to

30 be placed in a membrane module of given size and weight constraints. In any vibratory

filtration system, weight may be a critical factor. Reduced weight means less energy
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of the upstream surface. The retentate outlet is coupled to the nmenbrane
nodul e and comruni cates with a second regi on of the perneabl e nenbranes.
The retentate inlet is coupled to the nmenbrane nodul e and communi cates with
t he upstream surface of each of the perneabl e nenbranes between the
retentate outlet and the second region of the 15 upstream surfaces.
The perneate &YR?Y%42087s coupl ed to the menbrane nodul e and cHARFN%/EEE Wit h
t he downstream surface of each of the perneabl e nenbranes. In accordance

wi th anot her aspect of the present invention, the nenbrane separation unit
conpri ses a nmenpegaired fopehovememd. Picesr@imglyf h miethbrank giodule h@ﬁﬁgfﬁﬁieaseatswfﬁe ar@nd

aretentate outlef..T rrane nodul de luralit st acked
il er 20« O ai DRRREE S M HACLHF el At sod shsete JUSHID y.
Each-filter el egRpdm.i Mh&%&végtﬁ%a'ﬁ%bin%ﬁmtQﬁb%rhﬁiétaﬂlguﬁﬂn%&srﬁ'@%hzed
surface and a downstream surface and a nenbrane support plate.

downst r eam sur f h@f@uwfmsm&uqysﬂirmm% ifypeepysay Vg high mmmé@lvmtxonel forebamne
support psate. g&%ra? cl.aﬁxiiﬁgmfehn:bh[ fMfents are nount ed between the head
pl'at'e asse

plate assenbly e base rrbly The filter elements have 25
a substantially coni Tk vxbmmwgscpaahmnsysﬁteoprﬁmcp&sertImvaainomlmay bet Iamly and
pernmeate outl et ntate outlet are c to the nenb

d th .
nodul e. The pr 8‘3@?&@ ?ﬁfr‘%% | PPl RaiPE clsqning ua Wﬂbaﬁf}g@? 8§ﬁ?‘§ﬂ? ﬁﬂ'é’gs'of
t he perneabl e ntimdughnksvaribheinhey amdajudets of the systepm T @@h@&rywibhat&r?%eparatmn

O e oot £ bne i e TR RS et Sk by "
comuni ced es Wi grackshecrevitds! i’ fepfchs Ofndt B&epwbkﬁer?? B8 trap

facilitates the rermval of retentate fromthe nmenbrane nodul e
contaminants. For example, the vibratory separation system comprises gaskets which

protrude into the surrounding surfaces instead of O-rings. The vibratory separation
system may also be easily tested. Specifically, the vibratory separation system is
integrity testable, e.g., using titre reduction data or water flow data, without destroying
15 the system. In other words, the customer may test the integrity of the system he or she

has purchased, effectively clean it, and then use it for its intended purpose.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram representation of a vibratory separation system of the
present invention.
Figure 2 is a top plan view of a vibratory separation assembly of the vibratory
separation system of the present invention.
25 Figure 3 is an elevation view in partial cross-section of the vibratory separation
assembly taken along section line 3-3 in Figure 2.
Figure 4 is an elevation view in partial cross-section of the vibratory separation
assembly taken along section line 4-4 in Figure 2.
Figure 5 is a top plan view of a base plate of a base plate assembly of a
30 membrane module of the vibratory separation dynamic filter assembly.

Figure 6 is a sectional view of the base plate taken along section line 6-6 in
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I n accordance with another aspect of the present invention, the nenbrane
separation unit conprises a nenbrane nodul e, a process fluid inlet, a
perneate outlet, and a retentate outlet. The nmenbrane nodul e i ncludes a
plurality of wosskes?filter el enments, a head pl ate assenbl y PAEABI6H1207
substantially concave | ower surface, and a base 5 pl ate assenbly

havi ng a substantially convex upper surface. Each filter elenent includes a
per neabl e rrerrbrg,ne havi ng an upstream surface and a downstream surface and
a menbrane suppdt®f-ate. The downstream surface of the perneabl e nmenbranes

are nmounted to the neghfang aSHHRBRY PladVRWET the Bie PlaRCiale bask phife Rs@AMPLS are
nount ed between the head plate assenbly and the base plate assenbly 1hereby

configuring the 10 Figure &vsrapfeetinmakvip of @n pnlett plate of the basesplars assemblyl. | y

coni cal configurati og, elg W “ IIQ% ) and the
retentate outlet ar Ce)ﬁ’g‘é%}ﬁ‘ég‘ tggﬁfaae‘;lén#eﬁgp{gggg%%hpg géab‘tra%cagés&sdb I"ui d

i nl et condruni cat es WFigtret 1fas apadtivazinvieon bf acentaf plath of fherbasmplhte assemblyanes.
The perneate outlet £o i.cates wth the dowstrea ur.face of th

per moabl & membr anes PERCrHdE AR PIRR el e REUEH PLF of B hask e asBle
menbrane 15 NOFighe. 12Ti0Q o pRan vitineofd hdadipld® AeebIG JF @& méthbrabdodule
upstream surface_ of fthe germaabl e marﬁranes and facilitates the renoval of

retentate from ohie nEPHBUAR BSeMYY.accor dance with anot her aspect of

the present inventi Ofguleh® FRERGRAA FE&P I 2k pIbtBiok teHERd bRRSaseniBiyibr ane
nodul e, a process fluird inlet, a perneate outlet, and a retentate outlet.

The menblhne nodul e Figeteddes adomplan yiew 9f be headplute of thelhead platg assembly.
el ements. Each fil t?iﬁﬂgﬁ@%tﬂ sbAphildBSy 3¢ P%E%F;glgk%g%@@ﬁ?e%a@giﬁkenﬁfﬁﬁb
ownstream sur menbr re p

ly.
upstream surface an ace an ane supp ALE
havi ng a process fl uFigursiléds apdanavigwe ofithet head phie. covercofdbevhead rpdateassemiblyof t he

per oAbl e T AneS s T il BE RS WA £ P B FERE 5.
0.002 inch to abfiiter flefientiofielie. mdthirafic toduleel enent s
15 Figure 18 is a plan view of a permeate fluid side of the thin membrane support
plate.
Figure 19 is a sectional view of a portion of the membrane support plate.
Figure 20 is a detailed sectional view of a portion of the membrane module.
Figure 21 is a detailed sectional view of a portion of the membrane module of
20 Figure 20.
Figure 22 is a detailed sectional view of the vibratory separation assembly without
the filter elements.
Figures 23a and 23b are detailed top views of inner and outer seals of the
membrane module.
25 Figures 23c, 23d, 23e, and 23f are detailed sectional views of various portions
of the inner and outer seals.
Figure 24 is a sectional view of an alternative embodiment of the vibratory

separation assembly.

30
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25 are secured to each other in pairs such that the perneate sides of
t he nmenbrane support plates contact one another and define a perneate
chanber. Open channels are fornmed between the perneabl e nenbranes. The
open channels are substantially free of structure. The menbrane nodul e has
afilter surfWOS742084 to volume ratio of at |east about 30 PCT/USIHATT
ft[err]/ft[err]. The process fluid inlet, the perneate outlet and the
retentate outlet are coupled to the nmenbrane nodul e. The process fluid

i nl et communi cat es W|th t he open 13 V\D 97/ 02087
PCT/ US96/ 11207 BEAAHNGER D CION OB THE R MR GNES the perneate
chanber for faci Iltatl ng the rem)val of perrreate fromthe menbr ane nodul e.
The retentate outlet communi cates with the open channels and facilitates
the renoval of retenhsillystiateshintiigured i exesplaryl ainbodifent of the vibratory sé¢paration

accordance with t P v ile
filter el enent. sy?%& PFPF %ﬁt%&%}‘%é'o&r%%f Sc‘ieg g I\‘;‘tq‘gbsf: argmrx%bacsgeﬁxgﬂg;lgea
menbrane Ssupporproc&satfhnd'fb&l pﬂammbhtesmmrﬁmaemate&emryt arfangencie 408 nindae

ort plate in a first on havi a, kness in the ran om a out
0 DBS | noh it o LIRSty RS AEEGRRP: B0, - TR BT ReBA R BSR40 Sy

present inventigngriseda defve GRechshisin 102 (8 alMembrane nfddaE104 haWikg At lehrone
el ement conprises a perneabl e menbrane and a nmenbrane sgﬁ)port ate. The

nmenbr ane suppor Progasafluid inles 106 a etantate oytletndi8y @ peameatp putiat 130.a8 Erocessefluid
permeabl e menbrafige { B TRURhAA iR 113 AP TBLRRG SRR 4. PhéEmbilall ﬁ&gﬁk@k@ace

with another aspect, the present Invention Is 3 rected to a sea
1 also includes one or more filter elements, not 1llustrated in Figure 1.

The process fluid feed arrangement 300 is connected to the process fluid inlets
106 of the vibratory separation assembly 100 and may include a tank, vat, reservoir, or
other container 302 of process fluid which is coupled to the process fluid inlets 106 via
a feed line 304. The process fluid feed arrangement 300 may also include a pump
15 assembly 306, which can comprise a positive displacement pump, in the feed line 304
for transporting the process fluid from the container 302 to the vibratory separation
assembly 100. A pressure sensor 308 and a temperature sensor 310 coupled to the feed
line 304 may also be included in the process fluid feed arrangement 300. Alternatively,
the process fluid may be supplied from any suitablie pressurized source and the process
20 fluid feed arrangement 300 may include, in addition to or instead of the pump assembly
306, one or more control valves and/or flow meters for controlling the flow of process
fluid through the feed line 304 to the process fluid inlets 106 of the vibratory separation
assembly 100.
In accordance with one aspect of the invention, the process fluid feed arrangement
25 300 may include a process fluid recirculation loop. For example, the process fluid
recirculation loop may comprise a process fluid return line 312 coupled between the
process fluid outlet 112 and the process fluid container 302. The recirculation loop may
also include a valve arrangement 314 and/or a pump assembly (not illustrated). Instead
of recirculating the process fluid between the vibratory separation assembly 100 and the
30 container 302, the process fluid recirculation loop may connect the process fluid outlet

112 more directly to the process fluid inlets 106 viaz lines and a pump assembly (not
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seal conprises a substantially circular ring having an inner and outer

peri phery and a 15 gasket nmounted to at |east one of the inner and
outer peripheries of the substantially circular ring. In accordance with
anot her aspect, the present invention is directed to a seal. The seal
conprises a swiosvazas? al |y circul ar polyneric ring includi nhgrarqubsragorty of
hol es and at |east one netallic insert operatively associated wth the
substantially circular polyneric 20 ring. I'n accordance vvi th anot her
aspect, the present invention . is directed o a se ration rret

separati on net hiusteEdy 1de functpr of, dheprgesss, Huid grieF f‘}’ﬁ%m 15¢ @B%dsgl ‘fqﬂm d
inlet into a megp gﬁ ?Ddule having a plurality of filter elements. The
process fluid is directed to a first region of an upstream surface of each
of the filter el enerfthe ret@htate 26covery anapgmssoo‘isao@l%mtth@rcmm@@u@@wiioﬁn
t he upstream sy face f each..of th t egs,
fluid inlet an&L? ALY P’sfepglga ﬁssgfxb{yhg ups sﬁp’%ﬁ’éﬁﬁ %ﬁt{zﬁrs&&gﬁ %
process f5l ui d autirelating systeml dds@hed ttdsmeepm:edlyepamhe pfocess sfulid tagrdss ahd filter

epar ati on ot MG Gf BB prRuaE BoRRe Oy e dFEHE e PR P SEBEN F e on
of the upstreanphdidd ﬂ@&exﬁite‘i‘@tﬁi‘h Bhe 4002 whicHTetehdsyfréf the retentfié obiildtt 108 to the
el enents through a retentate outlet. In accordance with another aspect, the

present i nvent i RspeessTigid container 3Q2. awélérfﬁa%ﬂbwprxéepam@s Syam, dpdesigped to pass
separation met Nﬂngyfo%@fﬂ §F§m§’8ﬁéé d&%se'i&cfﬁ&% eieﬂéh&! fofp{ %9&3@%0«{','& d
I'ter he

inlet into a nenbfane no having a plurali errents
process 0l ui d vibratory separation assembly 100, one or more valves 404 may be coupled to the

retentate return line 402 to direct the retentate to a separate retentate container or
reservoir 414, or away from the vibratory separation system. The retentate recovery
arrangement 400 may also include a pump assembly 406, which can include a positive
displacement pump, for transporting the retentate from the vibratory separation assembly
15 100 to the process fluid container 302. Alternatively, the retentate recovery arrangement
400 may include, in addition to or instead of the pump assembly 406, one or more
control valves and flow meters coupled to the retentate return line 402 for transporting
the retentate fluid from the vibratory separation assembly 100 to the process fluid
container 302. A pressure sensor 408 and a temperature sensor 410 coupled to the
20 retentate return line 402 may also be included in the retentate recovery arrangement 400.
A valve 412 coupled to the retentate return line 402 may also be included in the retentate
recovery arrangement 400 to control the flow rate of retentate exiting the membrane
module 104.
| In accordance with one aspect of the invention, the retentate recovery
25 arrangement 400 may also include a retentate recirculation loop. For example, the
retentate recirculation loop may comprise a retentate recirculation line 416 coupled
between the retentate inlet 113 and the retentate return line 402 downstream from the
pump assembly 400. The retentate recirculation loop may also include a valve
arrangement 418 for controlling flow between the retentate recirculation line 416 and the
30 retentate return line 402. Instead of recirculating the retentate directly between the
retentate outlet 108 and the retentate inlet 113, the retentate recirculation loop may
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Is directed to a first region of an upstream surface of each of the filter
el ements. Retentate is directed froma second region of the upstream
surface of each of the plurality of filter elements through a retentate
outlet. The retentate is then directed fromthe upstream surface of each of
the pluralitywef97fopaster el enents between the retentate out| FCTAFNTRYE
second region of the upstream surface and through a retentate inlet to
facilitate the mai ntenance of a substantially constant pressure
differential across the plurality of filter elenments. In accordance with
anot her aspect, the present invention is directed to a separation nethod.
The separation nethod conprises porting process fluid through a process
fluid inlet intoomecethbriatatateooktlce 108 o rthe aetpiitate cilnlet \t1Hflesk i diteetly dhrenginthe.

The process fluid is directed,to first region.of upstream surface of
each of the pl uFSFEs esppid of dhroreh oioRfde 2B vid el SR by BBy
directed from t iyt fGiraRayN The fidEGorDbf &8 Gétehte réirchlatidioop Vs epldihddt iardetail

el enents between the process fluid inlet and the first region of the

upst ream surfacé“béi’ﬂi‘emlbf-oygh a process fluid outlet to facilitate the

mei ntenange of a Subghdpiringht YecofdH) AbranPeniBhOSIRUS Eoulelit6 B PehtatdGitief £10 &
plurality of filter elenments. Retentate is directed froma second region of
t he upstream sutteaybraigry sepamation asseabiy 4OQ and pay findlydet aopermeatagesoyenyhlingudR a
retentate outl ety ' I . re ce
of each of the ;K)vuc-rﬁg?fe%lgg @Pﬁlfqp ﬁ;éer?m% S’Pr%%tlslsgée g%%’%g?ﬁé&rglgglgn at gmoéﬁé%
and t he second wvalgésofl6omay fbe copled emthespermeate raznvkery Hine SR ta dire¢tethe atemdatel et

G 1 orent i al - ac 8L PRLR VAPt PRI PR P Bt spliges 304,310 and

10 temperature sensor 512 coupled to the permeate recovery line 502 may also be included

in the permeate recovery arrangement 500. Alternatively, the permeate recovery
arrangement 500 may include a pump assembly coupled to the permeate recovery line

502 for withdrawing permeate from the vibratory separation assembly 100.
The vibratory separation system may include various other subsystems such as
15 a sterilization and/or cleaning arrangement 600, a heat exchange arrangement 700, and
a transport apparatus (not illustrated). The sterilization and/or cleaning arrangement 600
may include a line 602 coupled to an inlet 604 for directing a cleaning fluid such as
steam into the vibratory separation assembly 100 through a valve 606. Steam may be
directed through the steam line 602 into the vibratory separation assembly 100 and out
20 through the process fluid inlets 106 and outlet 112, the retentate outlet 108 and inlet 113,
and/or the permeate outlet 110 to clean and sterilize the vibratory separation assembly
100. Alternatively or in addition, a separate cleaning solution, such as a caustic solution,
may be introduced into the vibratory separation assembly 100 through, e.g., the cleaning
inlet 604 or the process fluid inlets 106, exiting through, e.g., both the retentate outlet

25 108 and the permeate outlet 110.

The heat exchange arrangement 700 may be coupled to any or all of the
membrane module 104, the process fluid feed line 304, the retentate return line 402, and
- the permeate recovery line 502 to maintain the temperature of the process fluid, the

retentate, or the permeate within a predetermined range. For example, the heat exchange
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In accordance with another aspect of the invention, a filter el enent

I ncl udes a nenbrane support plate having a first side and at |east one

t hrough hole, a perneable filter nmenbrane nounted to the first side of the
menbrane support plate, and a drai nage | ayer disposed between the nenbrane
support pl at e woghd2bsy first side of the perneable filter nerBaTAIS86/110Ye
pernmeabl e filter nmenbrane has ar upstream surface and a downstream surface.
The downstream surface faces the first side of the nmenbrane support plate.
The through hole is sealed fromthe downstream surface of the perneable
filter menbrane to prevent fluid flow between the downstream surface of the
perneabl e filter nmenbrane and the through hole. In accordance w th anot her
aspect of the i rarmangément 760 fuay timlude! & hreatexchanger 762 nsoumedie deaeemapaetovpiyat e

having a first sjde, and at |east.one throygh hole, .a per le filter
nenbr ane, and aslgﬁnﬁﬁn"d’dl Sipehie dW%&s@BEBEH‘g%H g fRolant B’é‘? U@?&%’ Peimtainng the
merbr ane suppor tempdhMre?dfthé RerRté WhBIA e preléiemit@anhgdle. The perneabl e
filter menbrane has an upstream surface and a downstream surface, with the

downst ream surface fJ&eWgniped apparatus,giof dlustrated; anayegepipzisea skig 9o camp g twdichThe

bondi ng | ayer b r hist & mEBRG LefSt S e
menbr ane guppor% B{Slﬁa'%l{;fﬁl %ﬁe@%&g %%h%oﬁa I's se%ﬁgé&&%%ﬁtsﬁgé@o%és &ggér% i
surface of the [feciliateitranspart ofcthe systam.ane to prevent fluid fl ow between the

downstream surface otptRg, POLTEaBLBon hlskEbly TP b8 MGted Wobd] prériaBl Loniholss
generally two components: the membrane module 104 and the drive mechanism 102.
The membrane module 104 may be connected to a torsion spring 116 of the drive
10 mechanism 102 or any other means suitable for the transmission of vibratory forces.
The membrane module 104 may comprise various geometries, e.g., a parallel
piped configuration, but is preferably constructed utilizing a substantially cylindrical
configuration as illustrated in Figures 2-4. The membrane module 104 comprises a base
plate assembly 118, a head plate assembly 120, and a plurality of filter elements 122
15 positioned and secured between the base plate assembly 118 and the head plate assembly
120. The process fluid inlets 106, the retentate inlet 113 (illustrated in Figure 24), and
the permeate drain 114 may be mounted to the base plate assembly 118. The retentate
outlet 108, the permeate outlet 110, and the process fluid outlet 112 may be mounted to
the head plate assembly 120. The number of filter elements 122 comprising the
20 membrane module 104 varies depending upon the particular application for which the
vibratory separation assembly 100 is to be used. In the exemplary embodiment,
approximately one hundred filter elements 122 are utilized.
The base plate assembly 118 may be constructed as a one piece, unitary structure,
or may preferably be constructed from individual components as illustrated in Figures
25 3-11. The three components comprising the base plate assembly 118 of the illustrated
embodiment are the base plate 124, the inlet plate 126, and the center plate 128.
As shown in Figures 5-7, the base plate 124 may be a substantially cylindrical

disc having a lower surface and an upper surface. The lower surface may be
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In accordance with another aspect of the invention, a filter el enent

I ncl udes a nenbrane support plate and a perneable filter nenbrane. The
menbrane support plate includes a first side, a central opening, a
plurality of blot holes circularly arranged near an outer periphery of the
menbr ane sup¥PP7MBt e, and a plurality of through hol es di BGHUMEAY al |y
bet ween the 15B central opening and the plurality of bolt holes. The
perneable filter menbrane is nounted to the first side of the nenbrane
support plate and has an upstream surface and a downstream surface. The
downstream surface faces the first side of the nmenbrane support plate, is
in fluid communi cation with the central opening and is sealed fromthe

t hrough hol es. sohstantialipdigh Thd uppenswiica nidyalsd eosubhstantially flot but iths prieéerably

anot hor aspect S5 b RERY FatmEd sl by BERRIRB: piibheRa QB FErbbGY anc
menbr ane and a theinabr peeipherpofthe npparstrfpeaiay. be Shisstankiilhy flapanditheegivn bptvetn

plate has a first side,. and the perneapl nbrane is. nted to the first
Side of the methf OHEHAAd ADCE BERIPHCLPIRIcEADIYTRES FraloRs WHAPLHIRFS SBWRIIN Frop) &t o

has a t hiscknes sejifn tOfimiAiosihg’ Wit PaotessHuid fets 1660 4 R Winnfinfdthg Wik -

the retentate outlet 108. In the illustrated embodiment, the slope extends upwardly from

the outer periphery towards the center of the base plate 124, The slope may range from
about 0 degrees to about 15 degrees, and preferably the slope may range from about 1
degree to about 8 degrees, and more preferably from about 2 degrees to about 5 degrees.
10 - In the preferred embodiment, the slope is about 3 degrees. The sloped region in the base
plate 124 is more easily seen in Figure 22, which is a detailed sectional view of the
vibratory separation assembly 100 without the filter elements 122. The slope in the
upper surface of the base plate 124 tends to tension and hold the filter elements 122 at
an angle comparable to the angle of the base piate 124, and this serves several important
15 functions as is explained in detail subsequently.

The base plate 124 may comprise an upper process fluid channel 130 and a lower
process fluid channel 132. In the exemplary embodiment, the upper process fluid
channe! 130 and the lower process fluid channel 132 are annular grooves, having
substantially rectangular cross-sections, in the upper and lower surfaces of the base plate

20 124, respectively. The upper and lower process fluid channels 130 and 132 are
preferably positioned such that there is an overlap between the two channels 130 and 132
and are connected by a plurality of base plate process fluid conduits 134. The process
fluid conduits 200 in the filter elements 122 communicate with the upper process fluid
channel 130, and the process fluid inlets 106 communicate with the lower process fluid

25 channel 132 as is illustrated in Figures 3 and 4.

The base plate 124 may also comprise a central well 136 and a central recess 138.
In the exemplary embodiment, the central recess 138 comprises a circular geometry.

The center plate 128 may be mounted within the central recess 138 to ensure a non-slip
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In accordance with another aspect of the invention, a vibratory separation
systemincludes a nenbrane nodule including a plurality of stacked filter
el enents, a drive mechanism a process fluid inlet cormmunicating with the
upstream surface of each perneabl e nmenbrane, and a perneate outl et

conmmuni cat i ng wé #102087e downstream surface of each perneabl e POFMAISPGEII07 The
drive nmechanismis coupled to the nmenbrane nodule for inparting vibratory
notion to the filter elenents, thereby resisting fouling at the upstream
surface of the perneable nenbranes. In accordance with anot her aspect of
the invention, a nenbrane separation unit includes a nenbrane nodul e
including a plurality of stacked filter, a process fluid inlet coupled to
t he menbrane nodomnectiondofaberpentardéate A28 10 they basa @laip $24. e Within ihe gendrab recessel 38

er neabl e nmenbr e o . I d
gormuni cating w ﬁgF@%gjﬁggﬁg'egﬁg%rﬁ%ggﬁg:!gﬂﬁg%ﬁtgprﬁr%a e{)ﬁ'&?n%gg%ggﬂg% a
retentate outl etA pawehtediriin cohduitn2080¢xtaids drolphethe kehterosfndie) basetplaig 124.t Thehe
upstream surface of the erﬁ*atg,iog nmenbr anes. glge rocess fluid inlet .

i ntroduces 1 Bermeaty CONREUSNRE GRS fRRe |cnnegi§ dhe parmeate condut o ¢
facilitates thezopipmalfilef clBEMe 3210l the BentlAPwEIE 136 By e la@oupih@ 2161 efbeat €

outlet facilitates the renpoval of retentate from )
permeate drain 114 extends into the central well 136 and connects to the permeate drain

conduit 208.
The base plate 124 includes a plurality of holes 140, which may be threaded,

circularly arranged around the outer periphery thereof. These holes 140 are utilized to

10 position bolts or other securing means which are used to position and secure the filter
elements 122 between the head plate assembly 120 and the base plate assembly 118. In

a preferred embodiment, the holes 140 are not threaded. The base plate 124 further

includes a plurality of holes 142, which may be threaded, circularly arranged around an

inner portion thereof. Two of the holes 142 are illustrated in Figures 3 and 4. These

15 holes 142 are also utilized to position bolts or other securing means which may be
utilized to secure the filter elements 122 between the head plate assembly 120 and the

base plate assembly 118. In a preferred embodiment, the holes 140 are not threaded.

The base plate 124 also includes three sets of threaded bores 144, 146 and 148 circularly

arranged at different radial distances in the lower surface thereof. The innermost set of

20 threaded bores 144, two of which are illustrated in Figures 3 and 4, are utilized to mount
the center plate 128 to the base plate 124, and the two remaining sets of threaded bores

146 and 148, two of each set are illustrated in Figures 3 and 4, are utilized to position

bolts or other securing means in order to mount the inlet plate 126 to the base plate 124.

As shown in Figures 8 and 9, the inlet plate 126 may comprise an annular disc

25 having an outer diameter which may be substantially equal to the outer diameter of the
base plate 124, upper and lower surfaces which may be substantially flat and a central

opening 150 which may have a diameter greater than the diameter of the central recess

138 in the base plate 124. The inlet plate 126 also comprises three sets of holes 152,
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t he nenbrane nodul e. In accordance with anot her aspect of the invention, a
vi bratory separation systemincludes a nenbrane nodule, a drive nmechanism
a process fluid inlet and a perneate outlet. The nenbrane nodul e includes a
plurality of stacked filter elements, each of which includes a perneable
menbr ane andw® 978887 ane support pl ate. The perneabl e nenbr REI/UFAS1IAN
upstream surface and a downstream surface and is nounted to the nenbrane
support plate. The nenbrane nodule has a filter surface area to vol une
ratio of at |east about 100 ft[err]/ft[err]. The drive mechanismis coupl ed
to the nmenbrane nodule for inparting vibratory notion to the filter

el ements, thereby resisting fouling at the upstream surface of the

per neabl e nenbisfemd 156iptany afratdeditherédi. eTheCRUIRBUID2G A54,5136 rhlly bé éhrend@sd.r eam

surface of eac ermeahl e menbrane. . JThe perneate oufl et cqQmruni cates with
t he downstreamqiglgfr‘?rf %_Blﬁ?e ?&‘tﬁ‘fflﬁiﬁ?snle%lﬁné ﬁéﬁb"r%lﬁ%‘.ge_ $0 Set By s @ Hiepment
anot her aspect wih the Wvol sété @R itireided Bore® 14y A Q 48 BIBE Bise Plardli4l rdsPéctivalg, Wwioh a
vi bratory drive mechani smincludes a nenbrane nodul e, a process fluid

inlet, a perme8f eachpet af berayi 146 pud 4 anedliestratedtin Figusesnd gt 4neTheoldird et of
i ncl ud h ) | 0l ' f
| ncl udess a eaﬂgl?i fCard (t)ﬂség éﬁl‘é gﬁ\gfaﬁht%ﬁ %“'ﬂ%g S«Hﬁalntge )Bcﬂ&dl@ iRlehld Bsé phare®

stacked tilter enents di ase plate

assenbl i es. Ead2d.f The inletqiiaed2é mapalsodedude tporsats alf lasnulergroare 1881dndi160 in

renbr ane supPORL plat & eThSnREl 8l Gy TR Fod 8% 764, URR LS TR TAG b
positioned in the grooves 158 and 160 to ensure a fluid tight seal between inlet plate 126

and the base plate 124. The process fluid inlets 106 communicate with openings 166 and
10 168 in the inlet plate 126. The process fluid inlets 106 may be mounted to the inlet plate
126 by any suitable means including welding, brazing, pressure fitting, or threading.
As shown in Figures 10 and 11, the center plate 128 may comprise a substantially
cylindrical disc having a diameter substantially equal to the diameter of the central recess
138 in the base plate 124 and upper and lower surfaces which may be substantially flat.
15 The center plate 128 fits snugly into the central recess 138 to prevent movement thereof.
The center plate 128 comprises a plurality of holes 170, two of which are illustrated in
Figures 3 and 4, circularly arranged around its outer periphery. These holes 170 are
arranged so that they are in alignment with the innermost set of threaded bores 144 in
the base plate 124. In the exemplary embodiment, the center plate 128 is a solid
20 cylindrical disc. A radial groove 212 extends from the center of the center plate 128 to .
its outer edge. The permeate drain 114 may be positioned within this groove 212, and
may be secured within the groove 212 by welding or any other suitable means.
The base plate 124, the inlet plate 126, and the center plate 128 may comprise
a metallic material, a polymeric material or any other material having sufficient rigidity
25 to withstand the associated vibrational forces imparted by the drive mechanism 102. In
addition to sufficient rigidity, the material utilized preferably should not react with the
particular process fluid being filtered. In the preferred embodiment, the base plate 124,
the inlet plate 126, and the center plate 128 all comprise stainless steel.
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nounted to the nmenbrane support plate. The nenbrane nodule has a filter
surface area to volune ratio of at |east about 100 ft[err]/ft[err]. The
base plate assenbly is nountable to the vibratory drive nmechanism The
process fluid inlet is coupled to the nenbrane nodul e and conmuni cates with
t he upstream wo dzmkbsrhe per neabl e nmenbranes. The process fl ecuussd/az07

I ntroduces process fluid to the nmenbrane nodul e. The perneate outlet is
coupl ed to the nmenbrane nodul e and comruni cates with the downstream surface
of the perneabl e nmenbranes. The perneate outlet facilitates the renoval of
perneate fromthe nenbrane nodule. The retentate outlet is coupled to the
menbr ane nodul e and communi cates with the upstream surface of the perneable
menbr anes. The r et enThd rsiod bpringf H6ithayt b¢ esnnbtted toetho\base, plate assetnblyt hi8eby rnom

onbr ane. modul oPREAIy S8 BOfY 175 DRBInE BTghaPt O0er SCHaR S dPTHOEIHE
plate assenbly, ofen?38n Bh & %;fér ﬂﬁﬁﬁm& Yhe t@rsiﬂn%bﬁh% 126. Ui‘hesﬁl&ﬁﬁﬁcbff\iohi €72, two

el enents di sposed betmeen head and base e assenblies, and a process

fluid chamber cofriwhichasg illugrated in %‘Ellfei)étaﬂ'éérri!@M extgad: thiqugh Ahetopuiqmaping d 16
menbrane. s Each §id f88ugh !t RBfatity W HOtkE S 70 i1k RbntFESTRE 398 ari R HE tightened into

the threaded bores 144 in the base plate 124. Accordingly, the torsion spring 116 and

the center plate 128 may be mounted to the base plate 124 in a single step. The
positioning of the center plate 128 in the central recess 138 provides for a secure, non-
~ slip connection. Slippage may result in damage to the vibratory separation assembly
10 100. The inlet plate 126 may be mounted to the base plate 124 by a plurality of bolts
174, running thread, or other securing means. The bolts 174, four of which are
illustrated in Figures 3 and 4, are positioned through the two sets of holes 152 and 154
in the inlet plate 126, and tightened into the two sets of threaded bores 146 and 148 in
the base plate 124.

15 The head plate assembly 120 may be constructed as a one-piece, unitary structure,
or may preferably be constructed from individual components as illustrated in Figures
3, 4 and 12-16. In the illustrated embodiment, the two components comprising the head

plate assembly 120 are the head plate 176 and the head plate cover 178.
As shown in Figures 12-14, the head plate 176 may be a substantially cylindrical
20 disc having an outer diameter substantially equal to that of the base plate 124, with a
substantially flat upper surface. The lower surface may also be substantially flat, but it
is preferably sloped at least in an intermediate region thereof. Specificaily, the outer
periphery and the inner periphery of the lower surface may be substantially flat, and the
region between the outer and inner peripheries preferably has a slope which slopes
25 upwardly from a region communicating with the process fluid inlets 106 to a region
communicating with the retentate outlet 108. In the illustrated embodiment, the slope
extends upwardly from the outer periphery towards the center of the head plate 176.
The slope may range from about O degrees to about 15 degrees, and preferably the slope
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pl ate having an outer peripheral region, and at | east one perneabl e
menbrane nounted to the nenbrane support plate. The filter elenents are
secured to each other such that the outer peripheral regions are | am nated
and define an outer containnent wall isolating the process fluid chanber on
one side of wWo9mmesszr wall fromthe anbient environment on ROTAISSE11387 si de
of the outer wall. The base plate assenbly is nountable to the vibratory
drive mechanism In accordance with another aspect of the invention, a
menbrane nodule for use with a vibratory drive nmechani smincludes a head
pl ate assenbly, a base plate assenbly, a plurality of stacked filter

el enents di sposed between the head and base pl ate assenblies and a process
fluid chanmber amaynmangecfbmrahoutiit degaae tomboutchdagsass.f ademare prefetablyciirore abdu 2

nmenbrane. Each filter el enent incl.ude net al nbr.ape ort .pl ate
havi ng an i nneteHEFS taﬁgplg{?#@ééegn ,Iggﬁfprgﬁenfeégxg{)%gm ?F@ﬁ%{gé&%g‘o&gﬁe@s'
nount ed to the THeRped eegiotPBOME HehdpRite THEeis mord Tasifyl sebf lin Figne 02 SwWhicB, as

secured to each other such that the inner peripheral regions are | am nated
and define an iSiat8r akoyey isi : detatled sectional sliesy jof ghe NbrypiycEeparation, assemhlyn X} on

glnzt Z | degof  t N&yiinghethe WREd el el 12 Phd'@bpeih ¥k Blvet HftfabOBhe WRd platd 96 RASE

comparable to, e.g., equal to the slope in the upper surface of the base plate 124, the

base plate 124 being convex and the head plate 176 being concave. The slope in the

lower surface of the head plate 176 also tends to tension and hold the filter elements 122

at an angle comparable to the angle of the head plate 176 which serves several important
10 functions as is explained in detail subsequently.

The head plate 176 preferably comprises a central opening 180 with which the
permeate outlet 110 communicates, a retentate outlet channel 182 in the lower surface
thereof, a process fluid outlet channel 184 in the lower surface thereof, process fluid
outlet conduits 186 which connect the process fluid outlet channel 184 to the process

15 fluid outlets 112, and a retentate outlet conduit 188 which connects the retentate outlet
channel 182 to the retentate outlet 108. The process fluid outlets 112 communicate with
the process fluid outlet conduits 186 of the head plate 176, and the retentate outlet 108
communicates with the retentate outlet conduit 188 in the head plate 176. The process
fluid outlet 112, the retentate outlet 108, and the permeate outlet 110 may be mounted

20 to the head plate 176 by any suitable means such as welding, brazing, pressure fitting,
or threading. The process fluid outlets 112 may be utilized to remove excess process
fluid, or to recirculate the process fluid back to the process fluid inlets 106 in order to
provide uniform fluid flow parameters to all of the filter elements 122. A complete
description of this process is given in detail subsequently. The head plate 176 also

25 includes a plurality of holes 190 circularly arranged around its outer periphery. These
holes 190, two of which are illustrated in Figures 3 and 4, are arranged such that they
are in alignment with holes 140 in the base plate 124.

