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US IN DEMAXING PROCESS A sandmnch of sen1perneab|e nenbrane o
.(regenerated cel l ul ose, obtained from Spectrum Medi cal |ndustries, S
32670 Vexar[err] and Sinplex[err] of required | ength was | ayered |nto a
‘'squar e package as 55 depicted in Figure 6. This sandwi ch differs fromthe
spirab wound sandwi ch in that a nenbrane tube is flattened, elimnating an
edge seal . The end seal is made by clanmpj.ng the nmenbrane plus Sinplex (no
Vexar) sandwi ch in-a nechanical seal to form nmenbrane-to-nenbrane seals in
the stack arrangenent, but still allow ng inner tubular space for perneate..

to exit via the perneate spacers fromthe tube end openi ngs 5
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EP--0 296- 881 Bl If an edge gasket is requ1 red in the clanping assenbly |t
can be made froma silicone or epoxy seal ant and al |l owed to harden. .Use of
an edge, gasket is preferred to avep %é%tﬁ?ll g€l i ance on mechani cal pressure }
seals. Assenbly of the Menbrane Unlt menbr anes were asserrbl ed” into a
stack of 80 flattened tubular sheets usi ng 40 tubes folded in half as
descri bed bel ow conplete with Sinplex and Vexar spacers (see Figure 6). The'. ;
menbr ane tube which was 10.2 cm (4") padggwien flattened was cut into 1. 98
m(6 6") lengths, folded in half and TWO 96.5 cm (3'2") lengths of Si rrplex .
sI i'd into each half of the neniMemBrANBePROPER®IES | ength .of Vexar 711 cm”
(2'64") "‘was | aid between each Tol ded menprane (see Figure 7). The width 77

of ‘the Sinplsouree:sslightly snal$péctbam #edicam Thdustiildy t he Vexar being
102 cm (4"), which is the sane Reégéherakdihcel 1uhese s menbrane i
tube. ‘This square nenbrane package was then cl anped between The f-aces of-a--
single end d*bxtidgh:two bol tslomrmgmbght')hol es 32 in clanp pieces. 24 .
(see- Fi ure 4). A pressure seal was obtained by using a 15 silicone seal ant B "
toifjll the Ml | Cepafé between 600~B0DDaNe edges and the end di sc opening.
27.. .The four menbrane protector plates, conprising horizontal and vertical:.
efenents 26 ThiickBesser e t hen acﬁiacj;mpri or to insertion of the cartridge
nodul e,d nto the pre s e housing. A 15.2 cm (6") dianeter "O' ring was .

sli ppedé i nt ci"lg-mo(/te Mm¥/8h the @8%MnkRaence 2858nkPdi SC 243 7e*p gure 5,

and the whol e package slid into {00 TOSE) " STHHT psi) gurj—g—ﬂﬂﬁﬁssenbl y oo
was recessed 2-1/2" into the housing so that the package e tengs t rough

the opposit aigtek of the housing,p fier eby pernpidgng one to_attach the .
oppeélbae end di sc but no seal was needed since the nmenbrane was used in a
fol-ded confiMpeidaoh. An "O' rimLowe al so adglggeto that end disc and the-
assenbly centered in the housing so that the end discs were flush wth the.
other flang#MErce. Menbrane |engilzigét the opgpaendogyiendgnget hr ough t he
end disc were trimred so t hat when the 25 bllnd flange was bolted onto the

nmodul €2%i t h a asket pr essure seal rral nt ai ned 2
ei-t her: end Ge design gancent wag avajugted jadh ’i"?‘é 'B%"l’”t’ﬁ&""@ﬁ?fﬁ? E@W“g"t’ SRR
seal the g@'e.r"aeo’f ertfa oG iport ARPY FPY ST B e e
zone.. ..Cpe ressur se I 3 au u ee ethsiol &' t I ee. . .-
Ei gur elaal) ﬂﬂéibg el %I HQs Flst 9v | 91 thgg{ gt ﬁsgrt'( msﬁﬁfﬂf Aéa etﬂgnot%ear(:f -
channe s)wg“po@g gd gge%m, he saol vent, V\/m c perrreat es the tu

