WO 03/ 051497 PCT/ NLO2/ 00830 Menbrane filter housing and nethod of using
the same The present invention relates to a nenbrane fil- ter housing,
conpri si ngoashsuusing with a feed inlet, a perneate outl etrcarmdoanodseast two
menbrane filters provided in the housing, wherein a fluid to be filtered
is fed via 5 the feed inlet to the nmenbrane filters, and a perneate stream
is discharged via the perneate outlet. The inven- tion also relates to a
met hod using such a nenbrane filter housing. A nenbrane filter housing as
menti oned above is 10 generally known in practice In such prior art
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caused by t
in a housing such that in the direction of flow, they lie

substantially in each others extended direction. A housing
of this kind is shown in Figure 1. It can be clearly seen
15 that the connections for the inlet of fluid to be filtered
and for the outlet of permeate of said known filter hous-
ings are located at the ends of the housing.
However, these known housings have several draw-
backs. The first is that the membrane flux through the
20 various membrane modules in the housing is not the same.
At reference numeral 2 the feed is let into the housing 1
and at reference numeral 3 the permeate is discharged. For
filtration, the feed will therefore be conducted through
the membrane modules 4, 4', 4'', 4''' to the central per-
25 meate conduit 5. Consequently, the pressure at the feed
side is the highest near I and the lowest near II. Corre-
spondingly, the pressure is the lowest at the permeate
side near I and the highest near II. The membrane flux is
driven by the local pressure difference over the membrane
30 (transmembrane pressure difference, TMD) and equals the
feed pressure minus the permeate counterpressure. Due to
pressure losses, this TMD will clearly be greater near I
than near II. These pressure differences are caused by the

counter-oriented pressure reductions occurring at the feed



counter-oriented pressure reductions occurring at the feed WO 03/ 051497
PCT/ NL0O2/ 00830 2 side and perneate side in the nenbrane filter nodul es.
Due to tweosnswagul ar nenbrane flux, the term nal nodul esP@rINL2H@30 nore
heavily and will therefore be subjected2to a greater nmechanical |oad. The
nore centrally placed nem5 branes will initially contribute less to the
filtration. Mreover, such an irregular nenbrane flux will lead to the
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accord|ng %%Jfkglé]regular membrane flux. The object of the inven-
tion is finally to provide a membrane filter housing that
simplifies the construction and the continued operation of
a filter installation using such membrane filter housings.

In order to realise the above mentioned objec-

20 tives, the inventions provides a membrane filter housing
of the kind mentioned in the preamble and which is charac-
terised in that one of the permeate outlet and the feed
inlet is located at least at one end of the membrane fil-
ter housing and the other one is located at a position

25 substantially in the middle of the membrane filter hous-
ing. The housing according to the invention has a number
of advantages. The most important advantage is an even
pressure difference of the feed side relative to the per-
meate side, irrespective of the position in the housing.

30 Another advantage 1s the spatial separation between the
feed conduits and the permeate conduits.

The membrane filter housing according to the in-
vention can be applied very well with "dead end" filtra-
tion. If, as may in practice be taken as starting point,

35 all the membrane modules have an equal pressure drop, then
all the modules will have a same transmembrane pressure
and consequently a same membrane flux. This provides a

very even load throughout the entire installation. Also in
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to anot her enbodiment, the flowrate is adjusted at the per-

15 concentrate stream. In this way the apparatus can very
simply be applied as "cross flow" filter. This allows the
transmembrane pressure to be adjusted very accurately. At
the feed side, the pressure gradient from feed inlet to
concentrate outlet can be adjusted by controlling the flow

20 rate at the feed side. At the permeate side the pressure
gradient will be caused by a locally occurring loss of
flow. Suitable adjustment of the flow rate now allows the
pressure gradient at the feed side to be matched with the
pressure gradient at the permeate side. This will result

25 in a substantial equilibration of the transmembrane pres-
sure over the entire membrane filter housing. According to
another embodiment, the flow rate is adjusted at the per-
meate side. This provides the same advantage.

Tt is of course also possible to adjust both flow

30 rates.