As shown in Figures 15 and 16, the head plate cover 178 may be a substantially
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assenbly is nountable to the vibratory drive nechanism The vibratory
notion inparted to the nenbrane nodul e generates dynam c flow conditions
which tend to prevent the deposition of fluid conponents such as
particul ate or colloidal matter on the upstream surface of the perneable
menbr anes. Thewebwnems? cl oggi ng or fouling of the perneabl e neCumSIE/ER0T s
substantially reduced, and the renoval of perneate is not inpeded. The
dynam c flow conditions are generated by the novenent of the filter

el enents relative to the process fluid. The drive nechanisminparts a
vibratory notion to the nenbrane nodul e; accordingly, the filter elenents
al so vibrate at essentially the WO 97/ 02087

PCT/ US96/ 11207 S@mdxfi«faeamen@vxifng duewantRlly flah\g ﬁ&r@ﬁ@@\ﬁerfshtfadés dmhdaﬂtpla@é@vvbﬂt
vibratory notion at the_ sane requency as that of the filter el enent

Theref ore, t her el78preferably; kas adiamessr larges bam thecental gpening 180, 0f, dhfahmdtp!fféc 176
filter elements ﬁﬁ%ﬁﬁs&ﬂuhiﬁegme dfa}rﬁﬁfé inbddOfiste W86.C tnd R Midte ERME | H@

of the filter elenents. ratory separation system of

t he present mve@tnmeSpa pluraimstE mleSelﬂiamr;ularly |agriangedi aroundta mtralmegrggmreof

I mpr oved rmreatq f t. | eved, ap’g!

by reduci E’S t he rghr‘rzolton FP g,‘[ige glnlugc]"lﬁali"?21 I(k:%} orgsdg d@ anfaﬁ) ctdgsléne £
Wi thin the procebsy aﬂemdlxgmmntbewe ghypalsy b Holem14hin mmtmeepiae rl'édl e dikad he

filter elenments ccor di f oul, | n menbr ane
medi umis great |I§ﬁ‘i6°""’ 198! %%8 ?ﬁ@ﬂ@i)?"% %ﬂgr‘iﬂg‘ﬂ@rwﬁ’ﬁb%\%m 55 Pt o
flow rate. Addi t110ni! huntédras uﬁsfmbd lizh s $adfd.| 'Re 1Rhe PR Tover 178 also

i ncreased thereb and | onger intervals between cleaning and replacenent is
achi eved. omprises a u- shaped notch 216 through which the retentate outlet 108 is positioned.

10 The head plate 176 and the head plate cover 178 may comprise a metallic
material, a polymeric material, or any other material having sufficient rigidity to
withstand the associated vibrational forces imparted by the drive mechanism 102. In
addition to sufficient rigidity, the material utilized preferably should not react with the
particular process fluid. In the preferred embodiment, the head plate 176 and the head

15 plate cover 178 comprise stainless steel.

The plurality of filter elements 122 are positioned and secured between the base
plate assembly 118 and the head plate assembly 120. Alithough the filter elements 122
may be configured in a wide variety of ways, each filter element 122 preferably
comprises a membrane support plate 218 and a permeable membrane 262, as is

20 illustrated in Figures 17 through 21. The membrane support plate 218 may comprise a
substantially circular disc having a central opening 220, and three sets of circularly
arranged holes 230, 234, and 236. The central opening 220 of each of the filter
elements 122 and the outermost set of circularly arranged holes 234 in the filter elements
122 form guides 194 and 196 for the bolts or other fastening means which are utilized

25 to secure the head plate assembly 120 to the base plate assembly 118 when the filter
elements 122 are positioned therebetween. The central guide 194 is a single opening in
which all the bolts are positioned. The outer guides 196, two of which are illustrated

in Figures 3 and 4, each contain a single bolt.
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The vibratory separation system of the present invention provides for the
effective and highly efficient filtration of fluids. The drive nechani sm
whi ch is capable of 15 i nducing a vibrational force on the nmenbrane
nodul e of very high nmagnitude nmay be a sinple notor arrangenent which
requires | esswomPs?t o operate than standard drives utili z@TIUOS A2t | onal
dynamc filtration systens. Accordingly, increased yield is recognized at
a reduced cost. The vibratory separation systemof the present invention is
energy efficient. In 20 the vibratory separation system of the
present invention only the process fluid in the boundary |ayer may nove,
rather than all the fluid as in a conventional rotational dynamc filter
system Accordi ngly, Withghe filterstentdntshI®® sedrire inqposivios betwsert the bpserptiate assembly

fluid-is, the e ewr ments Ji.n e vibratory system a esubst tially
the same. Consezﬁé%tb a\’?ﬁ‘ﬁ%ﬁ‘ }EQe‘B%\’FeﬂW é‘ﬁ?s%‘ér?? a}f les
invention is equ@dhﬂdﬁtifdl@h@d\forﬁﬁ:ondmts ’lflﬁﬁmithhosft kéiloﬂéuctﬂd}% :&ﬁ{n é@h’dl@sr 230

wel | suited for _making fluids thicker, fective and efficient

concentrator. |frma Plpé’ﬂlﬁgﬂftfﬁ@n'éﬁtqoéﬁlféﬁ)‘%m‘ﬁ qtfé‘théﬂh lﬁémﬁ%“‘sﬁlﬁ‘ﬁé 4 which
| nb f
plates, agne r@&ﬁmﬁ?ﬁgégé r%JeB'] %h@%g&@%ﬁb@ﬁﬁgﬁ@%ﬁbr a%@ﬁé%ﬁﬂf 1%?%1 #eca

per given vol une nma I n met ne support at es
al l ow for addi thmalsunfadettﬁrthaeh&admﬂm; 17 3Be intermedidte sot ofceirtulanly arrapgeddr koies

Cystom wer gt ey ks Al o brocPRTh Tt 200 et Fhclel s ekl
16 WO 97/ 020thé process fhud mlets 106 vuz the pair of process fluid channels 130 and 132 in the base

PCT/ US96/ 11207 di ngl dul e in
i ncreased surf a{glg%ui 2 an at a rsrg:\(/)g en wnﬁcﬂcxé) {:rolcg g ﬂ¥nd outfrtesn})l&avrz]ae thrtT:Dprocess pluld g

10 outlet channel 184 in the lower surface of the head plate 176. In addition, the central

openings 220 in each of the filter elements 122 also form a conduit, specifically, a
permeate conduit 202. The permeate conduit 202 communicates at a first end with the
permeate outlet 110 through the central opening 180 in the head plate 176, and at a
_second end with the permeate drain 114. Since the central openings 220 are larger to
15 accommodate the bolts or other fastening means as well as form the permeate conduit
202, a plug or any other suitable means may be utilized to reduce the permeate hold-up
substantially reducing the volume formed by the central openings 220.
The head plate assembly 120 may be attached to the base plate assembly 118 by
the two sets of bolts 204 and 206 or other securing means such as running thread or tie
20 rods. The first set of bolts 204, two of which are illustrated in Figures 3 and 4, extend
through the holes 190 in the head plate 176, through the guides 196 in the filter elements
122 and into the holes 140 in the base plate 124. The second set of bolts 206, two of
which are illustrated in Figures 3 and 4, extend through the holes 192 in the head plate
cover 178, through the central opening 180 in the head plate 176, through the central
25 guide 194 in the filter elements 122 and into holes 142 in the base plate 124.
The drive mechanism 102 transfers vibratory forces, for example, in the form of
orbital, oscillational, torsional, or linear vibratory motion, to the membrane module 104

to induce motion between the process fluid and the surface of each permeable membrane
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and m ni mal wei ght increase neans higher efficiency and a nore cost
effective filtration system Although weight may be an inportant factor,
nmetal support plates are utilized because high strength material is
necessary when hi gh magnitude vibrational forces are 5 generated in
t he nenbrane wodwbms? The vi bratory separati on system of thepqresssnize?

I nvention may be easily and efficiently cleaned by sinply passing cleaning
fluids, such as steamor caustic liquids, through the various inlets and
outlets of the system The exenplary vibratory separation system may be
easily and efficiently cleaned because the systemis substantially free of
10 cracks, crevices, stagnant regions and other simlar structures
whi ch may t r ap26anPeaftrably; the ditectiopofivibirationtihin a/plamespespepdiculpntothe axis oftheem

conpri ses gaskets .,which 0 de into t r oundi yrf -1 of
O ngs. The v AisRrgeymeBS 164’ i Ry SOSRHES, B8 Bl Rl j0F By
Specifical |y, bben¥idefkdtive arplliniin WHicS yeHitNed miotdl oY dutpat Klexed, ahleecenticy. |
using titre reduction data or water flow data, w thout destr

In 5,
the system | nwsighbra base weight, gdorsioasl sipmentygpd g SIRPOFLHUSRIE e g} &V‘XF fehapsm

system he or shg hascRitifaResad thefillefhated UmboInRab id HescARE InhEIS,. Usferit tNG.OF
Its intended purpose. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Figure 1 is a

bl ock di agram Seldf&6érto £Rullsn, which iy inspeomted bye prigrance diraifys (T aytpuf ghatt is
present 1 nvent tihectd WHE rorbr by ady MickE hedths AP ACANYOP irdh B YRR Fbtaf}

n
assenbly of the vibratory separation sys e present 1 nvention. 25
Figure 3 is anthe axmitishaft becanse IAC mators &t moreessily st dcourately cohtzoliadh rA mptor

separation assenhly, taken al.ong section line.3-3.in Fiqur ' S
an el evation vf’g‘?ﬁﬁﬁr B?V?)F ﬁt'?%‘%ot sv-a?eglfisﬁ?aﬁf r?‘ﬁ%“\?i'%rr%&oa%ans%g{acr a{ ‘ﬁgrf]&y
assenbl Y0t aken ofithervipraenyt forszs) The ectertric wwefghghavéng?a predetermined mass is connected

in proximity to the end of the output shaft opposite to where the shaft is connected to the

motor. The base weight, having a predetermined mass is connected to the output shaft
at a position below the eccentric weight, in other words, further away from the motor.
As the eccentric weight is oscillated by the rotation of the output shaft, it induces a
15 . wobble that is transmitted to the base weight, which then oscillates at substantially the
same frequency as the induced wobble. Accordingly, the base weight becomes a seismic
mass possessing a certain vibratory motion.
The base weight may be supported by the support structure through an isolation
means such as a deformable footing made of an elastomeric or resilient material. The
20 isolation means may also include springs to absorb or attenuate some of the energy which
may otherwise be transferred to the support structure, thereby preventing movement of
the support structure. In addition, the springs tend to center the ;Jscillating masses. The
isolation means permits movement of the base weight in the seismic mass mode while
minimizing movement of the support structure.
25 The torsional element, which may be the torsion spring 116 illustrated in Figures
3 and 4, is connected to the base weight. The torsion spring 116 may comprise a
relatively uniform rod having an enlargement thereupon adjacent to the position where

the torsion spring 116 is connected to the base weight. The torsion spring 116 may have
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Figure 5is a top plan view of a base plate of a base plate assenbly of a
30 menbr ane nodul e of the vibratory separation dynamc filter
assenbly. Figure 6 is a sectional view of the base plate taken al ong
section line 6-6 in 17 WD 97/ 02087

PCT/ US96/ 1120 WOPHare®y 5. Figure 7 is a bottom plan view of tPEX/BI968120T at e
of the base plate assenbly. Figure 8 is a sectional view of an inlet plate
of the base plate assenbly. Figure 9 is a top plan view of the inlet plate
of the base plate assenbly. 5 Figure 10 is a sectional view of
a center plate of the base plate assenbly. Figure 11 is a top plan view of
the center plate of the base plate assenbly. Figure 12 is a top plan view
of a head pl at e azesuatfrequercy iand ineapable 0€ resonhiing ap substantiallythe: saphey BeYaasi on
assenbly. Figur ' ' (VA e
assenbly. 10 ?heli%rée§ gg"e?—alq%ir’lg&%lb aIXAS@é‘{gFﬂ;pf%%}gfﬁfL\,/ E&(&ae\?\lltn %Pg{aﬂéﬁh%ggig%g?;&{ e of
t he head pl at e #ssHgidlyl attackedgtartbe fidssioms springellto willadlsos vibrateht substamiillp Ithet same

cover "of the head pl ate assenbly.. Fiqur 6 is a.plan view.of the head.
SPate cover of - Habenygs BF Ko Srinedlt’ A-ctamp el pE ket FHIS brp ¥ Gfsion
process fHuid sigsigngofi6a The kg aybppatiedpicaiegamile coetwdeh @ie sipporesiiuchike drde
menbr ane nodul e. 15 [ 18 is a plan view of anggr,meate

. . _Figur
fluid side of t oo Pt fegFiaResPoiag Jof 10 BPRY andEPisYenL a RPbPle fEprk BEE Gydaped
view of a porti @nuQf tdréi6n SprERY 206 SHRPSapPha Gomprise a steel frame having several

rotatable rubber bushings compressed against the torsion spring 116. The clamp allows

the torsion spring 116 to vibrate torsionally but prevents the torsion spring 116 from
10 developing a wobble.

In the above described eccentric drive mechanism the eccentric mass is positioned
above the base mass, certain undesirable loading effects may be transmitted through the
base mass to the torsion spring. Accordingly, in an alternative embodiment, the
eccentric mass may preferably be positioned in an opening in the base mass such that the

15 eccentric mass and the base mass are in the same plane. Consequently, there are
substantially no forces generated above the base mass, but rather the forces are generated
through the base mass. In a more preferred embodiment two eccentric masses may be
utilized and which are rotated 180 degrees out of phase with respect to one another in
order to effectively cancel out any undesirable loading effects. The two eccentric masses

20 may be driven independently by two motors or by a single motor and a gear or drive
arrangement which ensures that the rotation will be 180 degrees out of phase.

Additionally in this alternative embodiment of the eccentric drive mechanism, the
base mass may comprise a substantially circular configuration, a plurality of holes
symmetrically distributed about an inner periphery of the base mass, and semi-circular

25 balancing weights mounted around an outer periphery of the base mass. This
embodiment may be utilized to facilitate a more even load distribution in the base mass
by redistributing the mass concentration to the outer periphery.

In an alternative embodiment, the drive mechanism 102 may comprise a direct

31

OUBSTITUTE SHEET (RULE26)



Figure 20 is a detailed sectional view of a portion of the nmenbrane nodul e.
Figure 21 is a detailed sectional view of a portion of the nenbrane nodul e
of 20 Figure 20. Figure 22 is a detailed sectional view of the

vi bratory separation assenbly without the filter elenents. Figures 23a and
23b are det ai haglooass7vi ews of inner and outer seals of the meghserazdfodul e.
25 Fi gures 23c, 23d, 23e, and 23f are detailed sectional views
of various portions of the inner and outer seals. Figure 24 is a sectional

view of an alternative enbodi nent of the vibratory separation assenbly. 30

18 WD 97/ 02087
PCT/ US96/ 11207 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As

il lustrated i n @fiedpparktusaFoexedmple i mismbrinsividulef104 eay\beinkéd61ycoupled to
separation systemof the present invention nmay include a vibratory

separ ati on assefidirpctidriye moor via a drixe shaft or finkagg arcedrive belh geineharl. 3dun thig
tent at t
retentat € reCOV&ﬁﬂo&ﬁEﬂ”&%MbrﬁQ%ﬂgﬁl}? i%loﬂ?e%rﬂg:ﬁ}a%‘?ﬂé@ﬂ)y ?ﬁfe%ﬂ@ﬂen

500. The vibratory sepatation asse y conprises a drive
mechani sm 102 and a Awmebiroinsysienil pireferably dnaautoratist controlssystome mayokeeytilized uo d

0L ES 105 . CABERTUP SR of BB o RATRRR 0L 61 i R BB

nodul e 104 vibration within predetermined limits. Generally, control systems may be characterized
as open loop systems or closed loop, i.e., feedback systems. One of the basic design
constraints on either type of control system is stability, e.g., fast response and reasonable
damping. Although open loop systems generally provide for faster response, closed loop

10 systems provide for more stable control. Accordingly, an open loop control system is
much less preferable than a closed loop system for controlling the vibratory separation
assembly. An exemplary feedback type controller is disclosed in co-pending provisional
patent application No. 60/015,931, assigned to the same assignee as the present
invention, and incorporated by reference herein.

15 The filter elements 122, as stated above, each may comprise 28 membrane support
plate 218 and a permeable membrane 262. As shown in Figures 17-19, the membrane
support plate 218 preferably comprises a permeate side and a process fluid side to which
the permeable membrane 262 is mounted. The membrane support plate 218 may be
constructed from any material having sufficient structural integrity, such as a suitable

20 polymeric material, but is most preferably formed from a metallic material, such as
stainless steel. Other metals which may be utilized are aluminum, brass, copper,
titanium and bronze. The particular material utilized is preferably strong enough to
withstand the vibratory forces generated by the drive mechanism 102 and is compatible
with the particular process fluid being filtered.

25 The diameter of the membrane support plate 218 may vary with the particular
application for which it is to be utilized. For example, the diameter may be in the range
from about 2 inches to about 50 inches, and preferably from about 10 inches to about

-30 inches, and more preferably from about 20 inches to about 25 inches. In the
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10 al so includes one or nore filter elenents, not illustrated in
Figure 1. The process fluid feed arrangenent 300 is connected to the
process fluid inlets 106 of the vibratory separation assenbly 100 and may

i nclude a tank, vat, reservoir, or other container 302 of process fluid

whi ch i s couwwbedoie? t he process fluid inlets 106 via a feedBctuswndt¥. The
process fluid feed arrangenent 300 may al so include a punp 15 assenbl y
306, which can conprise a positive displacenent punp, in the feed |line 304
for transporting the process fluid fromthe container 302 to the vibratory
separation assenbly 100. A pressure sensor 308 and a tenperature sensor 310
coupled to the feed line 304 may al so be included in the process fluid feed
arrangenment 30éxemplatye embbdimenty thet inemprane aspott| platd 21Bhaba diangdr eflabiouo 24 any

sui tabl e pressur.i ze ource anpd the process 2 ) ui d feed arrangenent
300" ey | hol udBcbeb i isEwed Gubine, 8 eruel wrainge A9 Sl LeUERY RBORPIRe or
nore control Vihiee3) SRRICR forll @¥peaiete Tohdlit 2007A el fille Blembits 12D4¢ WéII By Beess
flui-rd through the feed line 304 to the process fluid inlets 106 of the

vi bratory sepdicatralggvidestfdnmay havna diameigr iothg sanse figm pbavhB.5-8¢hss to ahout j@
inventian, thegypoc [ n : 0 [ Hﬁiﬁ,a
process%PI ui d rec??’r gﬁ‘fé{“%rg o%%g, S?nggﬂa téc,) %??'uuet Spr%célgés)'s ﬁag}ed%
recircul ati on ¢mhedimeny, bo epntiab opening kas egliarheter of abewtd inchdésne 312 coupl ed

bet ween the process.flul Lt e C fluj L her 2.
The . recircul ation ﬁg@gwr{g@n%gﬁjg@ ?n%é% B%gggih\?aqrg%g%rﬁrégnr?é’ghg’gtlﬁegﬁ%%enﬁpggga
punp assenbly glated 218 nag tbe akereihely itiat €Fd thickniess of the |mdmbranet snppgrt plaes3igf | ui d

bet ween the vibratory.separati.on assenply 100 and the 30 cont ai_ner

302, the. pr ooceiraIEAGE: A HEPSe o Ha s GAUEITE Reon 6 BB R (1f
outlet 1012 norgedbrafe hilppokt Pldid 218 BCidSHhinnkst ipert ithy BERbrhSS suppart Iplate 31 By a

punp. assembly (noL thickness ranging from 0.002 to 0.040 inches, and preferably from 0,003 to 0.008

inches. In its thickest part, the membrane support plate 218 may have a thickness

ranging from 0.004 to 0.100 inches, preferably from about 0.005 to about 0.020 inches,

and more preferably from about 0.010 to about 0.015 inches. The thinner the membrane

15 support plate 218, the more filter elements 122 which can be utilized in a given volume,

and therefore, more filter surface area per given volume and weight. Increasing the

filter surface area to volume ratio enhances throughput and efficiency, and reducing

weight for a given filter surface area results in a lower moment of inertia which the drive

mechanism 102 needs to overcome; accordingly, smaller and less expensive drive

20 mechanisms 102 may be utilized. Membrane support plates formed from a thin metal

are particularly preferred because, although they are thin, they are also very strong and

dimensionally stable.

The filter elements 122 may be positioned between the base plate assembly 118

and the head plate assembly 120 to form the membrane module 104 and may be

25 preferably positioned in a pairwise manner. Specifically, every pair of filter elements

122 may be positioned with the permeate sides of the membrane support plates 218

facing each other. Adjacent pairs of filter elements 122 may have the process fluid sides

of the membrane support plates 218 facing each other. The reason for this particular
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illustrated). The function of the process fluid recirculation loop is

expl ained in detail subsequently. The retentate recovery arrangenment 400 is
coupled to the retentate outlet 108 of the vibratory separation assenbly
100. Where thewoistomsory separation systemis a 5 r eci PCIUSM1297
system designed to repeatedly pass the process fluid across the filter

el enents of the nenbrane nodule 104, the retentate recovery arrangenent 400
may include a retentate return Iine 402 which extends fromthe retentate
outlet 108 to the process fluid container 302. Were the vibratory
separation systemis designed to pass the process fluid only once across
the filter el emesrrangerhertindll beoshieapparem dioiethd Qetailed ldesciibtion of the mérbrahomypdule
separation assen})I 100, one, or nore_valves 404 may be cqupled to the

retentate return!%4%¢ the opergiog; of dhe vipratory &tnarptign assergbly @Qﬁé‘feﬁts\_ébsfz@%eém-all%
container or resg Yifrhatfbd emtdHinteiRYthb falfed ffte blemeh9 182 SRRAPAFIrRRd SHD! &iBL
The retentate recovery arrangenent 400 may al so include a“punp assenbly
406, which can imedulescomppsing foy exampie tencialias elementyd 22 (five parsin Skhesub-mypdulae
retentate romt ' ' f

4o A Y 60 W SRECAMAMP SR Bl cpens 99 L0 o e,

process fluid co e recover
arrangenent 400 #Aeoprdingly ughoupsi of thelslibemodulésanayrthembe pasitionéd bdrweqmiting bass piatd| y

406, one or nore contral,valves, a f] ow er, oupled to the retent

oturn Ti e 00 IERY 18 58 P po piaie Y 030 fE G PPt Biodirips-
separati on assenQbnsequetitly,a mdisbrieafiedide 104unay coNPLiR dng huBbet-of SutiPmO&EEs which
sensor 408 and a teggeraéure S P(%o_r 410 coupled to the 20 retentate

return |ine 402 H&Y bsrapidiyasse dte 3 pembeane modiieatd Byodtarking, the SHR OIS

400. A vajove 412wRR4RESR WispOsch hetweeh @idheddface:R ipHir bf ki Modiles. Ty al so be
i ncluded in the retentate recovery arrangenent 400 to control the flowrate

of retentate exiting AhmoweibFighee Ip e rrocegyfluid side of the membrane support plate 218
may be divided into three annular regions: an inner region 222, an intermediate region

224, and an outer region 226. Within the inner region 222 is the innermost set of
circularly arranged holes 230 described previously as forming the retentate conduits 198

15 in the filter elements 122, as illustrated in Figures 3 and 4. In the illustrated
embodiments this innermost set of circularly arranged holes 230 comprises four holes;
bowever, more or fewer bholes may be utilized, for example, eight holes. These four
holes 230 form the retentate conduits 198 when the filter elements 122 are positioned and
secured between the head plate assembly 120 and the base plate assembly 118. In the

20 exemplary embodiment the membrane support plate 218 in the inner region 220 is
impervious to fluid flow, except obviously for the four retentate holes 230.

Within the outer region 226 are the second and third sets of circularly arranged
holes 234 and 236 described previously. In the illustrated embodiment, the outermost
set 234 comprises twenty-four holes; again, however, more or less holes may be utilized.

25 These twenty-four holes 234 form the guides 196, illustrated in Figures 3 and 4, through
which the bolts 204 utilized to connect the head plate assembly 120 to the base plate
assembly 118 extend. In the embodiment illustrated in Figure 17, inner and outer seals

240 and 242 are shown mounted on the process fluid side of the membrane support plate
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I n accordance with one aspect of the invention, the retentate recovery 25
arrangenent 400 nmay also include a retentate recirculation | oop. For
exanple, the retentate recirculation |oop nmay conprise a retentate
recirculation line 416 coupl ed between the retentate inlet 113 and the
retent ate r eW@PH008he 402 downstream fromthe punp assenbl $CTUSE/IT208
retentate recirculation | oop may al so i nclude a val ve arrangenent 418 for
controlling flow between the retentate recirculation Iine 416 and the 30
retentate return line 402. Instead of recirculating the retentate directly
between the retentate outlet 108 and the retentate inlet 113, the retentate
recirculation | oop may 20 WO 97/ 02087

PCT/ US96/ 11207218p acverdingicaddisionsithmies 2d4dtih die quds seal 24P are dlustrated. e Aidetadled 113

bontamer 505 CPIERHR drte G4 Bher LERCIA0Ind 247 5 len nafoul’ PESREalniah, Br
She por meat o, poBmneNa o Sflb’gﬁr?e”ﬁ?o%%"gif”?wm%?mm mwe"t‘méesty 130
T e o o Loy ey s BB ISR AR TV M0 I Lrsy Thete T Jo RS 38 forth

recovery |ine thogrotkdsGlui® sénHRs 200 Ghed e ﬂ?@f BRAkAs 224 hR! pobitidnddbétwber At e
contai ner 504. One or nore val ves 506 may be coupled to the perneate

recovery | i ne isadplats agsembly 130pad the haseplate asssmblyy Ui tlhélwwal@mvn@@mt i on
system Furthgg, hﬁw?aﬁi&rsﬁ 1252 1808, this Wdted 1@n éﬂs is i I-ﬁéﬂ%%?idﬁ flowcnsor
512 coupled to the pernea covery l1ne 502 al so e included in fhe
perneate r eco%cgptzi@rrtaﬁ@eheﬂiiﬁ t-‘;mmmgm @rasassi fluad wnduhsemibr meat e recovery
arrangerent 500 My iertiiRiats YR 233 35RAbHIMR lht liEn 825 TS outer

10 region 226, and the permeable membrane 262 is attached to the intermediate region.

Accordingly, the intermediate region includes a mechanism for draining permeate away
from the permeable membrane, such as depressions or channels which extend all the way
or only partially into the membrane support plate 218. In the exemplary embodiment,
the membrane support plate 218 in the intermediate region 224 is pervious to fluid flow.
15 For example, the intermediate region 224 may comprise a multiplicity of through holes
238 which may be of any suitable size and shape. In the exemplary embodiment, the
holes 238 are extremely small, e.g., about 0.015 inch in diameter, and have a circular
geometry. Accordingly, these small holes 238 allow permeate on the downstream side
of the permeable membrane 262 to drain from the permeable membrane 202 by passing
20 from the process fluid side to the permeate side of the membrane support plate 218. The
small holes 238 principally function to allow permeate flow through the membrane
support plate 218. Although the holes 238 are preferably extremely small, there are
enough holes 238 to ensure that no excessive pressure build-up exists between the two
sides of the filter elements 122. The multiplicity of holes 238 may be spaced apart from
25 each other by any suitable distance and arranged in any suitable pattern, for example,
in radial lines. In the exemplary embodiment, the holes 238 are spaced apart by about
0.035 inch, as measured from the center of the holes 238, and are arranged in groups

of three in a triangular configuration,
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502 for withdrawi ng perneate fromthe vibratory separation assenbly 100.
The vi bratory separation system nmay include various ot her subsystens such
as 15 a sterilization and/or cleaning arrangenent 600, a heat exchange
arrangenment 700, and a transport apparatus (not illustrated). The
sterilizati on weadfesrcl eani ng arrangenent 600 may i ncl ude a pomse&iDizor
coupled to an inlet 604 for directing a cleaning fluid such as steaminto
the vibratory separation assenbly 100 through a val ve 606. Steam nay be
directed through the steamline 602 into the vibratory separation assenbly
100 and out 20 t hrough the process fluid inlets 106 and outlet 112,.
the retentate outlet 108 and inlet 113, and/or the perneate outlet 110 to
clean and sterilize Inher andlugr ceals 24parda?42anayabesmotmitsd ©O0fe pracessfiudd sidelof or

in addition, a geparate cleanj utio uch.as a.,c ti ol ution,. may
be it oduced i FE ACTHER HPRITLPGte CaB 4 SRS APSHE TR B B AR Y omrise e
cl eaning inlet &i4sfablenaififiCRss aﬁ'th'étﬂlié,gﬂ)(ﬂ%xﬁerﬂd)& eRitbibbrid mat¥rialighIn @ng.

t

both the retentate outl et 25 108 an e perneate outlet 110. The
heat exchange afPbafiasmtntheAc)s My GOEPESt) pRwlar (petal fings, ang) they,may Be g idine

modul e 104, t hepk{e aSmid v.'x%lh Geal 28 % didchSedSibseubifty” SR B40/aRl 94T prefedibift 02,
and the perneate recovery Tine 502 to maintain the tenperature of the

process fluid, have arthicknass geeatenthan itke thisknesspbtheipetmaablg mamhdaneci6aisnehithabinge.
For exanple, th t. N0 K DGQRT o .
27 2 is SRR W cad e prdfFle AL SR o aomen s s clomenty 122

PCT/ US96/ 11207 rangemnen noun
the ret entate riaabc/memb#a'nnmoaﬁl?. 184d Thisggapi268, whithhisdestdidsarated ihFigugh 26 and
fﬁg' gPte d'e{ Qrem7ﬂ§1df$rrgﬁ gs 0 Hodtsd Fruld o SRS ot cBarer ' AShe” i Spsatn St

10 adjacent permeable membranes 262. Alternatively, the inner and outer peripheries of

the process fluid side of the membrane support plate may be raised and thereby function
similarly to the seals 240 and 242.
The inner and outer seals 240 and 242 may be between 0.005 and 0.500 inches
thick, and may preferably range from about 0.020 to about 0.200 inches thick, and more
15 preferably from about 0.040 to about 0.100 inches thick, for example about 0.060 inches
thick. The inner seal 240 preferably has an inner diameter substantially equal to the
diameter of the central opening 220, and the outer seal 242 has an outer diameter
substantially equal to that of the outer diameter of the membrane support plate 218. In
addition, the outer seal 242 comprises a plurality of holes 244 which correspond to the
20 outermost set of holes 234 in the membrane support plate 218 as shown in Figure 18.
The outer seal 242, as well as the inner seal 240, may comprise more holes than does
the membrane support plate 218. These extra holes are utilized to reduce the overall
weight of the system by reducing the weight of the seal itself. The use of the seals 240
and 242, and the stacking of the filter elements 122 in the membrane module 104 is
25 described in detail with reference to Figures 20 and 21.
In a preferred embodiment, the inner and outer seals 240 and 242 comprise
substantially circular polymeric rings having the same dimensions as the annular metal

rings described above. Figures 23a and 23b are detailed illustrations of an exemplary
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The transport apparatus, not illustrated, may conprise a skid or a cart on
which 5 sone or all of the conponents of the vibratory separation
systemare nounted to facilitate transport of the system The vibratory
separation assenbly 100, as stated above, preferably conprises generally

t wo conponent o 97eeosrenbr ane nodul e 104 and the drive necharrcavusé@207The
menbr ane nodul e 104 may be connected to a torsion spring 116 of the drive
10 mechani sm 102 or any ot her neans suitable for the transm ssion of
vi bratory forces. The nmenbrane nodul e 104 may conprise various geonetries,
e.g., a parallel piped configuration, but is preferably constructed
utilizing a substantially cylindrical configuration as illustrated in

Fi gures 2-4. Thenbodihe¢mrof tho glabte innér Wméxsfmallseﬁmaﬂ'ﬂ Rat Thaphstidhtiygslar8, a
head pl ate assephl 20, . and lural ity of filter elepents 1 15 .
posi ti oned and éﬁn dﬂ%ﬁ S&§Q¥pF§P@n% %ﬁ%?@H%Tﬁéﬁ égpﬁé“hggay
plate assenbly & aau&h@swmﬁ Sreftkphbﬂlyi RiCHxpersdR, tol iauFRhRE! 0. 1dsd wabte bt3

(illustrated in qure _24), and e perneate drain 114 may be npunted to
the base plate tastge#m yn zaexcmwmb@ﬁmb sgie (ogall pfthe ltqlré ip dhenBRGrOT OHEr ot

110, and 4 he p n%]d%@ cektip i§d mléFuﬁ?rYstB%réU@W ng?o ma%u'fé’f'%&hl@hﬁt he
e nu

assenbl y 120 ter enents "122 conpfi sing
menbr ane nodul emg@lingertsi wuql)dp&nal thigknesscnortespondiag ta ﬁ’g Itmckr&@pq’f tbfapliasm ring,

whi ch the vibr e t I h ary
enbodi nent, ap;\?’%r’r‘étcg %3%‘89 ge&g%ﬂﬁ]ﬂ? hcgﬁ 8 eQ%e&%g%na‘lrﬁe}mé’t ?EIS%QW’The
base pl ate assenhbhnetali:&enmymh&rmmpmmd farsesageneratep ivhen theubults avhich secure
structure, r ef er abl e cons fro onent s, .as
ot rared o B gFashens Y22 berfEahd Bk Sl s mui ol i PSR R
base pl atee assery ate fididered, iﬂaﬁrmkﬂnuﬁersh&ﬂdmesdagzeltmalby@ieen&x’aﬁoxhaﬁ theRyQém
124, the inl etp‘FI ate 126, and the center plate 128. shown in Figures

5-7, the base W“%yl"(?é‘dé“’ﬁu%m InSeTEspreent ?h!?ﬁ‘%‘fﬂa“ﬂg%@ ‘H%ﬁﬁahg?“a
llower surface apgicRhiRRARerwist beCEused BiEthe Whzhtictl! TRCHRe@PHsdIR may be circular

300 and have a diameter slightly larger than the diameter of the holes 244, or comprise

a diamond shape 302. The diamond shape provides a greater surface area than the
15 circular shape, thereby being better able to dissipate the. applied forces.
In a preferred embodiment, the metal inserts comprise solid metal inserts, such
as solid metal discs 304, which may be positioned in the inner or outer seal 240 or 242,
for example, in some of the holes rather than around the edge of the holes as stated
above. Accordingly, the metal discs 304 may not be utilized in holes 244 which serve
20 as bolt holes 234. The metal discs 304 may be utilized in every non-bolt hole 244 or in
every other non-bolt hole 244. Preferably, when the membrane module 104 is
assembled, the metal inserts are axially aligned.
The plastic inner and outer seals 240 and 242 may comprise any suitably rigid
polymeric material, and may preferably comprise a polymeric material, such as available
25 under the trade designation NYLON 66, with fiberglass fibers added for structural
reinforcement. The metal inserts may comprise any metallic material, such as stainless
steel. In the preferred embodiment, the metal inserts may comprise stainless steel. The

inner and outer seals 240 and 242 also comprise gaskets 306 as illustrated in detail in
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PCT/ US96/ 11207 substantially flat. The upper surface may al so be
substantially flat, but it is preferably sloped in at |east an internediate
region thereof. For exanple, the outer periphery and the inner periphery of
t he upper surf Wo97ea87be substantially flat, and the regi on befrnessmiidie
outer and inner peripheries preferably has a sl ope which slopes upwardly
froma 5 regi on conmuni cating with the process fluid inlets 106 to a
regi on conmunicating with the retentate outlet 108. In the illustrated
enbodi nent, the slope extends upwardly fromthe outer periphery towards the
center of the base plate 124. The sl ope nay range from about O degrees to
about 15 degr eeFigwns23erthoaga2Afy Figuee 23cdp e croasssectombview ofithebuner sehl 24mken t o

about 8 degrees, ,and nore.preferabl om. abo 2 degrees.to abou
oot bes. 178" S aich el TRIC 7 ik A0 BARH £ ' GPERaL R Ot s outer
degrees. The sl gpf}4p edednlohgsectioh liiskd hdill@stiatiflg e cifbiiler Beal inyers Fafaré 2Bc

Figure 22, which is a detailed sectional view of the vibratory separation
assenbly 100 wi tihdEFosE-sestional yigw of the auter geal 242 tajgnaalong spetion ling gz¢ angd yhystrating

surface o the QasgiaRlbad W:ﬁm%ﬁ%@gg&a‘t g@u@@bfhpk%réﬁseétibﬁle@e‘fh?g@ts

122 at an angle conparable"to the angle, € base plate 124, and tt
serves several iowasseal 242 1aken alongfsaetion; lingd-faand; idustrapng theecircular dise 304 insert.

