TI TLE: FORMED SHEET MEMBRANE ELEMENT AND FI LTRATI ON SYSTEM FI ELD [ 0001] Thi s
specification relates to devices for nmenbrane separation and nmet hods of
maki ng t won2oamadossa particular to mcrofiltration (M), partaaabillosemti on
5(UF) or nanofiltration (NF) menbrane el ements or nodul es suitable for

I nersed, alternatively called subnmerged, operation. BACKGROUND [ 0002] The
followng is not an adm ssion that anything discussed bel ow is conmon
general know edge or citable as prior art. 10[ 0003] I nmersed M- or UF

nenbr anes -3 QWEDﬁHﬁETINbEMgRé‘é‘{E EBF MNP I TRATIQN SHSKEM and
frame, configuration. In this configuration, a roll of menbrane sheet is
made by caggEimg a pol yneric separation |ayer cast onto a roll of non-woven

substrate. Two general |y rectangul ar gjlhece_s of nenbrane sheet are attached
at their YHd, ~f or TRIXSREPECHPNSGIHRTS EhIEViGRY HTEeMERNG BMFRINGENAS si des

of hol | ownpdtAsdd 6f M=Ky thB, Sarff RAbESicAaP 2 hicrikfatian NOIF) OWtrbfitrfiorRr
channel to collect filtered water, alternatively called perneate. Several

panel s°s| i(HE) 8 rrNafifraipd éNF hingmbraneaplemenist ordapdwes suiablsionimmesgter to be

filtered. jhbgakifs) dedduriiBg@anplitidne connected to the suction side of a
punp to draw perneate throug% t'he menbrane sheets. Bubbles provided from

bel ow t he gAekBReAWNS @ M xed 20 flow of bubbles and liquid to rise
t hrough vertical slots between the panels to held clean the nenbrane

surfaces. [@8&ipl es bie fdlipwingyigecdancrsmisson thatyiiing disusseatkeiew Munber s
5, 482, 625;0051,@?1'1%%@? &38\17{{%?@%};0“%%%%%@7'3”_&“& 6,843,908, all owned by

Kubot a Cor por at s rane nodul es are generally robust
and hage godgy Immersed MF or UF membranes may be made in a flat sheet,

alternatively called plate and frame, configuration. In this configuration, a roll of
membrane sheet is made by casting a polymeric separation layer cast onto a roll
of non-woven substrate. Two generally rectangular pieces of membrane sheet
are attached at their edges, for example by supersonic welding, onto opposing
15  sides of hollow plastic frame. This creates a panel with a hollow interior channel
to collect filtered water, alternatively called permeate. Several panels slide side
by side into a frame that can be immersed in water to be filtered. The insides of
the panels are connected to the suction side of a pump to draw permeate through
the membrane sheets. Bubbles provided from below the frame cause a mixed
20  flow of bubbles and liquid to rise through vertical slots between the panels to held
clean the membrane surfaces. Examples of this type of device are shown in US
Patent Numbers 5,482,625; 5,651,888; 5,772,831; 6,287,467; and, 6,843,908, all

owned by Kubota Corporation.

[0004] Flat sheet membrane modules are generally robust and have a low
25 manufacturing cost (relative to hollow fiber membranes) because they can be cast
in a wide sheet. However, flat sheet membranes have poor packing densities
(membrane surface area per unit volume of the module) relative to hollow fiber
membranes and so the total cost of a large flat sheet plant can be very high.
Further, typical flat sheet membrane panels cannot be backwashed vigorously

30 enough to clean the membranes mechanically.



25 manufacturing cost (relative to hollow fiber nmenbranes) because they can
be cast in a wide sheet. However, flat sheet nenbranes have poor packing
densi ti eswQrmenibi3esse surface area per unit vol unme of theprooda2e)i/osedoati ve to
hol | ow fi ber nenbranes and so the total cost of a large flat sheet plant
can be very high. Further, typical flat sheet nenbrane panels cannot be
backwashed vi gorously 30 enough to clean the nenbranes nechanically. WO
2011/ 130853PCT/ CA2011/ 050201 [ 0005] A variation of a flat sheet nenbrane

el enent i 0&wdwn i M| MEEAHRAL HnRl flduisheeatMYRPRGALEIEMADt 250 BN0BB33R to

M crodyn- 'N%’t@frfatu%*ﬁub|||8atidheﬁ@m8érem‘bé@7/b®@3dzaﬁéem&r&ﬁynﬂ‘@é’ﬂ?ﬁ anpHreyprial are

cast onto the front and back des of a fabric having a porous central area
bet ween t \Ahﬁs@e@i%@eﬂféy@\roslayelm@fHth@bfﬁﬂ%maéW@ apr e3at deto thednthend bachannel

al so conn ﬁ:#e 6neciam el ?éﬁ;\‘é"dsscérﬁ'il%z @Me%‘(‘(i &é}f‘seelr'agé?%.”tmé) be

backwashe ani ng se e enents 0 not quire a
f our - sbde@eﬁtrain@'earm‘owbley aapgnEateichanmah alsn cknnegtd dre two densemédayerhan t he

pl ate and ﬁﬂﬁpﬁ re al so
flexible é a(?Ioar pacﬁﬁ‘g@ﬁg?}% %RW% %?%Wréﬁh 8@'& F&e% ﬁq‘s%%séeﬁt er in a
frane. Thelqmmks |dg rebé nexquiing a mubetdeerfran’reaand treytdre apbat 2 nandhitk, avieckel ement s
described.a wer th n.a h nenbr ne nodul e.

e tomt s if Bt il 1 blale, AN gt R i asctiBed Hoké DR TaL 55 ot ot ance

agai nst f letashénts tah@ aperfrexitdie ant anee breasisthoed capadtsies abde 1Kosim eéntehé el enent .
15 1 NTRODUCT] ON [ follawing intro tion is nten ed I nt roduce
the 1 dBaeStsT (e HETE: | Lot Q2SEHE FESH (00F AN BAn datio B 20t eor dof 1 ne
any cl ai megerhétenidseribed BOOE Aupistl en@h BMRSthat & R&low Fibér neatbréxanpl e a
non-woven fabric,_is

module. The central area of the fabric, although porous, also provides a

resistance against flow in the permeate channel and increases the cost of the

element.

15 INTRODUCTION
[00086] The following introduction is intended to introduce the reader to the

detailed description to follow and not to limit or define any claimed invention.

[0007] A piece of substrate material, for example a non-woven fabric, is
formed under heat and pressure, for example against the inner surface of a mold
20 cavity, into a shaped substrate sheet having one or more depressions, for
example a series of generally parallel depressions, relative to a plane. Two
substrate sheets, at least one of which has depressions, are bonded together, for
example along or beside the edges of the depressions. Optionally, an additional
intermediate sheet may be bonded between the two substrate sheets. The two
25 substrate sheets form a substrate having a plurality of interior channels in
combination with each other or the intermediate sheet, if there is one. If the
pieces of substrate material were not previously coated with a membrane
material, the substrate is coated with a dope and quenched or coagulated to form

a membrane sheet.

30 [0008] The membrane sheet is generally planar, but with one or more
ridges corresponding to the interior channels providing a surface area larger than

an equivalent flat plate area. The interior channels provide open passages for
-2



formed under heat and pressure, for exanple against the inner surface of a
nold 20 cavity, into a shaped substrate sheet having one or nore

depr essi ome,20f10308s3anpl e a series of generally parall el pdepraesHiI0GM0D]
relative to a plane. Two substrate sheets, at |east one of which has
depressions, are bonded together, for exanple along or beside the edges of
the depressions. Optionally, an additional internedi ate sheet nay be bonded
bet ween the two substrate sheets. The two 25 substrate sheets forma

subst r at e PREVPHE & fVuiaithe pdaes iohtie isBeelchAnMembrane slrfli mAPigHRLN t h each
other or tb'&ﬁdecﬁ‘ttc?g{ | §b%g DREEIr mbife [ Beth@eRNBteribl chdtficll §€ &elIChs
substrate nmaterial were not previously coated wth a nenbrane material, the
substrate al@gc@a@re@nngtnareiledjbp@eadﬂprmhéth b@@%@iﬂoﬁﬁmr petwesnma a

menbr ane %ﬂﬁ%Fth FOu2P AR l; ;{ﬂaﬁomena{re@e @?.8!%& é/ rs”}&é %f@a%ﬂ% griBPt W th
one or nore ridges correspondln the interior c annel's providing a
surface arceanmeirt@ermerherranansheqma\meemed Withoubladber-sid ech fraMieeandneaer heor

channel s erneate to flowto the edges of the
sheet . I?quo rgﬁgﬂp gaer?eads pr efJea(rgé' y bonded toget her al ong one or nore

i nes bet i nter nge r llel to
t he depreim 0 A hg (g r!(n%m@ ﬁ@%#,e ﬁpBgqu%eﬁc?@%?&?ﬂ e'ﬁ alof
interior cbluadllael Eernmﬁtmgrealbbyobﬁ’meeaerhb-ndesheétsewblmm|mte$e|cbwm5an¢ham1el , the

nmb h ed_f
mechant carPy &t Sanehsy® BERRABERN o PrrBoaRk Py PO ERRER chee s
may bedopl acl;mtesi mdemlbyarm sheetinahdvoddie. by%lanmt iThg eohgesisabnhdeedreorbr ane
hannel 5. CREPTERELEERIAR TP RG0S D CO0 ePadRR "ARbFESheet s i n

the bundl @ehyasgracer semddidundl @u'remtycennﬁ@duﬂaels tc@nOlﬁl@ Rsemdled Meaders to
produce a nodul e._ The connection to a header ermanent or renovabl e.