meibr ane, tb&%&bﬁ.ﬂ&@of%&aieh%eﬂﬁﬁdi‘ aftf Méﬁ%e@%h%%nﬁ{:{ea at %%Md%mﬁér&tﬂ tﬁo@e L
exit: at  pabied #tthe I'Ei%?atm%! SBESKPAE VS unRihddrd¥HaiihB& nloABRInd B bradicled RARGKRBEARe 1S
det.er m negstluyit, twhen BIrR6tEd! iothé! higIP praSsurdS Sonipad TivorabIL ¥ith 1Bb BAEISaRbtvined, Rsihgds -~
Si npl ex¥s 186d $olutigh vica OSAXPhERE IR ITER MEKAgle BI3%i dILINpHMBAS tor @ fébdagdlutidnScodtaididg M . =+
(4 ), -t hezoeé MCE-30 Whé bil iR MEKIstRemt ori) 78.5% BolaciMiy uiiichnizslas epectbdang | thusponfiméel . m LA
(8" )~ coul e bsenchiotVeaks. Thize o etslble, Linakt frawasppaEius, suifaed Bt )revorsagoswiosis) Had Chebis i on "
fo er medemensieied. at bot h ends. However, only one exit was used by C
emdtroyi ng menbr ane tubes fol ded over. 40 Test Results The menbrane used in- i
each t &t was 100 mm (4") flat width regenerated cellul ose tubing obtained"’

from Spectrum Its physical properties are shown in Table I, together with -
the fluux results obtained in a |laboratory flat plate, single nenbrane | ayer
unit. These values will be used to conpare those obtained by 45 the test .
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EP 0 296 881 Bl TABLE | MEMBRANE PROPERTIES Sour ce:

Spect rum: Medi cal I ndustries Regener ated Cel | ul ose Tubi ng Fl at Wt h::
100 nm. (3.94") MW Cutoff 6000- 8000 Thi ckness =
66 [err] 15°  Flux (err) EP0296881BL o8 \pa 2858  kPa

8370 " kPa (400 psi) (800 psi)- (1200 psi). V\at er .
0.10 0. 08 TABLE PP Met hanol ST
0. 096 0. 09 - - NEK S 0218 i
0.22 (0.31) 0.06 26 The design congeet yas evaluated in the first test.:.:
Only ten nenbrane envel opes conplete Wth Vexar and Sinplex were used to

assenbl e the el enent. Hemeraherdbearssli?948 vie? e( FBU8®VR2)t 0 occupy the
-unpacked. vol une. The pressure seal was first evaluated using nethanol at
1135 kPa (150 psi). AsNoetofintembrameiTddes periaidt % B4™e untreated L
menbrane, testing for | eaks was nmade easier. No perneate flux or any Ieaks'
were observed. See TaBP@King o3 neab’ X 141361 mmbher atxtiipanol and MEK were
t tren’Yet ermi ned at 1135 kPa and conpared to those obtained in the - - o
| abgratory at PE@SSURATesE g Methanedr 80103 akPas (LS P#:énbrhbnéluxmkﬁr edi ct ed_ L
val'ties for the test unit when correct ed to the h| gh ' corrpared
favorably with | abE3axa (Seg : ko JMeOh MER, ol
deas palted lube oil in MEK, gave 4. 3%0|I in permeate for ‘a feed sol utlon o
‘¢ont'ai'ni’ng 20% MCT- 30 Vﬁbétm | in MEK sol vent (hence 78.5% sel'ectivity)y "
whi ch was as expect ed ?&1, sence of leaks. Thus, a.
stable, |leak free appa §a.€g1g {g g ﬁ, |£ fQSI s, had been-
demonstrated. 40 45 56 B{ BEE’ el fesT 1 5 o
I,I\/eﬁ'b-léane Area = 1.7548 [ of Menbrane Tubes = 10 (4" x 34") Packing

3 x.1" x 4" 36" rubber S r| ps 10 Pressure Test - Methanol @ 1034 kPa (150'