subsequently. T ' '

channel 130 and @e%g%}s@p? ?E)Ig’g ;béz’ 4?‘{{@%8 Q(‘S:’ Eg#nrgﬁﬂ%bﬂ R{l—gers toﬁgﬂg@?rﬁ'}da%g seals,
enbodi nent, the euppes therimmee periftery df thh aatee lseals3P42aand thdreutkroperiphgny af alsesinhérui d
channel 132 are a ar, grooves avi ubst anti.al | ect angul. ar.

crosas seortons. S 405 o SHRR 35 puoHR Rl T TnB BegiRis H0f Bk B0 Rlion grotaed
124, resqecti velejastomehie gagkpr306 whidhoare forpted @esuad fthelddge ahdisides of the thnawioutdr3 2
are

periphery of the inner and outer seals 240 and 242 such that the gaskets 306 form a
substantially circular cross-section. The thickness of the gaskets 306 is preferably
greater than the thickness of the inner or outer seal 240 and 242.
As shown in Figure 18, the permeate side of the membrane support plate 218 may
15 also be divided into three annular regions; namely, an inner region 246, an intermediate
region 248, and an outer region 250. The dimensions of these three regions 246, 248,
and 250 correspond roughly with the dimensions of the three regions 222, 224 and 226
of the process fluid side respectively. The outer region 250 of the permeate side may
comprise the bolt holes 234, the process fluid holes 236, and a narrow circumferential
20 groove 252 positioned at radial distance corresponding to the inner periphery of the outer
region 250. This groove 252 may be utilized to accommodate excessive adhesive which
may be utilized as a sealant between filter elements 122 which are paired and between
adjacent pairs of filter elements 122.
The intermediate region 248 of the permeate side of the membrane support plate
25 218 preferably comprises, in the exemplary embodiment, a basin type structure, i.e., the
intermediate region 248 is thinner than the outer region 250. The intermediate region
248 of the permeate side comprises a multiplicity of protrusions 254 extending

substantially perpendicular from the surface of the basin formed in the permeate side of
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preferably positioned such that there is an overlap between the two
channel s 130 and 132 and are connected by a plurality of base plate process
fluid conduits 134. The process fluid conduits 200 in the filter elenents
122 comuni cate with the upper process fluid channel 130, and the process
fluid inlets ¥®ymmaosruni cate with the | ower process fluid 2%crmsssnebhannel
132 as is illustrated in Figures 3 and 4. The base plate 124 may al so
conprise a central well 136 and a central recess 138. In the exenplary
enbodi ment, the central recess 138 conprises a circular geonetry. The
center plate 128 may be nmounted within the central recess 138 to ensure a
non-slip 23 WO 97/ 02087

PCT/ US96/ 11207 ¢@ninembi@8 sepporiplaeei8er TR piotrudidis 254 inag bbaFanp|sBipR drdze
Wthin the central recess 138 .is the central well 136. The central, well 136

may be a subst af@Gluding cigquiar, Hiangular, GRCHPRY O sgugEe: HiBthe eXpmplary EBH‘?B‘EP_F‘F“‘ZG‘F
extends t hr ough pkdifisfoR 264 aRfsubdishiiafy ByldAES iﬂglfatpﬁe@ﬁné)ﬁ'hg?ﬁtt&é%ﬁd ®.003 to

conduit 208 nay be a narrow tube which connects e conduit 5

202 in the filt&bousiOc4fibhingh ap meagirechfromethe surfacoof |me1§irnbn;g‘¢reaﬁ@n¢s¢r of about
connect s To. i he CRBPRet? CHE dtbboibnt 284 E'5BRMR bl ol Bl HRar e
plurality of holaed id4he extrplirynembddimeritrara peeferablyrunifoemlyyspacadaagped framo omd
D outer et Pt BSOS RbRRe o k€5 5ok bRt i o g
secure the filt ¢ie ettt bgidon EMVEE thet frocdie Aididosiaé extand airbigh the Gnéitahde
base plate assenbly 118. In a preferred enmbodi nent, the hol es 140 are not
t hr eaded. The b gggp% égtg qg Ao fl@r[{qquate side. The protrusions 254 are preferably positioned
10 in the spaces between the multiplicity of holes 238 in this intermediate region 224, 248
in order to prevent any interference with fluid flow through the membrane support plate
218. Alternatively, instead of protrusions, radially or circumferentially arranged ridges
may be utilized. In addition, instead of a raised structure in the basin, the basin may be
flat and a layer of polymeric or metal mesh spacer may be placed in this region. As
15 previously indicated, the individual filter elements 122 are mounted in a pairwise manner
in the membrane module 104 with the permeate sides of the membrane support plates
218 facing each other; accordingly, the multiplicity of protrusions 254 of each filter
element 122 in each pair are preferably in alignment with and make contact with each
other such that a permeate flow region is formed in the areas between the protrusions
20 254.
In the exemplary embodiment, the inner region 246 comprises four raised lands
256 which individually surround the four retentate holes 230 in the inner region, 246.
Accordingly, if additional retentate holes are utilized, e.g., eight (8) holes, additional
raised lands may be used to surround the holes. Although the lands 256 may have any
25 suitable shape, such as a circular shape, the raised lands 256 are preferably U-shaped and
extend from the four holes 230 to the central opening 220. The height, as measured
from the surface of the basin, of the four raised land sections 256 may preferably be the

- same height as the protrusions 254. These raised lands 256 prevent the permeate from
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i ncludes a plurality of holes 142, which may be threaded, circularly
arranged around an inner portion thereof. Two of the holes 142 are
illustrated in Figures 3 and 4. These 15 hol es 142 are also utilized
to position bolts or other securing nmeans which may be utilized to secure
the filter ovoowodosr 122 bet ween the head pl ate assenbly 12&cTwsdsize? base

pl ate assenbly 118. In a preferred enbodi nent, the holes 140 are not

t hreaded. The base plate 124 al so includes three sets of threaded bores
144, 146 and 148 circularly arranged at different radial distances in the

| ower surface thereof. The innernost set of 20 t hreaded bores 144, two
of which are illustrated in Figures 3 and 4, are utilized to nount the

center plate ¥dWilgidd theb@fataR! cinuils?708 Mnde tfiker leMelite 182 Torfgd I8t he Tour
t hreaded bores 146 and 148, two of each set are illustrated |n Figures 3

and 4, are ut i'fiEntatg hples 23 in the,jangxpegion 322,346 e AndsRIEYERf the ToIEHAS TTOM CHTEE ¢ o
nmount the inlgge ?Qrﬁﬁ:ﬁe sefiult 200 e R ARR: Blepefts 124 forﬁéd Sg Q’Yéﬂ:ehﬁal': dpeiihe 2@ and

9, the inlet pla may conprise an annul ar disc havi ng an
out er di amet erSimiarbhthawyptep segiam 0z whiich) is yalseqdahaummtth@b@m iarthey inermediateo

the base bl al Seetd o4bPRipAChd Bifar id ARRA bR, T pEes3 A A0 264

flat and a cent open| reater than'the
di anet er of t lsepatating rthe pﬁrmeaeﬁrom&elpmmsseﬂlbdtse plate 124. The inlet plate
126 al so conpri ses thre sets

ol.e .
Pe o) 13967 164 FIEdrG T8 354 BecRboat YigR of R méroraps, SiPa, PR 218, o Asds tes3
154, 156 may If@mi ﬂxéﬁ@dtbdme'ﬁélghﬂfas inl@sutddrfegn 8ﬂtsﬁrf£l‘fe ol tedasid 2ot theskotbdomr €

o0 e R LI B DB b, B B LA gL

146 andpl48 apeotiusions t:sataeéd abdt [.G03" Bi8h Jo aBsht 0.4 eachdl 2l nse@bur®f from the
permeate side of the membrane support plate 218. The process fluid side of the
membrane support plate 218 is preferably smooth, while the permeate fluid side has the
multiplicity of protrusions 254 and corresponding valleys. The significance of this
unique design is discussed in detail subsequently.

15 The membrane support plate 218 may be constructed from a single stainless steel
plate of uniform thickness. Stainless steel is preferred because of its high strength and
dimensional stability, even at thicknesses as thin as about 0.002 inch. The multiplicity
of holes 238, the basin, and the protrusions 254 in the intermediate region 224, 248 and
the channels 258 between the four raised U-shaped lands 256 in the inner region 246

20 may be formed in any suitable manner including mechanical punching, photochemical
etching, electro-discharge machining (EDM), or electron beam and laser etching. In the
most preferred manner, the membrane support plate 218 may be formed by
photochemical etching due to its ability to provide smaller topography on an etched
surface compared to, for example, EDM.

25 Alternatively, the membrane support plate 218 may be constructed from a
thermoplastic material having a sufficiently high strength to withstand the vibratory
forces. The holes 234, as illustrated in Figure 17, which form guides for bolts or other

securing devices may comprise metal inserts to protect against wear due to vibration.
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5 hol es 156 are arranged so that they are in alignment with the hol es
140 in the base plate 124. The inlet plate 126 may al so i nclude two sets of
annul ar grooves 158 and 160 in the upper surface thereof. Sealing nmenbers
162 and 164, such as gaskets, may be positioned in the grooves 158 and 160
to ensure a fMAYOBFht seal between inlet plate 126 and t h@CFASLE/PROR e
124. The process fluid inlets 106 conmuni cate with openings 166 and 10

168 in the inlet plate 126. The process fluid inlets 106 nay be nounted to
the inlet plate 126 by any suitable neans including welding, brazing,
pressure fitting, or threading. As shown in Figures 10 and 11, the center
plate 128 nmay conprise a substantially cylindrical disc having a dianeter
substantial | y efun¢mbrang Mvpmt@lm 218 efmpriswggethenmgplasée maierialagay he easdlylrade

_I?_Lgt geﬁtzgr ag?atjlggﬁgggpg?ég snug ﬁ?&ﬁfehe cengm/fnbr ecess l'?%é‘h?&l{)r e%/@h?n]-S

novenent t her egplatedizsénexperisoe emmesubaﬁomldmsssed ghowe . abmbprisiog, fnod:nmp]lc?o

two of which |usgrated in Fi Lar | d d
1S outer por| pRBAYE THEERSBRERE TGRS AT fnpenble e @i 0 O

al i gnments wi th the iTheglefédbleSiBiémbrand P62588keebriise dnyl dtabld fltBEMBER, Phchlas
124. In the exenplary enbodi nent, the center plate 128 is a solid 20

cylindrical distPorguy %’cﬁegllpe&‘mﬁwmléhﬁsa VOSMOr Ben-BeKgnethessrof palymegiht er

plate 128 to itgr g Zﬁﬂzyxﬂémeﬁbe@& BRMERAE! Q\lﬁ&ﬁ'tx@el}lﬂxerﬂé{nﬂ?ﬂnepm'&mﬂaﬂﬁ'p
within this groove and may be secured wthin the groove 212 by wel d| ng

or any other sud p@rpumn@hmgdla,m@h aetbe medlia awailable fronnBal] Qerporagips uader 2@ tragp d

or any ot her . medSeraye PARTU POIES a FREAlack ool 60 Broufed i HGAE, BB 0

associ at B vi brexemplazy einhodiaent nhnapemawy porensdmembrane aiiryn inshadg ORicrdporous
o0, bl LA s e g SR B
preferred enbodiypiesity be hﬁeﬂhmlefrﬁﬂnaé qbolyﬁﬂmc tdﬁerizmlsﬁlth B pbigarhide, palydinyliéene
center plate 12§uoalqdlc Cp% tctra %o;sote iyﬂtlnf:e S%ol%lﬁfeolné, %glyethersulfone, polyethylene, and
polypropylene. = More preferred membranes are polyamide, e.g., nylon, and
15 polytetrafluoroethylene membranes with the most preferred membrane being a
polytetrafluoroethylene membrane. The preparation of these types of membranes is
described in, for example, U.S. Patent 4,340,479. Further, the permeable membrane
262 may comprise one or more layers. For example, the permeable membrane 262 may
include a microporous membrane and a fibrous layer. The fibrous layer may be disposed

20 adjacent to the microporous membrane for support and/or drainage.

The permeable membrane 262 may be attached to the intermediate region of the
membrane support plate 218 in any suitable manner depending, for example, on the
composition of the membrane support plate 218 and the permeable membrane 262. The
permeable membrane 262 may be welded to the membrane support plate 218 in a variety

25 of ways or it may be bonded to the membrane support plate 218 by an adhesive or a
solvent. Preferably, the surface of the membrane support plate 218 is roughened, for
example, by oxidation, prior to attaching the permeate membrane 262 to the membrane

support plate 218. This roughening of the surface typically aids the bonding process.
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The torsion spring 116 nay be connected to the base plate assenbly 118 by a
plurality of bolts 172, running thread, or other securing neans, positioned
t hrough openings in an upper portion of the torsion spring 116. The
plurality of wWobwea®72, two of which are illustrated in Fi getrigssesnaod 4,
may extend through the torsion spring 116 5 and through the plurality
of holes 170 in the center plate 128 and may be tightened into the threaded
bores 144 in the base plate 124. Accordingly, the torsion spring 116 and
the center plate 128 nay be nounted to the base plate 124 in a single step.
The positioning of the center plate 128 in the central recess 138 provides

for a secure, non- Rrtfemblyoamelinesic. mistdporaag membyane suahl as polytetafingoethplend e
vi bratory separati ssenbl.y 10 100, The inlet plate 1 may he
nmount ed to thelsa’gggerhp&a? é@%’ Bymbrane, SRRt pla fsuﬁglaf Stajryess sFeﬁﬁﬁY rYﬁ‘¥t‘ﬁraead,

or ot her securhongrovertwed of thembplastic muldiconhpdiént Fiberéh TaOmATtRompdriest fitkkasay N

Figures 3 and 4, are g}ositioned through the two sets of holes 152 and 154
in the inlet pfORREisg stleash 3 firstnohimes @pd 2 second palymar such that gie sepand ROLENES A es

146 and 5148 i nprbf@t BASE 16dkh Poktith: oflfde surface of the mﬁm&nkb%ﬁ&g ?h%%seatﬁsﬁﬁ”p y

120 may be constructed as a_one-piece, unitary structure, preferably
be const r uct edm¢lfiagriemnerafre helow liag tempesatyrey ofthe firskpolymerri Karexample, 4

head pl ate assorariphRedt TeRTRarLiaie o 10y M GTRRRE b RR UChAD 1he
178. As shown polyrérgudg® mdre than about 4{eweight pereentlofdhersecotubpalymebst ant i al |y
Chat of the base prRECTESSORIGER hect 5E e APV prel; cAd JRobreBATey SO0 athe
| ower sirface suityblepsigmes. RibRtab, ititd miltitdraponemibetstof the nonwoven web will be
prepared from suitable polyolefins.  Suitable polyolefins include polyethylene,
polypropylene, and polymethylpentene. The first polymer is preferably polypropylene,
with the second polymer preferably being polyethylene. The fibers of the nonwoven web
can be prepared by any suitable means and formed into a nonwoven web by any suitable

15 means, such as the conventional Fourdrinier paper making processes. While the
multicomponent fibers are preferably bicomponent fibers, i.e., fibers prepared from only
two polymers, the multicomponent fibers can be prepared from more than two polymers,
i.e., the first and/or second polymers as described herein can be thought of as polymer
blends.

20 The particular combination of polymers for the multicomponent fibers may be
chosen such that the melting temperatures of the first and second polymers differ
sufficiently enough that the melting of the second polymer can be effected without
adversely affecting the first polymer. Thus, the first polymer preferably has a melting
temperature at least about 20°C higher, more preferably at least about 50°C higher, than

25 the melting temperature of the second polymer. The second polymer will typically have
a melting temperature of about 110°C to about 200°C, more typically about 110°C to
about 150°C.

The adherence of the permeable membrane 262, nonwoven web, and the
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Is preferably sloped at least in an internedi ate region thereof.
Specifically, the outer periphery and the inner periphery of the |ower
surface may be substantially flat, and the regi on between the outer and

i nner peripheries preferably has a sl ope which sl opes 25 upwar dl y
froma regi oWORIARA8AI cating with the process fluid inlets POGMUSA6/H207gi ON
comuni cating with the retentate outlet 108. In the illustrated enbodi nent,

the sl ope extends upwardly fromthe outer periphery towards the center of
the head plate 176. The sl ope nay range from about O degrees to about 15
degrees, and preferably the slope 26 WO 97/ 02087 .
PCT/ US96/ 11207 may range from about 1 degree to about 8 degrees, and nore
preferably fr anemiirent suppateplnte 238 iseffattediby ﬁlbjbeg'ngaths noriwoveh welp teed empeniture
enbodi nent the, sl ope_i out degr.ees. The, sl o on | h ad
olate 178 i s Py BE mepR sttt e aicond poymel R SeloW e Pl hefiners

detail ed sectiofnbe fivst Polydier,! eemudbly AleMbians QP2 fidi :ﬁanmﬁefdpbynm 218. In
without the filter el ements 122. The ,slope in the | ower surface of the head

plate 176 i s Q@SBESaWoNds-othe Jonwoyen Wé‘é]d%lsutﬂ?ﬁﬁdh@ 3| teypReTatire; Sdhiciemt e auesshce
of the Rase plpﬁhﬁ\ll}%lt ﬁl@&cgﬁéﬁol @tt@nﬂcglf's ﬁ'ﬁ@ﬂn&%&! @B dtHeP Soriiidend? ot €

176 being concave. The slope in | ower surfacé of the head Iate 176
al so tends t o thefileronThiparogessds ﬂ?ﬁéﬂhﬁldl indy.Se Patggtritesiali No. G8/388;3K) @gpsigned to

conparabl e to d)é]?a.n?anun f?n&fasttﬁgpxtlgﬁﬁi Ve idh éX | #V@Jéo?g?rﬁés Jefefehfd rem

| nportant 10 Ions as'I's explainé se uent The
head plate 176 preﬂ&eajohmngmhmqmdesanmmboaé farpeonding tnﬁﬁermeatbie\lﬁmﬂinanche

per neate outl 10 co ni cat e ut |l et. chann i,n th

over - sur f ace 2AdP S Debipe St efyrsE15 foatfs B metrggodle {66

sur f acel0t her edh high' she@sS énviirodinnts with no substantial risk of the permeable membranes 262
separating from the membrane support plates 218. Having a bond of this nature enables

the process conditions, i.e., flow rates and pressures, to be somewhat flexible. For
example, the system does not have to be fully pressurized before vibratory motion is
imparted to the membrane module 104. In addition, because of the strong bond, the
15 process fluid need not be pumped in under high pressure in order to hold the permeable
membranes 262 to the membrane support plates 218. The process fluid may be passed
through the membrane module 104 at a relatively low pressure, thereby enabling a longer
life for the permeable membranes 262 as described in detail subsequently.
In one embodiment, in order to further secure the permeable membrane 262 to
20 the membrane support plate 218, the permeable membrane 262 may extend radially
outward and radially inward past the intermediate region 224 such that it may be secured
to the membrane support plate 218 by the inner and outer seals 240,242. Preferably, the
permeable membrane 262 would be large enough to be secured by the leading edge of
the inner and outer seals 240,242 without blocking the bolt holes 234. When the seals
25 240,242 and the membrane support plates 218 are compressed by the bolts, thereby
forming the membrane module 104, the seals 240,242 compress each permeable
membrane 262 at its outer and inner periphery against the membrane support plate 218,

thereby securing the edges of the permeable membranes 262.
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outlet conduits 186 which connect the process fluid outlet channel 184 to
the process 15 fluid outlets 112, and a retentate outlet conduit 188
whi ch connects the retentate outlet channel 182 to the retentate outl et
108. The process fluid outlets 112 communicate with the process fluid

outl et conduitswWQ8802087 t he head plate 176, and the retentate grhsdk11h0S
comuni cates with the retentate outlet conduit 188 in the head plate 176.
The process fluid outlet 112, the retentate outlet 108, and the perneate
outlet 110 may be nounted 20 to the head plate 176 by any suitable
nmeans such as wel ding, brazing, pressure fitting, or threading. The process
fluid outlets 112 may be utilized to remove excess process fluid, or to
recircul ate the procdssxiﬁndinglthsannncabletﬂmnmaméézpa‘stthiedntemiedtas: kfion 224 andler

A coml ete descriiet i sl e RTRIE 0 Wnfhe P il ot L ARETRE Boiese
head plate 176 a23ofdtming the pmessdmid a:omauitsama wolld B®lcoferdd DyCihe Cptrmedbie

arranged around |ts out peri pher ese holes 190, two of which are
il us? rated in %%r?ﬁ‘e& ) %F‘gn@@ab@% R62 i, faid He‘ynameﬂmmembrane

al i gnment sni th h@b@@n PR 218. tA&@oz@ﬁi@ﬁ; B &Y Ridkidal x&muﬁlaﬁmg k%ﬁg@%@%@ﬁ g d

16, the head plate cover 178 may a substanti al
PCT/ US96/ 11207 c9¢mbrang. c fior GP‘%'EPlhawhﬂg astl?b‘sQfaﬁlﬁl‘aﬂlm}emsl 122 angformerdy th¢ @xver

The contral  opor SRl e ARk BigP bf Bl o T 308 MLPEELE moBiP Bl P T,

t he di ameter of membranes@6pofithe paiz@t ﬁlfheletlbm;ﬂiﬁl A metabmlzt may Be i -amdlmteaaﬂl

57 g nob o3 e Roffh 250503 pok GdBIP BB RRPT o R ety 0

arranged uch t Ipair.

As shown in Figure 20, the membrane module 104 may comprise the filter
elements 122 stacked in a pairwise manner with the inner and outer seals 240 and 242,
preferably only one of each, between adjacent pairs of the filter elements 122. A film
or an adhesive, such as a thermal plastic adhesive/sealant may be used to bond the outer
15 regions 250 and the raised lands 256 on the permeate side of each pair of filter elements
122 and to bond the surfaces of the inner and outer seals 240 and 242 to the inner and
outer regions 222 and 226 on the process fluid sides of adjacent pairs of filter elements,
providing a fluid tight seal. If plastic inner and outer seals 240 and 242 are utilized, an
adhesive may not be necessary. |
20 The permeate sides of the membrane support plates 218 of each filter element 122
in the pair face each other such that the multiplicity of protrusions 254 are preferably in
alignment with and contact one another, defining a permeate chamber 264 which
communicates with the permeate conduit 202. However, each permeate chamber 264
is isolated from the process fluid and retentate conduits 200 and 198 by the face-sealed
25 lands surrounding the process fluid and retentate holes 236 and 230.
The inner and outer seals 240 and 242 create gaps between the process fluid sides
of adjacent pairs of filter elements 122, defining a process fluid chamber 260 which
communicates with the process fluid and retentate conduits 200 and 198. The gaps
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they are in alignnment with the plurality of holes 142 in the base plate
124. The head plate cover 178 also conprises a central opening 214 through

whi ch the perneate outlet 110 is nounted as illustrated in Figures 3 and 4.
The head plate cover 178 al so conprises a u-shaped notch 216 through which
t he retent atwooawso8t 108 is positioned. 10 The rorasoquiza7e 176

and the head plate cover 178 may conprise a netallic material, a polyneric
material, or any other material having sufficient rigidity to withstand the
associ ated vi brational forces inparted by the drive nechanism 102. In
addition to sufficient rigidity, the material utilized preferably should
not react with the particular process fluid. In the preferred enbodi nent,
the head pl at ehetweégnahel prdtesshfhid sides of adjacddk Paies 0D fiter diéBemo D2 insy ssabel ess
steel. The pl urallt of filter elenents 122 are pqsitioned and secured

bet ween the bFSAtEs é’“}%sséﬁ’gﬁlilsﬂ"é“ﬁﬁdf"f M@ﬁdﬁﬂeﬁt@rﬂ%%ﬂy mogbrane

Al though the fapddf ?lﬁﬂem%tﬁer% BiPitie Dhef ORH tldt s8Als 24D, B4V HR 3635 hidl Ve OF
ways; each filter ement 122 preferably conprises a nenbr ane support plate

218 and a per rpauﬁnémk%q%paﬁé variable gicknessp OFor example} thesgaps betverm te; grmss 17
throughs2l. T ﬁ&ﬂg{%ﬁg of hﬁtlgw%flglté}ee‘iedﬁé ﬁsfﬁa Hzi}?
ts o Clrcu

C|rcular di sc aV|ng a oentr openi ee S
arranged hol egapgbetwaauthe apper2Biger eTmmnﬁenApedrdmglgnthcgp wadlddfe razmW gﬂpstline

filter elenents 12 the out e t of..circul arl rrapged hol gs,234
i the 110t o Pipf B0 the SBSeSthd HRES 106540 inl bty W EBR Bl e o
f ast ﬁg : nglggarmtmﬁl nh. ar\ezrilablk:l thitkfless Jgaps ﬂag b® uﬁﬁﬂdﬁrﬁ) hdsmnaliﬂcal ldluni @i‘disu{t; 2
asse to.the, base at e asse t he ter el enent

are posiytionef??fé?@@%f‘&éﬁﬁ“‘ﬁﬂl@&gﬁ?@é‘}e Gt?e\c,fvg‘ ﬂs‘? g@Fﬁ’@V@%‘ﬁé‘Hf
which gl the jkgirtand doRr BaS 24008R0242 TorevaPphe thikinkRe SHIWEver, téﬁ@h gioceéalfﬁhd ar e

illustrated in Figures 3 and 4, each contain a si ngle bol t .
chamber 260 is isolated from the permeate conduit 202 by the inner seal 240, which

surrounds the central opening 200. The permeable membranes 262 are mounted to the

intermediate region 224 of the process fluid side of the membrane support plates 218
between the inner and outer seals 240 and 242 and have a negligible thickness, for

15 example, substantially less than half the thickness of the inner and outer seals 244 and
242. Accordingly, the gap width of each process fluid chamber 260 may be between
0.005 and 0.500 inches, and may preferably range from about 0.020 to about 0.200
inches, and more preferably from about 0.040 to about 0.100 inches, for example, about
0.060 inches.

20 Preferably, each process fluid chamber 260 is free of any structure which would
tend to inhibit fluid motion. For example, each process fluid chamber 260 is open
radially along the entire intermediate region of the membrane support plates 218 and
circumferentially 360 degrees around the membrane support plate 218. Alternatively,
each process fluid chamber may be substantially free of structure, i.e., have few if any

25 structures which may minimally inhibit fluid motion within the process fluid chamber.
Consequently, the process fluid can freely move with respect to the permeable
membranes 262 of adjacent pairs of filter elements 122 in the process fluid chambers
260.
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Wth the filter elenments 122 secured in position between the base plate
assenbly 118 and the head plate assenbly 120, the renmaining tw sets of
circularly arranged holes 230 and 236 align to formconduits. The innernost
set of circul awgemnoeginged hol es 230 forma plurality of ret gigéaisesfaogdui t s
198, one of which is illustrated in Figure 4, which 5 conmmuni cat e
with the retentate outlet 108 via the retentate outlet channel 182 in the

| ower surface of the head plate 176. The internediate set of circularly
arranged holes 236 forma plurality of process fluid conduits 200 which
comuni cate at a first end with the process fluid inlets 106 via the pair
of process fluid charihelmeni3@ncamddils 204 mayhavéd enle quk dilter tlém,entalﬂi sahdwiched

second end with .t ss . fluid outle 11 i3 the proces id 10
outl et channel 1‘39&”‘?5 ‘?‘ﬁ&"‘f’%mtesaﬁ L t@? %e‘g‘h%éﬁ’ platg; assqmbly H# gﬂd?‘f’feon,
the central ope rﬁr@ﬁﬁb&z&mﬂhs@ﬁﬁ?lﬂh@ e fiftéd di@hertd EIPENFSr detimpR, D8e fﬂfomfﬁre,
conduit, specifically, a perneate conduit 202. The perneate conduit 20

conmuni cates at tan.fmesw-féﬁd fifiy seventy-fiver onshuadisdy oramore mairs B Gltefelements 122
central opening W th the

per neat e g«re ain 1'%%pbés§bﬁygetbﬁmg%§iter a ﬁ‘&”ﬁg tega%%e?%b?lg& ?ibjggpﬁtso 15
accommodat e t he bol t STherlaminae copsiriciion nf) thee mambrage wrddulea $04, owhare aay pissineshit e
conduit 202, a pludg [ r

t he perneate hol 0 Lepéfu S Hlp:gl Iﬁara;el%%lg%\g talﬂ'l sf’ﬁ) #’orrreé&bs’ﬁ‘?\)fe&qygde
central openi ngsanaz&aled' hte dmaahqﬂiea,t pro&k&erﬂaﬂgx:&ﬂ@r tmmeb&bﬁtatmhpdcdsﬁ viltich
base plate assenbly 11 y two sets of 204 206 or_ ot her
securing means 5438%“‘3 de f"fﬂe@éﬂ} BFOcEss coi‘%“m ﬁSgg‘nlnﬁgc’qu‘glmsﬂf" of
bolts 2040 two Qimytifi sgmmasrtﬁctulré bﬁﬂxéﬂieﬂiﬂrdnanﬁdﬁldf Fhe Jarfifbted outeXpediptlerly DF @hegh
t he hol es 190|nt% head §aﬂ:of t hrough the, guides 196 [n the tilter
el enents 122 and®h ranetxngd orms a1 HE] coptai P%W@Z‘Hmch'ﬁela?égﬁﬁ’d"%eéﬁ

of bolts 206, t vii®fthe permeate, or both on the inside of the wall from the ambient environment on

the outside of the wall. In addition, the laminated stack structure defines an inner
Jaminated wall. In the exemplary embodiment, the outer laminated containment wall
15 comprises a stack of filter elements 122 and outer seals 242, but in alternative
embodiments it may be differently configured, e.g., as a stack of filter elements without
any seals. By isolating the process fluid and the permeate from the ambient
environment, the laminated containment wall obviates an outer membrane module
housing. Not only does this simplify construction, but it also reduces weight, and,
20 therefore, the moment of inertia.
Alternative methods and materials may be used to bond the outer regions 250 and
the raised lands 256 on the permeate side of each pair of filter elements 122 and to bond
the surfaces of the inner and outer seals 240 and 242 to the inner and outer regions 222
and 226 on the process fluid sides of adjacent pairs of filter elements 122. For example,
25 these surfaces may be welded, brazed, epoxied, or have a gasket placed therebetween.
Alternatively, an injection molded gasket spacer in which the gasket is directly injection
molded onto the particular surfaces may be utilized. Any suitable material such as

silicone may be utilized to form the gasket. Preferably, ethylene propylene diene
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which are illustrated in Figures 3 and 4, extend through the holes 192 in
the head plate cover 178, through the central opening 180 in the head plate
176, through the central 25 guide 194 in the filter elenents 122 and
into holes 142 in the base plate 124. The drive mechani sm 102 transfers

vi bratory forWOP702087 exanple, in the formof orbital, osci PCEUSHEIR?
torsional, or linear vibratory notion, to the nenbrane nodule 104 to induce
notion between the process fluid and the surface of each perneabl e nmenbrane
29 WD 97/ 02087

PCT/ US96/ 11207 262. Preferably, the direction of vibration is in a plane
perpendi cular to the axis of the nmenbrane nodul e 104. In an exenplary
enbodi nent, t henchomee, ERDON& 5 gtﬂimmforrﬂ;c gnskean Breosatof ithe bijectien mobled rgasiet

whi ch- conpri ses n ntri L ght e

wei ght, a torsi o g%«g‘ﬁé‘%} %Wb sugpgénqu?%feﬁﬁgfure’ &%%&39@8%2%%5
102 in accordartﬁe:ayﬂyt:hpifaedlohttdme baltsook a@hdraeiuring tmeass dte semovedd Ihm preferred
Patent No. 5, 114, 534 to Cul '

in, which js.incaorporated. by reference herein.
e out bt oharmhogimssn g (SeopiAgse, AABESEYC B pR S SUALIZR| o i, BerqhIage
ot or may be utsdhés;»%%emmrxﬁuy%&ph&%wﬁmle &b@&h%ry@@éﬁé mteafyffenewmynvr e

easily and accurately control control be utilized to
vary the speed asﬂatﬁo&uﬁbuasnavatlm &9}(1 QWEM&RDWGT%MB&NE Grand RawdSt he
vibratory forceginbae GRECH "u'a&‘e %giﬁshé‘ﬁm'dégcﬂ%e&’@eﬁ%t Patthi & n%ﬂed
connected in prOX| ty to t en e out put posi e to ere t he

shaft is connedFitation Denecm’onSr SefiileN &k D84 8%H03 hfiled hamg3a1295¢deﬁlkiemlmd

wei gt ot net herisusien 18 BElsaBE bt Rh o, RE Hite Vi WACioRERPh by

wei ght 119 osci Irbﬁtemdehgremhe rotation of the output shaft, It induces a

)n( u

Additionally, the injection molded gasket spacer may be utilized in combination
with the thermoplastic adhesive/sealant. For example, as stated above, the membrane
module 104 may comprise a number of sub-modules, and the sub-modules may be
assembled utilizing the thermoplastic adhesive/sealant, i.e., a permanent bonding, and

15 the sub-modules may be assembled into the membrane module utilizing the injection
molded gasket spacers, i.e., non-binding seals, between adjacent sub-modules.