A pl ur al i CFSHRtEnTdG @sSelimmpy a&@w@&'qsrm@tan%a%% f & berfieredsuit e may
hol d the ARAuh&mdnibranéable §naiailyVertical RRdTthé IrRsms chdaRert nd PEH@aﬂEE”br anes

are generally vertical and the interior channels are general
hor i zd@t alhoriFRae fEMERRECOIDOt tHe Neaderér whichifre At hieessidas ¢ftiae §ﬁ%ﬁ?§teof t he

cassette. T-H@ellcﬁdlcﬂLHe‘ijngb%h%df 'ahHeéﬁ%naﬁgﬂ%agpMﬁH@ |f)bmgsa%e|‘%£ﬂ%) ffoudH ovs
vertically through spaces between the nbr anes.
spaces between the membranes.

DRAWINGS
[0010] Figure 1 is an isometric view of a formed substrate sheet.
20 [0011] Figure 2 is an isometric view of a substrate sheet as in Figure 1 on

the bottom cavity of a mold.

[0012] Figure 3 is an isometric view of a substrate sheet on the bottom

cavity of a mold as in Figure 2 with a mold insert on the substrate sheet.

[0013] Figure 4 is an isometric view of a substrate sheet on the bottom
25 cavity of a mold with a mold insert on the substrate sheet as in Figure 3 with an

upper cavity of the mold.

[0014] Figure 5 is a cross section of a substrate made of two formed

substrate sheets as in Figure 1.

[0015] Figure 6 is an isometric view of the substrate of Figure 5.



[0010]Figure 1 is an isonetric view of a forned substrate sheet.

20[ 0011]Figure 2 is an isonetric view of a substrate sheet as in Figure 1
on the bovoamicmsvssBy of a nold. [0012] Figure 3 is an i S®OEtqA20115ev of a
substrate sheet on the bottomcavity of a nold as in Figure 2 with a nold

I nsert on the substrate sheet. [0013]Figure 4 is an isonetric view of a
substrate sheet on the bottom 25cavity of a nold with a nold insert on the
substrate sheet as in F|7gure 3 with an upper cavity of the nold.

[0014] Fi glP¥I6F i s aFigrigskisskeiosenieeion,fAMSMPENE having dBeMivpemaha]
substratecggﬁ@tgn ggubgrﬁéggrm: urd §015] Figure 6 is an isonetric view of the
substrate of Figure 5. WO 2011/130853PCT/ CA2011/ 050201 [0016]Figure 7 is a

cross-sectp@y)of a BB &ReaNRYpREA iSFMBtri@ WS04 Blurality of membranes

as in Figure 7 being assembled into a bundle.
5 [0018] Figure 9 is an end view of a membrane bundle.

[0019] Figure 10 is a cross section of a membrane bundle potted at one

end into a permeate header.

[0020] Figure 11 is a top view of membrane module having a membrane

bundle potted into permeate headers at both ends.

10  [0021] Figure 12 is a top view of a cassette having a plurality of the

modules of Figure 11.

[0022] Figure 13 is an enlarged view of a corner of the cassette of Figure
12.
[0023] Figure 14 is a side view of the cassette of Figure 12.

15  [0024] Figure 15 is a side view of a permeate sheet having an intermediate

flat sheet between two substrate sheets.

[0025] Figure 16 is a side view of a permeate sheet made with substrates

having an undulating profile.

DETAILED DESCRIPTION

20 [0026] In this specification, a “sheet” or “substrate sheet” typically refers to
a piece of a substrate material, which may be shaped to have a plurality of
depressions. A “permeate sheet” or a “substrate” typically refers to two sheets
bonded together. A “permeate channel” typically refers to a channel on the inside
of a substrate defined by the inside surfaces of the sheets, through which liquid

25 can flow parallel to the plane of the substrate to the edge of the substrate. A
“‘connector’” may refer to a portion of a sheet between two adjacent depressions,
or a portion of a permeate sheet between two adjacent permeate channels. An
“insert” may refer to a part of a mold that is placed between a top and bottom die

of the mold and used to shape some or all of the inside surface of a depression or
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coating on a substrate as in Figure 5. [0017]Figure 8 is an expl oded

I sonetric view of a plurality of nenbranes as in Figure 7 being assenbl ed
into a buwol2e11/830§58018] Figure 9 is an end view of a nmemnmpcarA2burnddmi
[0019] Figure 10 is a cross section of a nenbrane bundl e potted at one end
into a perneate header. [0020]Figure 11 is a top view of nenbrane nodul e
havi ng a nenbrane bundl e potted into perneate headers at both ends.

10[ 0021] Figure 12 is a top view of a cassette having a plurality of the
nmodul es of? FEGEAE qhﬁnanO‘gi’P@T”B[ﬁ“@ spget’ nayretaiitapgeaner@sheet Watbaher of

t he cassetatgépgfati%hgééye@Cg,gted[oqth_S] Figure 14 is a side view of the cassette
of Figure 12. 15[0024]Figure 15 is a side view of a perneate sheet having

an i nter nggiiag e In an example of a sheet and a method of making it, to be described
in more detail below, a sheet is made from a piece of a non-woven material that is

5 heat treated and pressed into a cavity to form a shape having a plurality of
depressions, alternatively called ripples. In the example described herein, the
depressions are separated by connectors. The connectors contact or lie in a
common plane. In the example described herein, the connectors are essentially

flat and the depressions are essentially semi-cylindrical. Two of these sheets are

10 attached together at one or more, preferably all, of their connectors and at their
two outer edges, alternatively called flanges, that are parallel to the depressions.

This forms a permeate sheet that has an array of parallel generally cylindrical
permeate channels, each channel formed by two of the semi-cylindrical ripples,

one from each of the sheets. The permeate sheet has two open edges

15 perpendicular to the channels, where the permeate channels discharge. The
permeate sheet may be trimmed if necessary to a final size and shape. |If the
sheet was not pre-coated with a membrane material, the permeate sheet is fed

into a coater where a membrane dope is cast on the outer surfaces of the
permeate sheet. The coated permeate sheet then passes into a quench or

20  coagulation bath wherein the dope is transformed into a solid membrane material
having a separation layer. The membrane material may be formed by a phase
separation process, for example a TIPS or NIPS process. The resulting
membrane sheet is removed from the quench bath and further rinsed and
impregnated (if needed) and dried. A plurality, for example between 2 and 50

25 membranes sheets may be attached together at their open ends according to a
target inter-sheet spacing to form a bundle. At least one open end of the bundle is
attached, permanently or with a removable seal, to a permeating header to form a
module. The module may be integrity tested, for example by a pressure decay

test. Modules are assembled into a cassette comprising structural elements to

30 make the cassette suitable to insertion into a filtration tank. The membrane
sheets are oriented generally vertically in the tank, with the channels oriented

generally horizontally, and the headers located at the sides of the cassette and

-5-



flat sheet between two substrate sheets. [0025]Figure 16 is a side view of
a perneate sheet nade with substrates having an undul ating profile.