PSi ) No flux Leaks Fl @xoﬁﬁe,ﬁ]mﬁﬁﬂ)’diké% kBsY (b Yéder, MeON and I\/EK)
0.132 m3/02/d (2758 kPa) (400 psi) cale'd

% MEK

0.052 m3/m2/d (896 kPa) (130 psi) .
2.16 m3/m2/4 (2758 kPa) (aoo ps1) calc'd

(%

--.%0. . gselectivity

Feed Solution Composition - 20% 6oou in

MEK
. Permeate Composition - 4.3% oil
- (896 kPa (130 psi) operating pressure)
q | Selectivity = 78.5% |
o At Flux - 0.04 m3/m2/d (896 kPa) (130 psi)
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15 vater 0.41 [err] (896 kPa) (130 psi) 0.126 [err] (400

psi) .cale'd MeOH 0.043 nB/n2/d (896 kPa) (130 psi) 0.132 nB/n2/d (2758 kPa)';_.._;.'_. e
(400 psi) calc"d 25 %?8 g152 n8/n2/d (896 kPa) (130 psi ) o

0-16 [err] (2758 kPa) (400 psi) ca Selectivity Feed Solution '

Conposition - 20% 600N in MEK 35 Per meat e Conposi-tion -.. SO

4.3%o0il (896 kPa (130 psi) operatin ressure) Selectivity = 78.5%40 . .
At Flux - 0.04 [err] (896 kPa) (13028.&2{_45.!50 55 8 EP 0 296 881 Bl

TABLE |11 PROCESS FLQN REQJI RED FOR 15. tal -
Area = 103. 2PROCESSHRLON | REQUIRED _FOf : %@F—N——m
Fl ow Rate ' VIomty(GaIs/Mn _ _
[err] .0.46 (6. 1) Total Area = 103.2 cm 6 0.60 .
(7.9 0.90 (11. 12 20 = Best.
performance fromthe W&dt@qloifc|WQI§CB§I’P?'Q}S?EH§% ignde obt ai ned :
using streamvelocities gf. 6 to 12 cnm's. Process Flow. 25 The optinmim -
flowvéﬂomtyfor the s z}r°é' € -1 eaf package is & I&¥ to be sinilar
to wat in a spiral/sou )ation of 6-12 cm §MF0S35 40 45 50 55
: 0.46 (6.1) 6
e 0.60 (7.9) S 8
0.90  (11.8) 12
o/ 20 Best performance from the module for low viscosity systems will be obtained using stream velocities of -
- Bto 12 cm/s.
~ Process Flow
25 © The optimum flow velocity for the square multi-leaf package is expected to be similar to that in a spiral” -

wound configuration of 8-12 cm/s.
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The 15 cm (six inch) diameter prototype model could be scaled up for the large areas required in

50

commercial applications. Examples of pipe, up to 50 cm (20") in diameter and 6 m (20') in length, are

tabulated in Table IV. Using a packing density as obtained using the 10 cm (4") membrane of 886 m#m?3
(270 f12A41t3), a membrane area of 1500 m2 (16,000 ft?) can be obtained. However, using the ENKA
membranes of 17 mm thickness, packing densities of 1118 m2/m3 (340 f#2/413) are expscted.

55 Claims

1.

stream comprising:

10

A membrane separatidn apparatus for separating a feed mixture into a permeate stream and a retentate
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feed #nlet (15) BiBY retentate dutlet (15A) in nonithar® rdgirst & wieh the .
feed - inlet (14) Sand ret éﬁt ateydutl et (16) of the housing (10), dlﬁposed _
within said houm|ny, sai pregsur e- re5|stant conpart nent bei ng di.sposed
wi thin said hougj)$ and ®ei ngg ,\,\’gf'g\n@@a‘gd@‘g ofggrating
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L _' The 15 cm (six inch) diameter prototype model could be scaled up for the large areas requ:red in -
50 commercial applications. Examples of pips, up to 50 cm (20") in diameter and 6 m (20") in length, are
" tabulated in Table IV. Using a packing density as obtained using the 10 cm (4") membrane of 886 m%m?