Another important advantage associated with a membrane module embodying the
present invention is a very high filter surface area to volume ratio. For example, in the
exemplary embodiment, the total permeable membrane surface area available for

20 filtration may be compared to the total volume occupied by the stack of filter elements
122. In the exemplary embodiment, there may be one hundred circular pairs of filter
elements 122, each having an outer diameter of approximately twenty-four inches. Each
filter element 122 comp_rises a single permeable membrane 262 which may have an
inside diameter of 8.0 inches and an outside diameter of 20.0 inches. Therefore, the

25 total surface area of each permeable membrane 262 may be approximately two hundred
sixty-four (264) square inches and the total filter surface area of all two hundred filter
elements 122 is about fifty-two thousand eight hundred square inches (52,800) or 367
cubic feet. The total volume occupied by the one hundred pairs of filter elements 122
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15 wobbl e that is transmtted to the base weight, which then
oscillates at substantially the same frequency as the induced wobble.
Accordi ngly, the base wei ght becones a seisn c nass possessing a certain
vibratory notion. The base weight nay be supported by the support structure
through an i soMQvsreans such as a deformable footing made pefrnRde/i207

el astoneric or resilient material. The 20 i sol ation means may al so

i ncl ude springs to absorb or attenuate sone of the energy which nmay

ot herwi se be transferred to the support structure, thereby preventing
novenent of the support structure. In addition, the springs tend to center
the oscillating masses. The isolation neans permts novenent of the base
wei ght in the seiayrﬁe@ahnbcdmdmvuhirﬂemfmiﬂg'hntuduMCyrm&ﬂﬁmméﬁItérQeléimH&QOIfZQ

be the torS|on
Spring 116 (1 ubpve et Sirkat BB don 15 o eibedientihor e Sekng gt

The torsion spriegh xﬁ&rﬁbms@)?@ﬂ@bla&enfs m@'@b'ﬁ@h&'ﬂ&é?&ﬂ%&ﬁ% Gy'iﬁie'%gal?mo
enl ar gement thereugs n adjacent to the position where the torsion spring 116

i s connected t o2ths $Qedinghesy e toteh keight of ithemembrangymodule 184, exaludinghe headD

97/ 02087 5 and base plate assemblies 120 and 118, may be calcula ted as the 1 tal %gslgfogne
natural frequency and i s capabl e of resonating at su stanti

frequency as thdundsed pairsyef supporscplasgs 2%(Q)le?exvaaxglﬂ0 —Thdrmﬂ[cs)eplus hiee total

w11 150 vi br oPEokess iRt fu coel'x B 2 od fsbilE, AEeSREy: B ol sl ng

116. A cl anp nmis $34 inchdsi z’H:trd:forehﬁiepotaUvq:lmé odchpiedl by Shdxiheﬁxundred paissfi fileer

t t
and a porti o’ o EORES 151 b B4 emPRy SR I A Sliningies vEhproridet b5

from bei 8@ i nducwbic feet. Accordingly, the filter surface area to volume ratio is approxunately 282

f*/f>. In accordance with one aspect of the invention, because the thickness of each
membrane support plate 218 may be so small, an enormous filter surface area may be
packaged in a very small volume. Accordingly, the filter surface area to volume ratio
for the exemplary embodiment may be greater than 100 ft¥/fi® or greater than 150 fi¥/ft
15 or greater than 200 ft*/ft* or greater than 250 ft/ft* and may be as high as 1,100 fi¥/f’
or higher. A ratio in the range of about 3 ft*/ft* to about 1,100 ft?/ft>, preferably in the
range from about 100 ft*/ft* to about 1,100 ft*/ft*, more preferably in the range from
about 150 fi%/ft* to about 600 fi2/ft*, more preferably from about 150 ft¥/ft* to about 400
ft¥/ft’, and in the range of up to about 250 ft¥/fi® is more preferred for a vibratory
20 separation assembly embodying the invention. The high filter surface area to volume
ratio of the vibratory separation assembly not only enhances throughput, but it also
reduces the weight and, therefore, the moment of inertia.
In a preferred mode of operation, process fluid is directed under pressure into the
membrane module 104 through the process fluid inlets 106 which are illustrated in
25 Figures 3 and 4. The process fluid may be directed to the vibratory separation assembly
100 by a pump as illustrated in Figure 1, or by any other means suitable for pressurized
delivery of the process fluid. Although the process fluid inlets 106 are positioned in the
base plate assembly 118, they may be positioned in the head plate assembly 120 or at a
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in the torsion spring 116. The clanp nmay conprise a steel frame having
several rotatable rubber bushings conpressed against the torsion spring
116. The clanp allows the torsion spring 116 to vibrate torsionally but
prevents the torsion spring 116 from 10 devel oping a wobble. In the
above describw@®%meresntri c dri ve nechani smthe eccentric nas®CrasgE@dre7 oned
above the base mass, certain undesirable |oading effects may be transmtted
t hrough the base nass to the torsion spring. Accordingly, in an alternative
enbodi ment, the eccentric mass nmay preferably be positioned in an opening
in the base mass such that the 15 eccentric mass and the base nass are
I n the sane plane. Consequently, there are substantially no forces

gener at ed abov epdshibntims\eemahs headuiate atstrablyt118 aho tiecims@plregaseaibly §20 Witheutgh

t he base nmass. | referred enbodi nent. t ecc sses na

utilized and V\h?fgeﬁg% F@P é‘gﬁvﬁmég’afﬁﬁ’f’ ﬁ) é‘%‘g’a\’/\ﬂhf% acess ﬁ%‘gone
anot her in Ordeﬂoﬁ'@tlﬁétfgﬂa%d: yﬁicassmm:ﬂﬂewm ﬁﬂMn@ﬂH@Weﬂbf&edsth &ﬂmﬁ‘élfﬁQtS
The two eccentric nasses driven independently by two notors

or by a single ?BPEP“&W’%I%an%PTW ﬂélddf evemlyedistpibutos theopghiihe foser progesst he
rotation gl baykHaHRpI$LEy ﬁié\tyr&gurpr&?‘ﬁﬁ mcﬁ‘ﬁ’ﬂ éebll‘jb@ékk Iid dhalil iftedtd & ' ve

enbodi nent of the eccentric drive nmechanism ase nNASS nmay conpris
substanti al | y cthebaseaplate prcessufiuid Fapduital 34| muoahde Bypep provess Eluidsshanmst rIBQafthy

di stributed abo'#sE r u 25

bal anci ng wei ght's ﬁounp}g yr?% ,11 g%%%)u‘% s aﬂﬁﬁgi}gﬁﬁpu@n'\g E’éégé pﬁgggs h‘%‘i‘h

enbodi nent may ¢hanndilBO,zeEding by ﬂmqréssmabfemammnEg@ersdﬂlﬁdmdi is diredaed theoughn

t he base mass by redisttibutin $5 t atio ut er

periphery. In anc&&® ﬁ%%(@ Lﬁeeﬁlgerr gﬁéﬁf‘i}'{ﬁ‘fgfowwmcme

conpri sei® di r eith 3pper process ﬂuld channel 130. As shown in Figure 21, the process fluid
conduits 200, which extend through the entire height of the stack of filter elements 122

have gaps between adjacent pairs of filter elements 122 through which the process fluid
may flow into the process fluid chambers 260. '
In a preferred mode of operation, non-uniform flow parameters within the process
15 fluid chambers 260, e.g. varying fluid flow rates and/or varying fluid pressure
differentials from the process fluid conduits 200 through the process fluid chambers 260
across the filter elements 122 to the retentate conduits 198 are avoided. In a system
where the flow parameters of the process fluid are not substantially uniform for each of
the filter elements, preferential fouling of the filter elements may occur, thereby resulting
20 in a less efficient, shorter life filtration system. Preferential fouling of the filter elements
may occur through the non-uniform distribution of pressure differences across the filter
elements. A first filter element subjected to a greater pressure differential than a second
filter element may foul faster because the high pressure difference forces more process
fluid through that filter element. The same principle holds true for fluid flow rates, i.e,
25 the filter element subjected to a higher fluid flow rate may foul faster. Preferential
fouling reduces filter efficiency because of a cascading effect. Once the first filter
element becomes completely fouled, the preferential fouling shifts to the next filter

- element and the process accelerates because the change in flow parameters increases.
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drive apparatus. For exanple, the nenbrane nodul e 104 may be |inked or
coupled to a direct drive notor via a drive shaft or |inkage or a drive
belt or chain. In this enbodi nent, the nmenbrane nodul e 104 may be
oscil | at ed di waxd7roposby the notor. A control system preferalpcyrosssmazaromati c
control system nay be utilized to 5 control the operation of the
drive nmechanism 102, e.g., to maintain the paraneters of vibration within
predetermined limts. Generally, control systens nmay be characterized as
open | oop systens or closed |loop, i.e., feedback systens. One of the basic
design constraints on either type of control systemis stability, e.g.

f ast (rjes]ponSfe and reaﬁﬁrmyapﬂlimﬁmgglsubatahﬁmyghmmmommammmm lgﬂtmreaéd
pI‘OVI e 1or aster I‘eSpO Cl Oose Q0 S provi

stabl e control . Eﬂs‘? %Pfoﬁﬁiéﬂ“‘ﬁ&gﬁ“%ﬁw ﬂPs‘éﬁﬁ‘gﬁ\ |P§°Cﬁi§§ﬁ“; 15??{2
preferable than n%xd%@x%&%a’t@ﬂl@t $V5 1t Bitedse fufIQRdd Mivks fdn tHSpridely M@ Conduits 200

separation asse An exenpl ary feedback type controller is disclosed in
co- pendi ng provi @rqughmemoemﬂlatﬂ)phanwtsﬂéﬁ apioss GoaEewiad ® the permsphje mgmbeaneh e

horei . 18 ¢ 2026 BLERE B, ikt Rkl 123 G4 DABLRARE AL ihlibnhh) BB flow
conpri se a nenbrpanemeerpporthe retatate adlﬂunsana perrreabl e merrbrane 262. As
shown in Figures 17-

ef b| '
a perneate side and ?%P&}Eéggﬁfcﬁﬁ e & aég‘?%ltyvﬂ tﬂlzq %%éa COH&%@SGS

262 is nounted. abdendiRpiAERHEhS PidBes Fluid chhbetd 8y Hpam:{gamm@;rt&tvoupmegrd‘céssmu@my
mat eri al havi ng suff|C|ent structural inteqrity, such as a sujitable 20

pol yneri ¢ nat er i @itlet pld ands theretentareciniet 38 QSr‘?Fé’&PlFr 8is mtepicsiniet d 13 dmay bey |
such as sfgai nl eSgossk Rl the Phdbels A Gt WY BiY BPpehs itcbhie6tda & G Bhadcisum

brass, copper, titanium and bronze. The Et?rt lcular material utilized is

preferably st rorlgleéaﬂnwégw tfor ewamiple, arrgturt line,3 13r and orlye 33 cassillustrated dn Figuss 1 he
drive mechani Sms%%a@ﬁ.@ ﬁrﬁce%? R h‘B&/Ebe recirculated at a specific flow rate. This second

arrangement may be described as a process fluid recirculation loop. With the process

fluid outlet 112 open, the process fluid flows from the process fluid conduits 200 to the
15 process fluid outlet 112 for recirculation to the process fluid inlets 106 and from the
process fluid conduits 200 through the process fluid chambers 260 across or tangential
to the permeable membranes 262 of each of the filter elements 122, each experiencing
substantially the same flow parameters, to the retentate conduits 198. The process fluid
inlets 106 and the process fluid outlet 112 both communicate with a first region of the
20 upstream surface of each of the permeable membranes 262. The retentate outlet 108
communicates with a second region of the upstream surface of each of the permeable
membranes 262, and the process fluid flow rate is largely decoupled from the flow rate

of the retentate.
Alternatively or in addition to the above-described process fluid recirculation
25 loop, the vibratory separation system may comprise a retentate loop as briefly described
above. Alternatively, in many applications the retentate inlet 113 may be closed just as
the process fluid outlets 112 may be closed and process fluid flows along the process

fluid chambers with each experiencing substantially the same flow parameters. The
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with the particular process fluid being filtered. 25 The

di aneter of the nenbrane support plate 218 may vary with the particul ar
application for which it is to be utilized. For exanple, the dianmeter may
be in the range fromabout 2 inches to about 50 inches, and preferably from
about 10 i nchawo ymo2edrout 30 i nches, and nore preferably fronrcinsss1207

I nches to about 25 inches. In the 32 WO 97/ 02087

PCT/ US96/ 11207 exenpl ary enbodi nent, the menbrane support plate 218 has a

di anmeter of about 24 inches. In the illustrated enbodi nent, the central
openi ngs 220 of the menbrane support plates 218 which formthe perneate
conduit 202 in the filter elenents 122 as well as the central guide 194,

may have a di anefepdntdtd rédikulaidiRop My @dh@pﬂse(i ﬁwen&ml%@r %bpwp agaexﬁbly 406

i nches, and nore preferably from about t o about i nc

exenpl ary enbodi %mcteqmwwﬁmwn@&w%lwdarapmww 143, %'shﬁrezﬂlvsﬁ@%s
I'n accordance W jfrighRs 3508 3k, %e?&@ntﬁ&%ﬁ&nlﬁyxﬁ‘ﬁ% coftfibeteli 16 ﬁa Eonduits
enely t iC

support plates 218 y be extr kness of t rane
support pl ate 21898 wg a rstegiats ialen chiknnel HiStand|a reighateqiniehcandyit rt&Y/ uvaxe;base plate

Chinnest phr ot resEfl 118 PeerbiBy, s rtpued TR OREEASHS sPudh Be B, By °
from 0. 002 to O. felBends ®hearves rtd epsuged ﬂxaathbyetém@mf&c@&ﬁo\te@ tibréiDBuginc iGeserally)

ts thickest par t he menbr.ane ort t.e 218 may .have a thickpe
gt no Tram b oélz FEPRERs 5 U B VI S R, 4, SRHEO £ 5 0 BoopH sy, fhe

0. 020 i nches, éhd%l’é%tﬁitﬁ?@s’sibﬂﬂiﬁpfdf €rveda 1a whis Srr £, B Peténthte fhlér 1113 @H® the
r

The thinner the ane 1 upport plate 2 the nmore filter
el enents 122 whi Fteneaoulet 10§ both sommpynigate with @WFWEIOH of the upstream surface of
10 each of the permeable membranes 262, and the retentate flow rate is largely decoupled

from the flow rate of the process fluid.

The process fluid outlet flow rate and the retentate outlet flow rate are preferably
selected such that the flow parameters, such as pressure differential, from the process
fluid conduits 200 to the retentate conduits 198 across each filter element 122 are

15 substantially the same. For example, the flow rates through the process fluid
recirculation loop and the retentate recirculation loop may be maintained such that the
pressure gradient provides a substantially similar cross membrane pressure differential
through each of the process fluid chambers 260. By maintaining a substantially similar
cross membrane pressure differential, preferential fouling of the filter elements 122 may

20 be substantially reduced or prevented. In addition, the vibratory separation system may
be more easily scaled up, i.e., additional filter elements 122 added, because the addition
of further filter elements 122 would not substantially affect the cross membrane pressure
differential. Thus, the fluid flow established through three process fluid chambers 260
(six filter elements 122) may be easily extended to ten process fluid chambers 260 (20

25 filter elements 122) since the cross membrane pressure differential does not substantially
change.

The process fluid outlet flow rate and the retentate flow rate may be varied

depending upon the particular application, as process fluids and conditions vary. For
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and therefore, nore filter surface area per given volunme and wei ght.
Increasing the filter surface area to volune rati o enhances throughput and
ef ficiency, and reducing weight for a given filter surface area results in
a lower nonment of inertia which the drive mechani sm 102 needs to overconeg;
accordi ngly, swebiexs7and | ess expensive drive 20 mec haaTause6/11307 may
be utilized. Menbrane support plates forned froma thin nmetal are
particularly preferred because, although they are thin, they are also very
strong and dinensionally stable. The filter elenents 122 may be positioned
bet ween the base plate assenbly 118 and the head plate assenbly 120 to form
t he nmenbrane nodul e 104 and may be 25 preferably positioned in a
pai rwi se nmanner . eSnyis, ftheprotess fleideutietfiow ratef mdyi bet greater|titame aqual ©2 8r lessythdncthe
positioned with the pegrneate sjdes.af t rane suppqrt.t. tes. .218
faci ng each ot hefe.qe%gf Qg\gmte.pgr#apgmgﬁoq Pﬂg‘ésf ilg\wetﬁrﬁﬁflgo“%fg&hﬁ'%k ﬁg}g}éﬂx{%ﬁ@uuse
process fluid si@ggsméhberhef fikdrbélaments URP Wonpkikiag @he Adetabrarei MOAREA04 GhHie be
The reason for this particular 33 WO 97/ 02087,
PCT/ US96/ 11207 aFhangefh ienfcalgd yp ordowme withpw degrading prifommangtat ai | ed
descriptiog of the negbRRRERGHEHdP o thelgdSceMRIiRLrRGiLQD e tBredhiicahdfi
separation assenbly 100 given subsequently. "In an alternative enbodi nent,
the paired filtepastkhgmsrmeablexpembipnds262 othamenibnang madule ¥ddsubeing vibraad byl thg,
for exanple, ten,f. el e L. airs).. Th - e
may be forned byd{.l Ae’%‘?r%hﬁ ’a'é'tri:a g%ﬁ' él%égéﬁlxnegl t?*r kil %Fﬁgﬁtg%é%g&bist{%%r flor
anot her. Accor di beindarydayen psthe surfdees ofithe partiedbdesmenmbrahdscd62 faeingahe piooese Huid,
betveen the base, pl gl afT Rlthoek! AudBSkn BEpdSahPh L EraBS SBT Ry nd AR shiRolO ™
10 they do provide a relatively uniform surface across the process fluid side of the

permeable membrane 262. In other words, there are no significant protrusions which
would inhibit fluid flow across the surface. Accordingly, as the membrane module 104
is vibrated by the drive mechanism 102, the bulk of the process fluid between the
permeable membranes 262 of adjacent pairs of filter elements 122 does not move at or
15 near the same frequency and/or amplitude as the permeable membranes 262. Therefore,
there is relative movement between the process fluid and the permeable membranes, and
it is this relative movement that generates dynamic flow conditions which tend to prevent
the deposition of fluid components such as particulate matter or colloidal matter in the
vicinity of the permeable membranes 262 onto the permeable membranes 262.
20 Therefore, fouling and clogging of the permeable membranes 262 is greatly reduced.
The vibration parameters required to lift particulate matter off of the permeable
membranes 262 may depend on a number of factors including fluid viscosity, fluid
density, flow rate, and the size and character of the particulate and/or colloidal matter.
The drive mechanism 102 may vibrate the membrane module 104 at a frequency in the
25 range of about 5 to about 500 Hz, preferably about 10 to about 120 Hz, and more
preferably in the range of about 20 to about 80 Hz, and even more preferably in the
range from about 30 to about 70 Hz. For any size membrane support plate, the
amplitude of vibration may preferably be less than about 90 degrees and more preferably
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Consequently, a nenbrane nodul e 104 may conpri se any nunber of sub-nodul es
whi ch may be rapidly assenbled into a nenbrane nodul e 104 by stacking the
sub- nmodul es 10 with a seal disposed between each adjacent pair of
sub-nmodul es. As shown in Figure 17, the process fluid side of the nmenbrane
support pl at ewDg/oMay be di vided into three annul ar regi ons:PCIAISP§H 11297
region 222, an internedi ate region 224, and an outer region 226. Wthin the
i nner region 222 is the innernost set of circularly arranged hol es 230
described previously as formng the retentate conduits 198 15 in the
filter elements 122, as illustrated in Figures 3 and 4. 1In the illustrated
enbodi nents this innernost set of circularly arranged holes 230 conpri ses
four hol es; howelesythamaboet Iﬁrdegmr’[‘llm{rmltﬁm)bf Ridration| fo exhmpl®in ssyaeilwilizin

ei ght. holes These four holeslﬁﬁ the retent€ e conduits 198 when_ t
filter el enents 3BSMarase SERROR Y ingor dratep g @ fnchiefe MY 8085 e ab out”
assenbly 120 andp, Qf@nﬂ@ﬁ%@p?ﬂxﬁhﬁe@isﬁdﬁﬁr&sﬂ&&bo&'lztlﬁh%@@ppmxmateg}S‘WE|d@éﬁées)
enbodi ment the nmenbrane su porttg ate 218 in the inner region

i mpervious to fIQﬂEOIPI*’é\mCaé*;(%?J‘t ® BYeh pEripheryotherepfe mase preferatdy feomeabost 4500

230. Wthisgn the r :ﬁrﬁ%

circul arl y arr ani(gi;}!(:aﬂcf‘§ (Oxfpggi@gtz 3atgcg’éetegescrl gpgogi?l%l\?lg 3{'}{5? t'él""t L“ 3 degrees)

i |l ustrated enbddchesnand eien nmtaeplrefnﬂbl}seabomimmmchns |(amnsomumlyy9 Bodagrdes), as;

agai n, however, ss haol e e utilized. 25 These

twenty-four hole 35@38 forth uﬁeépﬁnﬁhcf&& .::),f' illustrated in Figures 3 and 4,

t hr ough whi ch the bolAss thizOhembiahe mdiulwvrbmmecat dértién o€ abe protes flsideilel,ytht 20

to the base plate assenbl Xt end. t he enbo rat

F gure 17 i hnorPEREA G RAstes SHRVE B4 Geizpes mﬂakréneg%?ﬁ&mht e higes 5 i e

process fioui d sigembland BppOR Phited T 8 AR RAYG tthedpeétinRatd 4hambers 264 created between the
permeate sides of the filter elements 122. The permeate is then directed through the

permeate chambers 264 among the plurality of protrusions 234, between the retentate
lands 256, and into the permeate conduit 202. In contrast to the process fluid, the
permeate which is in the permeate chambers 264 may preferably be constrained to
15 vibrate at or near the frequency and amplitude of vibration of the membrane module 104
by the protrusions 254 on the permeate sides of the filter elements 122. These
protrusions 254, which are fixed to the membrane support plates 218 and vibrate with
the membrane module 104, may facilitate the movement of the permeate at or near the
same vibrational frequency and amplitude as the membrane module. In addition, the
20 protrusions 254 provide structural support for the paired membrane support plates 218. .
Alternatively, the permeate chambers 264 may be open chambers like the process fluid
chambers 260. Once the permeate enters the permeate conduit 202, it is directed to the
permeate outlet 110 in the head plate assembly 120 where it may be recovered for
various purposes through the permeate recovery arrangement 500, as illustrated in Figure
25 1. As stated above with respect to the process fluid inlets 106, the permeate outlet 110
is not limited to placement in the head plate assembly 120.
The portion of the process fluid which does not pass through the permeable
membranes 262, i.e., the retentate, flows through the process fluid chambers 260 into
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218; accordingly, additional holes 244 in the outer seal 242 are
illustrated. A detailed explanation of the inner and outer seals 240 and
242 is given below. The remaining, or internediate set of circularly
arranged hol esw@3ombs0o conprises twenty-four holes; howeverpcHBsRI207 €
nore or fewer may be utilized. These twenty-four holes 236 form5 t he
process fluid conduits 200 when the filter elenments 122 are positioned

bet ween the head plate assenbly 120 and the base plate assenbly 118. In the
exenpl ary enbodi nent the nenbrane support plate 218 in this outer region
226 is inpervious to fluid flow, except for the holes 236 form ng the
process fluid condeirdtentsté Gondhite 198)t ThefettnaateefloveOthfongR the reshiaedEdndiits IS8 Nintdhe
i nner region 222 and the ouger on 226, and the perneab

10 . regi e

menbrane 262 is 0 Entale puslet phanpeli182 inthe g?"é‘ platg; 1 9fhand qut Bregh die retepiate outlet

I nternmedi ate regi ' ' r ! PREJTRR CerdiBY cﬁ,lgh,
t he perneabl e nenft?rgair:g?ﬁésjﬁgaﬁi g‘ﬁi?g@?ﬁ’?&%@ %%&%ﬁgr?%gﬁssﬁ&hi ch?eetxt endrfeg I
the way or only rarangemeny 490Gt The retentasnmentiahE08s lile the pemmieatecoutlgtdl 10/and theeprocess
exenpl ary odi : . r 8 J ' | g€
regi on 224%{12 pe;’@ﬁ%lﬁét?g%l%?%ﬁg\?#&?% Jpeah@,f%?@x%{rrtgf é{,}ﬁ][bh%}%?é]@gne ate
regi on 224 may conpri Sdeagetentateiapd theipeymeste may begfilizhd fara Wige varisty bf prxposeeasf

i tabl [ . . di <1 he hol 238
oxtronel y st | - PaSqOust Bfoncy” Fi: G RO o IIC o B e bttt i G ©
geonetry. Accordimigy be theliaportamiroduos| of the? Bllratibh eyuces! MHtFore tehRsign of the

downst ream si de of the perneabl e nmenbrane 262 tg drrﬁiﬂ)ofromthe per neabl e
menmbr ane 202 by F§ERFAR, niate FECQNGTY HEANSPBens 240G ang; WO VarY, t he per neat e

side of the@ nenbrane JupRRpE i tiRtpperldhrfadd6f hEBhde fltt 834 ARBhL siops P lel 1¥wer
function to allow perneate flow through the nenbrane support plate 218

A p . .
Al though the hol e4rfa%gofathe headsplatealyi6y 3¢ exniaingd ghoxemiend tq feeyien andsheld dhey filter
hol es 238 to ensyiéndniaizng EAGER SR 1800 W a;ebbu_dzemupgﬁffe a%m@q;gwﬁsno&&e
122. T holes 238 may be

two sides of the filter elenents The multiplicity
spaced apart fr orsprface of the base plate 124, i.e., a conical shape. Specifically, the metal membrane

support plates 218 of each of the filter elements 122 are forced into this conical shape
15 and held in this position when secured between the angled base plate assembly 118 and
the angled head plate assembly 120. In an alternative embodiment, the membrane
support plates 218 may be conically shaped by adding additional seals or spacers between
adjacent pairs of filter elements 122 in an inner peripheral region thereof. For example,
one or more additional inner seals 240 (illustrated in Figure 17) may be mounted to the
20 process fluid sides of the membrane support plates 218. Alternatively, the membrane
support plates 218 may be conically shaped. Alternatively, both the membrane support
plate 218 as well as the head plate 176, and the base plate 124 may be flat.
In forcing and holding the membrane support plates 218 in a conical shape, three
important results are achieved. Firstly, the conical shape of the membrane support plates
25 218 facilitates the removal of gas which may be trapped between adjacent pairs of
permeable membranes 262, i.e., the process fluid chambers 260. Trapped gas in the
process fluid chambers 260 may degrade system performance. Basically, in having a

conical shape, process fluid from the process fluid conduits preferably enters the process
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25 each other by any suitable distance and arranged in any suitable
pattern, for exanple, in radial lines. In the exenplary enbodi nent, the
hol es 238 are spaced apart by about 0.035 inch, as neasured fromthe center
of the holes 238, and are arranged in groups of three in a triangular
confi gur at i onW(BH/02087\\O 97/ 02087 - PCT/US96/11207
PCT/ US96/ 11207 I nner and outer seals 240 and 242 may be nounted to the
process fluid side of the menbrane support plate 218 as stated above. The
seal s 240 and 242 may conprise any suitable material such as netallic,
polyneric or elastonmeric materials. In one enbodi nent, the seals may
conprise annular netal rings, and they may be coated to 5 provi de a
fluid tight seal ﬂuidschhmbm gstossad theulowestpeint Iixyeac]iruéambm and 2l gasad thel Process

preferably have reat.er .t han the t of t bl

b o, 6o uchuf it Jeo e ik bF B ptotss i AREE R Sppinhieis 860, e Bresc
of adjacent pai reﬁ ;frweﬁseﬂuxelf&wm gh? dutl oF th eystenivas meq:rawdyh&dmelsﬂpmmap
268, which is best illustrated in Fi %Fees 20 and 21, provides a rocess

fluid flow channtowags e dnws regionh of thie sYstem te dhg Fotepiate gonduits 1980 Simjlalent
per meabl e grenbr aﬁeaeﬁé%uxs%& %ﬂé’rt ng&ﬁbx of {RE phiitale EHathbeMt ffst BEJ 'ttiéhéis' ﬁﬁm@f

the process fluid side of rane sup ort pl ate may be raised and
t her eby functi onpPesmaste &hm%nsqs@hmfghemﬁ ZWhis isTaspeciaiy cadvaniepeoin for 2

seal s 240 and 2 ﬂﬁE

preferably range %m %out %ﬁe%ﬂgpgggggﬁag %g%'hé nches thic hmlgpl elﬁ%{cehafﬁ
pref er fabl y f rom ahﬂmdenc@ ©4hold conabgast as()ﬂib&ﬂembnatmmddhlecw fills withaprotess dluadit
0.060 inches thi ff;pn%heglhgﬁﬁéax 8% 1B Rlesbeng dpponFad 218 Bl T HEW of

substantially eq
10 process fluid into and through the process fluid chambers 260. Basically, the slope

facilitates a uniform flow distribution of process fluid in the process fluid chambers 260.
The process fluid filling the chambers 260 uniformly from the lower portion to the upper
portion of the chamber 260. Thirdly, the conical shape of the membrane support plates
218 adds structural integrity to the membrane module 104. Specifically, forcing and
15 holding the membrane support plates 218 in a conical shape tensions the membrane
support plates 218, thereby increasing their rigidity and preventing sagging. The added
rigidity facilitates the maintenance of a uniform gap width in the process fluid chamber
260, i.e., an open channel. Typically, in systems having high filter surface area, open
channels between filter elements are not utilized because of the extra weight required to
20 maintain the gap width of the channel for example, through heavy support plates,
spacers, or drainage meshes. However, in the present invention, the gap width of the
process fluid chambers 260 are maintained through the use of metal membrane support
plates 218 which are made more rigid by forming or forcing them into a conical shape.

25 Generally, conventional membrane modules having a high filter surface area to
volume ratio may not comprise an open channel design, i.e., process fluid chambers

being substantially free of obstructions. The reason for this being that in conventional

modules, in order to increase filter surface, larger support plates are needed. These
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di aneter of the central opening 220, and the outer seal 242 has an outer

di aneter substantially equal to that of the outer dianeter of the nenbrane
support plate 218. In addition, the outer seal 242 conprises a plurality of
hol es 244 which correspond to the 20 out ernost set of holes 234 in

t he nenbrane wWOppoaos? pl ate 218 as shown in Figure 18. The ORARUSISERD? 242,
as well as the inner seal 240, nmay conprise nore hol es than does the
menbrane support plate 218. These extra holes are utilized to reduce the
overall weight of the system by reducing the weight of the seal itself. The
use of the seals 240 and 242, and the stacking of the filter elenents 122

i n the nenbrane nodule 104 is 25 described in detail wth reference
to Figures 20 arsuppit platns aqpimadéitioml sspprotistruciires b:melh thamrto anadhtain egqual seml s

G enei ons. as_t NEPRRR LS AL didthonts © CaMabndl? IIErfiwh A3Rell 3 B bR 85
are detail ed il Iresighiae mvmitagtmfeaxmsph ahianelGdesign il a &mwsﬁlter having a hxgh

PCT/ US96/ 11207 epbodi nent of the plasti and outer seals 240 an 42.
The plastic rind4ehsutace grade voluEg raiR ﬁmc%naw GLPeR H@Peweﬂéwm%c aﬁé

overal I wai ght QfretdiR iy 'ﬂl%ﬁﬁg)ﬂuﬁﬁ Eqdifihg ?ihnéﬁiﬁ& ‘ﬁﬁhé’:‘ﬁcﬁfs@ sch vy dOYno‘t frow

expensive to manufacture, i.e., |ess waste of materials. In an exenplary
enbodi nent , sonﬂ&ﬂredGlesﬁﬂﬂﬂmmmf@‘éﬁ supparhmedianer or outer 5 seal 240

a0 242, SO e, et She JBLESoRERENY £3IRR! Soblief Ui BhaAg el

pl astic ring, V\Am\rmﬁandra:sxﬂq;ntemlavwxd&mg ainvhariatienss mFor skamnple f { nr thesaboe¢-t er

t han pl astic. sen netal ihserts counter e conpre rces
gener at ed When r%gc? % BIOgFss t?ulg ows 1 a paralle‘i r&n‘e&mn across ea&x ;' R
10 element of the membrane module. However, the membrane module may be configured

in a different manner thereby achieving different results, for example, serial flow past
the filter elements. In one example of this type of arrangement, the membrane support
plates are formed such that one filter element has fluid holes in the outer region but no
fluid holes in the inner region and the next filter element in the stack has fluid holes in

15 the inner region but no fluid holes in the outer region. Process fluid flow then proceeds
in serial from the holes in the outer region radially inward along the process fluid
chamber to the holes in the inner region, through the holes in the inner region to the next
process fluid chamber in the stack, and then from the holes in the inner region radially
outward along the process fluid chamber to the holes in the outer region.

20 Generally, there may be different arrangements for the vibratory separation
system for different applications. In one alternative embodiment, the permeate conduit
202 becomes the retentate conduit and the retentate conduits 198 become the permeate
conduits. This embodiment may be particularly advantageous for highly viscous fluids.
As stated above, the retentate is generally a highly viscous fluid; accordingly, directing

25 the retentate through a single, large diameter centrally positioned conduit rather than
small diameter multiple conduits may resuit in a reduction in the axial pressure
differential in the retentate conduit. This reduction in the pressure differential may, in

turn, facilitate the movement of the fluid from the process fluid conduits through the
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the filter elements 122 between the base plate assenbly 118 and the head
pl ate assenbly 10 120 are tightened, and transmt the shear forces
generated by the vibrations in the systemduring operation. In addition,
the netal inserts prevent abrasion danage to the seals 242 which m ght

ot herwi se be owm9merosry t he vi bration. The netal inserts nay perussaiwar 300
and have a dianeter slightly larger than the dianeter of the holes 244, or
conprise a dianond shape 302. The di anond shape provides a greater surface
area than the 15 circul ar shape, thereby being better able to

di ssipate the applied forces. In a preferred enbodi ment, the netal inserts
conprise solid netal inserts, such as solid netal discs 304, which nay be
posi tioned in thprocess giiddhamelsao tiechtrA4Stentate 26aduitl (Fhe @rmigatec which is gereratiy

t he hol es rather than ar.oundm%e ed ? of .the holes as stated abov;?.
Accordi ngly,  t heDOFoYERY Vrauamoalvas) Test vishs ipY g, trionfats, Biag b gaili, Arrpgyed
serve 20 athr\fgh! thé Rluliple’ petmedtb ontRiits! 16l hddiGon3 Qprodeys NEid editcuRAn 1ddp
every-non-bolt hole 244 or in every other non-bolt hole 244. Preferably,

when t he nenbr anandderiairesentae raciscyatinnnigopy s descsibedabgve, mawplse beptlized; 5 | y
aligned. The plastic jnnek, . . 4 aﬁmﬁ '

sui tably r'?gi d pol ymeirnl C nae?gl?tfa ,%ﬁ%gﬁu)@elﬁ'r g*eer a 'f‘é%go%n%??%ﬂ“hgﬁ gﬁn%rbiec
materi al , such ainceeasad fromcfo@sto eight omimdre tor teduder thel axidb pragsvae differenvizDin 6@,

with fiberglass fjber [ [UCE WL reinforce . Jhe. | .

I nserts may comﬁtgn%‘éﬁ@%ﬂgaﬁf?%ﬁﬁ%& é?tlﬁgﬁa{,m% u%%“gaé’gsffmg% é::sgg&sl&ggcéﬁ.mwnﬁa Fhe
preferred enmbodi withtthe rdientateioatleti chamiel $n KRyhead Phitd, Xhe Sdteritate esduits aedy. exidid
A Ut e Sl Ba sl s B PS§ rfiRlE b e? Hanl i e R
PCT/ US96/ 401207  cover. Two retentate outlets may then be disposed on the top of the head plate cover,

)

and these retentate outlets communicate through the openings in the head plate cover to
the retentate conduit channel in the lower surface of the head plate cover. This
arrangement provides a larger surface area path for the retentate, thereby minimizing the
pressure drop in the retentate conduits.
15 In a second alternative embodiment, the vibratory separation system comprises
groups of permeate chambers, each group comprising one or more permeate chambers.
A separate permeate conduit may communicate with each group and may be isolated
from all other groups. With this design a single group may be utilized to test various
membranes on a single process fluid. For example, three groups having at least one pair
20 of filter elements may be configured as follows. The first group comprises filter
elements having PTFE membranes, the second group comprises filter elements having
PES membranes, and the third group having nylon membranes. A separate permeate
conduit would communicate with each group. The quality of permeate may be sampled
from each group to determine, for example, which type of membrane works best.
25 Alternatively, each permeate chamber may be positioned and a separate permeate conduit
may communicate with each sub-chamber.
In still another alternative embodiment, the vibratory separation system may

comprise a membrane module including a center base plate assembly, a lower head plate
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Fi gures 23c through 23f. Figure 23c is a cross-sectional view of the inner
seal 240 taken along section line c-c in Figure 23a, Figure 23d is a
cross-sectional view of the outer seal 242 taken along section line d-d and
illustrating the circular netal insert, Figure 23c is a cross-sectional
view of the owmewoeszal 242 taken al ong section line c-c andPdVUSa&tizet i ng 5
t he di anond shaped netal insert 302, and Figure 23f is a cross-sectional
view of the outer seal 242 taken along section line f-f and illustrating
the circular disc 304 insert. The gaskets 306 may be nounted to one or both
peri pheries of the inner and outer seals, e.g., to the inner periphery of
the outer seals 242 and the outer periphery of the inner seal 240, to
ensure a fluid tsseiblysamal an upper lgas platesssgiblyrelhelprodess fiod map bersippbiel] thoough

el astoneri c gaskets 306 which are fornmed around the edge..and sides of the

i nner/ out er per HFHERET ctﬂémi%ﬁg}bf%f?dp%ﬁt‘é{?{ﬁ?éa?ﬁeémfﬁo&éﬁ ned on g&@nﬂ A
the gaskets 306abhgvenand Belbw! @O tdeiket baR! plak! &EerfBlPS S THiS Cnibdimehb endyhhaledk eSS
of the gaskets 306 is preferably greater than the thickness of_ the inner or

outer seal 240 BRfdcylamy sdvaniagsops for ysmyuhisk giscouscpioessidinids apdier Spichtpfes.
menbrane §uppor gsRh@fify, 448 affaNgehrnt would Frbvifle Borfik \hiekRste |cBAdit NERE siBE tHear
regions; nanely, an inner region 246, an internediate region 248, and an
outer regi on 25eetentie ithaunest viseous luid inste systene, thergi i adoweraretepye diffarentialo
correspond roug ' ' ' three regions 222, 224 and
226 of the procg}s%m?% %J‘lt}a&gﬁ%%{o?%ggéé%%gﬂgﬁ&?he outer region 250 of the
permeat e si de may cohpapplieatiohewherktthdretonmte’@dy bt bxtrgniedic eisus,| the gagsdietweeB36,
and a narrow circunferenti 20 oove 252 posjtioned at radial

di stance corresp ﬁ‘if?‘ﬁ&a’fsoof‘hgeri ?llﬁ‘@?m‘bé% M??f 8?“°F‘ﬁ§°oﬁf°é‘? e F&ﬁ’%gb.ﬂwfhi s
gr olove 55@ may hﬁrdﬂirbhg'bm%thiﬂe?‘ﬁmhﬁaml d.bécaxsemaﬁism?h (ﬁ@htﬂxsnh hefEbride sﬁbpcifayld atee
utilized as a s ant betwee ' r elenments 122 ich are paire n

bet ween adj aceng?é_)&’raﬁ' beggo ?q“ﬂ’t' éi‘e g‘ﬁ%‘nﬂfag" 3z59 10 YRRume Fage %isg‘ﬁeber’é‘égoﬂpoﬂ8
of the perneat eegintifle, s chldGlat¥BPrévidiRlyS URNBial fiRbroduffadearea of all B huHdeddefiRdg! ¥

conprises, in the exenplary enbodi nent, a basin type structure, i.e., the
elements is about 52,800 square inches or 367 square feet. If the thickness of each

membrane support plate 218 is 0.012 inches and the gap created by the seals 240, 242

15 is 0.5 inches, the total height of the membrane module 104, excluding the head and base
plate assemblies 120 and 118, may be calculated as the total thickness of one hundred
pairs of support plates 218 (0.012 x 2 x 100 = 2.4 inches) plus the total thickness of
ninety-nine gaps (0.5 x 99 = 49.5 inches). Accordingly, the total height is 51.9 inches.
Therefore, the total volume occupied by the one hundred pairs of filter elements 122 in

20 this exemplary embodiment is 13,701.6 cubic inches or 7.9 cubic feet. Accordingly, the
filter surface area to volume ratio is approximately 46.5 ft/ft’.