DETAI LED WaSCRIBIEs®ON 20[ 0026] In this specification, a "e®heatA20arosi®ubstrate
sheet" typically refers to a piece of a substrate material, which may be
shaped to have a plurality of depressions. A "perneate sheet” or a
"substrate" typically refers to two sheets bonded together. A "perneate
channel " typically refers to a channel on the inside of a substrate defined
by the i n$rigated gansedly rtigaly. steetassetin mseigrrbhhAleR Nasqaileversaraics | ow

paral | el tgﬂd@&ﬁﬂéhr@&% QAlschi@eBipBIsah® std%céé‘%eﬁ\%‘ﬁ tAé rﬁé’fﬁbr%HQ%hEéﬂse A

"connector" may fefer to a portion of a sheet between two ad] acent
depr essi oﬁ'sfle Fagurgs.perei %W@ﬁe@l‘p@@tﬂ%b@léws Rleew apexarele efvbshkeftaz ay®ld per meat e

channel s. aklﬁgg{etshegm%ﬁg&ﬁ%gh an‘%%‘étrt of a nold that is placed between

atop and use 'to shape sone or all of the

| nsi de S‘”é@fsi of aRQI%Prfr@StB r%‘ur‘é;t %%&?@%%&J@B@b,ec@‘ of AL \ﬁ@@er?heet

may re er 't per meat e as a separation layer coated on it

[ 0027] | n dextéscahip sheasft 7athatmaaestb@ncbrasse§tlh@da sﬁamfdkavr@ 3 serigsofiparaliescer i bed

in nore d i | Q@Qp e terial
that is geﬁ{ég Ip}%lrngéYtd rég)sdd:f1t5 r esg {gr%?e ﬁe{g@!r}%ﬁ PSTY % e(ﬁ';sr %Rg S\gﬁéﬁge aving a
pl ural i t y byfflatl epmressssareds, Trad olﬁemdepreeémynscana tm]tdeneprﬂyetwo ddgetflaegex&npl e

oot or el di1ife (RBTERMPES, AisieaTRRLE Ty BE L BERFE detdii o

her ei np t 103 momaed 60 hem alepeddis@oh itted dpplich#dn. and t he depressions are
essentially sem-cylindrical. Two of these sheets are 10 attached together
at one or [0aR%, preRefeabigytodigyres2 tbheiarmoldnttecdroprisimnd battomhazivity ©vo out er

edges, alternatively cal fl es, that,  are parallel to the depressions.
Thist or e Pt ial b S 8. Pl REnskHE 5 Ry BRe iy of UsBePaRiS
cyli ndri cabrnied pratss. Cinarbgiotn c8agv mhrnasthd autershdpye dfwee m’ﬁaltnli‘tﬂded
sem -cyli i | es, one frome h of the sheets. The perneate sheet

has two O%g%étggggge ! %ergeg p@ﬁdl%lmaertaf% atnﬁearéh%ﬁ%%COW'@R WiEh meat e

ChaanBS @b&ﬁ@@@%fﬂ t-BhI@rrﬁQh@’%%hﬁ c§hﬁ:ﬁ'ﬁcalnaé/pr€§s@ﬁé mﬁenﬁsémcg%%artyeto a
final size and s |f the sheet was pr e- coat ed a nenbr ane

mat eri al , S@H@ra&ss%&@@r%%@fe&hewgolﬂ d8 qrrﬁ“ﬂt '&t%@étt@? C\'?\)}‘ﬂé’fb1 @f themrlale dope is

cast on tf\l@haw%rméwrﬁ@sc&ﬁn% |r$s|@ﬁsl%ertﬁ@§ﬂ&é?1 BO8REd of hGvE B BSpaMAyTBAL € Ssheet
t hen passes into a quench or 20 coagul’ation bath wherein the dope is

t r ansf or mé@elyroiatiags Briaingemdetashesinserts A allpus fog stidise gae NeMWPEger . The
menbr ane nRL&Fd:al mH%YnaP%ufﬁé Y odPSfers SABRRT bORNBE OGRRSY f dfﬂ%%h ) exanpl e

a TIPS or NI'PS process e resulting menbrane sheet 1s renoved fromthe
guenc HObamﬁtamiS fie vsaskfor thedwa canities %ibgﬁ@ﬁmldlahd teedsdlts 8nd ple¢ed. A

plurali ty’of Erf?tfalI?%I%W&ﬁm}a%l‘f\@Glg'st?até‘%dlogged onto the bottom cavity 9 of the mold

(figure 2). This piece is initially cut to pre-determined dimensions. After loading the
piece of substrate, the inserts 8 are placed on the piece of substrate (if they are
not built into the top cavity 11) and the top cavity 11 is placed over the inserts 8.
25 The mold 10 is then closed and pressure is applied between the cavities 9, 11, for
example by clamping them together. The top cavity 11 and inserts 8 thereby

press the sheet 7 into the bottom cavity 9.

[0030] The top cavity 11 of the prototype mold 10 has the same interior
shape as the bottom cavity 9. The mold 10 shown in Figures 2 to 4 is capable of
30 molding 2 sheets at the same time by inserting another piece of substrate
between the inserts 8 and the top cavity 11 before closing the mold 10. Each

mold cavity is preferably well machined within tight tolerances to provide good
-6-



25 nmenbranes sheets nmay be attached together at their open ends according
to a target inter-sheet spacing to forma bundle. At |east one open end of
t he bundlwoizstiatsvssehed, permanently or with a renovabl e pegalA20t1m56201
perneati ng header to forma nodule. The nodule nmay be integrity tested, for
exanple by a pressure decay test. Mdules are assenbled into a cassette
conprising structural elenents to 30 nmake the cassette suitable to
insertion into a filtration tank. The nenbrane sheets are oriented

gener al | y opBel @&r [tRe thicknres eadihe ahane ehibedinahsbeel or Irertdaulgenypal | y

hori zont aldhipafith bSny'BaH % thd 9684teHisAlinddifasik dR8a0ls édb‘ﬁe&%l%ﬁﬁé g and

oriented generally vertically. The cassette preferably al so has a | ower
aeration dgreldingeregegar édtet thedheatinamgese tbe inxadd i&l@@l%@c%@%%d pesition he

menbr ane fsurﬁﬁ'ﬂ}\% shgg'te(oF 5%@35})513 Cgﬁatﬁ o{dhﬁﬁﬂﬁgiﬁg its 3nd5L Al i ér%"’a SHagw an

exanple o for , a nodul e a cassette.
5[ 0028]5Ref7eI|Srlnlhg||yt beaie@@né then aocslhéélothwhﬂe fmatmg m‘ES%eopamestdhe ansidn - woven

textile: LIRaNSPL LN s Upen Prespsd bl fedeshang hay! agcaiger i oo of

paral l el sen=tylin depr €ssi ond® B epace; predet ermi ned | nterval s
and separ araeperajuré [(HDTg @mmaareowkilesit |§'rpee$mdeagadtqmrtleaesmrmM$uefaee bititer ed by

two edge fl anges The d|u of t drica eSS|ons 6 may

be. for exaibie Bheer 1050058 R RRmEGoaH dentsiaf ds B RS cat on.
[ 0029] Ref exafersplyt beIEwgtsr@SSsZtrta@sutﬂon aenmﬁraituﬂeo Ig)nwhllesltng peesieti tagaineavi ty 9,
atop i nserts one shown) is used for

Phe Pabay g gt 258 R i 2euly a2uThd Bohinr dntiehy faion A Bipareat >t e

final nol dadpshaahg én olite suae tsirdbpond@ivg ethaahiger Juefad@ df teeav®ed in
conjunction with the 15 cavities 9, 11 to formthe seni-cylindrical

depressi onsoA] The Anzenieved fabhc rer egmaplat £ pepsReneatsd edbrithermalyd 10 or
built into the top cavity 11 of the nold 10. When the mpld has built in

i nserts 8USER&Ey & 3MPHEtE \%Jiélat Preah dfeMEAR5abiaYi R/ UeRd tor & $URYELR i ng.

Rot ati ng Qhateedlacdapled 5@ auf%réﬂt@wnér@rwe&lsltdsteg L%fngt Herovetypeaein,
substrate material during a nold closi nmteg polished (mrror
\gr@¢Q§Sfrgm

finisHp MFlydii@eE a38pigr BomsHiose(0%ThES 3N Beweheantbl d and

the 'nse”n%lﬁplepgu%'dﬁgefr% 'd?éﬁé albywdlers, UQNAVWPJ\é%@r SYR§t RAlRoinS tigaded onto
the bottom cavity ld (figure 2). gecelsmltlally cut to

pr e- det er ﬁﬂh%tﬂat@h fﬁﬁﬁﬁﬁﬁ'@nﬁad M'@@esﬁ%d@mn@ Fﬁ@”p@@c 020 guissnsared aihe
inserts 8 t=h h It into
g\%frﬁ@@éﬁ?%ﬁ 338 157& Bé VI . cé@?ﬁétélagﬁa%éecg ni"§Ybdiate Ridkterid

the top c _ _ the top over the inserts 8. 25
The rml d ¥ere sirleblewoclt@mdlangbe sobstrate ingatapakigsdersdly iewa a hetibaof ties 9,

L 20 SIARLfy B RLATRLASHER N GRRSEn o RBrE PULY AR pfbgcert e ¢

thereby press 1 tom cavi cavity 11
of the prd¢siey peduoediaddphetde sieets@ne i nteri or