T (270 #241%), a membrane area of 1500 m? (16,000 f2) can be obtained. However, using the ENKA
membranes of 17 mm thickness, packing densities of 1116 m¥m3 (340 {t2/t®) are expected. :

R C|a|ms

- 1. A membrane separatlon apparatus for separatmg a feed mixture into a permeate stream and a retentate '
stream comprising: : _
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(c) a plurality of flattened tubular sem perrreabl e rrermranes (db) ' arranged‘_‘-_w'.'f

in.a parallel stack arrangenent, and separ at ed i ndi vi Ie
feed spacers (40) which do not extggl 25 full len I“MIImﬂmmm
menbr ane at > each end | ongi tudi nal 'y, ea ul ar nenbrane 1Nt erna
containing a permeate spacer (42) extendi ng the full length of said

menbr ane "t ube (a8 dousiag (Y 0fLidving means for &l B4}, teldatale@itvG (165200 paineIO bINCENE]S , e

f eed spacers ¢@nd pfessuteresistaht tanipasmend(20)ahaving tped Inet (16) ant astentatpatist (158)cn mgninal

al ternately | cagigiet wih thalféed inlety(€4) @od tetenfaterautial (18) atte hGusing 105 piispemsd iwithis said - - s

conpart ment (-B@iping,(seil pssurpysisiantrecmparinien peingedidposed withie saidhdysiegianddeing kapebiel s
(38) - ursder . pr ekwithstending o menltessvm eftkas eppfieconreseyrd of YaguuMae conpart ment - ( 20)

t hr ough' t he miQrisr elvite Al Batteped tlae semipgympableomerpiranea (3fb Aanged de 2 ppeallel stack
t he clanping AEARERINenh AR ieaﬂﬁ%i"f’ id 'P‘t'i’%ﬁ?aﬁ @Hép‘??ﬁ'ﬁmoh?‘"i‘l? WGM Ar . i
menbr anes sta&'ﬂ '?"H‘ht‘ﬁéhecﬂ 936!‘8 t“f" !rlaéFh mally, - 1
t he arrangerre e‘fbe ;:ég]s ﬁ?"iﬂ’ °a°h e
oper-at i'on- the ??fff)

fr ot he rrenb '"R, at é! '°"@'" 'y a%ﬁ%cer I'nt os“fc e sa'

outl et, whil e, . Iﬁm rzfawﬁégt@h% épIBIQM% Jﬁ%ﬁeﬁo@t( Lﬂeﬂf&%i&uje% re?th lae fo

appar atus of o)riﬁraaﬁ Herdnibrans bivei PR pdrmedteHay;
of W't hstandi ma cmpﬁ\e ROoRfteimll Sosbningthe rdsﬁemfn‘é% 06U meRibraR® fack in the
Patent anspr UC BinpdAmdnt ﬂvbab"ﬁﬁlﬁb' TRENERH Andd Y8B) T ARY &FanGdni¥Rf forming - membrane-to-

Ei nsat'zmat er i aeifibasd 46818, suth BbtWRIhgRperama itel geftiBate dmidath@thiiiejh el drstirdnesioxitglas

(a) ein Gehauserralydfronirihb nieimbrahe biveibgeevia tal iporieits apacevtiite to podrieats dkiief, Mile the
Ret . entat aus| abtenia®)exitstbrougRaneverbtaaslitaB (18); 30 (b) eine
dr utskbest i ndi ge Zelle (20), die Einsatzmaterial einlaB (15) und

Ret ent at a&s|Th8 apgeiatys df glainp friwhereinghe B sBgenesisiagkempanment enapable of Wlthstandmg an

Ei nsatznatetﬂpelleépﬁﬁausf\fﬁ‘lﬁﬁ kB F0esigd ptaerdus| aB (16) in dem Gehause (10)

auf wei st und i nner hal b des Gehauses angeordnet ist, wobei die

dr uckbestﬁ?fﬂ'? Hohe o |nner haI b des Cehauses angeordnet let und in der Lage.

t, déh b Dr uck .od Vak
0 i dor's g%%m% : o’;"';9°?£ ) ) 3?%”@%@‘6%%{1%%#{%& 7 B ﬁﬁ‘aﬁi’?
Menbr anen (