The membrane module may comprise a variety of alternative embodiments. For
example, the stack of the filter elements may be mounted in a housing and the retentate,
permeate, and process fluid conduits may be positioned in locations external of the filter

25 elements. For example, the membrane support plates may have no central opening but
the permeate sides of the membrane support plates may have grooves directed radially
outwardly. The permeate may then flow towards the outer periphery of the filter

elements to the external permeate conduits. By removing the conduits from the internal
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internedi ate region 248 is thinner than the outer region 250. The

I nternmedi ate region 248 of the perneate side conprises a nultiplicity of
protrusions 254 extending substantially perpendicular fromthe surface of
the basin formed in the perneate side of 38 WO 97/ 02087

PCT/ US96/ 11207wpiea/0e8Tbr ane support plate 218. The protrusi oRETRSWIRY be
of any shape or size including circular, triangular, cruciformor square.
In the exenpl ary enbodi ment, the protrusions 254 are substantially
cylindrical in shape having a height of about 0.003 to about 0.460 inch as
measured fromthe surface of the basin, and a dianeter of about 5

0.030 inch. The protrusions 254 are arranged in any suitable regul ar or

i rregul ar patt er nregiodls ofitht fiitecelempita rtie perd dod ielnding iselaging Blematis yudhrdsfgasketsy
spaced apart from one ot.her, for. ex I by .a.di.stanc f. about. Q.3
Pehe The il t1 pl 1eB a9 R A ST Aot R o iR singl cemen
process fluid si dgpeithgeZ2d i esihgiheind G Pl RDYb foldt e PbEmédte cbiiuit,
perneate side. The protrusions 254 are preferably gositioned 10 [

in the
spaces between t hHBdiyiugl atial Gopduitsssimardte bt displacidniram; the prasess; i apd getemtate
224, 248 iy orderedn@uiy fYEHE %?ay interference with fluid flow through the
menbr ane support plate 218. ternatively, instead of protrusions, radially
or circunferentially ahyiatipechse withshe membiane mpdule,Abel filterrelemgits ey comprise @ayl
of a raised stru i ' : basj e A, | f
pol ymeric or net %‘Hﬁﬁ%gh&s%gkg%@@%a%@}&sac?gpiér@ﬁﬁilgé ‘fr‘éeg{.‘%‘?fm}ige fgéi&{ of ' the
previ ousl y i ndi canemdbrahésuppndtipldtelmay beiinpenmeable teningy h&2 groevesouothed chamnels

pai rwi se nmanner in _the.menbr nodul e ,104 wit h the, pernmeate sides of th

menbr ane suppor t SPARLE SEa0F e fet of she aupBiet Plaer o Tt AgFypabie pRemibrart may Be

mul tiplicitgy of phortedstoods iobtP sidenehtheithénttirane support plate as before; however, the
permeate may drain through grooves to a permeate conduit rather than through holes in

the plate.

The vibratory separation system of the present invention comprises a modular

construction. Modular construction provides a far more reliable separation system

15 because it can be much more extensively integrity tested, both during production and in
the field. During production, every component of the separation system, e.g., every
filter element, every base plate assembly, every head plate assembly may be tested prior
to final assembly and testing. In the field, modular construction enables a single
defective component of the separation system to be easily detected. Each membrane

20 module may be individually tested to find a defective membrane module and then each
component of the membrane module may be tested.

In addition, the modularly constructed separation system according to the present
invention is rugged enough to be cleaned in place over many cycles and yet may be
composed of lightweight materials such as plastics. Cleaning in place is greatly

25 facilitated by many embodiments of the present invention. These embodiments include
structural features which do not harbor contaminants and/or which give up contaminants
freely during automatic cleaning in place. For example, surface finishes, in particular,

of the metal components such as the base plate assembly and the head plate assembly
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el ement 122 in each pair are preferably in alignnment with and nake cont act
with each other such that a perneate flowregion is forned in the areas
bet ween the protrusions 20 254. In the exenplary enbodi nent, the

i nner region 246 conprises four raised | ands 256 which individually
surround t he wouatowsst entate holes 230 in the inner region, EAGIS6/11207
Accordingly, if additional retentate holes are utilized, e.g., eight (8)
hol es, additional raised |lands may be used to surround the holes. Although
the | ands 256 may have any 25 sui t abl e shape, such as a circular
shape, the raised | ands 256 are preferably U shaped and extend fromthe
four holes 230 to the central opening 220. The hei ght, as nmeasured fromthe
surface of the myibe methanibally preparednargkepblisbedd exaceleatropoldbal, e yegreast sudigey
? ﬁ et Bgr ?rgg? ehfe Ir g&ﬁgggessstthe %&% &g@gs?lg-smiggﬁ' leIe e’s giv{n%' csoengatmnanl'amgss a2éxgrep{e%¥§ur§t

PCT/ US96/ 11207 fatraniiniesit. | Iata@ditibs, theiise BF gdsRets OAfH iptdirud® fatd ihe klrfouhiting Siirfaces,
el enents 122 fornmed by the four retentate holes 230 in the inner region

222, 246, and pAadd Epsh pojats chmingicareviess Jyheeneaniamipantsiayetielat e conduit 202

in the Tikter o emenigndy howiRE Bkeilid if WHhl @b bORREA Rbc’R0most fHbdrhd dha! N

outer region 250, whi i ed ative to the basin in the ternedi at e
5 r egi on Ppaegerresamhadineents it is apparest thabdepagpres fromspecifinethodsang designss
fluid holes 236 j gﬁég& t . ' ' 19
is a sectional 3*%@&%#8@%@8ﬁ% ?a sS%%g%$3§k5F§=§§§3f§§m%éﬁéﬁﬁﬁﬁiﬁgﬁﬁﬁhe
figure, the hei glithoutadepastiag drond therspirit lahd scope fofide infentibe. [Tas presemfinvehrion is

protrusions 254 is eg_lual to.the hei ht of the out.%gdre L,on 25£'bu-|t_hsﬁm\ﬁglbleeys

formed bet ween ERBIES cted to the particular constructions described and illustrate
10 constructed to cohere of all modifications that may fall within the scope of the appended
claims.
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10 protrusions 254 are about 0.003 inch to about 0.460 inches, as
nmeasured fromthe perneate side of the nenbrane support plate 218. The
process fluid side of the nmenbrane support plate 218 is preferably snooth,
while the perneate fluid side has the nmultiplicity of protrusions 254 and
correspondi ngW47028883. The significance of this unique desi JFTES1¥ssed
I n detail subsequently. 15 The nmenbrane support plate 218 may
be constructed froma.single stainless steel plate of uniformthickness.
Stainless steel is preferred because of its high strength and di nensi onal

stability, even at thicknesses as thin as about 0.002 i heéTH Beechplaced
multiplicity of holes 238, the basin, and the protrusion

i nt er nedi at e regmmm&_and the channel s 258 betwee ed
U-shaped | ands 256 in the inner region 246 20 may be for rred in any

sui tabl e manner includi ng nmechani cal punchi ng, photochem cal etching,

el ectro-di scharge nachi Aiviu-a(o&)keparamneymﬁ caprisegm and | aser etching. In

t he nost preferred nmanner, n%{fme sa Eort l‘p ate 218 be fornmed Ry

phot ochemi cal etchin HLPe“F ule npludigs 3 piy 168, Bl Fny €45

an etched ssurf acﬁlt&O&Bﬁétﬁdxnélﬁdmﬁoi P@éﬁféﬁﬂk merhibtihe 351111 an upstream surface and a

Alternatively, the nenbrane sup | ate 218 nay be construct ed froma

t her nopl asti ¢ nedosynstaeam syrfags @dseﬂ fetcbﬂemﬁa} xmrghra@t sunpgrtHplate, e Aewnrstrgamhe

vibrat ory for cessu e of the Betnic AReha bil Sodnba ool Suchby HOAC Thchfil

gui des for bolts or ot ecurlng ev ces I'se nmetal 1nserts to

prot ect agai nst swppert q)h@ inm firsbregionp whertin the emcgwemzmmnc support plate has a

PCT/ US96/ 11207 rt

material may b e”tggﬁﬂ})ss ] fhe Fiol}8 Pom Rt 6.067 FrchQTB wbt BB ihdBEE HABE ARE keégion;
10 (b) a drive mechanism coupled to the membrane module for imparting vibratory

motion to the filter elements, thereby resisting fouling at the upstream surface of the
permeable membranes;
(c) a process fluid inlet communicating with the upstream surface of each
permeable membrane; and
15 (d) a permeate outlet communicating with the downstream surface of each

permeable membrane.

2. A vibratory separation system comprising:
(a) a membrane module including a plurality of stacked filter elements, wherein
20 each filter element includes a permeable membrane having an upstream surface and a
downstream surface and a membrane support plate, the downstream surface of the
permeable membrane being mounted to the membrane support plate in a first region,
wherein the membrane support plate has a thickness in the range from about 0.002 inch
to about 0.040 inch in the first region and wherein the membrane module has a filter
25 surface area to volume ratio of at least about 100 ft*/ft*;
(b) a drive mechanism coupled to the membrane module for imparting vibratory
motion to the filter elements, thereby resisting fouling at the upstream surface of each

permeable membrane;
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relatively inexpensive to manufacture. |If the cost of manufacturing

menbr ane support plates is inexpensive enough, sub-nodul es, as discussed
above, conprising, for exanple, ten filter elenents, may be nmanufactured as
di sposabl e nmenbrane nodul es. 5 The perneabl e menbrane 262 may

conprise any syobadbsy filter nedi mmsrsctéhsa@n‘mﬁ?f’ous or serpcrarsawaée

polynmeric filmor a woven or non- ol ymeric or non-polyneric
fibers or filaments. Alternatively,

262 may conprise a porous
metal nedia, such as the nedia available fromPall Corporation under the
trade designations PMW and PVMF, a fiberglass nmedia, or a porous ceramc
medi a. For the 10 exenpl ary enbodi nent the perneabl e porous nenbrane
may include m croporo(y nephicesseiuid Thiet vamtunicingayitlb ehep upsiredamn dsutfacan ofhihe
suitable material and will typically be prepared froma polyneric materi al

such as pol yani d8eTsaPl \emArings@ndt | yor i de, pol yt et r af | uor oet hyl ene,

pol ysul fone, pol yet he{guj piRate B SoitufitRinganith ROUNPHsRRMh Qitfhce of &deh Of the
preferred nmenbranes are polyam de, e.g., nylon, and 15

pol yt et r af | uor oePeEpreable mambsaReies with the nost preferred nenbrane being a
pol ytetraf kuor oet hyl ene nenbrane. The preparation of these types of
menbranes 1s described in, for exanple, U S. Patent 4,340,479. Further, the
per neabl e menbrane 263. nihe vibragory Sepavationcyystemraecdrding e clain 2, evhergin ¢he ¢tbhed

per neabl e menbrane, 262 I ncl ude I ¢y opar pus nenbr.ane and fibrous
aver - The 11 br ol e sgestplaf i Bt Rotes B FRR et wferghy péititac
M cropor ous rrenbﬁmas frérh tise pRipMEdblemehbrandithfdugh g etche® meail filedblafe SEpPbIt prate.
262 may be attached to the internediate region of the nmenbrane support
plate 218 in any suitable manner depending, for exanple, on the conposition
of the nenhrane suppost ADkdkfRordsepatitibnisySteonPasih® nMenbrane 262. The

per neabl e nmenbrane 262 may be welded to the menbrane support plate 218 in a
variety 25 of Wi} sa drembrangemodide nslding qtdeaﬁwérsh@wﬁ#eaw@ BerEPaRe SYpPaLte
218 by an adhesi gﬁue@f ea%h%ﬁ{h\ég‘ggt'afxg %&Bﬂ& fin¥rant RppoH pates hathg & ProctR TRIPHE,

support plate 2138 I's roughen
a permeate side, and one or more openings extending between the process fluid side and

the permeate side, and at least first and second permeable membranes each having
15 upstream and downstream surfaces and wherein the downstream surfaces are respectively

mounted to the process fluid sides of the first and second membrane support plates over

the openings, wherein the permeate sides of the first and second membrane support

plates are secured to each other as a pair and define a permeate chamber between them,

the permeate chamber communicating with the first and second permeable membranes
20 via the openings in the first and second membrane support plates;

(b) a drive mechanism coupled to the membrane module for imparting vibratory
motion to the membrane module, thereby resisting fouling at the upstream surface of
each permeable membrane;

(c) a process fluid inlet communicating with the upstream surfaces of the

25 permeable membranes; and

(d) a permeate outlet communicating with the permeate chamber.

” ) 0 Y
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exanpl e, by oxidation, prior to attaching the perneate nmenbrane 262 to the
menbr ane support plate 218. This roughening of the surface typically aids

t he bondi ng process. 41 WO 97/ 02087 Ty Sheet Has beenl\eplaced

PCT/ US96/ 11207 Preferably, a polyneric mc ane such as

pol yt et r af | uor@PHe208ne i s bonded to a net M“‘“E supPCF/USYsN02 such
as stainless steel by way of a nonwoven vve nopl astic nmul ti conponent
fi bers. The multiconponent fibers nay conprise at Ieast a first polyner and
a second polynmer such that the second polymer is 5 present on at | east
a portion of the surface of the nulticonponent fibers and has a nelting
tenperature below the nelting tenperatures of the first polyner. For
exanple, the nmulti conﬁorﬁntvih‘rétbmseparujnmsmnimnﬁhg toecdaitn 4abd1crensthe\peiirghﬁrst

percent of the firgt pol r._and no han_.about .40 wei
the second pol yr’nif‘f‘.a sﬁ‘fp‘? ?‘&ﬁ“}"%ﬁﬂ% arle§ ﬂ’é‘?‘"?sﬁéesﬁ ‘5@% E?‘F
prepared fromany 10 sui tabl e polyners. Preferably, the mul ti corrponent

fi bers of the nonwoven web wi Il be prepared from _suitable polyolefins.
Sui tabl e pol yol ef i ns Bnch yiRIaEH! SFRRIAGPLFEEIAMASIEEY | ene, and

pol ymet hyl gent ene. Theaf iy skmBRinY 'Eddulesmaﬁxﬁfxﬁrfﬁ@ﬂ %e&%ya%%& %&@ked"‘anBbﬁH@

second pol yner preferably bei ng pol yet hyl ene. i bers of the nonwoven
web can be pr eparssppast plaiey, whto&bh@fm,awgo%mdf@uﬁgnemm suppori \piatesnhaning by

any suitable 15 pr W{@gﬁl%ﬁe 1 e&t@ﬁd? %b%dtﬁ?&”d 15 lﬁneﬁﬁﬁﬁéseach

maki ng processes. onen ers are
bi conponent fi bertmying. @streaixi bt downmeamexnrthcumndnmeremnhq)db\ymem subfaces are

I ti t fib d f t I L0
The 157St andl or TREGHEOBPYHE © GE Pt L BoR of e et AeiBa WAL B mfibigee

polyner 10 support plates, a process fluid chamber formed between the process fluid sides of the

u..
-

first and second membrane support plates, the process fluid chamber being substantially
free of structure and thereby enhancing dynamic flow between the process fluid and the
permeable membranes, and a permeate chamber between the permeate sides of the
second and third membrane support plates;

15 (b) a drive mechanism coupled to the membrane module for imparting vibratory
motion to the membrane module, thereby resisting fouling at the upstream surface of
each permeable membrane;

(c) a process fluid inlet communicating with the process fluid chamber; and

(d) a permeate outlet communicating with the permeate chamber.

20

7. A vibratory separation system comprising:

(a) a membrane module including a plurality of filter elements, each filter
element including a membrane support plate having an outer peripheral region and at
least one permeable membrane having an upstream surface and a downstream surface,

25 the downstream surface being mounted to the membrane support plate, the membrane

module further including a process fluid chamber communicating with the upstream
surface of each permeable membrane and a permeate chamber communicating with the

downstream surface of each permeable membrane, the filter elements being secured to

63
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bl ends. 20 The particul ar combi nati on of polyners for the

mul ti conponent fibers be chosen such that the nelting tenperatures of
the first and second poI Re lafefi ci ent|y enough that the nelting
of the second pol yner can Wst hout adversely affecting the first
pol ymer. Thuswo®teos$i r st ably has a nelting tROFREIGIIIPE at

| east about 20[err] C hi gher m)re preferably at | east about 50[err]C

hi gher, than 25 the nelting tenperature of the second polynmer. The
second polymer will typically have a nelting tenperature of about 110[err]C
to about 200[err]C, nore typically about 110[err]C to about 150[err]C. -The
adherence of the perneabl e nenbrane 262, nonwoven web, and the 42 WO

97/ 02087 each other such that the outer peripheral regions are laminated & Tdefifi® 6 cort2iGment

menbr ane support ate, 218 is effected by subjec t he ven b to a
t enper at ur e abO\}’éa?lt'FFgaWI ?H’@C?sé#ﬂ@aé‘glﬂ%“ ‘ltlﬂ’é“’ gBr‘?Bef)‘g‘F V%B

the nelting tenmgibant bMSroameht\dh the bfer 5igé ¥k waper meabl e menbrane 262 and
menbrane support plate 218. In other words, the nonwoven web is subjected

to a tenperature suf {(®ch 8rve mechapismegupledsio the megshrane modyle ﬁeump@xﬁeg 3’@6&5@1‘3{
| t hout | t
pol ymer wist hout pgd,@gi B'tﬁ@ﬂfeﬁ%raﬂ? nrlddﬂﬂ: afely 2 1088 -tm%o%ﬂﬂ'%/ed%tstge %8{: f st gnedf ‘o

This process is described in U'S. Patéent Séria
the same assi gneecbaymln@l@mmbme,u nvention, and is incorporated by

reference herein. b 0 £ Q b r t he
per neabl e menbr anes %29?@. ﬂu%gﬁrtg#e sg%rg)@g[‘s%f 9{&@ﬁ<§5§ &%ﬁg‘?e he
menbrane nodul e 104 (d) bgemseatt difflet commuricaking kvitheach peemedte cliambet.s W th no
substantial risk of the perneabl e nenbranes 262

10 8. A vibratory separation system comprising:

(a) a generally cylindrical membrane module including a plurality of thin metal
membrane support plates, wherein each thin metal membrane support plate has a process
fluid side, a permeate side, an inner peripheral region, an outer peripheral region, and
a region intermediate the inner and outer peripheral regions, and a plurality of permeable

15 membranes, wherein each permeable membrane includes an upstream surface and a
downstream surface and are mounted on the downstream surface to the intermediate
region on the process fluid side of the thin metal membrane support plate, the plurality
of thin metal membrane support plates being secured to one another by laminating the
outer peripheral regions to define an outer wall and by laminating the inner peripheral

20 ‘regions to define an inner wall, at least one of the outer and inner laminated walls having .
axially extending conduits in proximity thereto; '

(b) a drive mechanism coupled to the membrane module for imparting vibratory
motion to the membrane module, thereby resisting fouling at the upstream surface of
each permeable membrane;

25 (c) a process fluid inlet communicating with upstream surfaces of the permeable
membranes; and

(d) a permeate outiet communicating with the downstream surfaces of the

permeable membranes.
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separating fromthe nmenbrane support plates 218. Having a bond of this

nat ure enabl es the process conditions, i.e., flowrates and pressures, to
be sonewhat flexible. For exanple, the system does not have to be fully
pressuri zed before vibratory notion is inparted to the nmenbrane nodul e 104.
I n addition, wesmess of fhesh ggsrg}e,bmacedt he 15 pr ocesECTys/gizoeed not

be punped in under high p r to hold the perneabl e nmenbranes
262 to the menbrane suppo ‘\l M The process fluid may be passed
t hrough t he menbr ane rmdul

atively | ow pressure, thereby
enabling a longer life for the perneabl e nenbranes 262 as described in
detail subsequently. In one enbodinent, in order to further secure the
per meabl e nmenbrane 282 A mefbrane sepatdtion weiticompasisgipport plate 218, the

per mneabl e menbrane 2 may ext end d| a ward ast
the internediate reg{sg Eigﬂi?hm? k“‘%ﬁy‘ @’B@g’éﬁf ]Teg ﬁ*‘?@ Eie B %"%
support plate 2fiftefo¥letnoft idﬁliﬁfngailcbeﬁﬁéabre ﬁﬁﬁxbfan@‘lﬂvﬁé?an E’ps@feaﬁadakface hﬂde a

per neabl e menbrane 262 woul d be Ia;{g& enout%’I to be secured by the | eading
edge of the i nnAPWR§Hgam uhace apd an cd Aetyli MEBhrang | sBRRErt Blateh dhe GPWnstEsaBs

234. \thens the Sﬁﬁ-i‘z%e%_f the penﬁé’a%lezﬁ%m@%e tﬂ%ﬁxg”ﬁﬁﬁht@d’% WPBehdd ReAl Hentbkahedr ©

conpressed by the bolts, thereby rmng t norane nodul e 104, the seals
240, 242 conpressxp@awlq@mﬁméemnwmn e etedied imetal quanchranersupporh plate has a

peri phery again 'Hﬁgﬁé acg & %ﬁ ggﬂx

edges of the perﬁﬁrreagﬁe ne nes gg@ﬁb@b% %97‘83? &E%‘{h'c'}ﬂsttrbﬁon

PCT/ US96/ 11207 | n ex¢b@naliprgesshituith énletecoinpled e termemsisrab hogdule tand kemmunicating

internedi ate re n,224 d under e.seal s 0 242, the hol es 23 LI ng

the retentate c%htgu}hfs a‘ﬁnﬂ"fﬁ% QR Spermea herfbrated” process Bl il
10 introducing process fluid to the membrane module;

(c) a permeate outlet coupled to the membrane module and communicating with

-

—‘ﬂl

the downstream surface of the permeable membranes, the permeate outlet facilitating the
removal of permeate from the membrane module; and
(d) a retentate outlet coupled to the membrane module and communicating with
15 the upstream surface of the permeable membranes, the retentate outlet facilitating the

removal of retentate from the membrane module.

10. A membrane separation unit comprising:
(a) a membrane module including a plurality of stacked filter elements, wherein
20 each filter element includes a permeable membrane having an upstream surface and a
downstream surface, and a membrane support plate, the downstream surface of the
permeable membrane being mounted to the membrane support plate in a first region,
wherein the membrane support plate has a thickness in the range from about 0.002 inch
to about 0.040 inch in the first region and wherein the membrane module has a filter
25 surface area to volume ratio of at least about 100 ft*/ft>;
(b) a process fluid inlet coupled to the membrane module and communicating
with the upstream surface of the permeable membranes, the process filuid inlet

introducing process fluid to the membrane module;

“ R 0
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236 form ng the process fluid conduits 200 woul d be covered by the

per meabl e nenbrane 262 when the perneable nenbrane 262 is |aid down on the
menbrane 5 support plate 218. Accordingly, in an additional

manuf acturing step holes are cut in the nenbrane. For exanple, when a pair
of filter el eworwn20822 are formed, the firhit SHeet@lCBRARS 1LY BCHUSHSHEROR Wi t h
one anot her and a hole may be cut through nbranes 262 of the
pair at the holes 230,236. A netal islet d'muﬁmi%mﬂg into each of these
hol es 230, 236 and snoot hly crowned over t both sides of the
10 pair. As shown in Figure 20, the nmenbrane nodule 104 nmay conprise
the filter elenents 122 stacked in a pairwi se manner with the inner and
outer seals 240 and Z¢)2a ppmashtercutictcoupled tothe mdmbraremodnds wandrecoruimicatingt with
pairs of the filter elements.122. A film.or an adhesive uc her.mal
pl astic adhesi vé‘ﬁ%‘i%'ﬁﬁfaﬂhﬂvfaﬁ%%&‘saﬂf’&a BH’('J‘H)?F?@C% CheTed ou%e?fag@'*aglﬁg W50
and the raised |r&ﬁd€3135§emta&lfﬁmpﬂfermahmaﬁd gledu; amach pair of filter
elenents 122 and to bond the surfaces of the inner and og&gr seal. s 240 .and

242 to the inner and{®uf&Stentag Puies coupledighemgmprang medye apdcommpricating iwils
of adjacest pai fifie Qfstlehrh sGFfak! STYRE permelbIE \théthttbhes, th $btenthte WtietSAcHitatihg the
plastic inner and outer seals 240 and 242 are utilized, an adhesive may not
be necessary. 2@emoval of retentate fiom the membranegnofisle. of t he nenbrane support

pl ates 218 of each filter elenent 122 in the pair face each other such that
the multiplicity of protrusions 254 are preferably in alignnent with and
contact one anot her, 1tlef Thd mgmbrape sepasdtion ainitndeesrdidg 4o witaimhl 0; ovherein dlxt filter

with the perneate conduit 202. However,. each ryeat e chanher .264 i .

ol at 60 |1 om ¢ IRETSPIALE sechRd: 0 eaouber: iR SRBOfRS ap SHBRFIS heins SubsBpriaye
face-sealiod 25 free of kiattire aterfommesdbengech it geEmebRamdmbranks afadjicehrpairsbefiher es
236 and 230. The_inner and outer seals 240 and 242 create gaps between the
process fluid si€fB¥Mf adjacent pairs of filter el enents 122, defining a

process fluid chanber 260 which

12. A membrane separation unit comprising:
(a) a membrane module including a plurality of filter elements, each filter
15 element including a thin metal membrane support plate having an outer peripheral region
and at least one permeable membrane mounted to the membrane support plate, the
membrane module further including a process fluid chamber communicating with an
upstream surface of each permeable membrane and a permeate chamber communicating
with a downstream side of each permeable membrane, the filter elements being secured
20 to each other such that the outer peripheral regions are laminated and define a
containment wall isolating the process fluid and permeate chambers on one side of the
wall from the ambient environment on the other side of the wall;
(b) a process fluid inlet coupled to the membrane module and communicating
with each process fluid chamber, the process fluid inlet introducing process fluid to the
25 membrane module;
(c) a permeate outlet coupled to the membrane module and communicating with
permeate chamber, the permeate outlet facilitating the removal of permeate from the

membrane module; and
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comuni cates with the process fluid and retentate conduits 200 and 198. The
gaps 44 WO 97/ 02087

PCT/ US96/ 11207 between the process fluid sTlhl Shechtlas Bien Xe Ia?edpai rs of filter
el ements 122 may al so be created by other s EﬂHE ﬂm nures, for exanpl e,
rai sed porti on¥¥@$7/2083 nmenbr ane support pla t harP@IYOSSrE20ner

and outer seals 240,242. The gaps nay be of equal thickness or of variable
t hi ckness. For exanple, the gaps between the process 5 fluid sides of
adj acent pairs of the lower filter elenents 122 may be narrower than the
gaps between the upper filter elenments. Accordingly, there would be narrow
gaps in proximty to the process fluid inlets 106 and w der gaps in
proximty to the procdds afx‘emhtdtemmhectmm]:d?o the/ attenbiare rhdifuledand Somgamiatingy whie
utilized to normali efIU| [ess dlffe

enbodi ment, the t??f‘ RIPSES CP g}%"’ figpta "‘é’“gﬁ‘taya‘iﬂ“iaf‘?gﬁ%ﬁée'&%’np"fare%f“ﬂﬁeffom
and outer seal S Mgnmraﬂganﬁulevaryl ng th| ckness. However, each process
fluid ~chanber 260 is isolated fromthe perneate conduit 202 by the inner
seal 240, which surrounds the central opening 200. The perneabl e nmenbranes
262 are mounted to thesl NiGhdRithi @paBGbPihifdtngtfsinghe Process fluid side of

the menbrane support plates 218 between the inner and outer seals 240 and
242 and have a negli gi(8) @ gen¢ralonedindrigal mentbrane modujeninglbding g phurality of thin yetal

less than hal f the thick ?ﬁi&ﬂ fatds h@hérgﬂ%gcha@?l ﬂ%ﬁlqgmﬁoer s%@?éh n@ggg hed %%mcess

Accordingly, the gap wd each process tween
0. 005 and 0. 500 i fiitieside, arpgrmeate plde,fmambyperqzhgmlfegmn ahmmtch:eﬁﬁhbrala'egionuh

]9 6r20gx;%lhg,8’ agg(ﬂﬁen}ér ed%tgnﬁxr ee}cq%rxieg | feg(a),n Oru;genphera Oreéxgnse,‘bo p?ur'«:zll ggrpn%gble
10 membranes, wherein each permeable membrane includes an upstream surface and a

downstream surface and is mounted on the downstream surface to the intermediate region
on the process fluid side of each of the thin metal membrane support plates, the plurality
of thin metal membrane support plates being secured by laminating the outer peripheral
regions to define an outer wall and by laminating the inner peripheral regions to define

15 an inner wall, at least one of the outer and inner laminated walls having axially extending
conduits;

(b) a process fluid inlet coupled to the membrane module and communicating
with upstream surfaces of the permeable membranes, the process fluid inlet introducing
process fluid to the membrane module;

20 (c) a permeate outlet coupled to the membrane module and communicating with
downstream surfaces of the permeable membranes, the permeate outlet facilitating the
removal of permeate from the membrane module; and

(d) a retentate outlet coupled to the membrane module and communicating with
the upstream surfaces of the permeable membranes, the retentate outlet facilitating the

25 removal of retentate from the membrane module, and wherein at least one of the process
fluid inlet, the permeate outlet, and the retentate outlet communicate with the axially

extending conduits.
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20 Preferably, each process fluid chanber 260 is free of any
structure which would t d to inhibit fluid notion. For exanple, each
process fluid chanber 2 g By al ong the entire internediate
regi on of the nenbrane s m 3'?18 and circunferentially 360 degrees
around the newbmsam®STUPP Al ternati veI y, each pruusssgi®yui d
chanber may be substantially free of structure, i.e., have fewif any 25
structures which may minimally inhibit fluid notion within the process
fluid chanber. Consequently, the process fluid can freely nove with respect
to the perneabl e nenbranes 262 of adjacent pairs of filter elenments 122 in
the process fluid chanbers 260. 45 WO 97/ 02087

PCT/ US96/ 11207 The nﬂﬂfbrmmmmmsqxamwnrm'y chmpssingtl y one filter elenent 122

158 but mor o pr of or afty PR SRR ¢ ey ol kLRl R 9RETY

exanpl e, one, t\Wach filtseelethet mdluﬂ%ﬂ'faypeﬁhmle zherhbmne WMuﬁs&dﬁn sOfffce and a
hundr ed, or nDre pairs of filter elenments 122 be secured

bet ween the headloWRSTeIES BUrfAce,t t1d,3 mwhrw@ssupzm Sinte. 11he dO‘FH%feP%‘nMé‘FC of the
construct ikon of BR dBGhE Roiéd t i okSslapunber of filter
el enrents 122 ana*?ﬁ?\aer aﬁgﬁgﬁter segl S 24d(l)mand 2423<§€I‘]’(§aﬂ Si rrpley stacked and
seal ed to one anot he(b) prryoseseBuid inleegoupleditoyha wemhwane iodile #nil sampugiseting
whi ch acconmoda r A
construction al éﬁﬁllgf%t%g%?r%ﬁ%&u%e %u(gﬁ)%rqiétog?ﬁbsﬁer;@o rane rrggltg?r
The | am nat ed ountmdupiagimss;ﬂlﬁdtdﬂlenmbrmmoduhﬂul e preferably fornms an

outer contai nment vval( I) a p'r&cgssl ffu? %ﬁt?e% cglpp e trootﬁee xsn%mbrane module and communicating

10 with the upstream surface of each of the permeable membranes between the process fluid
inlet and the first region of the upstream surface;
(d) a retentate outlet coupled to the membrane module and communicating with
a second region of the upstream surface of each of the permeable membranes; and
(e) a permeate outlet coupled to the membrane module and communicating with

15 the downstream surface of each of the permeable membranes.

15. A membrane separation unit comprising:

(a) a membrane module including a plurality of stacked filter elements, wherein
each filter element includes a permeable membrane having an upstream surface and a

20 downstream surface, and a membrane support plate, the downstream surface of the
permeable membrane being mounted to the membrane support plate;

(b) a process fluid infet coupled to the membrane module and communicating
with a first region of the upstream surface of each of the permeable membranes for
introducing process fluid to the membrane module;

25 (c) a retentate outlet coupled to the membrane module and communicating with
a second region of the upstream surface of each of the permeable membranes;
(d) a retentate inlet coupled to the membrane module and communicating with

the upstream surface of each of the permeable membranes between the retentate outlet

68
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fluid, the perneate, or both on the inside of the wall fromthe anbient

envi ronnent on the outside of the wall. In addition, the |am nated stack
structure defines an inner lamnated wall. In the exenplary enbodi nent, the
outer |am nated contai nnent wall 15 conprises a stack of filter

el enents 122 wob7messzr seal s 242, but in alternative enbodi MERUS%/11287ay be
differently configured, §l1iTﬁ?Eet&&s Bees Rayidcedf filter el enents w thout any

seals. By isolating the nd the pernmeate from the anbient
|1 obviates an outer nenbrane
thi

environnment, the |am nate
nodul e housi ng. Not only does s sinplify construction, but it also

reduces wei ght, and, 20 therefore, the nonent of inertia. Alternative
nmet hods and nat eandaths seaopd begiomseftthe apsireant sutfecepahdr regi ons 250 and t he

rai sed | ands 256 on t erneat e side of each ir of filter elenents 12
hnd o bond the surt seL< e Sy Eftniia 5 B mbRng odii b comuriiiea e it
i nner and outer {RAcMmSredRsufAte 6f2éacR Bf tHepePhbRSHehbidhés, Si des of adj acent
pairs-of filter elenments 122. For exanple, 25 t hese surfaces may be

wel ded, brazed, epoxied, or have a gasket placed therebetween.

Alternatively, an injggeti Hﬁ'aﬂﬁ ; &ﬁ@.{-'.v\hichthe gasket is
directly issj ection rmfé(::legol(;)l%t ot gekpglgﬁﬁ{éﬁlrgr usﬂg?ices may be utilized. Any
suitable material suc(@ ssmembranomeduie jnchidingta plirality of stafkedfilten elegwntzewherein

PCT) Uso6! 11207 nERbaLe: SRbT el e piesple npfurt g an uppream gty g«

PCT/ US96/ 11207 nononer, rze e gas

i nj ection nol deddgmmsireim Guffaces anban membrinagepmit plate) gheadovastdam churface of the
sealant, i.e., the various cog&gnents may be easjly separatled once the

bolts or other sBUFEEARlE membrane bews mopnted o thememprape syppa plate;

10 {b) a process fluid inlet coupled to the membrane module and communicating
with a first region of the upstream surface of each of the permeable membranes for
introducing process fluid to the membrane module;

(c) a process fluid outlet coupled to the membrane module and communicating
with the upstream surface of each of the permeable membranes between the process fluid

15 inlet and the first region of the upstream surface;

(d) a retentate outlet coupled to the membrane module and communicating with
a second region of the upstream surface of each of the permeable membranes;

(e) a retentate inlet coupled to the membrane module and communicating with
the upstream surface of each of the permeable membranes between the retentate outlet

20 and the second region of the upstream surface; and

(f) a permeate outlet coupled to the membrane module and communicating with

the downstream surface of each of the permeable membranes.