[0032] Depending on the composition of the substrate, the molding
temperature is at least 100F (38 degrees Celcius) and varied in tests between 300
and 500 F (149 and 260 degrees Celcius). In comparison, the Tg of polyester is
25 about 60 to 75 degrees Celcius, the HDT of polyester is about 170 to 177 degrees
Celcius and the melting point (Tm) of polyester may be about 255 degrees
Celcius, all of these temperatures being subject to variation depending on the
form of the polyester. The temperature is preferably above the HDT of the matrix
fibers and the reinforcing fibers, and optionally also above the melting point of the
30  matrix fibers, but preferably below the melting point of the reinforcing fibers. The
mold is heated for long enough for the substrate to assume a shape

corresponding to the inner surface of the cavity 9, 11, but at a combination of time
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shape as the bottomcavity 9. The nold 10 shown in Figures 2 to 4 is
capable of 30 nolding 2 sheets at the sane tine by inserting another piece
of subst raDeotiet3vgsen the inserts 8 and the top cavity l1kchafaana/sbwsi ng t he
nold 10. Each nold cavity is preferably well machined within tight

tol erances to provide good control over the thickness and the shape of the
final sheet 7. In particular, over conpaction of any part of the sheet 7 is
undesirable. Heat is applied during the nolding process. After the heating
phase, t h@nﬁﬁﬁmp?@tw’édﬁ@d“@'ﬁtaéﬂsc? §dkgtapii iperton airibe pirtneamsalility O(f(tﬂe sheet s)

| s capabl &,glirdtBI ficAl AaNG hm%%b?&?é’%lopé r}né;h's'ﬁllV&iﬁetr@tesgﬁ&tancﬁoﬂtd fd Nitially

heat ed and then cool ed both while belng pressed agal nst the I nside surface
of a cavi tsybgiratghleshwes pvow@ecbbxep@cm the meld 4@ in @ temperaiuie-epatiobed i on

temper at ur ?/Sﬁ H[?}Clé’rtm@rvgrlé@ibleﬁvéetn 5S, g%ﬁﬂu?e%afo?%ai ﬁg dn'a”S’\Fer face of

the cavity sheet s also pre eraly cooled to l'ow It T, and
nore pbef eninbiey fbetosingt §oglpexkictiorans imaldwithebyiéimawates (OT g)her\mplnm it is

pr essed a%%%ﬂﬁﬁm&?ﬁ%ﬁ# tB’]ﬁ’Jﬁot?oW ﬁm%fa‘?nggfjcta%rb% SRS 3 s@d?ﬁoa%ﬁ %Eor? g her eby

t akes on acper nane avi n e ace Cot espon |ng o0 the
I nner sur ftike eooling bmoeasu thhe [T@il}ﬁl:])mpnoant\sm/e& 1 tlare cs,lza‘doto ercaiupE e a

pol yester based._fabric rmall used as ubst heet  UF
e anes, eﬁ'@’d et 3bit 7 1P S riie BrlBRI0® Bl Timas WnedRfa f er ent
suppl i er s sheste 7t @as ecdomsimlm amcpkr oihehympadethda firkst pratbtydé ngold. S@Buphee from
Hi rosag( 05TH- 80 &r ad m 3M des frp{fm Crane

Nonviov@ns CORRRC ARl et e T B TIRAES 11 Ckreaes

rangi ng f nuredd ﬂh@ aba@y 61 mémet ARslhaldra peldeeadhabet yrhefméidicosliy &itd per
square centinete er second., Substrate materials were dri ed rior to

nol di ng. 'hﬁ@'%%@? W Weke &Y e rangredetaior 4P Riiv & moldPr f xeurlamss $ieehal | y

bonded shariaf irbflie 2RGhePBBSIhg RESHUPE BUNBar LUBEtTe sAthé hefdiidpresadre! es
tested produced acceptable sheets 7. [0032] Dependi ng on the conposition of

the subst o Shesls froVePrEoliepEMitaReousy i thedset BIMMRSI RIS
Cel ciyg) apdoVaHié efiddhichestel Rlwe s @0molded sheets 7 maintained an inner

and outer radius matching the inserts 8 and cavities 9, 11 used in the mold. The
radius of the inner surfaces of the depressions in the cavities 9, 11 in the
prototype mold 10 was about 1.5 mm. In a second prototype mold, the radius of
the inner surfaces of the depressions in the cavities was about 0.6 mm. An
20  optimal diameter for microfiltration or ultrafiltration of water may be closer to 0.7

mm in order to maximize packing density with acceptable lumen pressure drop.

[0033] Referring to Figures 5 and 6, after molding the sheets 7 are trimmed
to final dimensions and a pair of sheets 7 are assembled into a permeate sheet
20. The sheets 7 are attached together at bonding areas 12. Sheets 7 made in
25  the prototype mold as described above were bonded together using several types
of adhesives including epoxy, water-based adhesives, and polyurethanes. The
same mold 10 that was used to form the sheets 7 was used for fusing together
two sheets 7. In order to eliminate sticking of the bonding areas 12 to the mold 10,
and contamination of the surface that will subsequently be coated with a
30 membrane, due to full penetration of the bonding agent through the substrate
material, higher viscosity adhesives are preferred. Two sheets 7 made in the first

prototype mold as described above, when fused together, created a permeate
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and 500 F (149 and 260 degrees Celcius). In conparison, the Tg of polyester
is 25 about 60 to 75 degrees Celcius, the HDT of polyester is about 170 to
177 degrewe 20a/30858 and the nmelting point (Tn) of pol yegCercarap/dse2oabout
255 degrees Celcius, all of these tenperatures being subject to variation
depending on the formof the polyester. The tenperature is preferably above
the HDT of the matrix fibers and the reinforcing fibers, and optionally

al so above the nelting point of the 30 matrix fibers, but preferably bel ow
the mel ti fheplotthwvitgrcy wqabpfﬁﬁrmebﬁ RaViRg Be? §1m pierfipmetes neA soRdRG | ong

enough forbeEW%rﬁH%SBDt%Po% B%n%'%éﬁ’@”&ﬁ SchaPeROTHhESRRNAI DfndrRidd 8t kiner

surface of the cavity 9 1, but at a conbination of tinme and tenperature

t hat mai ntrgrmeatg glﬂ@ét?@nt/\/ie& apovt i1Bringiest S &My Ped nd2binchesy (f ahe
substrate aﬁﬂé@ﬁ h‘ﬁée@sﬂ?&?rﬁ’?ﬁ@ﬂ%gem%¥ Sl Eh?ﬁé‘ef e Aghanchgiqto the
a 10 1n a

Substrate provi ded l'aci ng the

t enper at upectetype mdldl ereataces peyedte sheete2Oweith edinbicabsbanrelahavin®artichut es f or
heating a 1L aut r d W th

bur |1 1'n PSR s e ARl esiRes e olShe Matiipl Fhnde I,

nol di ng) dJhesbehestpOt eeretabosik A5 mmdryt 130 mhor ﬂ'l&e\fdrhedqmmleat} sfhremtess. The
nol d conp ets9 8, ar e |zedto roduce a Sll’dfl |. sheet 7

Uhi ckness 207 B9 bt dratfie? Befs o7e SR PEsiRe it Telilagt e hs%ias 0. 075
mm t hi ck whiarcrispd@nsitiods bétiveen fiieotiedrgpsomdd end $eneopnnébtoeofpacti on i s
acceptabl e, and possibly preferable, to reduce wall thickness and increase
t he alol i {903 t he |atmiera7[ twn ht&ledsa aanl lﬁl@dttsdflmnletogaﬂher oeihg tbérm’dsﬂg and

hol di ng pressures were of 15t very

| | tb 8 I A mol dhfgr I

| arge shedta93igy 'Weeoﬁj’i%e arﬁ‘?sghé XD ng! ﬁBP%%%u? BYutsEgn NgEdnElR sane
hol di ng pr(m@ﬁﬁ@@astwosbaﬁr%dﬁeww1gotrﬁl@cg|mm@lpkcs@@§®aalmké pldcenfd r st

prot otype nol d usi n% enovabl e cylindrical netal inserts 8. The nol ded

sheets” 7 PRI AL dﬁo'idrﬁ‘u@ﬂa" Rdhe e 1Patrdde Mt Hieny ek i fésh i€ 8 and

cavities Hottdh sfRd id bddes iARhE mdBeThadiutsisohpiiee usHiEh dispdReesopf the
depre55|ons in the cavities 9, 11 in the protot pe nold 10 was about 1.5

mm |1 A% $EBBRE Fr st yPed n@He, Prindad r Bead.sneyed: Rk SieﬁYR% caufeligdelY A t he

depressi oRgp] Gtéhqu&@vtﬁllh@ﬁcm&‘g%hy Bebp1888d ﬁ\@ld%olﬁgtﬂrgﬁbugﬂl m&@d’ for
mcrofiltration or ultraliltration of water may be closer to 0.7 mmin