PRI b SRS b ABBILEGF ol

i ndi vi dueI |

die sigh ni ch b rd@k MRk zhilen QﬁrEﬁsQQﬁthS}HH a8 1%7595%% Q{aﬁslgsu s Olﬁ,‘m
Ende | 5 L ngsg,ﬁ.ﬁmuurnsa ss.fab.a'fbféﬁ ki dggpﬁﬁéaéhﬁ%ldréb W R (1lep(np'ge,g| noo

Per meat di st an&aisasd<(16)/bdtwe®i tinB Mnbrhallslass GngledBREordHoEIstyWbbiRtid drudkBsdizddige Zolle
Menbr anr ohr s - @héhdite @éé ,Gehalded SkbRSrdP G UndGiRtRr Rady ish Ndeh CBatRBsrIRRN ontivdder
of fen ist, wobaggelbiot BruckoabizangdieiemeVaitiii, anwidérstetion, und di e abgefl achten

ROHT &, seli '@ dag) Rehemadbgéfiatht rahrfdrsiger Sendpstrieablb Membeehére@B)cargaaldnienin einer Parallel” =

LAngs ri cht ung sigeslapbidming and Vmivitigell, dsch panBeablecEinsalzmate®ldistrakstichs] J40h gétdent, diger -

in der: zZelle @ig0pichiritpendiel velte i&nge, danrmehribe)igeRcMambranchi g jefiere Ende( inA¥ingsrichtuhy

die di e Enden etteckee whbehisde sbebrmige@ambeantienen in Rekmegiskstantaticks (2hornyHi, des sich. . . .

verti ndern, d&perdlissvatip h%’lﬂ?zq?ﬁt“@f“ib@f"” P @rsiredit, einq jsdes abgeflaphte) fighr an beiden Enden
Menbr affimh~1 | §'C‘H‘?b€h‘?'% ﬁ' @%‘eﬂﬂd'ﬂanzsmcki yndydlip abgefiaohten Bahre. g dag R \9@?"?‘85 :
wobei di e Bef ' pyfe a9?§‘ih!§Bt81 werqpn, 3, daj sfey qinep r?tap"' (34

LI ngsrichtung

54 2 Gl 638 !

A d bef est| un sm e 24 d|e En on u ter ru lie en -

d”‘érwg‘dfgndedé ev.ﬁé‘%t;a.te% J.@ 5%% i @.e %%? 090
udrHagan :

o CRInE a&ﬂfunasra@a) e rdhxﬂ\gaﬁﬂshg
Per meat ausl anaws relmetmbrmh MR ﬁl%rsé?ﬁfs&ns.asn QY lgel) wishdRRk Hakridblks| FaRneat,

i'nnen aus der

austritt. 50 dds dues dlé MeRBIER nifddhEtiCiAinoh, aud Bér M&mﬁuﬁhtm&dg%&e&klneﬁ%ﬂﬁta&el e

in.der’ Lage i sfucki@ dBIEPermsHIUSIEIaUeIt, ERSHD 068 MeiditatGiulePder RéMhaRtbigh) augigier  mehr
zu Wi dedi st ehen. Revendi cations
- ‘2. GerBt nach Anspruch 1, bei dem die druckbestéindige Zelle in der Lage ist, einem ausget]bten Druck
von 3448 kPa (500 psig) oder mehr zu widerstehen.

Revendications
1. Appareil de séparation 2 membrane servant & séparer un mélange d" ahmentatuon en un oourant de
perméat et un courant de rétentat comprenant :