17. A membrane separation unit comprising:
25 (2) a membrane module including a plurality of stacked filter elements, wherein
each filter element includes a permeable membrane having an upstream surface and a
downstream surface, and a membrane support plate, the downstream surface of the

permeable membrane being mounted to the membrane support plate, a head plate
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enbodi nent, a thernopl astic adhesive/sealant is utilized. The

t hernopl astic 5 adhesi ve/ seal ant may conpri se any suitabl e copol yner
of pol yethyl ene and et hyl ene vinyl acetate such as available from CLI VER
PRODUCTS COVWPANY, G and Rapids, M chigan, under the trade nane 10SE and
descri bed in Wy&orddagent Application entitled "Filtration Dergreeses/iizos.
Serial No. 08/489,802, filed on June 13, Thg§heeyfias BeanksplaGed oy o ot g| |
assigned to the sanme assignee as the preseE l and i ncorporated by
10 reference herein. Additionally, th I | ded gasket spacer
may be utilized in conmbination with the thernoplastic adhesive/seal ant. For
exanpl e, as stated above, the nenbrane nodule 104 may conprise a nunber of

sub- modul es, and a&d&ﬁxbgq%ﬂoﬁ%hﬁeplmyaswmsmemmdmgtdﬂ staoked il elements being
t her nopl asti ¢ adhesi ve/ seal ant,_ 1. a permanent bondi ng, an h

e., d 15 t he
sub- nodul es nmay BeouRted dehyesn thehead plate asesmhinand the hase platg asssmblpgwhesgin each of
I nj ection nol ded HRBC ' , ardia gl @A@" ween adj acent
sub- modul es. Anot her | n%ortaﬂtélﬁ%n Vﬁc;&g@%&g@%@fﬁ%@% t émn%’nbrane nodul e
enbodyi ng t he present @nagrodesniliid inletsequpleditg ithef inembrang mofivle @ndcemmupicating

vol une ratico. For_.ex I i n I nbodi men he total perneable .
menbr ane sérface %&e@gﬁ mu?a%ooref(%gﬁ)‘)fﬂﬁ%p?ﬁﬁggﬁﬁeﬁbwﬁ be conpared to
the total vol une occufs)ed pérments@utétaotpled tofthé nembmahe madils addébmrhini¢dtiag with
exenpl ary enbodi nent, there be one hundred circular pairs of filter

cl onents’ 125, eadht PARREAE Al Of AP DPaLin BEBLAREE 88 nent -1 our

i nches. Each filter el®mgpdterkats oGEtRbbfIGFtoahSnBEbRAnS MoHEE BhEcomiiiticHting Hth
whi ch may have an inside dianeter of 8 0 inches and an outside dianeter of

20.0 inches. Thelke epstream sarfaes of each qf ghepermgatile membraggs. of each per neabl e
menbrane 3§2 may be approximately two hundred sixty-four (264) square
inches and the total filter surface area of all two hundred filter elenents
122 is about fifty-twddt Homemhtneiseparation vdit edmpritieg:e i nches (52, 800) or 367
cubic feet. The total Yol HIkhBGE WHdGH iMudiflfa PGIEHEIMERe it Leblents! Whétkin

el ements 122

each filter element includes a permeable membrane having an upstream surface and a
downstream surface, and a membrane support plate, the downstream surface of the
15 permeable membrane being mounted to the membrane support plate, a head plate
assembly having a substantially concave lower surface, and a base plate assembly having
a substantially convex upper surface, the plurality of stacked filter elements being
mounted between the head plate assembly and the base plate assembly thereby
configuring the membrane support plates into a substantially conical shape;
20 (b) a process fluid inlet coupled to the membrane module and communicating
with the upstream surface of each of the permeable membranes;
(c) a permeate outlet coupled to the membrane module and communicating with
the downstream surface of each of the permeable membranes; and
(d) a retentate outlet coupled to the membrane module and communicating with

25 the upstream surface of each of the permeable membranes.

19. A membrane separation unit comprising:

(2) a membrane module including a plurality of stacked filter elements, wherein

L L L
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PCT/ US96/ 11207 may be cal cul ated as the volunme of a right circular cylinder
since the filter elenents 122 have a substgntl e¥a Circular configuration.

I n one enbodi nent wherein the thldk nbrane support plate 218
in 0.012 i nchewoamzoshe gap creat ed 40 242 i spOTSSG/m200hes,
the total height of the nenbrane nD udlng the head 5 and
base plate assenblies 120 and 118, may be calculated as the total thickness
of one hundred pairs of support plates 218 (0.012 x 2 x 100 = 2.4 inches)
plus the total thickness of ninety-nine gaps (.060 x 99 = 5.94 inches).
Accordingly, the total height is 8.34 inches. Therefore, the total volune
occupi ed by the qaeh finerdsledeRandcdedla permésdie MeMmbRANE aa\aag ah Qpétitam SFAEDAY ¥
enmbodi.-nent is 2,202 cubic inches or approxi mat el ubi ¢ feet.

Accordingly, the dommstEsamsgrfage,cand, 4 mep r%rsmpeﬂréetramregapmm WKetide angboa
ftlerr]/ftlerr]. Jefmaecgid Mﬂﬂs&&nﬂ)ﬁﬁfa@émﬁé g&fneiﬂi@mbﬁﬁﬁﬂé bélﬂ% m@ﬁﬁt@d‘ﬁﬁhe

the thickness of ‘each menbrane support plate 2 be so snal
enormous filter m@sa:ﬁuldrsmmmmpammqmmtem@ﬁ;st sagion hwurngélckness in

Accor di ngl t he r

enbodi nent )Smay bet{lé g{{jﬂt t;’,‘ﬁ%i htgrair‘?u/‘?5 f 1?cjth %%J‘gﬁeé% %ﬁ%mme
ftlerr]/ftlerr] Jtﬁs a filter surfacg ageatte volulmenrai® 6f att lpast about 'rl[)@fti’/}‘t3 athe filtem¢lements
than 250 fterr]/ftlerr d e as high as.1 .100 ftlerr]/ffl.err [
i gher - A Fati 0 ibﬁ“{shec'}rsﬁge oBY i, ¥ gy pachrint; of FPdab Sl o o8 ffygffane
ftlerr]/fterr] 1ates yonitdet bircanoie énd defifie abmiea&(lﬁmﬁbe{rem bpéntchedide]s dr®
about 1,100 ft[errf err] m)re referabl in the range from abqut 150
ftlerr]/ft[err] tirmadobRIWesmOPETmERDE r,]theﬁa?feclyﬂeﬁle%w“?%w@é}bﬁaf of
150 ft[errb/ f[er rgrubeareabout 400 ft[err]/ft[err] and in the range of up to

about 250 ft[err]/ft[err] is nore preferred for a vi brator%
separation assenbly ef®odypraepss Auidi inles geupdnd. tothe memyrane imaduje andrdommeunigating

to volume with the open channels, the process fluid inlet introducing process fluid to the membrane

module;
(c) a permeate outlet coupled to the membrane module and communicating with
15 the permeate chamber, the permeate outlet facilitating the removal of permeate from the
membrane module; and
(d) a retentate outlet coupled to the membrane module and communicating with

the open channels for facilitating the removal of retentate from the membrane module.

20 20. A filter element comprising:
(a) a permeable membrane; and
(b)  amembrane support plate, the permeable membrane being mounted to the
membrane support plate in a first region, wherein the membrane support plate has a
thickness in the range from about 0.002 inch to about 0.040 inch.
25 |
21. A filter element comprising:

(a) a permeable membrane; and

) O YR "
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ratio of the vibratory separation assenbly not only enhances throughput,
but it also reduces the weight and, therefore, the nonent of inertia. In a

preferred node of operati s} enRepleqd 5 dj rect ed under pressure into
t he menbrane nodul e 104 thr \I ss fluid inlets 106 which are
illustrated i rwd®70287 Fig The process fluid npgrbssedizect ed

to the vibratory separation assenbly 100 by a punp as illustrated in Figure
1, or by any other nmeans suitable for pressurized delivery of the process
fluid. Although the process fluid inlets 106 are positioned in the base

pl ate assenbly 118, they nmay be positioned in the head plate assenbly 120
or at a 48 WO 97/ 02087

PCT/ US96/ 11207 positi @ beanwtched mietal membraiestppostspiateithe parirtable dnentbeanie deing
pl ate assenbly 120 w t.hout affecti t he operatjan of the vibratory
separation fil term"é’élwbgg‘&ﬁf %&%w&g’f@?@ﬁ* ﬁmﬁ ows through the process
fluid inlets 106 and into the |l ower process fluid channel 132 of the base
plate 124. The process fluid is evenly distributed through the | ower
process 5 f1 ui d2&h#nsral comprisipg: t he pressure of the inconing process
fluid and ks direct eda%s%ﬁﬂlfﬁ&uﬁ@??g%ﬁ??@aﬂhﬁﬁ?&ﬁi Suliéti fdri ludras 134

into the upper process fluid channel the base plate 124. The process
fluid is evenly distrrberskl meuniadgip ahdeastopre of e dnnsr fand,j qytes Hperipbery 1afpthe
again, by the pr : lyagom ng process fluid and is directed

t hrough the procgggsﬁnﬁﬂ%c%égﬁétﬁgé 200 fornmed by the filter elenents 122
and whi ch communi cate 10 wi th upper process fluid channel 130. As
shown in Figure 21, t?;ﬁ &LO"%*ESS fluid conduits 200, which extend through
the entire height of tfre AR SME ter el ements 122 have gaps between

adj acent pairs of fil aetubseneaiBndifculas polymesit ging \Mrhalingt HpluptigCcoSisoldst wndl

at least one metallic insert operatively associated with the substantially circular

polymeric ring.

24. A separation method comprising:
15 (a) porting process fluid through a process fluid inlet into a membrane module
having a plurality of filter elements;
(b) directing the process fluid to a first region of an upstream surface of each of
the plurality of filter elements;
(c) directing the process fluid from the upstream surface of each of the plurality
20 of filter elements between the process fluid inlet and the first region of the upstream
surface and through a process fluid outlet to facilitate the maintenance of a substantially
constant pressure differential across the plurality of filter elements; and
(d) directing retentate from a second region of the upstream surface of each of
the plurality of filter elements through a retentate outlet.
25
25. A separation method comprising:
(a) porting process fluid through a process fluid inlet into a membrane module

having a plurality of filter elements;

L LT
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may flow into the process fluid chanbers 260. In a preferred node of
operation, non-uniformflow paraneters wthin the process 15 fluid
chanbers 260, e.g. varying fluid flow rates and/or varying fluid pressure
differentials fromthe process fluid conduits 200 through the process fluid
chanbers 260 WO382087T he filter elenents 122 to the retent at @CTHSAMI2IT 198
are avoided. In a system whgrseeet e BednRaplp@d anet ers of the process fluid are
not substantially uniformf filter elenents, preferential
fouling of the filter elene t hereby resulting 20 in a

| ess efficient, shorter life Tiltration system Preferential fouling of the
filter elements may occur through the non-uniformdistribution of pressure
di fferences across tHb) Wdirkdtig thd proeess fuidAo hifirstiredion dfean wseeann surfand pekchdf t 0
a greater pressurhe H‘ij erfgbi al. than a second filter elenent may foul
faster because tfigP ﬁyﬁ Erlﬁ]?nfﬂtﬁ’ference forces nore process fluid
through that filter qtyemiettingllerntat o ai se€ond!regito bfithe tupsteeafnosurfatelbfleach oy
rates, i.e, 25 the filter element subjected to a higher fluid flow
rate may foul f b ehurality of Sftenglergents thrgugh retepatecMtIet apd, “of fi ci ency
because ofs a_cascadi ng) Sireily ORGEdl Srobd 8 lpdeich YuriBlLIALY BEGE PRality of

conpletely fouled, the preferential fouling Ifts to the next fiflter

el enent and t he filtesclementsdenveen thegetepiac puties and the serond cegion of|thrupsasamsirface

i ncreases. 49 0 : s . .

pCT/ Usoo 11207 5t okl 3 ffentats inter o aciime the mpipenance of » sbyanially conant
may be achi eved peduralifferantiet dcioss thh phpalay ef filtérd elementhanber s by cl osi ng
both the process fluid outlet 112 and the retentate inlet 113. Process
fluid then flows fromthe process fluid conduits 200 through the process

fluid chatbers 260 a@b60sA sefaritivngndthoddonipeisinge per meabl e nenbr anes

(a) porting process fluid through a process fluid inlet into a membrane module

having a plurality of filter elements;
(b) directing the process fluid to a first region of an upstream surface of each of
the plurality of filter elements;

15 (c) directing the process fiuid from the upstream surface of each of the plurality
of filter elements between the process fluid inlet and the first region of the upstream
surface and through a process fluid outlet to facilitate the maintenance of a substantially
constant pressure differential across the plurality of filter elements;

(d) directing retentate from a second region of the upstream surface of each of

20 the plurality of filter elements through a retentate outlet; and

(e) directing the retentate from the upstream surface of each of the plurality of
filter elements between the retentate outlet and the second region of the upstream surface
and through a retentate inlet to facilitate the maintenance of a substantially constant

pressure differential across the plurality of filter elements.
25
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5 262 of each of the filter elenents 122, each experiencing
substantially the sane flow paraneters, to the retentate conduits 198. For
ot her applications, substantially uniformflow paraneters nay be achi eved
and maintained in the process fluid chanbers by opening either or both the
process flui d WOPTRW87112 and the retentate inlet 113. For exemaisssinbe
retentate inlet 113 may be 10 cl osed and the process fluid outlet 112
may be opened and connected to the process fluid inlets 106 via, for
example, a return line 312 and val ve 314, |5l@ lustrated in Figure 1, so
that the process fluid may be recircul ated at a specific flowrate. ‘This
second arrangenent nmay be described as a process fluid recircul ation |oop.
Wth the process fluid outlet 112 open, the process fluid flows fromthe
process fluid conduits 200 to the 15 process fluid outlet 112 for
recirculation to the process fluid ignlets 106gand frgmthe process fluid
conduits 200 through the process flubdd chanbegs 260 ross or tangential to
t he perneabl e nenbranes 262 of each BN\ the filter el gnents 122, each
experiencing substantially the sanme fl para S, \to the retentate
conduits 198. The process fluid inlets 106, gnd process flTujd outlet 112

both conmmuni cate wwth a first+egha t 20 upstream surface of
each of the perneab nbrgne ?62. | The Wetlentate outlet 108 gommuni cat es
with a second region of hagub-t suftéciégb each of the perneable
menbr anes 262, and the prgcgs idiflbwr is largely decoppled from
the flow rate of the rgfe at ativelly or in addition t
above-descri bed proces® f ui dlr ©n |25 | oop. the

separation systemmy c risqpa_retentaffe Iteqp as brieflly des
Alternatively, i [ %g etgntgte inlet 1j13

just as the procegs fluid G§| t % y € cosed and p Ss

al ong the proces®\fl atPers with eaqF:experiencing subst
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WD 97/ 02087 PCT/ US96/ 11207
retentate recirculation | oop may conprise a valve assenbly or a punp
assenbly 406 connected between the retentate outlet 108 and a retentate
inlet 113, which are illustrated in Figures 1 and 24. The retentate inlet
113 may be cavmnerdzest to the retentate conduits 198 via a r RGMKAGHITN| et
channel 115 and a retentate inlet conduit 117 in the base plate 5

assenbly 118. Preferably, the retentate irélfbconduit 117 is as straight as
possible, i.e., no bends or curves, to e that the retentate freely
noves therethrough. Generally, the retentate is the nost viscous fluid in
any separation system accordingly,] the straightest path possible is
preferred. In this arrangenent entate inlet 113 and the retentate
outlet 108 both c ni cat t h e€ regi on of t he upstream surface
of 10 each meabl e nenblijanes 2, i@ retentate flow
rate is largely decouplgd~ro elfflowjrate o process fluid. The
process fluid outlet rate d 't he etenta@ outlet flowrate are
preferably sel ected guchjt a8 _t he f!l ow hr amet er s\ such as pressure
differential, fromt prjocess uits 20@ o0 the retentate conduits
198 across each filter eljenen e 12, substantially the sane.

For exanple, t fl@/rat s thro oces\fi@jd recirculation | oop
and the retent fon | ma e _naj | such that the
pressure gradient i a sub yal |yl sim Cr dss menbrane pressure
differential thr eadh rlotess ui d chattber® 260. By mai ntaining
a substantially si Iar r et e ure diffferential, preferential
fouling of the filt II% ts 1 substantially reduced or
prevented. In additioq, the|uvi bt@toryZﬁ&)ar lon gystem may be nore easily
scal ed up, i.e., addi tN@na [I |ter el enents ddf%cllG be2cause the addition
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of further filter elenents 122 would not substantially affect the cross
menbrane pressure differential. Thus, the fluid flow established through
three process fluid chanbers 260 (six filter elenents 122) may be easily
extended to teggfrocess fluid chanbers 260 (20 25 filter elenments
122) since the YE2%3enbr ane pressure differential does not ppghabafbd-al Y
change. The process fluid outlet flowrate and the retentate flow rate may
be vari ed dependi ng upon the particul ar ap%i gi on, as process fluids and
conditions vary. For 51  \AD 97/ 02087 /(i :

PCT/ US96/ 11207 exanpl e, the process fluid outlet flow rate may be greater
than, equal to, or less than the retentate flow rate. Mnipul ation of these
flowrates allows additional flexibility because the nunber of filter
el enments 122 conprising the nenbrane nodul e 104 may be changed, i.e.
up or down, w thout degrading performance. 5
fluid flows fromthe process fluid conduits t
t he perneabl e nmenbranes 262, the nmenbrane

scal ed
As the process
3 éhe retentate conduits past
IR 104 is bei ng vi brated by

the drive nmechanism 102 at a predeternid@ad frequ y a litude to
create a shear fIOM/bounUer I&§er at thd slurfaces’off {he perneabl e
menbr anes 262 faci nd8&he ,pXoc SS | guiq;4i. ; e eam sur f aces.
Al t hough the perneahl e H)r gnes 2 y b th q% 'Bﬂhey dq
provide a rel ati flof m{surf ac th e | &'%gi\le of tﬁQ
per neabl e nmenbr ane Lfi t /
prot rusi ons which . nob.y,
as the nenbrane E%gu , : P k
of the process f d s =t = ‘\\\5\\\\ S
00 e e
B s R S S S S S TN
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per neabl e nmenbranes 262 of adjacent pairs of filter elenments 122 does not
nove at or 15 near the sanme frequency and/or anplitude as the

per neabl e menbranes 262. Therefore, there is relative novenent between the
process fluid and the perneable nmenbranes, and it is this relative novenent
t hat gener at ewodynzost c f|l ow condi ti ons which tend to prevenPCTREIHANESi ti on
of fluid conponents such as particulate natter or colloidal matter in the
vicinity of the perneabl e nenbranes 262 ogﬁo Ege per neabl e menbranes 262.
20 Therefore, fouling and cl oggi ng AJ per neabl e nmenbranes 262 is
greatly reduced. The vibration paraneters required to |ift particulate
matter off of the perneabl e nenbranes 262 nay depend on a nunber of factors
including fluid viscosity, fluid denS|ty|48kom1rateFK?nd the size and
character of the particulate and/or colloidah mattef~” The drive mechani sm
eficy in the 25 range
120 Hz, and nore

0 o .. 0
7§‘“?.--ut oG~ Fo e menbrane
BPat i on /may prefera-‘v 5 than about
,|l§j’ VO 9K D87~ < S
5—degiese T anpl iTude oRy BTNt |
/ .‘ rrgﬁbra e—stppart—prare—218 havi ng\a
: /range from afHut. o735 --—-------e-ee% i
é!i’y appr 6Xi nm\9| y E‘é def' o) ?
gnery,

, er €of | ref Iy"TFu“-.oo t\1.500 5
egr/ééglfﬁf ’g : mches.;(appr\ goyht el ly 148. 3

preferably in the ranggofrom af
support plate, the anplitud-
90 degrees and nore prefd
PCT/ US96/ 11207 | essi2dhan
exanple in a systemu
di anmeter of 24.0 inches
degrees) to about

measured at the oufjer
i nches (apprOX|nataly
degr ees)

130
|46 203
148 k 134 |44 |42 140

\
' WW/ A7
— .
! FIG. 6
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i nches, and even nore preferably about 2.0 inches (approximtely 9.5
degrees), as neasured at the outer periphery thereof. As the nenbrane
nodul e vi brates, a portion of the process fluid, i.e., the perneate, passes
t hrough t he perneabl e nenbranes 262, through the holes 238 in the 10
menbrane supmwadropesat es 218 and into the perneate chanber s PRFAISEGHATed
between the perneate sides of the filter elenments 122. The perneate is then
directed through the perneate chanbers 26 ng the plurality of
protrusions 234, between the retentate | ardst®56, and into the perneate
conduit 202. In contrast to the process fluid, the perneate which is in the
permeat e chanbers 264 nay preferably be constrained to 15 vi brate at
or near the frequency and anplitude of vibratiqggﬁf t he nenbrane nodul e 104
by the protrusions 254 on the perneate sides @ e filter elenents 122.
These protrusions 254, which are fixed to the nmenbrane sq ort plates 218
fgCrtate thre novenent of

i ke the
.e condui t

ev—-Be._open crRanpeyrs
§ ate en
t 1

process fluid chanbers 26€g, O
202, it is directed to the,pdifme

i.e., the retentate,

152 150 164
) \ \ — 1

126

154 106 68

166 FIG. 8 106
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the retentate conduits 198. The retentate flows through the retentate
conduits 198, into the retentate outlet channel 182 in the head plate 196
and out through t RO esmze9at ate outlet 108 in the head plate assenbly 120
where it flows into the retentate recovery arrangenent 400. The retentate
outlet 108, like the perneate outlet 110 and the process 5 " PCRIUSH6e 1207
inlets 100 is not restricted to a specific location on the nmenbrane nodul e
104. The retentate and the perneate may be ut |6yz| for a wide variety of
pur poses as previously explained. Either the perneate, retentate, or both
the perneate and retentate may be the inportant products of the filtration
process. "Therefore, the design of the perneg&fte and retentate recovery
arrangenments 400 and 500 nay vary. 10
surface of the base plate 124186d t he sl gpe— he/] ower surface of the

ForiZzQnt §
a c;ﬁr‘e

el enents 122 at a slight angle
the | ower surface of the base
Specifically, the netal nmenbr
elenents 122 are forced intg

peri pheral region therepf.
240 (illustrated in Fi & d
sides of the nenbrane ggp
support plates 218 npa
menbr ane support qb'
plate 124 may be f'at.

y shaped. Alternatively,
a]%st he head pl ate 176,




In forcing and hol di ng the nenbrane support plates 218 in a conical shape,
three inportant results are achieved. Firstly, the conical shape of the
menbr ane support plates 25 218 facilitates the renpoval of gas which
may be trappedvﬁ;%%ﬁaﬂ adj acent pairs of perneable nenbranes 262, i.e., the
process fluid chanbers 260. Trapped gas in the process flui d,@:ﬁﬁg&{ﬁm%o
may degrade system performance. Basically, in having a conical shape,
process fluid fromthe process fluid conduL}s referably enters the process
54 WD 97/ 02087 /F3

PCT/ US96/ 11207 fluid chanbers at or near the | owest point in each chanber
and the gas in the process fluid chanbers 260 rises ahead of the process

fluid filling the chanbers 260. Therefore, the process fluid forces the gas
out of the systemas the process fluid travels upwards towards the inner
regions of the systemto the retentate conduy 198. Simlarly, 5

pernmeate fills the | ower portion of S pe@?%n;ﬁﬁha;::rs first and the gas
in the perneate chanbers rises ahdad ¥ t he perneate.{O) is especially
advant ageous for a hydrophobi (@)i um such as a ponUé r ge\uor oet heyl ene
medi um whi ch othermt; has #f,endency to hol d onto ga§||as¥he
nodul e 104 fills wt % ’@ | uid. Secondly, the conilglal shape of the
menbrane support plates 2¥ jlitates thggfl ow of 10
into and through the progass $P4 t he s\ ope
facilitates a uniformfl/&M di st
fluid chanbers 260. The proces;1
fromthe | ower portion/Lo8Ge i
the conical shape of tK©) nbrei

er 260. Thi

S| sigglctural
ng an ()

integrity to the menbrfn du
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15 hol di ng the nenbrane support plates 218 in a conical shape

tensi ons the nenbrane support plates 218, thereby increasing their rigidity
and preventing sagging. The added rigidity facilitates the maintenance of a
uniformgap width in the process fluid chanber 260, i.e., an open channel.
Typically, in ¥¥Y0#87having high filter surface area, open ﬁbﬂ@@ﬁhﬁmn
between filter elenents are not utilized because of the extra wei ght
required to 20 mai ntain the gap mndtgadjuéhe channel for exanpl e,

t hrough heavy support plates, spacers, ge neshes. However, in the
present invention, the gap width of the process fluid chanbers 260 are
mai nt ai ned through the use of metal menbrane support plates 218 which are
made nore rigid by forming or forcing theminto a conical shape. 25
General ly, conventional nenbrane nodul es having a high filter surface area
to volunme ratio may not conprise an open channel design, i.e., process
fluid .chanbers being substantially free of obstructions. The reason for
this being that in conventional nodulel4in order to increase filter

surface, larger support plates are needéd hese 55 6Fifgd 1. A
vi bratory separation system conprising:=Ya) Oa me@brans nodul e i ncluding a
plurality of stacked filter el ene gbbh'T‘Tter Ehenéht ncl udi ng a
per neabl e menbrane havi ng an up ceaﬂfsdrface and a domns;r-- surface and
an etched netal menbrane suppoii=gfal¥. he  doOWStYyeam sur ace of the
per meabl e nmenbrane bei ng nouy o,ﬂ >
/
/
O/
/ / 182~
[/
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menbrane support plate in a first region, wherein the etched netal nenbrane
support plate has a thickness in the range from about 0.002 inches to about
0.040 inches in the first region; (b) a drive mechani smcoupled to the
menbrane nodule for inparting vibratory notion to the filter el enents,

t her eby resi stwoorg08yl i Ng at the upstream surface of the perroraisoe11207
menbranes; (c) a process fluid inlet communicating with the upstream
surface of each perneabl e nenbrane; and (d) a perneate outlet communi cating
with the downstream surface of each pernmea® /gl $enbrane. 2. A vibratory
separation system conprising: (a) a nenbrane nodule including a plurality
of stacked filter elenents, wherein each filter elenment includes a

per neabl e menbrane havi ng an upstream surface ag? a downstream surface and
a nmenprane support plate, the downstream sur &f the per neabl e nmenbr ane
bei ng nounted to the n5 Df ane suppoEtPIATH t.a first region, wherein the
menbr ane support plate : ggsabout 0. 002 inch
to abeout 0.040 inch pgqthe {26 8 nenbr ane nodul e has
a filter surface area to VADH 100 ft[err]/
ftlerr] ;
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62 (b) a drive nechani smcoupled to the nenbrane nodule for inparting
vibratory notion to the filter elenents, thereby resisting fouling at the
upstream surface of each perneabl e nenbrane; (c) a process fluid inlet
comuni cating with the upstream surfaces of the perneabl e nenbranes; and
(d) a perneatWo@wo208t1 communi cating with the downstream surperesshiisach of
t he perneabl e nenbranes. 3. The vibratory separation system according to
claim2, wherein the etched netal merrbr@e fgﬁ)port pl ate has through hol es
in the first region whereby perneate pa e/s om t he perneabl e nmenbrane

t hrough the etched netal nmenbrane support plate. 4. A vibratory separation
system conprising: (a) a nmenbrane nodul e including at |least first and
second menbrane support plates, each or |t ] econd menbr ane
support pl ates having process fl ui dst{de pat e si de, and one or
nore openi ngs ext endi bet ween t he Qﬁowg

M

:s, THYsi de and the perneate
side, and at least fir and second per ﬁh%ranes each havi ng
upstream and downstregrNsurfaces and wh "YQ/? el\Jownst ream surfaces are
respectively nmounted t{dJt he process fl ui §\g§ the first and second
menbr ane support platgsjover the openi /W C t he perneate sides of
the first and second Mne suppté ﬁ\é ghgecured to each
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other as a pair and define a perneate chanber between them the perneate
chanber communicating with the first and second perneabl e nenbranes via the
openings in the first and second nmenbrane support plates; (b) a drive
mechani sm coupl ed to the nmenbrane nodule for inparting vibratory notion to
t he menbr ane BAAYe08% her eby 63 resisting fouling at the RERUIAINT
surface of each perneabl e nenbrane; (c) a process fluid inlet comunicating
with the upstream surfaces of the perneabl e nenbranes; and (d) a perneate
outl et comunicating with the pernmeate chdifpeld 5. The vibratory separation
system according to claim4, wherein the pair of first and second nenbrane
support plates has a thickness | ess than about 0.03 inches. 6. A vibratory
separation system conprising: (a) a nenbrane nodule including first, second
and third stacked nenbrane support plates, each of the first, second and
third nenbrane support plates having a process fluid side and a perneate
side, first, second and third perneabl e nenbranes each havi ng upstream and
downstream surfaces and wherein ighe ©
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downstream surfaces are respectively nmounted to the process fluid side of
the first, second and third nmenbrane support plates, a process fluid
chanber formed between the process fluid sides of the first and second
menbrane support plates, the process fluid chanber being substantially free
of structure wodrbisr eby enhanci ng dynam c fl ow bet ween t hepprmswas2er| ui d
and t he perneabl e nenbranes, and a perneate chanber between the perneate
si des of the second and third nmenbrane support plates; (b) a drive

mechani sm coupl ed to the nenbrane nodul e ?r/ilg)arti ng vibratory notion to
t he nenbrane nodul e, thereby resisting fouling at the upstream surface of
each perneabl e nenbrane; (c) a process fluid inlet communicating with the
process fluid chanber; and (d) a perneate outlet conmunicating with the
per meat e chanber. 907~A vi bratory separation systemconprising: (a) a

menbr ane nodul e i ncl udi ng-a pluraNty ogrgglgggﬁglenents, each filter
' te’h an outer peripheral

el emrent including a ne
region and at | east op hrane havi ng an upstream surface and a

downstr eam sur f ace,
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t he downstream surface being nounted to the nenbrane support plate, the
menbr ane nodul e further including a process fluid chanber conmuni cati ng

wi th the upstream surface of each perneabl e nenbrane and a perneate chanber
comuni cating with the downstream surface of each perneabl e nenbrane, the
filter el eneWOSTHWBNg secured to each other such that the BGFERSHL pher al
regions are | am nated and define a containnent wall isolating the process
fluid and perneate chanbers on one side of the wall fromthe amnbi ent

envi ronment on the other side of the vval‘l3/(|% a drive nmechanismcoupled to
t he nenbrane nodule for inparting vibratory tion to the nmenbrane nodul e,
thereby resisting fouling at the upstream surface of each perneabl e
menbrane; (c) a process fluid inlet comrunicating with each process
chanber; and (d) a perneate outlet comrunicating with each perneate
chanber. 8. A vibratory separation systemconprising: (a) a generally
cylindrical nenbrane nodule including a pluqﬂbity of thin netal nenbrane

support plates, wherein each thin netal rane suppogjg pl ate has a
process fluid side, a Perneate si de, i hingr [0 ghgral region, an outer
peri pheral region, andll& redi®n interngdilate thed innér and outer peripheral
regions, and a plul8gity\of /per blie4 S, efei n eachi8qg
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. Y N T 4
per meabl e menbr ane includes an upstream surface and a domstre(gn{0-576@ 7
surface and are nounted on the downstream surface to the interngdiate
regi on on the process fluid side of the thin nmetal nenbrane suppor plate,
the plurality of thin nmetal menbrane support plates being secured to one
anot her by lam nating the outer peripheral regions to define an outer wall
and by lam nating the inner peripheral regions to define an inner wall, at
| east one ofmcrhegoabeﬁemomrmethoﬂ SRMPRSSOORENY Broersy llaig thxaugh|a/pregess it g

conduits in .proximt hereto. . (b) a drive mechanl sm coupl ed.to the :
menbr ane nodtite ¥6r %ﬁ%ﬁﬁ?r@j@lﬁ%h}’%&? PigRR n&t @ftﬁrheéemn%L rgﬁﬁ Br8GE dluid
thereby resiigtdifgheldol b NErsAtedide ofPal Aol hirfe® FfeaBRUT Ber ARAOLRments.
menbrane; (c) a process fluid inlet comrunicating with upstream surfaces of

t he per meabl Retpater sndicecadnfiomdp secped regior of ubé¢ apswramEwiiace: phgacti of thee
downst ream syr f - of the pernpeable nmenbranes. A enbrane separation
unit conpri s?qﬂﬁaﬁ%?gs Hléerr%%c%gsn DHRRA EFIaF ﬁ‘gfcng%ge FTSHaF is thepa F‘ﬁglg?dn

filter el emefitups@@eh shithdeest @dc@nBNtnel piatdiid) BE ReP koAl RVBAIP RN dhRiME NY
an upstream surface and a downstream surface and

outlet and the second region of the upstream surface and through a retentate infetr to

O

facilitate the maintenance of a substanrially constant pressure differential across the
plurality of filter elements.

In accordance with another aspect, the presear invention is directed to a separation
method. The separation method comprises porting process fluid through a process fluid
inlet into a membrane module having a plurality of filter elements. The process fluid
is directed to a first region of an upstream surface of each of the plurality of filter
elements. The process fluid is then directed from the upsweam surface of each of the
plurality of filter elements berwesn the process {luid inlet and the first region of the
upstream surface and through a process fluid outler to faciliate the maintenance of a
substanually constant pressure differential across the pilurality of filter elements.
Retentate is directed from a second region of the upsweam surface of each of the
pluralicy of filter slements through a retenuace outler. The retentate is then directed from
the upstream surface of each of the plurality of filter elements berwesn the retentate
outlet and the second region of the upsweam surface and through a retentate inlet to
facilitate the maintenance of a substantially constant pressure differential across the

pluraliry of filter elements.
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an etched netal nenbrane support plate, the downstream surface of the

per meabl e nenbrane being nounted to the etched netal nenbrane support plate
in a first region, wherein the etched nmetal nenbrane support plate has a

t hi ckness in the range from about 0. 0P i nches to about 0.040 inches in the
first region; (b) a process fluid inlet coupled to the nenbrane nodul e and
comuni cating with the upstream surface of the perneabl e nenbranes, the
process fluid inlet introducing process fluid to the nenbrane nodule; (c} a
per neat e out 1%t ASHERAEE %0 WiHFE FEdtETe 2598Gecdnthe olmymhE®@Rt ng@ Wi t h t he
downst r U fac t; Eabl.e p a6 apnes; .1 he, per neat e. out | et
faciIitg??ﬁgy{hegﬁgﬁ%béPﬁggﬁﬁgfﬁggfgm F§%|Eﬁg9%§ﬁb§%%égn% ﬁT%? %n%ﬁ%%% a
ret ent atse.cdzutdretl adplpast tod e aerghr dvd snpduberasdctonfubteatmagb vadd t he

upstream surface of .the perneabl e nenbranes, the retentate outl et
facilitd9 'b“‘tcﬁet"r SR &+ 55Y" rsétJe‘ht%t &%W#ﬁé“ﬁeﬁﬁ?ﬁﬂ&“nﬁhﬁ%c e A
menbr anes SEREES | y4iNidi HUEYNd YdiGiedB)end MRIBLAAS 0gpbeci pehudi pgsa

plurality of_stacked filter elenents, wherein each filter elenent includes
a per medii% TRt ahedhf4 i arPmaaeam Suiiegc acahdaaedofnet peameable

filtar membrane has an upstrzam surface and a downstream
surface. The downstrzam suxzface faces the firss side of the
membrane supporzt place. Tha through nole is saaled from the

downstream surface cf the permeabls filtsr membrans to ¢

th
a)
o
i
Ko
14
3}
2]
0]
)
O
[l §
1]

fluid flow between ths downstr=sam surface ¢
filter membrane and the through hcle.