In accordance to a first further preferred em-
bodiment, the housing according to the invention is char-
acterised in that the feed inlet is located at a position
in the middle of the membrane filter housing and the per-

35 meate outlets are located at the two ends of the membrane
filter housing. This is a simple manner of realising the

aforementioned embodiments.



neate side. This provides the sane advantage. It is of course al so possible
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that the flow approaches the respective membrane filter

15 housings successively.

Herein below the invention will be further ex-
plained with reference to the appended drawings. The fig-
ures represent preferred embodiments of the invention
without limiting the invention thereto.

20 Figure 1 shows a membrane filter housing accord-
ing to the prior art.

Figures 2 to 2D show a membrane filter housing
according to a first embodiment.

Figures 3 and 3A show a membrane filter housing

25 according to a second embodiment of the invention.

Figure 4 shows a membrane filter housing accord-
ing to the invention during cleaning.

Figure 1 shows a membrane filter housing 1 ac-
cording to the prior art. Provided are feed connections 2

30 and permeate outlet connections 3. The fluid to be fil-
tered streams through the membrane modules 4, 4', 4'',
4''' and is discharged via the permeate conduit 5.

Tn accordance with the invention, a first embodi-

ment provides a membrane filter housing as shown in Figure
35 2. The housing 1 comprises a plurality of modules 4, 4',

4'" and 4''', and a central permeate conduit 5. The feed

is supplied via the feed connection 2 and permeate is dis-

charged via permeate outlet 3. Although the permeate con-



Figures 3 and 3A show a nenbrane filter housing 25 according to a second
enbodi nent of the invention. Figure 4 shows a nenbrane filter housing
accord- iwgQososube i nvention during cleaning. Figure 1 sheas/NLoxveosds ane
filter housing 1 ac- cording to the pri®nr art. Provided are feed
connections 2 30 and perneate outl et connections 3. The fluid to be fil
tered streans through the nenbrane nodules 4, 4', 4'' 4"
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Figure 2A shows a filter system wherein two of
the membrane filter housings shown in Figure 2 are linked
together. Feed is supplied via the central feed conduit 6.

20 The arrow A indicates the direction of flow of the feed
through the central feed conduit 6. Initially feed will
reach the membrane filter housing 1 and subsequently the
membrane filter housing 1'. As the feed rate near position
7 will be greater than near position 8, the diameter of

25 the feed conduit 6 is preferably designed to be larger at
position 7. If the membrane filter housings 1 and 1' are
identical, the flow rate near position 7 will generally be
twice as large as near position 8. Therefore, near posi-
tion 7 the diameter of the feed conduit 6 will preferably

30 be so much larger than near position 8, that the velocity
of the flow of the feed is constant.

Since in general it is construction-technically
awkward to provide the central feed conduit 6 with a di-
ameter different to that of the membrane filter housing 1

35 if the latter is directly connected thereto, as shown in
Figure 2A, the connection of the membrane filter housing
to the common feed conduit 6 is preferably embodied as

shown in Figure 2B. In this way it is simple to adjust the



together. Feed is supplied via the central feed conduit 6. 20 The arrow A
indicates the direction of flow of the feed through the central feed
conduit o6wolonjosi4at |y feed will reach the nmenbrane filter PhomMLiongost0 and
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Figure 2D shows a further embodiment of the fil-
ter system as shown in Figure 2C, wherein "cross flow"
filtration is possible. To this end extra connections 10
are provided, which are located at the ends of the mem-

20 brane filter housings 1, 1', 1'', 1'''. At the feed inlet
2 feed is supplied, which is introduced into the central
permeate conduit 5, 5', 5'', 5'''" yia the membrane modules
4, 4', 4'', 4''' comprised in each of the membrane filter
housings 1, 1', 1'', 1'''. The permeate subsequently flows

25 to the permeate outlets 3. The feed flows through the mem-
brane modules 4' and 4, and 4'' and 4''', respectively,
and is discharged as concentrate near 11, 11', and 12,
12', respectively. The flow rate of the feed through the
membrane modules can be varied. For this purpose, for ex-

30 ample, valves may be provided at the feed side 2, or at
the concentrate discharge side. Alternatively, the perme-
ate stream may be controlled, for example, by valves at
the permeate discharge side 3. Correct control of the
various streams makes it possible to control the pressure