order to FERI-AIrAdaABRPGRy H%sﬂttt?dw diamatet ept Hisise InsAEs \félﬂe@@tﬁhe thfr op.
[ 0033] Ref @i h iy 19 oF HRUA&R) Efo@%’q rﬂTe'ise U;’er menﬂsélﬂ%'ss@&ﬁ)tn%l Hulfe trimred

to final i mensi ons and a a| ee S e asse Into a perneate
sheet 20. iIMEeetsdipipessread @oadtracmrmssc@@éh@@erraeatbmﬁ@nn@SaHewqurztheSheets 7

made izp Zésgé}ﬁbl rp%%%%s”&?écﬁd@ﬁ dﬂ“%ﬁ&gr&ggtgpé‘\ﬁég@}d_"@ggeﬁ%gﬁ&tttr?@ﬁéé‘er using

several types VES 1 ncC hesi ves
pol yur et hafés ms‘Eite 8 dmthisrodsk, e pmass'vaispswldtekmoﬂmdimg bed sdreetisg 3f was used
for fusin

bondi ng ot %tﬁtgte%etmg"o#ﬁﬁlgélmﬁatgﬂg bt et ot R Eaeh A eM i1
subsgaquentcby|t>bef theated and tahtop shd&t Trisnbadetein adto@ damt;f of iheproleticanfton of the
bond: 19, 296 HeHBH BEEw BB FRR Rk oo PR RO BIES! VS,
above 25whenitt u‘iee%dld)@wsbﬁrpreﬁmfaﬁd lepanapedeeapplied to the newly created
structure if required for the adhesive used. The contact surface will be glued
together forming a permeate sheet 20. Once the cycle is complete the mold is
opened and the inserts are removed. The permeate sheet 20 will be removed
from the gluing mold, trimmed to final dimensions if necessary and transferred to a
30 casting machine. The sheets 7 can comprise low surface energy fibers, for
example of polyethylene terephthalate (PET), which may make it difficult to

achieve a strong bond. Particularly strong bonds are provided even in PET
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sheet 20 with cylindrical channels having a 3 nmouter dianeter and a
spaci ng between the outside dianeters of about 2 mm The overall dinension
of the pewomatigizssseet 20 were about 10 inches (25 cnm) bycl/c211v0sctoes (37
cnm), although |arger sheets 7 may be made. Two sheets 7 nade in the second
5 prototype nold created a perneate sheet 20 with cylindrical channels
having a 1.2 mmouter dianeter and a spaci ng between the outside dianeters
of about 1 nm These sheets 20 were about 125 nmm by 120 mm The forned

permeat e PRE.d §hedts /r BB IMPhYtaeperylate é@h‘@\?éYQsSﬁé?mSéMb’b%r ?P@P@esand
mai nt ai ”e%nb%\fur&ﬁ%bﬁ@ﬁfhcﬁ%é%&ﬁe@%bt' ons between the depressions 6 and

t he connectors 34]'1n general, two sheets 7 can be attached together
using t heramagt mit@rﬁdtﬁersoétlolﬁefopBBM&IH?W%%@ tRANPBSIO(hot i afes. or by
using hot nelts (thernoplastics) or her adhesives 19. The gluing process
can take plhgydrasrarg p@élpamect@ng:pu@fﬁge peltem shagt eantered imberasinding@reaed t o
formtige e?ﬁéo%‘rerghéesttl Iotala@d?? érjk?&'éoftﬁelnﬂﬁéj Il ngﬁa{l%drBﬂltg of e gl ue
is app |e using a di spenser, for exanple a rol ra gl ue printing
head novedhéfijrss elneﬁttsPr@@alnnecﬂridetdmlpyraaur@osrpppl@d urNigite, wicgd inelr peraltraiensert s

may be pl e I I iy.C - e

out si de dlgg gq'é'rgﬁ%ﬂ%t Nes%'p%eﬁés/er%m {/KJ\ASEP tﬁ%ﬂéﬁ&%ercﬁﬁt en%élgl&?gggj?e t”ﬂ‘% new y
formed chanoreiss catubermigne héthi arsethbst the usptof ovsalts. but t he i nserts hel p ensure
a good roundness of the perneate channels. However, the 20 assenbly process

was al so (ﬂ@ﬁ%]i n t hi tiprdbasgeypey hatmadhthabobnl beQusedtihicanict fietiaser @ser t s

of -t nd0 nstdad 2P BGRDT 1P B ERReSHE SerbB B chE PR R AR, Tl o 2

bottom cawrmqessfsumdwpermmatarfmmg @pnsbeetchdnng ﬂooamtﬁhlen does hopceawe ty of

ont y it REEONOTRG aree” 240 Hithe Mok BT B o s ot SRR R rmy be

appl i ed t @ohbiagnaehy 101 eatvth atrfamtuuﬂr@reufatrsemimg eeblding ndterigidhiesi y& used.
er formng a te sheet 20.

The contact surf ued toge

e o e S PR e ST TR S B PR P S oroyod
The peseghficti§tstrdlg wohd. be renoved fromthe gluing nold, trimmed to
final dinensions if necessary and transferred to a 30 casting machi ne. The

sheets 7 ¢@uB7goNDriB& ihereasst b@fﬁ%a@@@h@t dotibe EgrfadeOsindeataraplral stfength
pol yet hyl ene terephthalate (PET), which may make it difficult to achieve a

Strong o NerRaTeals $he) 291% g eBbReRe Mo MEHIaR RIchaNsss. ArhPreTes ed
sheets 7 byateiNgayBt ihcaiEbAAREN RS %@@heéﬂsv&.owéttmséé\%)/ 88a%i es and

pol yur et hane (PUR)" hot nelt adhesives. V\il Anot her o tion for bonding is
to use thé'ﬂﬁ)pﬂeé@?ﬁ*@ CRBter nivedia Wik e@'OWI'HBe Iqud RRTEISH @ﬁlt‘ihfm@di e top of
the b bt O Qf%rlhér&%n!?&of]shé Q@g% bRAveerPthb2twol BRe &t NETn et 7,
Ioade int e er side o be pl aced on top of the first

sheet. Pr @wmge ageed 1Reinpsetha l@eefneéieafpﬁﬂnlné@ and iintot e p¢rmestardieadensenet r at e

super i ci ke LA BRERESch 300 EURESHINEMLOUBHARE: (A5 d before
Fe 2l o5 AESERR

the process ca ne wth or out e use o |nse third
assenbl y meatbioal) tamait gwansﬂue:tw’sledstnesgwom dhefparmteratm sbeet] aéedunng)thml di ng.

Cont i o6, A B8l NGNS SOUNESoh.d Hooty RYBIRHBNL e Process

si nce perneate om one annel ano crea
cont a@ﬁnambnecdssaerrfombdne’a;em tflbwaodnh/amkoﬁﬁ'lﬁlérrbmimamgnm)élairﬂ dretthherd t he
bondi ng ar as 12

of jear | nIpear ed a s%rbl Eg e% e”Btp]e“ El such
as d earwdl ﬁﬂ”%%,@?é’?ﬁ%%l”bayb{}ov&ﬁﬁ‘e PGS i%v ?\ﬁe%‘?{”} R
provi des a&ven in the absence of a porous material. Optionally, particularly if the
membrane sheet will not be backwashed but possibly even if it will be
backwashed, a welded or adhesive attachment between sheets 7 or between
30 sheets 7 and an intermediate material may be discontinuous, for example in the
form of a series of adhesive dots along the connectors 5, to allow the area of the

connectors 5 to pass more permeate.
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15particul arly strong bond. [0037] For increased perneate sheet active
surface and structural strength of the perneate sheet 20 a different
assenbl y wethodi3essa be used. A thin porous material myPog/qa2e0ad0doet ween
the two sheets prior to the assenbly process. This perneate carrier nedia
will allow the Iiquid perneating through the 20 nmenbrane in the connectors
6 area to flow between the two sheets 7 in the binding area 12 into the
perneate channels and into the perneate headers. Wl ding an adhesi ve can

secure t hd0Q3RD sheelr® adskionabstrgngta a ﬁ@mpﬁﬁt%@aeﬁa%%m.amwtlawwﬁyé a
st ruct ur alygsf SBAANLRIChEE REIEEAIHR Mesieetd 7HH tHégeag{b% hackpesiy po

process. However, such a porous material 1s nerel onal. It 1s 25 not
necessary Mg qiéhﬁ?rﬁaﬂféeqt@' areavober wetn ohe r@éﬁﬁm@tdﬁ@ﬁﬁéﬁ dyFido drot her

and some %%E%ﬁﬁg g8 fér@x"/‘(oﬁélgr&e%%e%f)%% cﬁlr‘?sreﬂ? dr8tfadk BP{}c{Fga}f.ﬂ channel

even in the ceo a porous materi al tiona , particu y if the
menbr afe dighettendilel smmgtbembmllaiﬁasmrewram pkasm bhgtegalenwith ot withiout be

backwashedein S IR0 TAL, SANEShIE, AR 35N URIL LEENERILPRESITt Rirefies ween

sheets 7 ahd an i n rial |sco ous; for “exanpl e |n
the form cuihnag dield eseraflorijesn \tiee qbetraeabcn’tgaet isemstaliaemltbr thebpertmeadd | ow t he
area of th nect rs 5to re.perreat . .