In accordance with anocther aspect of the iavention, a

filter element includes a membrane support plate having a Zircst
sids and at l=2z2st cne through hols, a germeakla filltar mambrane,

g
and a bonding layer dispcsaed betwean zhe £i

1]

membrane suppvort plate and the permeabls £

permeabls filter membrana has

)
)
v

pstream surface and a

downstream surfacs, wict

o
1
o
®

downstream surface facing the first
side of the membrane support plata. The bonding laysr bonds the
permeabla filter membranz to thes first side of the memcrans
support plate. The through hcele is s
surfacea of the permeable filter memkbran
Jbetwean the downstrsam surface of the permeable filter membrane
and the through hole.

In accordance with another aspect of the ipvention, a

filter element includes s membrane support plate and a permeable

[
'_A
‘__c
¢t
{7
y
3

empbrans. Th2 membrane support plate includes a fiz-st

arranged near an outer periphery of the membrane support plate,
and a plurality of through noles disposad radially between the



surface, and a nenbrane support plate, the downstream surface of the

per meabl e nenbrane bei ng nounted to the nenbrane support plate in a first
regi on, wherein the nenbrane support plate has a thickness in the range
from about 0.002 inch to about 0.040 ii¥3h in the first region and wherein
t he menbrane nodule has a filter surface area to volume ratio of at |east
about 10efafael rdgdnineg rdnd (the gp Pproxkissy fd Dk litihetl esauiihed ce@niche L2
nenbranq,@%%yle and_communi cating w th the upstreamsurface of the

per meabl & b AR 23 et rEtEET I W 151 B Tt EFuG I § T 8BS LI d to
t he menbswgieo OS] £: 2 (£1d erhPerimai®s Orddets GOl LAl 2t i aHy-are nodul e
and communicating with the downstream surface of the permeabl e nenbranes,
the per B e Tt | o1 fAYITFIERINGSLREAFRNRGRS JThpdriasdt & 920t Heenenbr ane
modul e; ahgh ££he a5 L SESPE b Laolt | £ coup] et t O g MBI Ane, smpdyle and
comuni cating with the upstreamsurface of the perrreaH e menbranes, the

r et ent ateemutd et opentndt and nys t ek efoizdn ofhy etiertugte Hales t Iamenbr ane

modul e. . Jhe rane sepafatjion unit.according.to claimi10, wherein
The 111 1 arrardohEes, £P8 S8 PALE e “Eatds AP N Tt £oe ppreean

surface of the permeakcls filter membran

)]

In accordance with anctherx

)

spect

o]

£ the Zinwvention, a
filter zlement includes a permeabls membrane and a metal
membrane support plats. The metal membrane supgort plate has a
first side, and the permeabls membrane is mounted to the firsc
side of the metal membrane support plats. The metal membrane
support plate has a thickness in the range from apout 0.002 inch
to about 0.040 inch.

In accordance witih anothsr aspect of ¢
vibratcory s2paraticn system includes a membrane moduls including
2 plurality cf stackad filter elaments, a drive mechanism, a
procass f£luid inlet communicating with the upstrzam surface of

sach pearmeable membrane, and & permeats outlet

(}

ommunicating

with the downstrsam surface of =zach permeabla membrana. Tha

drive machanism is coupled to tha membrane moduls for imparting
vibratory motion to the filter elements, thersby resiscting

fouling at the upstream surface cf the permeable membranes.

. Ir accordance with another aspect of the invention, a
membrare separation unit includes a membrans module including a
pluzalizy of stacked filter, a process fluid inlst coupled to
ths mazmbrans module and communicating with the upstra
of the permeapdpls membranes, 3 permeate cutlest coupled Lo
membrane module and cocmmunicating with the downstzesam surface of

the permeabls membranes and a zstent
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memprane moduls and communicating with the upstream surface of

the parmeabla membranes. The process fluid inlet inzroduces

Pl



such that open channels being substantially free of structure are forned
bet ween the perneabl e nenbranes of adjacent pairs of filter elenents. 12. A
menbrane separation unit conprising: (a) a nmenbrane nodul e including a
plurality of filter elements, each filter elenment including a thin netal
menbr ane support plate having an out e¥3%eri pheral region and at |east one
per meabl :g%g:g ; t rp;lmg[ support _pl at t he, nenbr ane
nodul e Pﬁ”rt er %kg'}llrjgéilgr%etg’ep?no%%}saf w%r&g'ﬁéngg? Eg%nrﬁ%?%a L|”r:1]g"\‘/vith an

upst r earfizuirfiatat of e hrgrervadald o premieazre fand ahpeneriat enehasdele .

conmmuni cre}{)i ngwth a downstr (e%rg.s‘i’.d‘._e of each perneabl ¢ nmenbrane, ghe filter
el enent s Bei Ty FEre P o Badtt Trter S AEh AEMPRE - 0BF eF *pRFpREr &F Pegi ons
are | amurd etkmneh gefdly e cont ai nnent wal |l i solating the process fluid and
pernmeate chanbers on one side of the wall fromthe anbient environnent on

t he ot her sider cicededands ;W) angthrressodat ¢fi shet Lovapkédnt oat he

menbr ane, _an Jog W th .each pr s.fLuj hanber , .t
process%'[rglj%%(?ﬁ e%eﬁg%ggr% urgfér@%%m&e%sﬁ%{[}i % %%%?ﬁgg%eﬁgsgﬁ%’n%daré?g(c) a
per meat enexiidmei sooupl eerbdos £ hiel wisdrbirales rodulae pardeaarmonicdati.nhai t h

permeate chanmber, the permeate outlet facilitating the renoval of permeate
fromthé" F AR M RAD e’:n‘é‘ﬁ“&‘%ﬁ)a a“lr‘é‘t%m'*a/t @‘odt"ge't‘:egoﬁplléﬁrt oLt'ﬂE“ts'

menbrane4elub e @ndelk OMENLERS | 0o dbhidlaEAC nefd0GeSS ahlkduadmeharage, the
retentate

support plate. The permeabls membrane has an upstrezam surface

and a downstream surface and is mounted Zc the membrans support
plate. The membrane mcdule has a filter suzfacs arsa to volume
ratio of at l=ast about 100 £t?/ftl. The drive mechanism is

i
couplad to the membransa module for imparting vibratory mction to

the filter elements, thersby resisting fouling at the upstrsam
surfaca of the permeabls membranss. The process fluid inlet
communicatas with the upstream surface oI =zach psrmaadle

membrans. The permsata oublsat cocmmunicates with the deownstream

R o {

I
{

surface of =2ach permeabls mesmbrare.
In accordanca with another zaspec¢t ¢f the invsntion, a

membrans separation unit for use with a vibr
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drivse

mechanism includes a membrans mecdule, a p
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s d inls%t, 3
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permeate outlet and 2 retentate ocutlst. The membrane module

includes a haad plats assembly, a bass plate assembly, and a

plurality of stacksd filter alements disposed betweer the head
and base plate assemblies. Each £ilfar element includaes a
permeabplz membrans and a membrane support plate
membrane has an upstream surface and a downstraam surface and is
mountad to the membrane support plate. The membrans moduls has a

filter surface area to volume ratio of at least apcut 120

£?/£z%. The base places assembly is mountab
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driva mechanism. The prccass £luid inlex

membrane moduls and communicates wizh the
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outlet facilitating the renoval of retentate fromthe nenbrane nodule. 13.
A nmenbrane separation unit conprising: (a) a generally cylindrical nenbrane
nodul e including a plurality of thin netal menbrane support plates, wherein
each thin nmetal nenbrane support platédShas a process fluid side, a 68
perneate side, an inner peripheral region, an outer peripheral region, a
regi on i pher pedinahe lkhaehbIaneand TAW! @koBeELPREL2E [£DLONSat AbBLG Pl urality
of permeabl e nenbranes, wherein each perneabl e nenbrane includes an

upst r eanPEGFR&Ee LaNd da o€t Meqkranef aedudnd Ta2 nBeRreaton et he2dokthst r eam
surface Laubhed RaehRdidld 00 Rl e! BRPEORRRS: LiLLd qldg of each of the
thin netal renbrane support plates, the pluralify of thin netal nenbrane
support phanss deeimgusdaneed® - Heapearatkiabjet membusrespeThphge aheaegi ons to

define an outer I.I,.and by lam nating the inner pecripheral regions to

dof | ne. afibrhes ARt VRt s GHRYL R B00BR=5RAE FRRCF A AFTATERE vl | s
havi ng axicaldiy: extrendidit eatdlidusl D) sa cRi:ggeas <kl uhd hehBtagoupb&dLd 0 the
menbr ane nodul e and communi cating with upstream surfaces of the perneable
menbr ane&n% FEMREESAEFY (WidFT M YaRE=Gd0ciSHG LpF8cess tRpPuPgrPgable

membranas. The retentate outlet facilizatas the removal af

n

retentate from tha membrans module.

In accorxdancs with ancther aspect of the invention, 2
membrane module for use with 3 vibratory drive mechanism
includes a head plate assembly, a base plats assembly, a
plurality of stackad filter elements dispossd between the hzad
and base plate asssmbli=ss, and a process £luid chamber:
communicating with an upstresam surfaces ¢I =zach permeabls
membrane. Each filter element includes a meTz2l membrans suppor:
plate having an cutsr peripheral region, and at
parmeabls membrane mounted to the membrans suppcrt place. The
£filter slements are sacured to sach other such that the outsr
peripheral regions ars laminatad and defins an outer containment
wall isclating the process fluid chamber on one side of the

outer wall from the ambient environment cn thes other side ©

th

the
‘outer wall. The base plats assembly is mcuntable to the
vibratory drive mechanism.

. In accordance with another aspect ¢f the invention, a
membrane module for use with 2 vibratory drivs mechanism
includes a head plates assemcly, a base plate asssmbly, a
pluralicy of stackad filter elements disposed betwsen tas head
and basz plate asserblias and a procass fluid chamber

communicating with an upstream surface of =2ach permeaslsa

(gl

memporane. ZTach fiit
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r ela2mant includes a m

plata having an inne
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t he nenbrane nodul e; (c) a perneate outlet coupled to the nenbrane nodul e
and communi cating with downstream surfaces of the perneabl e nenbranes, the
perneate outlet facilitating the renoval of perneate fromthe nenbrane
nodul e; and (d) a retentate outlet coupled to the nmenbrane nodul e and
communi cating with the upstream surfat®¥ of the perneabl e nmenbranes, the
retentate outlet facilitating the renoval of retentate fromthe nenbrane
modul e, and- Whee eeRets! 825! <008:08 LB PLOCERR] | HIdh 1AL g pareat e
outlet, and the retentate outlet comunicate Wih Ihe axia |y "ext endi ng
condui t spezipharabnbeghensepacal koanahed sodpis Simg ag dnnk oerdwariemedul e
i ncludin plurality_of,stacked filter elenents, wherein each filter

el enent ?%g%uégggékﬁéﬁnégﬁlgrﬁﬁnﬁfaﬁguhnggggg.‘Lﬁﬂn?%ﬁﬂﬁ%ﬂﬁf%ﬁx¥h§hd a
downstr epnné&ur bate, £aofl 8hoeabhaResSUPPOE! Rk al s NeAs dOWNSLL @RS Wiface of
69 the perneabl e nenbrane being nmounted to the nenbrane support plate; (b)
a proces¥SFRUPYY AFePOLBEAPEA £8 £RE HERBRRABY nHEATS RERNATHMMMI cating with
a first region of the upstream surface of each of the perneabl e nenbranes
for introducing process fluid to -

The vibratory motion imparted to the membrane module generates dynamic flow
conditions which tend to prevent the deposition of fluid components such as particulate
or colloidal maner on the upsaeam surface of the permeable membranes. Therefore,
clogging or fouling of the permeable membranes is substantially reducsd, and the
removal of permeate is not impeded.

The dynamic flow conditions are generated by the movement of the filter
elements relative to the process fluid. The drive mechanism imparts a vibratory moton

to the membrane module; accordingly, the filter elements also vibrate at essentially the



t he menbrane nodule; (c) a process fluid outlet coupled tﬁﬁﬁe’?gﬁrﬁg’rféﬂe -2
modul e and communi cating with the upstream surface of -.each of the perneabl e
menbranes between the process fluid inlet grt—the first. TeEQiom ot THhe |
upstream surface; (d) a retentate outlet cdupléd’to the menbrane, modul e and
conmuni cating with a second region of t?e pst f—,_éé_rh_-*SU“rfac,e"j__oz;'(: each- ofgghe
per meabl e nenbranes; and (e) a perneate ]ounlréf‘;-c'(mp‘l-/ed-t*o-‘-'t'he menbr ané”
nmodul e and comuni cating with the downstream'surface of ‘each of the
perneabl'e menbranes. 15. A menbrane separ atj onfuni-ticonprising: * (a)a
menbrane nodule including a plurality of stjcked filter el errentg‘?, éng?rEi f
each fictlaimal:enent includes a perneabl e mepbrang havipg-an' up -/ b4 i
surface and a downstream surface, and a ne esupport plate, the
downst ream surface of the perneabl e nenbrane bei ng nounted to the nmenbrane
support plate; (B) vApRaeeeyS skhlrdtiBhety ol &shd o dhe; menbrane modul e and
comuni cating with a first ‘region of the upstream surface of each of the
per meabl e neridlané@s mespe rigner sadeitagiprbedsra fd izl ithe cmitamkedodul e;
(c) a relenial e el couted;ha the) TRORL ane pdule Ak SompyN cati ng

W th a second region of the upstreamsSurface of “eack ot {He permeabl e

menbr anee@mbrane having an upstream surface and a downstream surface and

o s  rmans

an etched metal membrane support plate, the downstream surface
of the permeable membrane being mounted to the etched metal
membrane support plate in a first region, wherein the etched
metal membrane support plate has a thickness in the range from
about 0.002 inches to about 0.040 inches in the first region:

(b) a drive mechanism coupled to the membrane module for
imparting vibratory motion to the filter elements, theresby
resisting fouling at the upstream surface of the permeable
membranes;

{c) a process fluid inlet communicating with the upstream
surface of szach permeable membrane; and

{d} a permeate outlet communicating with the downstream

surface of sach permeable membrane.

2. A vibratory separation system comprising:

(a) a membrane module including a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surfaces and a downstream
surface and a membrans support plate, the downstream surface of
the permeable membrane being mounted to the membrane support
plate in a first region, wherein the membrane support plate has
a thickness in the range from about 0.002 inch to abcut 0.040
inch in the first region and whersin the membrane module has a
filter surface area to volume ratio of at least about 100

fri/ec?;
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(d) a retentate inlet coupled to the nmenbrane nodul e and communicating with
t he upstream surface of each of the perneable 70 nmenbr anes between the
retentate outlet and the second region of the upstreamsurface; and (e) a
perneate outlet coupled to the nenbrane nodul e and conmuni cating with the
downstream surface of each of the pernea%%e menbranes. 16. A nmenbrane
separation unit conprising: (a) a nenbra nodul e including a plurality of
stacked filter elenents, wherein each filter elenent includes a perneable
menbr ane havigg an ugstgeanlsgrface and E gomnstreanlsurface, and a
menbrane support pfata:VEnECHBRAsPFaRRIFT ot Te (HERFe e A998 Lfe B ane

bei ng moumpedtingt hebFREBEINRCSUPAOLL PhAtLiL{d) & dHHRASS thletiadyi Nl et
coupl ed to the nmemhrane nodul e and comunicating with a first region of the

upst r eanf 88 FREBIOfOBAERTOR L RBSpUPABEDPR FEFEAIGHEL faRCh MeIo@dsiley process
fluid togthg-gRALrane nmodule; (c) a process fluid outlet coupled to the
menbr ane nodul e and comruni cating with the upstream surface of each of the
per neabl e nendcanes petween fheigr duéses fommuhicdteinpndtthahe upstream

surfaces of the permeable membranes:; and
(d) a permeate outlet communicating with the downstream

surface of each of the permeable membranes.

3. The vibratory separation system according to claim 2,
wherein the etched metal membrane support plate has througn
holes in the first rsgion whereby permeate passes from the
permeable membrane through the etched metal membrane support

plate.

4. A vibratory separation system comprising:

(a} a membrane module including at least first and sscond
membrane support plates, each of the first and second membrane
support plates having a process fluid side, a permeate side, and
one Or more openings extending between the process fluid side
and the permeate side, and at least first and second permeable
membranes each having upstream and downstrzam surfaces and
wherein the downstream surfaces are respectively mounted to the
\process fluid sides of the first and second membrane support
plates over the openings, wherein the permeate sides of the
first and second membrane support plates are sacured to each
other as a pair and define a permeate chamber betwesen them, the
permeata chamber communicating with the first and second
permeable membranes via the openings in the first and second
membrane support plates;

(b)) a drive mechanism coupled to the membrane module for

imparting vibratory motion to the membrane module, thereby

Tris is e replacement sheet
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first region of the upstreamsurface; (d) a retentate outlet coupled to the
menbr ane nodul e and communi cating with a second region of the upstream
surface of each of the perneabl e nenbranes; (e) a retentate inlet coupled
to the nmenbrane nodul e and communicating with the upstream surface of each
of the perneabl e nenbranes between the regtentate outlet and the second
region of the upstreamsurface; and (f) a perneate outlet coupled to the
menbr ane nodul e and conmuni cating with the downstream surface of each of

t he per ; lz 1 ne separation. unit conprising:

(a) a ngE%?%%§QE dﬁ?ggﬁﬁ8|§5iﬁ§egﬁ E?é Py Th13%T stk 1 1REERS %Qﬁbnts,
wher ei n samhrénkter el enent includes a perneabl e nmenbrane having an
upstrean1surf2$§ and a dommst&ean1su face, and a nenbrane support plate,
the downstreartdur PaBECGPSBhELPEPNEAbPE REABY AR bidthg! ifdurited Ues tgam
nenbr anesgugpeels Rlfat8e gehbRBdbRLakemBEsSED! Yan@nd a base plate assenbly,
the plurality of stacked filter elenents beling nounted between the head
pl at e assenbl y3andat ReérFg3&epPatéeissenplyicahinegini dadihofpadreadteacked
filter el.gupBks have a substantially conical

71

S. The vibratory separation system according to claim 4,
wherein the pair of first and second membrane support plates has

a thickness less than about 0.03 inches.

6. A vibratory separation system comprising:

(a) a membrane module including first, second and third
stacked membrane support plates, each of the first, second and
third membrane support plates having a process fluid side and a
permeate side, first, second and third permeable membranes each
having upstream and downstrsam surfaces and wharsin the
downstream surfaces are respectively mounted to the procass
fluid side of the first, second and third membrane support
plates, a process fluid'chamber formed betwean the process fluid
sides of the first and second membrane support plates, the
process fluid chamber being substantially free of structure and
thereby enhancing dynamic flow between ths process fluid and the
bermeable membranas, and a permeate chamber betwzen the permeate
sides of the second and third membrane support plates:;

{b) a drive mechanism coupled to the membrane module for
imparting vibratory motion to the membrane moduls, thereby
resisting fouling at the upstream surface of each permeable
membrane;

{c} a process fluid inlet communicating with the process
fluid chamber; and

(d) a permeate outlet communicating with the permeate

chamberx.
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configuration; (b) a process fluid inlet coupled to the nenbrane nodul e and
comuni cating with the upstream surface of each of the perneabl e nenbranes;
(c) a perneate outlet coupled to the menbrane nodul e and comunicating with
t he downstream surface of each of the perneabl e nenbranes; and (d) a
retentate outlet coupled to the nenbran; nmodul e and comuni cating wth the
upstream surface of each of the perneab % nenbranes. 18. A menbrane
Separation unit conprising: (a) a nenbrane nodule including a plurality of
stacked filter elenents, wherein each filter elenent includes a perneable
menbr ane havi ng an upstream surface and a downstream surface, and a

menbr ane supﬁortApvagéatPhﬁ HGMﬁsskéan1SM$¢%mx;QMpnﬂﬂ;q®srneable menbr ane

bei ng nDynteg éonghﬁe ggagngoauggoiacgag n%ase 3$ %pIate ASS6 é{ havi ng a

or
substanti al | cave ower surftace %&senbl ing a

substanhnahbytsonwanhuﬁmetesuelamentthﬁcpm@uﬁﬁliymdﬁnéaﬁﬁﬂ@ﬂtdarhteaace
el emrents bei ng nounted between the head pl ate assenbly and the base pl at e

'assenblvayﬁéﬂeﬁﬁ BBﬁFFgﬁFFhBhFﬁélnéﬁﬁ%%ﬁea%%pﬁ5r¥eiﬂ%uQﬁ$|Hﬁ§?§§
subst anfbabr¥neO0Ra¢ahgSBAPEpstream surface and a downstream surface,

the downstream surfaces being mounted to the membrane support
plate, the membrane module further including a process fluid
chamber communicating with the upstream surface of each
permeable membrane and a permeate chamber communicating with the
downstream surface of each permeable membrane, the filter
elements being secured to each other such that the ocuter
peripheral regions are laminated and define a containment wall
isolating the process fluid and permeate chambers on one side of
the wall from the ambient environment on the other side of the
wall;

{(b) a drive mechanism coupled to the membrane module for
imparting vibratory moticn to the membrane module, thereby
resisting fouling at the upstream surface of each permeable
membrane:

{c} a process fluid inlet communicating with each process
chamber; and

(d) a permeate outlet communicating with each permeate

‘chamber.

8. A vibratory separation system comprising:

(a} a generally cylindrical membrane moduls including a
plurality of thin metal membrans support plates, wharein sach
thin metal membrane support plate has a process fluid side, a
permeate side, an inner peripheral region, an outer peripheral
region, and a region intermediate the inner and outer peripheral
regions, and a plurality of permeable membranes, wherein each

permeable membrane includes an upstream surface and a downstream

is the replacemen sheel
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72 (b)- a process fluid inlet coupled to the nenbrane nodul e and

comuni cating with the upstream surface of each of the perneabl e nenbranes;
(c) a perneate outlet coupled to the nmenbrane nodul e and comunicating with
t he downstream surface of each of the perneabl e nenbranes; and (d) a
retentate outlet coupled to the nmenbranggrodul e and communicating with the
upstream surface of each of the perneabl e nenbranes. 19. A nmenbrane
separation unit conprising: (a) a nenbrane nodule including a plurality of

stacked LhtigteCLRURALS. mBBREEA o30S TAddEIe AR daflcl ydes @ per meabl e

menbr ane having an upstream surface an msurface, and a
nenbraneisugpmeulptate=@annngnat@eopesse§ilmkhnﬂ dadan@ratmermaahemstde t he

downstream surface of t p g < nbrane bei ng .mounted to the process
fluid si BE"BF2PRes HERBF ArB ShppoTEe pf At Bt T 6 e A 856 ASPERGRS

t hi cknessuppotbepLangse bHeonyabetitirfd 002 s hhddxrahowty Q.a040.2t068, card
wherein the nenbrane nodule has a filter surface area to volunme ratio of at

| east abB¥ESIOBDSFLPRRFRF T FPREPTS F%ed?f%$%NaQﬂQHﬁﬁﬁf¥q&% Agds&yured to each
ot her 'nlgﬁi5§t§ﬁ8huﬂga§.n59? B@Ei@ﬁéﬁaf'f@é anber é%?ﬂr Ag %‘ARQQr l.aRhates

contact one anothér and define a perneate en channel s aré
f or ned betméeaspepnaabﬁethEnbnaﬁesan@henngmnﬂqmwnwnﬁd;M&thghsubsgant|aIIy

free of axially extending conduits in proximity thereto:

(b} a drive mechanism coupled to the membrane module for
imparting vibratory motion to the membrans module, thersby
resisting fouling at the upstream surface of each permeable
membrane;

{c) a process fluild inlet communicating with upstream
surfaces of the permeable membranes; and

(d} a permeate outlet communicating with the downstream

surfaces of the permeable membranes.

9. A membrane separation unit comprising:

{a) a membrans module including a plurality of stacked
filter elements, each filter element including a permeable
membrane having an upstream surface and a downstream surface and
an etched metal membrane support plate, the downstream surface
of the permeable membrane being mounted to the etched metal
membrane support plate in a first region, wherein the etched
metal membrane support plate has a thickness in the range from
about 0.002 inches to about 0.040 inches in the first region:

(b} a process fluid inlet coupled to the membrane module
and communicating with the upstresam surface of the permeable
membranes, the process fluid inlat introducing process fluid to
the membrane module;

(c) a permeate outlet coupled to the membrane mcdule and

communicating with the downstream surface of the pesrmeable

Tris & ha reciacernsat sneal

(MR oo o



structure; (b) a process fluid inlet coupled to the nenbrane nodul e and
comuni cating with the open channels, the process fluid inlet introducing
process fluid to the nmenbrane nodule; (c) a perneate outlet coupled to the
menbr ane nodul e and conmuni cating with the perneate chanber, the perneate
outlet facilitating the renoval of perneate fromthe nmenbrane nodul e; and
73 (d) a retentate outlet coupled to the nenbrane nodul e and communi cati ng
with the open channels for facilitating the renoval of retentate fromthe

Tenbr aneygRdybRs s20cn bLEREL:E! SOROL: CEIPH SN 3 A AARTRADLG memhr ane,

and (b) a nmenbrané supp ate er nea nmbr ané€ being nounted to
t he nenbbanmeauppﬁmbmpthbemembaahermodmbgjonuimhereln t he nmenbrane support

plate has a t kness _[n the ran rom 0.002 inch to about 0.040
Peh. 21 “A TES( oF EPEABHACEOARPLSE e oae o b ito e HAOR AR A< b)
an etchedomhallcaem‘a@anecaupa@rhpptaé@m shef fad iR PRicane sbei ng
mounted to the etched netal menbrane_support

membranes, the retentate outlet facilitating the remcval of

retentate from the membrane module.

10. A membrane separation unit comprising:

{a) a membrane module including a plurality of stacked
filter elements, wherein each filter elsment includes a
permeable membrane having an upstream surface and a downstream
surface, and a membrane support plate, the downstream surface
of the permeable membrane being mounted to the membrane support
plate in a first region, wherein the membrane support plats has
a thickness in the range from abcut 0.002 inch to about 0.040
inch in the first region and wherein the membrane meodule has a
filter surface area to volume ratio of at least about 100
feé/fe’;

{b) a process fluid inlet coupled to the membrane module
and communicating with the upstream surface of the permeable
membranes, the process fluid inlet introducing process fluid to
the membrane module:;

(c) a permeats outlet coupled to the membrane module and
‘communicating with the downstream surface of the permeable
membranes, the permeates outlet facilitating the removal of
permeate from the membrane module; and

(d) a retentate outlet couplad to the membrane module and
communicating with the upstresam surface of tha permeable
membranes, the retentate outlet facilitating the removal of

retentate from the membrane module.

11. The membrane separation unit according tc claim 10,

wharein the filter elements are secured to sach other in pairs

& s Te0IE e omint 88
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plate. 22. A seal for use in a vibratory separation system the sea
conprising: a substantially circular ring having an inner and outer

peri phery; and a gasket nmounted to at |east one of the inner and outer
peri phery of the substantially circular ring. 23. A seal for use in a

vi bratory separation system the seal cgwrising: a substantially circular
palynmeric ring including a plurality of holes; and at | east one netallic

i nsert operatively associated with the substantially circular polyneric
ring. 24sughseparapPen Abehbdleobpingi sigbstanTaXla) fhord icf syraeessef | uid

t hr ough r flurd. Lnpl into_a nbrane nodul e having a plurality of
(1 ror Rzl EEERSe GULoLR, Ehe! Phondo BRI AT AREY 5 S 1At e Gt S0P San

upstreanfsutéacelefmeeash of the plurality of filter elements; (c) directing
the process fluid fromthe upstream surface of each of the plurality of
filter elements between the process fluid inlet and the first region of the

upstream surfage apdmembrane separation unit comprising:

(a) a membrane module including a plurality of filter
elements, each filter element including a thin metal membrane
support plate having an outer peripheral region and at least one
permeable membrane mounted to the membrane support plata, the
membrane module further including a process fluid chamber
communicating with an upstream surface of each permeable
membrane and a permeate chamber communicating with a downstream
side of each permeable membrane, the filter elements being
secured to each other such that the outer peripheral regions are
laminated and define a containment wall isolating the process
fluid and permeate chambers on one side of the wall from the
ambient environment on the other side of the wall;

{b) a process fluid inlet coupled to the membrane module
and communicating with each process fluid chamber, the process
fluid inlet introducing process fluid to the membrane module;:

{c) a permeate outlet coupled to the membrane module and
communicating with permeate chamber, the permeats ocutlet
facilitating the removal of permeate from the membrane module;
and

(d} a retentate outlet coupled to the membrane module and
communicating with each process fluid chamber, the retantate
outlet facilitating the removal of retantatas from tha membrane

module.

13. A membrane separation unit comprising:
{a) @ generally cylindrical membrane module including a
plurality of thin metal membrane support plates, wherein each

thin metal membrane support plate has a process fluid side, a

W e

Date:



t hrough a process fluid outlet to facilitate the mai ntenance of a
substantially constant pressure differential across the plurality of filter
el enents; and (d) directing retentate froma second regi on of the upstream
surface of each of the plurality of filter elenments through a retentate
outlet. 25. A separation nethod conprisiggg: (a) porting process fluid
through a process fluid inlet into a nenbrane nodul e having a plurality of
filter elenments; (b) directing the process fluid to a first region of an
upst r ean?3tReate didRackn oinRfE PREARNGRAL gfedfioht ernePBReAtBec{RYe R kecting

retentatg.f1om a,seeondnr £t OPmOF; L e Upstirean sULf ape.pf g%%ﬁ?la%f:aihe

plurality of filter el ements through a retentate outlet; directing
the retentaiensroantdha ppsralbiny sof fremnasdd l@aclembiranhe . phkheakityeathfil ter

el enent s the r nt tlet and the second regign_of the upstream
surface %%g%%ﬁggﬁgﬂggb?é?%n?%?%gg% et 8 FHS féféafﬁegﬁgiﬁtgﬁﬁﬁ%%‘ F™ a
subst ant satEyceoastiabs poessed eonli therdsiinAlr-aer eagrabe pbuepkity of filter
el ements, 26. A separation nethod conprising: (a) porting process fluid

through 4" pPEBREL3FEUFRILAMeP™ i hRD BE et Wfogdse RvRAghacHl thality of
filter elgERNhStal membrane support platss, the plurality of thin metal

membrane support plates being secured by laminating the cuter
peripheral regions to define an outer wall and by laminating the
inner peripheral regions to define an inner wall, at least cne
of the outer and inner laminated walls having axially extending
conduits;

(b) a process fluid inlet éoupled to the membrana module
and communicating with upstream surfaces of the permeable
membranes, the process fluid inlet introducing process fluid to
the membrane module;

(c}) a permeate outlet coupled to the membrane module and
communicating with downstream surfaces of the permeable
membranes, the permeate outlet facilitating the removal of
permeate from the membrane module; and

(d) a retentate cutlet coupled to the membran=z module and
communicating with the upstream surfaces of the permeable

" membranes, the retentate outlet facilitating the removal of
retentate from the membrane module, and wherein at least one of
the process fluid inlet, the permeate outlet, and the retentate

outlat communicate with the axially extending conduits.

14. A membrane separation unit comprising:

(a) a membrane module including a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surface and a downstream

surface, and a membrane support plata, the downstream surface ct

. o
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75 (b) directing the process fluid to a first region of an upstream
surface of each of the plurality of filter elenents; (c) directing the
process fluid fromthe upstream surface of each of the plurality of filter
el ements between the process fluid inlet and the first region of the
upstream surface and through a process g4duid outlet to facilitate the

mai nt enance of a substantially constant pressure differential across the
plurality of filter el enents; %d directing retentate froma second regi on
of the PEERESR R A8 TEF 385 ReGR It H@%Fagawtyh%fmwlmee#mfs t hr ough
a retentateequtliet; and (e) directing the retentate fromthe upstream
surface of each of the plurality of filter elenents between the retentate
outl et and tH@’se@o@GOF@gﬁoﬁl@ﬂdthelgpsppéah¢§u¥¢atheamQMQhﬂ@@QWPQPLe

retent aty I h n e_of _a su | all onst ant
pressureqﬁég%%%gh@ia Ci'a r%géﬁt%e%ﬁggka%ggsggf ?if?er“é?%ﬁ%% s; /\??Iter
el enent eca@mrqfsmn@ p&rmmbrlanmembmpaes fbat ¢enhavdungiagfpretess dﬁltam:l o
| east on q#%ﬁ%%g%ﬁ' perneable filter menbrane nmounted to the first

si de of ¢t plate, the pernmeable filter nenbrane having an
upstream surf@ge angAeWNSLEAMosLEaCeoubNeddeyNehé 6Albrane module

and communicating with the upstream surface of each of the
permeable membranss between the process fluid inlet and the
first region of the upstream surface;

(d) a retentate ocutlet couplad to the membrane module and
communicating with a sacond region of the upstream surface of
each of the permeable membranes; and

(e} a permeate outlet coupled to the membrane module and
communicating with the downstream surface of each of the

permeable membranes.

15. A membrane saparation unit comprising:

(a} a membrane module including a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surface and a downstreaam
surface, and a membrane support plate, the downstream surface of
the pefmeable membrane being mounted to the membrane support
plate:;

(b} a process fluid inlet coupled to the membrane module
and communicating with a first region of the upstream surface of
each of the permeable membranes for introducing procsss fluid to
the membrane module;

{c) a retentate outlet coupled toc the membrane module and
communicating with a second region of the upstream surface of
each of the permeable membranes:

{d) a retentate inlst coupled to the membrane module and

communicating with the upstream surfaca2 of each of the pszmeabls

R o
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surface facing the first side of the nenbrane support plate, wherein the
through hole is sealed fromthe downstream surface of the perneable filter
menbrane to prevent fluid fl ow between the downstream surface of the
perneabl e filter nmenbrane and the through hole; and a drai nage |ayer

di sposed between the nenbrane support plate and the first side of the
perneabl e filter nenbrane. 76 28. The filter elenent according to claim-
27 further conprising a seal, the seal sealing the through hole fromthe
downst r caemispafiasebetwéde pes neabéeritd teart rmmhnanehkospeeranteglioh dof | ow
bet ween t he domnstrean1syrface of the perneable filter nenbrane and the

t hrough hBPeUP3BIeaR: FRFEACR] A%t conprising: a menbrane support plate

having a firsiesi dg gagmabtleastlonecddyughNehe mmBeaeaRbauil! 184
menbrane having an upstream surface and a downstream surface, the

downst r e@APBURLgaBLNgcrhENt hkef dewrstierm cfunfscenwfbrase sdppbet plate; and

a bondin i between the first side of the nmenbrane support
pl at e ange%ﬁég%égnggﬁﬁgg?rgfer menbr ane and bondi ng the perneable filter

menbrane to the first side of the

16. A membrane separation unit comprising:

{a) a membrane module including a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surface and a downstream
surface, and a membrane support plate, the downstream surface of
the permeable membrane being moupted to the membrane support
plate;

(b} a process fluid inlet coupled to the membrane module
and communicating with a first region of the upstream surface of
each of the permeable membranes for introducing process fluid to
the membrans module;

{c} a process fluid cutlet coupled to the membrane module
and communicating with the upstream surface of each of the
permeable membranes between the process fluid inlet and the
first region of the upstream surface;

{d} a retentate outlet coupled to the membrane module and
communicating with a second region of the upstream surface of
.each of the permeable membranes;

(e) a retentate inlet coupled tc the membrane module and
communicating with the upstream surface of sach of the permeable
membranes batween the rstentate outlet and the s=cond rsgion of
the upstream surface; and

(f) a permeate outlst coupled to the membrare moduls and
communicating with the downstream surface of each of the

permeabls membranes.