11



65"1. 'Apparell de separation A nenbrane servant as _parr—e-ﬁ—unm-l—&ﬁge——

d' al i mentati on en un courant de perrrdat et un courant de re T
conpr enant : EP 0 296 881 Bl rpgoggagipy L1'!!! Hmwm Lﬁ H!“a) un'“'j" %
l-ogenent (10) conportant des m)yens P ﬁ? P entrde (14

pour. la sortie (16) du rdtentat et pour la sortie (18) du perm—at (b) un
conpar-t i Mente)uadageinad(10) coniboRine 8k dYeks2idln MeRFESR 1) 4@ RlimdietioR Holle sdriled(ig)pOuT
| " al i ment at i danéteitat otisdar 18 06riid @8)dbpéymémpur | e retentat, dans une position .
nom nal e al ignecomp@mént assistanted ke pfossithog@0), Comportant unel dnaéd s)oait Fafientdtiod &t.. P
sortie (16).unpGuatie |(65A) po@nibabteatat, dargeume nosifichOpamirdles gigase aved Tenre-(i4p pourdudi t, ,
I ogenent | d'dinentationps fat Sortie 1(16). pas legétantat di Idgement 9} Disprs&h Hinkriair dysi ddgenient,
lint~rieur dedfi comipartrent ndsisnt  da)prmssionr dlant slispesé dulintfrioas duddrlegetient et pouvant
f onct i onnerreésister g{ Aresginrs derfenstignogment; edittune pregsionesol ppVifeappliquéic) une pluralit6 @
de menbranes(c)tmmlwlwt%seman%tubws elpties samipomre3bips (3), shspesées;selon w9 une . . ¢l
- di sposi ti or?'sé?ﬁﬂpi‘ é“}ﬂﬂﬁeaﬂ’aﬁﬂ?'% °té?Pa£éf’Ba’P"d’é’§°'W°ﬁmt\Haﬂﬂ%‘i ?@ﬁ@ﬁ?s 'F'éﬂ?l% pour . .
ent r ¢foi ses ! s’ ‘ pndent pas syrtopq “"?‘f@ 'g"gﬁlﬁdéndent
aacwer s 'ema qteeanf oo g a

t out '°‘i“
T e L S S

t.ret
tegbree;'n;gb%w %ZR::% e%%n rm ta dg%i MQB aauérgéag Lt SR
l'es entretoig ed%sp,g ns

tr-mt-~s,

it

ﬁr)ﬁ |f| §s &&%’fﬁ‘%s?ég m&ﬁ\ﬁé}ks, sous :
| “entretoi Sepré%%'rf e %mBé‘di\ 8lpra é’\&iuon%& ReEd %u %Uﬂnb’ﬁlﬁﬁenﬁ%) ‘3%&9@%@%&5&%5 y
1 ongi t udi naleavelobfes (36) de IdMAdimbRRe BAMHirBEBn Auf BtdT8E pefald IdsCmbydld ddi SBREFREE
dans |edit GSAMhdnt SEMintdndM )angitudihaléifsht ERHEIS nidMbRAss taiRindsZians 1B Gshipartiment
Et aweds~i f i erpat Sttragodeb xtisnites t(ibiiresthavdrias (38) dangiRgenesridnbfomtant e juintfod'@ashépn et
enp~cher a [t alembnd-Zmembraake ds Gord queChend=ntiipcvrictiomerbent, 24) permédt @ eavrse liass
couches env ghaxpbpanss, (586 Jntédeurdraentrdatenvaieppe do ¢ metiranerpad linterdefiaicudeplionirataide, | es
noyens de s enowrde@emnéatideiraanideerit p@étfwamtlemﬁvtdw Roresiat; tardis aueclensdtentat soriak I8 des
menbr anes t iowp di rétestatians | e conpartinent '--'20 par serrage des '
extT it ~s tubul aires ouvertes (38) dans |'agencenent formant des joints
d' i t-anci® - Areerefiariasy s puendicafion , darrdoqualle somredimantassistent il PropeiomrastApte HiffiEent, 1o
1e pernidat “"WSS'P?%R?M% dq 3448 kRa(B085I9L0U RNy ¢ | nt ~r i eur enent de | envel oppe ©
de la nenbrane par |'internediaire de |'entretoise pour |le perndat de - - e
mani bre.a p~n~trer dans la sortie du perm-at, tandis que le r~tentat sort
par |I'a sortie du r~tentat. -25 2. Appareil selon |a revendication 1, dans ..
l-equel I-e conpartinent resistant a |la pression est apte A resister a une - &
pression appliquee de 3448 kPa (500 psig) ou plus. 30 :85. 40 . 46. 50 12
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