3013/ 130585 BoD So TR o R SIS SRR e St dn el il Bt
sheet 20 m;ermlmeldOb@Ithy tppe/e)faa;fphgatﬁbni nserdulis agetibul ationd dmt\rmmy;ieheftv\o
sheet

7 on the edges 4 o one . or. nore of the connector a
ot h 19ne PRaETH orcaere” | B BieB iRHicHg e HERuND) PrBrstEs LIRS y
descri bed reiffoecdnmdtitel can$Rr placat B thetnr of ey pbihénte shet 2h of ANsthee
strength materials, preferable glastlc materials with or wthout

reinfor cer‘ﬁa‘ﬁ‘tt'O”SI'W\*}?/u ouf thedigrBRe ePbe0 st resses generated by wei ght
increase during field operations when the perneate sheet is |nstalled wth

the per medfE%hannefs SR IhoHFohe: eﬁnoﬁlf‘sﬁoﬂt'% IS tehRroyide it IMErBRIGEe t he
sheets i N naateBsWrensed by WEy deh ehBbiREm hyserths byReeAfthaBRlideCabd @htwdydraul i c

cal cul ations and the type of

15 sheets 7, thus creating two semi-cylindrical permeate channels for every one
cylindrical permeate channel that would be formed without the insert 50. This
insert 50 may be rigid to reinforce the sheets 7 as described above, or may be
permeable to increase the activity of the connector 5 area of the sheets 7 as
described above. The insert 50 may also be used, whether rigid or not and

20  whether porous or not, to enable attaching the sheets 7 together. An adhesive or
weld enhancing material may be applied, for example sprayed in a thin layer or
printed as lines or a grid of dots, on both sides of the insert 50. Placing the insert
50 between two sheets 7 thus provides an alternate method for applying an
adhesive or weld enhancing material to the connectors 5. Whether or not an

25 adhesive is pre-applied, the insert 50 may also help provide a secure bond
between sheets 7 if there is not a crisp distinction between the depressions 6 and
the connectors 5, for example if the sheets 7 have an undulating shape as shown
in Figure 16. The insert 50 may be, for example, a solid film, for example of
mylar, or a non-woven sheet such as a three dimensional matrix of polyamide

30  (PA, nylon) fibers.

[0040] After the permeate sheet 20 is formed, a polymeric membrane dope

is cast on both faces. This can be done simultaneously for both sides or
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10 process used for fouling protection and cl eaning protocols. Additional
rei nforcenents can be placed in the center of the perneate sheet 20 or in
ot her | ocwDI20nIgI30880ughout t he perneate sheet 20. [0039pA3/Gr01wD50201Fi gur e
15, another option is to provide an internmediate material or insert by way
of a sheet forminsert 50 between the entire area of two 15 sheets 7, thus
creating two sem -cylindrical perneate channels for every one cylindrical
perneate channel that would be fornmed without the insert 50. This insert 50
may be ri §eaUensereloRfotide at RelivBeelle PeHBEYBSHCEDRN iaHARESd dhropgl e

per meabl € chenld\SRaShat BpiRSUhY ke Ofrb REsFRNERDRan e analogbhesheet s 7
as descri bed above nsert 50 nay al so be used, whether rigid or not
and 20 V\hélﬁmélﬁlnp@nebgfsad}O"Q\Mtﬂbet éo%trli@bcﬂ%/l@t watera ﬁ@anen@orseﬁ@@ﬂ@mg to thret her. An
adhesi ve | : ayed in
2 TR n | ayue S Ao B AR St 0 e o e bt (e SRR Bt Y

i nsert 550 whélna’rd:\ewrmlaeta MtZOSIQ esem arsingigas heasisyre7ot Ausetpriny iggdes an
alternate h p i i t | to the
connect or ST vist s B0 R L (RO BEV R e D S BB NS RN B I Gh e R er U 50
nmay al so meéqmsprmadmteasslmeudepé)omw@ Wasmpesétesi sarvd iirhtetriaerpareswremt a
crisp distin tlton b ween the d I’eSSI %ﬂ 6.g tthe onne%tors

exanpl e i f"{te gt 5‘97 PR Bt A TR 7Y %%683559 dRWGn ToR 4 g%? 16. The
i nsert 50 nﬁmymb@thef ﬁmtsﬂ)&mbe ,of mdéSpénmba‘te lsll‘ia;etfzmr TﬂEEpanhf eat@fsh@ét 20 s or a
non- sheet such as ree di mensi pna tr|x 0

oyl om0 1 B84 95" 10RO AR Beviche epBrIRL A N Ghostatyo owdret etieal eesigher | c
menbr ane cﬂmesah@@@ﬁde@ay ptibpd &c 86w tENvarsjsqa@ bhﬁi.rdg)a@aslml Trnegusfy for
bot h si des or - 11 - %aenced éone side at a tine er msate sheet 20

i s passed HFBREW %llevé‘%fs Ay AP ¢ REW é'b‘?)P'ISE?SECHLOde‘Eed PEh@" dadhs ng

devi ce hapepnéite, sreabogaus g’é—:‘ﬁertahﬁ3 céﬁstaﬂﬁfrf?ékn@és as sl ountfyl fhercshad | ng
device, with a shape correspond |ng to the outer shape of the perneate sheet
t

20. The d@ﬁ@ne%te&héabm PpgaRHEI Goagulatien aed gnsthbathehEniperoreas &ilkheet 20
I's pr %e”tfoerS'a“&ahaa\ﬁemb?a?r%ul'éﬁero% B Edfl tHQ &‘ﬁ%at@uéﬁéet baepsRaghrand the

t hi ckness of dope | ayer appli i's control process paraneters
| i ke dope PhR8e d¥EIsion Menpsang fnr@atl@marqoﬁs%aﬁéhowne%m%% /itagreicere casti ng

devi ce ar ?n&hé@PQf%ththedMeﬂ?ﬁ r?eaéhééc}g Z%Eénlecﬁe*ﬁaﬁnsaeds '\ﬂgn"egggfeﬁh iJrg the

out si de shape o erneat e s eet erneate She s 10 fed to
t he casti mglydandcériapbirt Ao abfflipe qrroerssi zMﬂer}rBW sheelsv2) maglet inctile firskdi ng

reduces t fl She, The exit
of the cag??thgggg\%éc@%? 9%98?8\}&2 pé) tf ahdagl\%%}ﬁ%c ?g{ {eurbsll%ocﬁ&?) H‘%ﬁe dope on
to th@OperTrmeapelysdni@ee @Qoragnaie@dherwdrhrpateombéammt lbuutcklndeﬁlsl; th&ubeequent | y

t he coated ses h h coagul ation and rinse baths.

TEi S procé)ggr%‘\%\? Fl f.aL%n‘? fﬁh ‘gﬁ‘ﬁ@”ﬁé Iayfer 23 on top of the peLmaate
20 [
Flgure 7 (04T Sduc ARG, aniSRLaR %%”‘PR%%”E A R S

rinsed, | mpsreignaten 4 klEbs’orratq&hmdbeﬂjre e:daklmg ahedtf1. Wﬁatm‘rmeemmmvamr ane

ZhFS;Zr ZSfoang%%ltcgitt Bgrf{ kégihgrp{;%ng% achlne The f%t s%%gte(rjnevr\ﬁgrgné) ¥SU| fone in

25 formed in the mold 10 into a molded membrane sheet and assembled together
with another such sheet into a membrane sheet 24. The molding process will

have a different cycle time and use different process parameters.