17. A membrane separation unit comprising: .
This is 1he rgplaceme hwesd
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nmenbrane support plate, wherein the through hole is sealed fromthe
downstream surface of the perneable filter nenbrane to prevent fluid flow
bet ween the downstream surface of the perneable filter menbrane and the

t hrough hole. 30. The filter elenment according to claim?29 further
conprising a seal, the seal sealing the,through hole fromthe downstream
surface of the perneable filter nenbrane to prevent fluid flow between the
downstream surface of the perneable filter nenbrane and the through hole.
31. The filtédmlel eénmembzaser dedyleoinkdidi?gd arpR8rahicreiaf tdtmagperdreabl e

filter r [ ded, he _first.s] of _the nenbrane support pl ate.
32. Theﬁ?&tegp%éezlﬁgﬁg'acgtg(r%g%ﬁgetggﬁc%é?%ﬂgglegﬁ“é?%? n"fncf?leu(%ei meable filter
menbr an@eirmest lde theimb rishe  hiavshgsiadeupkttbemnenbs ane sappordodl Adam 77
33. The filter element according to claim31 further conprising a bonding
| ayer di*$FSSEE bét\eén "CHE TAPRs EUBPRE T oPL R R nEMBr 3PN SURR ST Ba%® &fd t he
per meablegof igd gfe sBADIRAS AR BARAGNGohACACE HEARL Endiiib £ £ie ”&r{%{@{@ to the
first side (%Jf t he nenbrane supportbpl ate. 34, The filter el ement accor di ng
to clai mMiaFe.3@ dreag3 plate assembly, and a base plate assembly, the
pluralicy of stacked filter elements being mounted between the
head plate assembly and the base plats assembly, wherein zach of
the stacked filter elements have a substantially conical
configuration;
(b} a process fluid inlet coupled to the membrane module
and communicating with the upstream surfaca of each of the

permeable membranes;

{c) a permeate outlet coupled to the membrane module and
communicating with the downstream surface of each of the
permeable mambranes; and

{(d) a retentate ocutlet coupled to the membrane module and
communicating with the upstream surface of each of the permeable

membranes.

18. A membrane separation unit comprising:

{a) a membrane module including a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surface and a downstream
surface, and a membrane support plate, the downstream surface of
the permeable membrane being mounted to the membrane support
plate, a head plate assembly having a substantially concave
lower surface, and a base plate assembly having a substantiall
convex upper surface, the plurality of stacksd filter elaments
being mounted between the head plate assembly and the base plate
assembly thereby cenfiguring the membrane support plates into a

substantially conical shape;

e ip tne 18pIACEINEM sheet
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wherein the bonding | ayer conprises a perneabl e non-woven web of

mul ti conponent fibers of a first polynmer and a second pol yner having a

| ower softening tenperature than the first polynmer. 35. The filter el enent
according to any of the preceding clains wherein the nmenbrane support plate
has a thi ckness rangi ng from about 0.0024to0 about 0.04 inches. 36. The
filter elenment according to any of the preceding clains wherein the at

| east one through hole includes a plurality of through holes, the through
hol es includimg)fiasprandsseébuddsébseofc@mgbuiaxiwharmam@ednhhmedgmeholes,
the first gnd second sets E gﬁularly arrange throu h hol%s Relng I n
fluid coffiinFEEFHEARi ﬁﬂgtﬁé p&P P eRRT 5T IR LR The Pﬁ@aﬁ Bl ter
nenbraneoeaﬁeaEm@ faembeengkenent according to claim36 wherein the first
set of circularly arranged through hol es includes an inner set of
circularly arf&hged PREBSERhBrEdtafguehed sk diite MembsRng reduasl gnd

ar ranged biRRARgRAROLES JiRE! UAE 8B.RUELFLaRCLuLiad ISl S haRoed {hr ough
38 i a

hol es. el enent according to any of the preceding clains
wher ei n phemeebbramembuppest phdte includes a third set 78 of through
hol es circul ar,l arran ed _near outer ri phery of
d¥ a % antats ou lec cougfé F%o e@e membrane module and
communicating with the upstream surfece of each of the permeable

membranes.

19. A membrane separation unit comprising:

{(a) a membrane module inclgding a plurality of stacked
filter elements, wherein each filter element includes a
permeable membrane having an upstream surface and a downstream
surface, and a membrane support plate having a process fluid
side and a permeate side, the downstream surface of the
permeable membrane being mounted to the process fluid side of
the membrane support plate in a first region having a thickness
in the range from about 0.002 inch to about 0.040 inch, and
wherein the membrane module has a filter surface arsa to volume
ratio of at least about 100 ft?/ft?, the filter elements being
secured to each other in pairs such that the permeats sides of
the membrane support plates contact one another and define a
permeate chamber and open channels are formed between permeable
membranes, the open channels being substantially free of
structurs;

{b) a process fluid inlet coupled to the membrane module
and communicating wicth the copen channels, the process fluid
inlet introducing process fluid to the membrane module;

{c) a permeate outlet coupled to the membrane medule and
communicating with the permeate chamber, the permeate outlst
facilitating the ramoval of permeate from the membrane module;

and

Y Y %w
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t he nenbrane support plate. 39. The filter elenent according to any of the
precedi ng cl ai ns wherein the nmenbrane support plate includes a through hol e
in fluid communi cation with the downstream surface of the perneable filter
menbrane. 40. The filter elenent according to claim39 wherein the through
hole in fluid communication with the dowastream surface of the perneable
filter menbrane is a central .opening in the nenbrane support plate. 41. The
filter elenent according to claim40 further including at |east one

channel , the ghanngl rpeedtdtadofit ubel cORFIMY G 192 hRtvean.t pn%dwahaeam
surface of the perneable filter nenbrane and the central opening. 42

filter eFERBHRLEBAPABSHAGD Ehﬁeﬁﬁ?%n@h%mﬁﬁkﬁtfqﬂzﬂ&?hhﬂﬂ&ﬂyWﬂgtmaflrst
side, 2 ¢eRbual 8peBLegntacll HEgh EB(eOJ\er%}vré“?xlo%%l% reularly arranged near

an outer periphery o rane support ate, and a plurality of
t hrough hol es dlsposed radi al |y between the central opening and the
plurality of neable filter nenbrane nmounted to the

Hgle§ and. a g E
first side of fBraRE SUPBER 5?%?51 ¥HE perneable filter menbrane
havi ng an upsuaeanhspe&aeebaedmamsemﬁ§;r@@m1surface t he downstream surface
facing the first side of the nmenbrane support plate,
(b) a membrane support plate, the permeable membranea being
mounted to the membrane support plate in a first region, whaerein
the membrane support plate has a thickness in the rangs from

about 0.002 inch to about 0.040 inch.

21. A filter element comprising:

(a) a permeable membrane; and

{(b) an etched metal membrane support plate, the permeable
rmembrane being mounted to the etched metal membrane support

plate.

22. A seal for use in a vibratory separation system, the
seal comprising:

a substantially circular ring having an inner and outer
periphery:; and

a gasket mounted to at least one of the inner and ocuter
periphery of the substantially circular ring.

23. A seal for use in a vibratory separation system, the
seal comprising:

a substantially circular polymeric ring including a
plurality of holes; and

at least one metallic insert operatively associated with

the substantially circular polymeric ring.

24. A separation method comprising:

This is 108 r-epiacemem stwal
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being in fluid comunication with the central opening and being sealed from
the through holes, the through holes being in fluid 79 commruni cation
with the upstream surface of the perneable filter nenbrane. 43. The filter
el ement according to claim42 wherein the through holes include first and
second sets of circularly arranged throggh holes. 44. The filter el enent
according to claim43 wherein the first set of circularly arranged through
hol es i nclude an inner set of circularly arranged through holes, and the
second set of{ai r qmring arocareged flhwidughribabisai pebddes apl ol efnset  of

circularly arranged throu hol es.. 45. The filter elepent according to any
of clair'h?lef’z-aélziu A0S R Afe MATRE QU BFF&bFét8?h§§l%?fh?%%WE%%s%anging

fromabout 0.@)2 tdy AkAingd. .G igrhess 4Guilheof bl Fersel Leg?pgna&f:oa[rgi ng to
any of the preceding clains wherein the nenbrane support plate is nmade from
a net al YRS YRAAT iMELare othedgh fr Wheepdradéssr dfnfliiteanglotentsni ns 27

to 45 whereindhe JIEMIANG SYRPYlodd Al €105 896! ERD 3 DOLYIRT L6 FRISrT Al

of each of the plurality of filter elements between the process
fluid inlet and the first region of the upstream surface and
through a process fluid outlet to facilitate the maintenance of
a substantially constant pressure diffarential across the
plurality of filter elements: and

(d} directing retentate from a second region of the
upstream surface of each of the plurality of filter elements

through a retentate outlet.

25. A separation method comprising:

(a} porting process fluid through a process fluid inlet
into a membrane module having a plurality of filter slements;

(b} directing the process fluid to a first rsgion of an
upstream surface of sach of the plurality of filter elements;

(c) directing retentate from a second region of the
upstream surface of each of the plurality of filter elements
through a retentate outlet: and

{d}) dirxecting the retentate from the upstream surface of
each of the plurality of filter elements between the restentate
outlet and the second region of the upstream surface and thrcugh
a retentate inlet to facilitate the maintenance of a
substantially constant pressure diffarential across the

plurality of filter elements.

26. A separation method comprising:
{a) porting process fluid through a process fluid inlet
into a membrane module having a plurality of filter elements;

Thic s s replacemam sheed
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48. A filter elenment conprising: a perneable nmenbrane; and a netal nenbrane
support plate having a first side, the perneabl e nenbrane being nounted to
the first side of the nmetal nenbrane support plate, wherein the netal
menbrane support plate has a thickness in the range from about 0.002 inch
to about 0.04 inch. 80 49. The filter,elenent according to claim46 or
48 wherein the nenbrane support plate is nmade fromstainless steel. 50. The
filter elenent according to any of the preceding clainms wherein the

menbrane suppqiyly platedcRglbudas deside, the filter elenment. further
conprising a pepneablecfilber neﬁg§§%ggnﬁ§%gedt ot %5%&K§i%i9§ && G the
menbr ane uogggeam pluatface5ef Aachbpédt ohy sepashttwoBysitleracapnasitng: a

menbr ane nodul e i ncl.udi ng_a urality of stacked filter elenments as in any
of the precedi‘Fd cF&FﬁEfqgngkﬁepﬁﬁﬁéiﬁi§§¥t§u§ﬁ@® TR (RS TR Y SR58ul e

for inpakit RGcH ifatedly prRtra@dcloothe: fthtes) shem®ntif c JBl e BRI ST
fouling at the upstream surface of the perneabl e nenbranes;
fluid inlet and the first region of the upstream surface and
through a process fluid outlet to facilitate the maintenance of
2 substantially constant pressure differential across the
plurality of filtar elements;

{d) directing retentate from a second region of the
upstream surface of each of the plurality of filter elaments
through a restentate outlet; and

(e) directing the retentate from the upstream surface of
gach of the plurality of filter elements between the retentate
cutlet and the second region of the upstream surface and through
a retentate inlet to facilitate the maintenance of a
substantially constant pressure differential across the

pluralicty of filter elements.

27. A filter element comprising:

a membrane support plate having a first side and at least
oneg through hole:

a permeable filter membrane mounted to the first side of
the membrane support plate, the permeable filter membrane having
an upstream surface and a downstream surface, the downstream
surface facing the first side of the membrans support plate,
wherein the through hole is sealed from the downstream surface
of the permeable filter membrane to prevent fluid flow between
the downstrszam surface of the permeable filter membrane and the
through hole; and

a drainage layer disposed betwean the membrans support

plate and the first side cf the permeable filter membrane.

Trne i W rgfiene mAt & %
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a process fluid inlet communicating with the upstream surface of each

per meabl e nenbrane; and a perneate outlet comrunicating with the downstream
surface of each perneable nenbrane. 52. A nenbrane separation unit
conprising: a nenbrane nodule including a plurality of stacked filter

el enents as in any of clainms 27 to 50; & rocess fluid inlet coupled to the
menbr ane nodul e and conmuni cating with the upstream surface of the

per neabl e menbranes, the process fluid inlet introducing process fluid to

t he nenbrane duI neate outlet coupled to the nodul e and
conmmuni cat i ng EPﬁefgg&hEt?gﬁﬁ?g r FETREGHNY He® gerdidh é%ﬁﬁ&ﬂ&nes t he

per meat ecempkeklﬁgcal skati nghkheecseneyal i 0 Pod MBI RIJH letéﬂefrrmmfh@ne
nodul e: and a retentate outlet coupled to the nenbrane nodul e and

comuni c3PFREFPER FHELRBRSt PEafiNeuPraRR2BES t Akl st el i@ nfe st A¥eyenthe
retentat elg%l etlot,aselcutegw Bfet BEWREEPYEh Qurfﬂérg@t&ef ol ErTDr ane

;
modul e. he vi bratory separation system accordi ng t05%¥%|n1 T or the
nenbranerséparamﬁmhranﬁtaaéc@hdlngrpaqblache52 further conpr|5|ng a process
fluid chanber forned between any two

2%. A filter element comprising:

a membrane support plate having a first side and at least
cene through hole;

a permeable filter membrane having an upstream surface and
a downstream surface, the downstream surface facing the first
side of the membrane support plate; and

a bonding layer disposed between the first side of the
membrane support plate and the permeabls filter membrane and
bonding the permeable filter membrane to the first side of the
membrane support plate, wherein the through holes is sealed from
the downstr=z=am surface of the permeable filter membrane to
prevent fluid flow between the downstream surface of the

permeable filter membrane and the through hole.

30. The filter element according to claim 29 further
comprising a seal, the seal sealing the through hole frem the
downstream surface of the permeable filter membrane to prevent
‘fluid flow between the downstresam surface of the permeable

filter membrane and the through holse.

31. The filter element according to claim 27 or 28 wherein
the permeable filrer membrane is bonded to the first side of the

membrane support plate.

32. The filter element according to claim 31 wherein the
permeable filter membrane is welded to the first side of the

membrane support plate. .
This is the replacernent shoat
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adjacent filter elenents, the process fluid chanber being substantially
free of structure. 54. The vibratory separation systemor the nenbrane
separation unit according to any of clains 51 to 53 wherein the filter
el enents are secured such that outer peripheral regions of the filter

el ements are | am nated and define an inpegnmeabl e outer wall isolating the
i nside of the outer wall fromthe anbi ent environnment on the outside of the
outer wall. 55. The vibratory separation systemor the nmenbrane separation

unit according to claimb54 conprising outer seals, wherein the filter

el ements and t out,er seal s are stacked and sealed,to o not.her to
define the i rrpé(’ayra'rrealb}f”e %lﬁtageerr V\e/a]ﬁmelngtolaact"lorf l{lﬁe%f’ngiﬁémo?ftﬁ TRier wal |
from t he camiy mintiren\d reemeintg dra e dilstonisde ebktivBenouher £kt . s &b Jhe
vi bratory tion systemor the nenprane separation unit according to

epar
cl ai m 54 t&‘?e E%e N8 PHARPEY IRIAT S 1Beiite grEmsabhrell st RemRTINMMand

peri pher dlodatPrsnoiod i fdild ofi 0l aManb rAhe kantAat ed-apds delinge A i nner
wal | . 57. The vibratory separation systemor the nenbrane separation unit
accor di n@emP @ng B evhrlisiag i nner seal s, 82 wherein the filter

el ements and the inner seals are stacked and '

34. The filter element according to claim 29, 30 or 33
wherein the bonding layer comprises a permeable non-woven web of
multicomponent fibers of a first polymer and a second polymer

having a lower softening temperature than the first polymer.

33. The filter element according to any of the precading
claims wherein the membrane support plate has a thickness

ranging from about 0.002 to about 0.04 inches.

36. The filter element according to any of the preaceding
claims wherein the at least one through hole includes a
plurality of through holes, the through holes including first
and second sets of circularly arranged through holes, the first
and second sets of circularly arrangad through holes being in
fluid communication with the upstream surface of the permeable
filter membrane.

37. The filter element according to claim 36 wherein the
first set of circularly arrangaed through holes includes an inner
sat of circularly arranged through holes, and the second set of
circularly arranged through heoles include an outer set of

circularly arranged through holes.

38. The filter element according to any of the preceding

claims wherein the membrane support plate includes a third set

g tna ranianement sheat
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sealed to one another to define the inner wall. 58. The vibratory
separation systemor the nmenbrane separation unit according to claimb56 or
57 and further dependent fromindependent clainms 27 or 29 via any one of
dependent clains 36 or 37 or further dependent fromindependent clains 40
via any one of the dependent claim4l o% 42, wherein the first set of
circularly arranged through holes are p 8cess fluid hol es, and the second
set of circularly arranged through holes are retentate holes, the process

fluid hadestleiugh diclos ed fwedra e actbagedahbaangn t bet £ et 9ot aies hpl &8
bei ng disposed near the inner wall. 59. The vibratory separation system or
the menbrHhd"HPEAR i BIPRAFY PAAGrding to clai m 58 wherein the process
fluid holes of the nenbrane support plates align to format |east one
process fluid conduit, and the retentate holes of the nenbrane support
pl ates align 1% f oFe dfiiltarstelame veresoadéngondudty 60. LiThepvébrding y

separ al 1,00, SYS1aM O 4 N JTHINANG SSRALALIOR YOL L L ACEQAILNG Lo gl m 59
wher ei n the process urd conduit 1s i IFuFd“comuni cation W tn the
process Hdle din nfbiid armrddrel qaetient atiehcanhduidbwhstr8ahl sl df goamaini €ed | on

with the retentate_outlet. 61. The vibratory separation systemor the
rrenbranepss’é’b%?r&éf?o?ﬁhﬁ‘f “éed‘&ﬁad]eﬁg to any of clains 51 to 60 wherein the

central openings of the nmenbrane support plates forma perneate conduit,
the perneate conduit being in fluid comunication with ,
40. The filter element according to claim 39 wherein the
through hole in fluid communication with the downstream surface
of the permeable filter membrane is a central opening in the

membrane support plate.

41. The filter element according to claim 40 further
including at least one channel, the channel providing fluid
communication between the downstream surface of the permeable

filter membrane and the central opening.

42. A filter element comprising:
a membrane support plate including:
a first side,
a central opening,
a plurality of bolt holes circularly arranged near an
outer periphery of the membrane support plate, and
a plurality of through holes disposed radially betwesen
the central opening and the plurality of bolt holes; and
a permeable filter membrane mounted to the first side of
the membrane support plate, the permeable filter membrane having
an upstream surface and a downstream surfacs, the downstream
surface facing the first side of the membrane support plate,
being in fluid communication with the central opening and being
sealed from the through holes, the through holes being in fluid

This is the rep\acemen‘t shegt

* C L ] S *

Date: - o Ak TR



the perneate outlet. 83 62. The vibratory separation systemor the
menbr ane separation unit according to any of clains 51 to 61 wherein the
menbrane nodul e i ncludes a head plate assenbly and a base plate assenbly,
the plurality of stacked filter elenents being nmounted. between the head
pl ate assenbly and the base plate assen?ly. 63. A vibratory separation
system conprising: a nenbrane nodule in Puding a plurality of stacked
filter elenents, each filter elenent including a perneable nenbrane and a

menbr ane I | : erneahl e nmenbr.ane havi an_upstrea rface
and a docwnsgre%térﬁés)h% z%leéktal}d’pebeﬁpnsggr?&ﬁ"ntséﬁrtaget ﬁg &B%‘OPSHQ §%Bﬁoﬂfg?’éte,
t he nmentwenteravsul e having a filter surface area to volume ratio of at

| east about 100 ft[err]/ft[err]; a drive mechanism coupled to the nenbrane
nodul e for inparting vibratory notion to the filter elenents, thereby

resisting fouling e tHe) UPStdIAMBRUTLRR Aot RS RELARARLEABYRLANER: 2
process fluid inlet conmunicating with the upstream surface of each

per meabl @ Fr¥ER diele anth @l it gt and srecosdmssitcaritngiwcuhachg downstream
surface er%@d pﬂﬁf@@&l‘ &, JENDr ane.

44. The filter element according to claim 43 wherein the
first set of circularly arranged through holes include an inner
set of circularly arranged through holes, and the second set of
circularly arranged through holes include an outer set of

circularly arranged through holes.

45. The filter element according to any of claims 42-44
wherein the membrane support plats has a thickness ranging from

about 0.002 to about 0.04 inches.

46. The filter element according to any of the preceding
claims wherain the membrane support plate is made from a

metallic material.

47. The filter element according to any of claims 27 to 45
wherein the membrane support plate is made from a polymeric

materisl.

48. & filter element comprising:

a permeable membrane; and

a metal membrane support plate having a first side, the
parmaable membrane being mounted to the first side of thea metal
membrane support plate, wherein the metzl membrans support plate
nas a thickness in the range from about 0.002 inch zo about 0.04

inch.
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64. A nmenbrane separation unit for use with a vibratory drive nmechani sm
conprising: a nenbrane nodul e including a head pl ate assenbly, a base plate
assenbly, and a plurality of stacked filter el enents di sposed between the
head and base plate assenblies, each filter elenment including a perneable
menbrane and a nmenbrane support plate, %Qe per neabl e nmenbrane havi ng an
upstream surface and a downstream surface and bei ng nounted to the nenbrane
support plate, the nenbrane nodul e having a filter surface area to vol une

ratio of at Iggst aRouE:300-1LIekiAL 1IdEIIdind NS ASERPLE! 8 a38CHRLYo bl NO

mount able to the vibratory drive nechani sm a process fluid

coupl ed thvethempeabe aferpodtl el anel E@nwuhadakmngtwunheshesupstrean1surface
of the perneabl e nenbranes, the process fluid inlet introducing process
fluid to the nmenbrane nodul e; a perneate outlet coupled to the nenbrane
modul e and co®ouni Théi BYL vkt he Léee slonast s ebimes wof aee of the peegeabhe
menbr anes, the perneate outl et faC|I|tat|q? t.he renngal of perneate from

t he nenb?%ﬁémﬁDHUF€ELan8h% PRTRAZAE SRR @ty 9rRe 2 n8R6PARe nodul e
and commypigat tRE ¥iiRethe) URShE CANE SN %&Jbﬁ% RepIRaRh81e filter

membrane mounted to the sacond side of the membrane support

plate.

51. A vibratory separation system comprising:

a membrane module including a plurality of stacked filter
elements as in any of the preceding claims;

a drive mechanism coupled to the membrane module for
imparting vibratory motion to the filter elements, thereby
resisting fouling at the upstream surface of the permeable
membranes;

a process fluid inlet communicating with the upstresam
surface of each permeable membrane:; and

a permeate outlet communicating with the downstream surface

of each permeable membrana.

52. A membrane separation unit comprising:

a membrane module including a plurality of stacked filter
‘elements as in any of claims 27 to 50;

a process fluid inlet coupled to the membrane module and
communicating with the upstream surface of tha permeable
membranes, the process fluid inlet introducing process fluid to
the membrane module;

a permeate outlef coupled to the membrane module and
communicating with the downstream surface of the permeable
membranes, the permeate outlet facilitating the removal of

permeate from the membrane module: and

NPT oy @6 Ll srwd
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menbranes, the retentate outlet facilitating the renoval of retentate from
t he nenbrane nodul e. 65. The vibratory separation system of claim63 or the
menbrane separation unit of claim64, wherein each nmenbrane support plate
is a thin, substantially flat nmetal nmenbrane support plate. 66. The
vibratory separation systemof claim63;pr the menbrane separation unit of
cl.aim 64, wherein the nenbrane support plate of.each filter el enent has
first and second sides, wherein the perneable nenbrane nmounted to the

menbrane SupROrte flALE d %uaufe:glr 2ouBLARAD] EnIEARRANG, I AL I d e 1 XSt

si de of the nenbrane support ate, and wherein t i I'ter ‘el ement includes
a second guenureald e me drtdnd hepuptsedetn shefasesontl shalepafmddiel arenbr ane

support plate. 67. The vibratory separation,system of claim63 or_the
membr ané‘Peé’g’praaVéeﬁ 'ont-qlﬁirtet(?f‘%@l%ii ﬁ\“gg,&%mﬁér&hgﬁ’e"%‘ﬁb% BRI i ncl udes
at | eastramhders sl el aResrdnketnwagnet wo adj acent filter el enents.

85 68. The vibratory separation systemof claim®63 or the nenbrane
separation unit of claim®64, wherein the nenbrane nodul e i ncludes at | east

one inner seafs di Sﬂpesgﬁﬁ%ttw s‘é‘ﬁ%ration system according to claim 51

or the membrane saparation unit according to claim 52 further
comprising a process fluid chamber formed between any two
adjacent filter elements, the procass fluid chamber being

substantially free of structure.

54. The vibratory separation system or the membrane
separation unit according to any of claims 51 to 53 wherein the
filter elements are secured such that outer peripheral regions
of the filter elements ars laminated and define an impermeable
outer wall isolating the inside of the outer wall from the

ambiant anviroament on the cutside of the outer wall.

55. The vibratory separation system or the membrane
separation unit according to claim 54 comprising outer seals,
wherein the filter elements and the outer seals are stacked and
sealed to one another to define the impermeable outer wall
isolating the inside of the outer wall from the amtient

‘environment on the outside of the outar wall.

56. The vibratory separation system or the membrane
separation unit according to claim 54 or 55 wherein the filter
elements are securad such that inner peripheral regions of the

filter elements are laminated and define an inner wall.

57. The vibratory separation system or ths membrane

saparation unit according to claim 536 comprising inner seals,

his is tha rep\acemem sheeat
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adj acent filter elenents. 69. The vibratory separation system of claim®63,
wherein the drive nechanismis a drive nechani sm coupled to the nenbrane
nodul e for inparting torsional vibratory notion to the filter elenments. 70.
A menbrane nodul e for use with a vibratory drive mechanism the nenbrane
modul e conprising a head plate assenbly,g,a base plate assenbly, a plurality
of stacked filter elenents disposed between the head and base pl ate
assenblies, each filter elenent including a nmetal nmenbrane support plate

having apmotdef PeEi phetat é@&h@ﬂc@nsin@tu{&aﬁ\tneqn%egqr-rr%fégl § cHeRRE ARk
mounted to the menbrane support plate, and a process fluid chanber

comuni c¥@3 kel wke hoan %@%Fh%arﬁl%u‘#?éb@e ofheedidingrem®dadbl e nenbrane, the
filter elenents being secured to each other such that the outer peripheral.
regions are | am nated and define an outer containnent wall isolating the
process fl ui dsghanbee mnbomEOs?dEepirihEomnﬁngamﬂdr fehemmish® ranki ent
environnment on_the other side of the o ter gpereln th base pl ate

n

assenbl y>FRAFDEHPALIRL F 02 ERREGH BF at Br G134t i ?ft &Imenbr ane

nmodul e f@ipbi§8eMtt BramViREabORYHEI &Eaﬂﬁ§h,’_aﬂl&m7§ he el ape gedul e
conprising a head plate assenblé a base plate assenbly, a plurality of
stacked #¢PeeAcREefbALSSdBEpBEed’ bRF WERRL It JRRANGANE BEe® pingesendent

assenbl '@faxﬁé‘cﬁ'ofbkseéng' §HENL ¢ esla.ugé,ggn@aﬁ@t@iawmmbr%r}e 4%”%‘9 Ll eRhace

havi ng an 1 nner peri pher regi on and | east one perneabl e nenbrane

nmount ed thhe first set of circularly arranged through holes are process
fluid holes, and the second set of circularly arranged through
holes are retentate holes, the process fluid holes being
disposed near the outer wall and the retentate holes being

disposed near the inner wall.

59. The vibratory separation system or the membrane
separation unit according teo claim 58 wherein the process fluid
holes of the membrane support plates align to form at lzast one
process fluid conduit, and the retesntate holes of the membrane

support plates align to form at least one retentate conduit.

60. The vibratory separation system or the membrane
separation unit according to claim 59 wheresin the process fluid
conduit is in £luid communication with the process fluid inlet,
‘and the retentate conduit is in fluid communication with the

retentate outlet.

61. The vibratory separation system or the membranes
separation unit according to any of claims 51 to €0 wherein the
central openings of the membrane support plates form a permeate
conduit, the permeate conduit being in fluid communication with

the permeate outlet.
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t he nenbrane support plate, and a process fluid chanber conmmunicating with
an upstream surface of each perneabl e 86 nenbrane, the filter elenents
bei ng secured to each other such that the inner peripheral regions are

| am nated and define an inner containnent wall isolating the process fluid
chanber on one side of the inner wall fr the other side of the inner
wal |, wherein the base plate assenbly is nountable to the vibratory drive
mechani sm 72. The nenbrane nodul e of claim 71, wherein each nenbrane

support plateshas @ReOWiBEaPBEYPHEbStat £H (s wdfd oith@nbl hbabrghements are.
secured to each other such that the outenagerlpheral regi ons are | ani nat ed
and def | ABPAK254PBr VRbRt AFAREALNGRFP 3RY| B T iFe SPpr Seedd FhaFﬂléhéhber on

one si demgtnb&laﬁeomseﬁ vyahhciaagstgeh@w u@@toefrsvgseq\% Nhn@N ! sgt H@Eté' de

of the outer wall. . The menbr ane clarm 70 or _
|ncludlngsaﬁmbéasttbnepéutellSEatdeS@obeﬁ ﬁmﬁnnaemleenadjaeeng hohheed’

el enent s ghere n thg oyte eri pher L S nd th ut er :

| ami nat el °5HG BefP'Re ?ﬁg E?g gﬁ?ﬁﬁ %Eﬁﬁgvéh piﬁgenﬁﬁﬁfﬁﬁéynndule of
claim71 or 72 further including at |east one |nner seal disposed between
two adj acent , . .

63. A vibratory separation system comprising:

a membrane module including a pluralitcy of stacked filter
elements, each filter element including a permeable membrane and
a membrane support plate, the permeables membrane having an
upstream surface and a downstream surface and being mounted tc
the membrane support vlate, the gembrane module having a filcter
surface area to volume ratio of at least about 100 f£t?/ft’;

a drive mechanism coupled to the membrane module for
imparting vibratory motion tc the filter elements, thereby
resisting fouling at the upstream surface of the permeable
membranes;

a process fluid inlet communicating with the upstream
surface of each permeable membrans; and

a permeate outlet communicating with the downstream surface

of s2ach permeable membrane.

4. A membrane separation unit for use with a vibratory
drive mechanism comprising:

a membrane module including a head plate assembly, a base
plate assembly, and a plurality cf stacked filter elements
disposed between the head and base plate assemblies, each filter
element including a permeabls membrane and a membrane support
plate, the permeable membrane having an upstream surface and a
downstream surface and being mounted to the membrane support
plate, the membrane module having a filter surface area to
volume ratio of at least about 100 ft?/ft?, the bases plate

assembly being mountable to the vibratory drive mechanism:
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filter elenments, wherein the inner peripheral regions and the inner seal
are lam nated and define the inner containment wall. 75. The nenbrane
nodul e of claim 70 or 72, wherein each nmenbrane support plate has an
annul ar outer raised land in the outer peripheral region, and wherein the

outer peripheral regions of the supportéflates and the outer raised | ands
are |lam nated and define the outer cont ment wall. 76. The menbrane
nodul e of claim 71 or 72, wherein each nmenbrane support plate has an

annul ar inner _raised_|a iln th 87 inner peripheral region, and the

i nner periphe?aFr?EﬁfSnggﬁthh8f§5p§8y?i§?af%sgéﬁuTﬁqﬂfﬁqﬁngPd&&Fsé&dlands
are | am peihmdnapdtdngi Rechhenknopsteeahas Bibide V@ lthel herk@prRNbDr ane
nodul e of claim70, 72, 73 or 75 further including a plurality of bolts

ext endi n§ePRFBOGA- t RBReoBERFeRAl F1ahd SRERE| AYCFIREDING A5AGE S flvideto

el ement s, d8padBeaABREENEFOdUl € Of claim 71, 72, 74 or 76, wherein each
filter element has a central opening and the central openings are aligned
to forma peraepeemeanduptitlandcwhpledntohehe merbwwadd mowbilledesda plurality

of passa S%Mueach Qassggg p ggi gnﬁ glugd gon qlca%iégétxﬂémgg% a
downst r eaACSHPFERET8F BACR pBFnERBMECARABr ARE 3RY The PemiatE dondui t .
membranes, the permeate cutlet facilitating the removal of
permeate from the membrane module; and
a retentate outlet coupled to the membrane module and
communicating with the upstream surface of the permeable
membranes, the retentate outlet facilitating the removal of

retentate from the membrane module.

65. The Vvibratory separation system cof claim 63 or the
membrane separation unit of claim &4, wherein each membrane
support plate is a thin, substantially flat metal membrane

support plate.

tH

66. The vibratory separation system of claim 63 or the
membrane separation unit of claim 64, wherein tha membrane
support plate of each filter element has first and second sides,
wherein the permeable membrane mounted to the membrane support
plate is a first permeable membrane mounted to the first side of
‘the membrane support plate, and wherein the filter element
includes a second permeable membrane mounted to the saccnd side

of the membrane support plate.

67. The vibratory separation system of claim 63 or the
membrane separation unit of claim 64, wherein the membrane
module includes at least one outer seal disposed betwesen two

adjacent filter elements.
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68. The vibratory separation system of claim 63 or the
membrane separation unit of claim 64, wherein the membrane

madule includes at least one ilnner seal disposed between two

adjacent filter elements,

683. The vibratory separation system of claim 63, wherein
the drive mechanism is a drive mechanism coupled to the membrane

module for - imparting torsional vibratory moticen to the filter

elements.

70. A membrane module for use with a vibratory drive
mechanism, the membrane module comprising a head plate assembly,
a base plate assembly, a plurality of stacked filter elements
disposed between the head and base plate assemblies, each filter
element including a metal membrane support plate having an outer
peripheral region and at least one permeable membrane mounted to
the membrane support plate, and a process fluid chamber
communicating with an upstream surface of each permeable
membrane, the filter elements being secured to each other such
that the outer peripheral regions are laminated and define an
outer containment wall isoclating the process fluid chamber on
one side of the outer wall from the ambient environment on the
other side of the outer wall, wherein the base plate assembly is

mountable to the vibratory drive mechanism.

71. & membrane module for use with a vibratory drive

mechanism, the membrane module comprising a head plate assembly,

a base plate assembly, a plurality of stacked filter elements
disposed betwean the head and base plate assemblies, each filter
element including a metal membrane support plate having an inner
peripharal region and at least one permeable memorane mounted to

the membrane support plate, and a process fluid chamber

communicating with an upstream surface of each permsable
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membrane, the filter elements being secured to each other such
that the inner peripheral regions are laminated and define an

inner containment wall isolating the process fluid chamber on

one side of the inner wall from the other side of the inner

wall, wherein the base plate assembly is mountable to the

vibratory drive mechanism.

72. The membrane module ¢of claim 71, wherein each membrane
support plate has an outer peripheral region, and the filter
elements are secured to each other such that the outer
peripheral regions are laminated and define an outer containment
wall isoclating the process fluid’chamber on one side of the

outer wall from the ambient environment on the other side of the

outer wall.

73. The membrane module of claim 70 or 72 further
including at least one outer seal disposed betwean two adjacent
filter elements, wherein the outer peripheral regions and the

outer seal are laminated and define the outer containment wall.

74. The membrane module of claim 71 or 72 further
including at least one inner seal disposed between two adjacent
filter elements, wherein the inner peripheral regions and the

inner sesal are laminated and define the innsr containment wall.

75. The membrane module of claim 70 or 72, wherein each
membrane support plate has an annular outer raisad land in the
outer peripheral region, and wherein the outer peripheral
regions of the support plates and the outer raised lands are

laminated and define the outer containment wall.

76. The membrane module of claim 71 or 72, wherein each

membrane support plate has an annular inner raisasd land in the

RN O R DR
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inner peripheral region, and the inner peripheral regions of the
support plates and the inner raised lands are laminated and

define the inner containment wall.

77. The membrane module of claim 70, 72, 73 or 75 further

including a plurality of bolts extending through the outer wall

and securing the plurality of filter elements.

78. The membrane module of claim 71, 72, 74 or 76, wherein
each filter element has a central opening and the central
openings are aligned to form a permeate conduit, and wherein the
inner wall includes a plurality of passages, each passage
providing fluid communication beéween a. downstream surface of

each permeable. membrane and the permeate conduit.
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