35 gradient over the apparatus. By controlling the flow rates
of feed and/or permeate in the correct manner, the pres-

sure drop over the entire apparatus can be kept constant.



t he common feed conduit 6 to the anount of feed to be con 15 ducted

t heret hrough, as is shown in Figure 2B. Figure 2D shows a further
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flow' filtration is possible. To this gnd extra connections 10 are

provi ded, which are |located at the ends of the mem 20 brane filter housings
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t he nmenbrane pRdul es 4 , . 411 4 ' corrprl sed in each of the

menbrane filter housin er neate ubse ntly flows

25 to the perneate c?iﬁ&‘tgl“glesJ3 S%?P‘Yé pE&& FFO\?E‘bPﬁfLEﬁ&tr tget%1 %ggﬁé ?lmdul es

4' and 4, and4r mtsidid 'acdesiiect itvelthe mv@nt&Odl,SM&rr@edl dseconcentrat e

near 11, 11 nd 12 ecihdns rf%&%cég I?_zljx:le The fiowdpfe ocff a Beofeedd hrough
mertbr ake S Smactﬂn 3 hics
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the appar atiis:] 1By entdond iag e fdOWirates 2 of3 e dtheant/ e tpemezt e i n

t he correct manner t es ure dro e apparatus can be
kept cdifst 4 %LS %r@ frﬁjgiég(?sr %]ﬁ:etgﬁfssre\%ay a very even
transnenbrane flux darfwsleh: etnmqqﬂadlenl*—il qfr €13 Fiegls a@sotiidit ey Stent of
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inlet conn ons are provi ded at the ends, of a nbrane filter housing
1, and a pm@%ﬂh@fne’,ﬂﬂ MFAHE i el e UL aRt § i1 %erCifsising™.  The

principle qfh@pﬁé@eilpél SipEl temtdrane filder Housimg Jaccar ditrg feedi gure 3
's substan tially fhe sare as H0al, A FIUE fouPYleddinll Rehioss of,
4', 4''" and 4''', of the various housings 1, 1', 1'', 1'"'
and is discharged as concentrate via a central concentrate
discharge pipe 13. As shown in Figure 3A, the central con-
centrate discharge pipe 13 also comprises a central perme-
20 ate discharge pipe 14. This provides a very compact con-
struction for cross flow filtration. The advantage gained
herewith is that the pressure drop can be regulated to a
constant wvalue.
Figure 4 shows an embodiment in which the filter-
25 ing apparatus according to Figure 2 1is being rinsed. To
this end rinse water is supplied near the permeate outlet
3, flows via the permeate conduit 5 through the membrane
modules 4 and exits the apparatus via the feed inlet 2.
The system as shown in Figure 3 can be cleaned similarly
30 by back-flushing permeate.
To a person skilled in the art it is, moreover,
obvious that the direction of filtration can be reversed.
In the Figures 1-3 filtration takes place from the inside
to the outside. This means that the feed is at the inside
35 of the membrane while the permeate is at the outside. When
the filtering apparatus is reversed, feed will be at the

outside and the permeate at the inside (see Figure 4).



10 flow through the nmenbrane nodules is reversed. A further enbodi nent of
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centrate dischaloeiRide ibh.al so conprises a central perne 20 ate di scharge
pi pe 14. This provides g very conpact con- struction . for crass flow
filtration. The advamfadd '§aiTméed lﬁer“@%/i ?Lﬁnﬁlice#lhélo thE SngnglSn&Fop can be
regul at ed tshoavn canstrantfivaines. Rifgerre réasliows tire evhediodegt desanticch t he
filter- 25.i.ng appar.atu cear.di Fi.guyr I i i nse this
end ri nsSe \/J\C/aoglr’ &:urst}pepfingbd&l %:al;gra tqhotgl%p@,rl%at% ee?C 5{5% %ﬁ' e%%, tfolncs?\/\gy e\f;ggmt he

per meat e corkddilted drhridwggrathe anshiiheare fedduliesesr 4@ eLateaHeeappar at us

via the feed il &lr Zne Tie Sust aRAKSRAWN Ady AW dirtan e gdeaned
simlarly BOﬁbgy back-e%l ushi ng perneate. To a person _skilled.in the art it