[0042] Referring to Figures 8, 9 and 10 several membrane sheets 24 can
be combined to form a bundle 26. While any number of membrane sheets 24 can
30 be used, a preferred range is 15-50 based on desired inter-sheet spacing gaps
and limits on plastic header molding. A bundle 26 can be potted in a plastic

header molding 28 using a resin such as polyurethane according to conventional
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20 The pol ysul fone inpregnated the perneate sheet 20 but did fill the
interior pernmeate channels of the nenbrane sheet 24. [0041]Alternately, a
menbr ane wbeet1/B3dssdan al so be made by form ng a nenbranecercA20auIsen at e
sheet before nmaking a sheet 7. A flat sheet nmenbrane can be cast on a
regul ar casting machine. The flat sheet nenbrane is then 25 forned in the
nold 10 into a nol ded nenbrane sheet and assenbl ed together w th anot her
such sheet into a nmenbrane sheet 24. The nol ding process will have a

di f f er ent egtRPEs suGheat fiepitigestalis pettiegtor siepldeae palfingratiar QUttinatopeef erri ng

to FigureshSenshriddndd ﬁﬁ‘éﬁ%%até‘%%hé%tﬁwe&sssr%ﬂvncuﬁrF@greQ%”@'é?\%ld1d o forma

bundl e 26. Wi le any nunb f mbrane sheets 24 can used, a
pref err ed i¥ #ndge plosticinsertp3ded? ¢matled] hednepmbeanesiests %é@gaﬂgerg@tpsa and

limts 0” hﬁgtﬂé%ckh&?djrf%k JE0h g %th@g%ﬂﬂé e%ﬁnfo 08 iRQIHE! gef Fofir asti ¢

header using a resin su o yur et ane according to
convenﬁi or5,’§l Opticpallyret hlucmihsqfcmea@rdnﬁgma%%mw le [@idt in seyiesrbetwer i f uge

potting w i1g,L0 r t nmet hod,
as shown |t\}éllgll—r?§h%e3§ 2 ﬁggga'ﬁglgi@ @glg'se pﬂ1 fégaﬁtﬁﬁrrﬂﬁzﬁ@q&%@% attach
t he nmenbr aﬂneembmess@étsz)ﬁgaabbrofwmm ia apout 25 mnbhigbk Farther bptior28y.tdhat can

t hen be inserted .int se ead nol di tig | a

bl ural s ty Peroseyiahas Sndcitsa el SRcst et " Top et VbR naer ¢ s
31nb32 F@E‘aoexta}npb@qng aﬁemPss\Aathto ki " hh@deraereat @b@ruthelbml{ Qaghmmela@el d 4I |
menbr gne eets 24 0 t tionally,
por dlls. PV ddetah HE anBplen e S hE G oy hieN R SR e BIETenS8 o pot | ed
into pl aceloly tnnghnmeadumaéw 8436 ahfit and eto e pdaheseaiccomatiet SR ibliack 25.
Permeate 10 flows through the channels, exits the bl ock 25 t hr ough open

ends of tﬁéaéﬂa%ﬁweﬁ’%rmq@lt%ﬁ%" bR FINREC IFRIN iR PRIBIetrscePtRRle SThePYaRtDd a
permeat e rRERPABGHRIOBZ5]I N the header 28. Perneate can be renpved fromthe
perneate receptacle 37 through a perneate spigot 25. [0043] Figure 11 shows

a nmodul e 4@b43The b'ﬁgﬁrea'lﬁ%hb@%%ﬂfbdutéﬁ‘m\wméb@%k@éé defipadtetie &b
represents a bundle nbrane sheets 24 spaced b g Es 27 as shown in

nore dét aiPermaatring@dearsi4P represenisd PyRdiesifoel memiianses heBacashdy cent er

to center g‘éb§t26}’n§sesl‘?$wn w?‘fno%%‘épénem Fb@ur‘éeﬁﬁ‘ Gha R EMBRfheSsHts %S/'t%‘a' ly,
t he menbrane sheets 24 be staggered relative to each other, 'wth the

ripples ofseéﬁ'@tﬂdo@aﬁé@nﬁfrt@ﬁnﬁrﬁm anfe efoficv@Bite, gretwerit Adrem rangLﬁ e 12
cm. Optionally, the membrane sheets 24 may be staggered relative to each other,

with the ripples of one located across from the connectors of another. Figure 12
20 shows a top view of a cassette 42 having several modules 40 contained within a
frame 44. A permeate header (not shown) is connected to the permeate spigots
35 of the modules 40. The frame 44, headers 28 and, optional permeate pipes if
any, are located at the sides of the cassette 42 so that fluids can travel upwards
through the gaps 27. Modules 40 can be stacked with the permeate spigot 25 of
25 one module 40 plugging into the permeate receptacle 37 of an upper or lower
module 40. In Figure 14, for example, three modules 40 are stacked togetherin a
vertical column. Referring to Figure 13, the frame 44 of the cassette 42 holds
sliders 31 that correspond in shape and size to the alignment grooves 30 of the

headers 28 to assist in placing the modules 40 in position in the cassette 42.

30 [0044)] Another option is to not use a molded plastic header but to use the
block as a finished element, potentially with a plastic guide attached to its

perimeter, for direct insertion into a permeate cavity of a header or the cassette.

-13 -



20 shows a top view of a cassette 42 having several nodul es 40 contai ned
within a frane 44. A perneate header (not shown) is connected to the

per neat e wpigt0833 of the nodul es 40. The frame 44, headerca228/&00]1
optional perneate pipes if any, are |located at the sides of the cassette 42
so that fluids can travel upwards through the gaps 27. Mdul es 40 can be
stacked with the perneate spigot 25 of 25 one nodule 40 plugging into the
perneate receptacle 37 of an up or |ower nodule 40. In Figure 14, for
exanpl e, thre@ox#de| sl 4ptueen sIﬁ%c@J@‘éi( 2hg ethge PeMEaie veamty cial Mage ubh.

Referring chhpFé&Wgethé%io&hﬁoftlﬁ@BErn%té’Ea\%@eoFlé‘éﬁ%Eélﬁwg“r%eg‘r?é densdd ders 31

that correspond 1 n shape and si ze ignment grooves 30 of the
headers 2%-fing.asdvagtades Cﬁlt@élm@fhﬁﬁéwmleég aglive fibgsdueakiedrbyi wethadecasset t e

42.  30[ 004 ARL el th %Pra'ﬁemiﬁ gJ%{tte S8 eQ'QédjE‘%sQérﬁ-ft a%m'ﬂ@""ﬂ& ut to use

the block as a Tinis tla st1cTgul eattached
t 0 it sSperédusedrrawfroatedalr east (mamler plastic and @lr@thw neaayere@amqf ghaifneds header

01 L Sa5Rel g n Finhd ST BDLE P ER: HRLVERAHSabhagl fchd e per meat e

cavity is R i it o er eat & cak y, or by a
seal i ng mzsamm/ saudlnecﬁs:edme@amm@ut rW@blLﬂmt@sJes of th| s nmethod i ncI ude | ess
active fiber blocked by urethane, |ess manufacturing scrap from potting,
i ncreased [met t e Paddei theg dmﬂsbdeyz desgm,efiharedundiey bhedke r witll be aliec{yheader

pl astic and y. repair S b . npi ng open
Channel olis o ¥ krsstF g nBREHT P 3.si dofle mibriotier 5t iotrBluc e

r epl adenmerkerwoiblbth easClosdders E/\ﬁlﬁékﬁn]dldmdexnnfgheannmdm@dw c@lmn@mphémmg. pundl e

bl ocks wi || bedr ctly inserted, i t$acasse eﬁhof a steel frane
wi th mol QBT S Lnrls CHIEL b preked YEABBTAMRET HeQBEr © I R AT o ri ngs
and per neagrk. coBLR@IES Qmo@baﬂé\eﬂapereu et R&vViRg 0dh aheaBsihglycoil dape sf acked in
any nunber in order to fi si ze tank. Bundl es woul d be taBered by

havi ng an HE1BESH R4 ﬁhet?ﬂdnw'l‘%?épg"@farfaH@P%ISH%?G@%ﬁ HRENeSAruePe t her e

are m ni NRlerféatRRSOSalRMIF RANGERi& fliSoNIHBRY SRftd Blbw foraddreesl ®rbean easi er
fit into headers and to allow for bundles to be 15 spaced together nore

cl osel1§_’ PRECAhOLRBIST B® €loRBiMI d NEehemmapkastic neatd P%H"@k@ﬁ ned’ BRI or a

restrai nery 8@korl £rdigaMefBbSodse r9§§ecﬁé&ro§‘§)§lpﬂn%§lulf99 ForSREUFifyt Whe@?@teﬁ)’ stem
wi |l be adjustable in case of shrinkage. 46] By provi ding nol'ded perneate

channel s ivitbeladiaisiselenesase shetwinkage. t he d| strl bution of active surface

inside the filtration tank can be precisely
[0 By providing molded permeate channels inside a permeate sheet

20, the distribution of active surface inside the filtration tank can be precisely
20 controlled. Further, the precision molded permeate channels allow for a
membrane wall thickness of 0.3 mm or less, or 0.15 mm or less, which is less than
for a reinforced hollow fiber membrane. The outer diameter of the permeate
channels may be 1 mm or less, or 0.5 mm or less. In a calculated example, the
channels have an outside diameter of 0.7 mm, and a membrane wall thickness of
25 0.15 mm. The permeate channels would have an internal diameter of 0.4 mm,
which would be sufficient for high volume permeate flow without significant
pressure drop to permeate flow through the permeate channels in a membrane

sheet that is 1 m wide.

[0047] The membrane sheet has a significantly increased surface area
30 relative to a typical flat sheet membrane, avoids the frame components and
spacers that are necessary in typical flat sheet modules, and the rigidity of the

membrane sheets 24 allows for a larger area (referring to the external dimensions
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20 controlled. Further, the precision nolded perneate channels allow for a
menbrane wal |l thickness of 0.3 mmor less, or 0.15 mmor |ess, which is

| ess t harwbaniiai3osssnf or ced hol | ow fi ber nenbrane. The oecercadbavso®i of the
perneate channels nay be 1 nmor less, or 0.5 mmor less. In a calcul ated
exanpl e, the channels have an outside dianeter of 0.7 nm and a nenbrane
wal | thickness of 25 0.15 mm The perneate channels woul d have an internal
dianeter of 0.4 mm which would be sufficient for high volunme perneate flow
wi t hout siofiie peeaitrathee iy bs aespPrane sefareatea) PEWShRtouts MeEhdIeat e

channel s isRegtsRATHEANRIFARESr Jifdle Wherd aBtatedlGut kD4 d iIthe oFRBRIRRGsheet has

a significantly increased surface area 30 relative to a typical flat sheet
menbr ane, b&tﬂm@sacﬂm@erﬁmmbr@aﬁ@@ﬁemmll@mabgw@é@r@s chPeI’a‘r@tﬁhébmy |n

typical flal shegb, rﬁ?géélde?/ﬂhl ngd difagt ta'gg' lek¥s @hn th2ep %rrens %C@Q?ﬁ&

allows for a'larger ‘area (referring e external ons - f t he
sheet bat hiespechtmeddhsothenbliewiag @Lna‘came deneidy ofpay toskBet Tamkendwmsidne sheet s

24 may ””%%Eﬂﬁ dBhsi é?é%? %a@pg%ﬁgﬁ%%gh*)?o&&fllgé}esé/?te'n?s little or no abrasion

bet ween a ace ranes as er-s ens. Al perneate

channel s g6, dpr ec Syé’rﬂcﬁl gachl L ﬁvmbﬂsgdearedaﬁ EY s AP SnBERCT o on

pl aced w espec a pac
50% Tank atioa fuodul&raimnkgmrgtmjehamn@v a@rrleetweeh @dilsetscwrlipapabbearthptﬂmm I ow

fiber sys . 4 aII oLe he sides
of "the: snoseder g Yo EiRaue A i Becte® PERleRn A SR RE0 SarBho It
VME nﬁ tor[mvel(rjudnmm;)meheaderoftfwhlnbonl@la‘abonneBﬁmamsenomwffnb?r drmesw 3et \C/Iveen
eac sheet an orce O.tr u t he ue o oull n 1N ea
Sones. w ¢ PAOKE | B PYennia e T SRt itesnb AR oo S M sl 1 a
sheet menkianesombaibrago® st thet wembeaded el ﬂoqu pERNY EIDEGhG eatahay he

menbr ane sheets to he”&@grevent sludglng t hat Qé%occur at the nenbrane

surface. PeEURt Al NG MErBRIANRITRER i E81 MFape el DR YeHEAb 9aRR LW Er 5

pl ug-f 1 owphdinieragbs tf@ﬁe@aﬁlﬁg-fww ol UL §apy eWRigR realidedsaléraydaplge and
creates wel | defined paths for solids drai nage during tanks drains.

[ 0049]1Whi I1EXPPBITE @mﬂprq%?s vehBeHirsrashseior Pﬁ'iqséﬂalﬂa%é}l%%k% ANt an be

[0049] While hollow fiber membranes are limited to polymers that can be
extruded with the right flexibility, strength, and casting properties, flat sheet
casting allows for more rigid, pH resistance polymers such as polysulfone to be
used without suffering disadvantages due to polysulfone rigidity. The permeate
20 sheets may also be coated with thin-film composites such as NF membrane
materials, which allows for an immersed NF filter and bioreactor. New
nanostructured membrane materials, for example using carbon nanotubes,
aquaporins, masked etching, or other novel processes, may also be suitable for

being formed on a permeate sheet.

25 [0050] US provisional patent application number 61/325,972 is incorporated

herein by this reference to it.
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CLAIMS

1. A device comprising,

two sheets of a substrate material, at least one of the sheets of substrate material
having depressions extending to an edge of the at least one of the sheets of substrate
material, the two sheets of substrate material bonded together along their outer edges
except where the depressions extend to the outer edges,

whereby the depressions form internal channels between the two sheets of
substrate material, the internal channels being open to at least one of the outer edges; and

the two sheets of substrate material are bonded together along one or more lines

between the interior channels.
2. The device of claim 1 further comprising a filtration membrane material pre-coated on
each of the two sheets of substrate material before they are bonded together or coated on

outer surfaces of the two sheets of substrate material after they are bonded together.

3. The device of claim 2 wherein the membrane material has a pore size in the

microfiltration range or smaller.

4. The device of claim 3 wherein the membrane material has a pore size in the

nanofiltration range or smaller.

5. The device of claim 1 wherein the depressions are generally free-standing and

permanent features of the at least one sheet of substrate material.

6. The device of any of claims 1 to 5 wherein the substrate material is a non-woven

textile.

7. The device of any of claims 1 to 6 wherein the depressions are free-standing features of
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shape molded into the at least one of the sheets of substrate material having depressions.

8. The device of any of claims 1 to 7 wherein the internal channels are generally

cylindrical and have an inside diameter of between 0.1 mm and 50 mm.

9. The device of any of claims 1 to 8 wherein the two sheets of substrate material are

bonded together between the internal channels directly or through an insert.
10. The device of any of claims 1 to 9 wherein the two sheets of a substrate material are
bonded together by a thermoplastic or a resin, epoxy or a PUR hot melt adhesive, or by

welding.

11. The device of claim 10 wherein the two sheets of a substrate material are bonded

together by MMA.

12. The device of claim 10 wherein the two sheets of a substrate material are bonded

together by laser welding.

13. A filtration module comprising a bundle of the device of any of claims 1 to 12.

14. The filtration module of claim 13 wherein edges of the device that are open to the

internal channels are potted into a header.

15. The filtration module of claim 13 wherein adjacent devices in the bundle are separated

by a spacer, by a potting material, or both.

16. The filtration module of claim 15 wherein the adjacent devices in the bundle are

separated by spacers pre-made with surfaces corresponding to the shape of a gap between
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adjacent devices.

17. The filtration module of claim 16 wherein the ends of the devices in the bundle and

the spacers are bonded together to form a block.

18. The filtration module of claim 17 wherein the block is removably sealed to a header

cavity.

19. The filtration module of claim 17 wherein the block is attached to a header cavity by a
solidified sealing material.
20. The filtration device of claims 14, 18 or 19 wherein the internal channels are generally

parallel to each other and generally perpendicular to the header.

21. The filtration device of claim 20 wherein the header is mounted in a cassette frame
adapted to hold the filtration device in a tank with the header oriented vertically, the

internal channels oriented horizontally, and with vertical gaps between adjacent devices.

22. A process for making a device of claim 1 comprising steps of,

a) inserting a piece of a substrate material into a cavity,

b) heating and cooling the piece of substrate material while pressing the piece of
substrate material against an inner surface of the cavity to shape the piece of substrate

material,

c) removing the substrate material from the die, wherein the removed substrate

material has a shape corresponding to the cavity, and

d) bonding the shaped sheet of the substrate material together with another sheet of a
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substrate material to provide a structure having internal channels open to at least one

edge of the structure.

23. The process of claim 22 wherein the substrate material is a porous non-woven textile.

24. The process of claim 22 wherein the cavity has a series of parallel spaced depressions.

25. The process of any of clams 22 to 24 further comprising a step of coating a
membrane material on the structure by passing the structure in a generally downward

direction through a coating die having a shape generally matching that of the structure.

26. The process of any of claims 22 to 24 further comprising a step of coating the piece of
substrate material with a membrane material while the substrate material is a flat sheet

before inserting the piece of substrate material into the die.

27. The process of any of claims 22 to 24 wherein the piece of substrate material is heated
to a temperature above its heat deflection temperature and cooled to below its heat
deflection temperature while the substrate material is pressed against the inner surface of

the cavity.

28. The device of any of clams 1-12 wherein the two sheets of substrate materia are

bonded together along all the lines between all the interior channels.
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