is, noreovért 1obiVuLEIRLIGEPTRYS P i (Fhg b sdae By R sed.
In the Figungp thd dddridaiiams tiakeshqrade futemihmiasi Gee timdt kecaout si de.
Thi s ns that_ the f i s..at the inside 0 e i t he
per meate i £kt Q%u%%?écﬂdb%%eennqjt%ee afgiﬁatrga%unsfg éf%pa%%%??%%vée sed, feed
will be at ddwelyputfidesanplde peratsm eranite inttsidageaFiqned). W
03/ 051497 RGUN0200830,< & R sl pladdie dnshaldatdon iildn than deake

ed ditec

pl ace in re- ve.r’s tion. The i'nvention is not, limted to the
enbodi ment eahio@fi nf Qhee ¥Rk Wik drhe S IR the %t &foidg fETip- 5
tion, furthgy smgifdcaddonsrwill become clear to a person



skilled in the art, and these fall under the protective scope of the
present invention. For maintenance purposes it is, for exanple, possible
to drai n wbaslsugi ng by open- ing the connections 14 showRCIT/NIOL@0s3d gur es
(see for exam 10 ple Figure 2C). The entire apparatus can be enptied very
easily, for exanple, by also opening the remaining connec- tions, or by
using locally applied pressure, which may be realised, for exanple, with
the aid of liquid or gas such as conpressed air. WD 03/051497

PCT/ NLO2/ 00830 9 CLAIMS 1. A menbrameniMd ter housing, conprising a
housing with a feed inlet, a perneate outlet and at |east two nenbrane
filters provided in the housing, wherein a fluid to be filtered is fed via
the feed inlet to the mem5 brane filters, and a perneate streamis

di scharged via the permeaherBubhel ¢1¢paEARbELEE] LBnbbakiAgeaof the
pernmeate outlet and the feed inlet s located at | east at one _end of the
menbr ane f blorsd Nigo wsithy saf@aché ndefer 20RE TS ALS- c&tled A% fodiSEiSdn

Sugf)t anti ?lt:w)b &r{éhnwl%rié @Jl&:e&;s tﬂi%vli@e:aiemr ane fflﬁluts&mghouﬁﬂeg@inz.a A )
nmenbrane filter housing .,accordjng to claim,. 1, ract.eri sed,in t the
foed inl et Taidoddt &F %ﬂ;er& i gR Kipnd e dged olimteﬁcescr‘ﬁer‘?tlSlr‘a'aE\“reé il ter
housi ng santratke fidrreat,e 01t et rarce tleo catredmati st ldg. siohe rgeds véfa tihe 15
menbrane fi| usi ng...+3. fil:ter usy diRG @ t&d ai m
2, charact gﬁfrg{eegr%%nsci%etghe&ca&%%ﬂgteg ol?}t ltg{é;% ?rnreéqﬁft@l\?i gg% near the
ends of theurdetr &rnd fila deatbusiled 14 1RFEUCer s sreh atharsct®d sed in

that it 2Q LMY i8S aind easttanadiibianed idieoyhusiong aecadhing to
act ori sed [ G (2 G HERNRIG AN o RaTsThgels of T T & enar
10 membrane filter housing.

2. A membrane filter housing according to claim
1, characterised in that the feed inlet is located at a
position in the middle of the membrane filter housing and
the permeate outlets are located at the two ends of the

15 membrane filter housing.

3. A membrane filter housing according to claim
2, characterised in that the concentrate outlets are pro-
vided near the ends of the membrane filter housing.

4. A filter system, characterised in that it

20 comprises at least one membrane filter housing according
to one of the preceding claims.

5. A filter system according to claim 4, char-
acterised in that it comprises membrane filter housings
according to claim 2 or 3, each of which being coupled

25 with the respective feed inlet to a common feed conduit,
such that the flow approaches the respective membrane fil-
ter housings successively.

6. A filter system according to claim 5, char-
acterised in that the diameter of the common feed conduit

30 decreases in the direction of flow.

7. A filter system according to claim 6, char-
acterised in that the diameter decreases such that the ve-
locity of the flow of the liquid to be filtered is sub-

stantially constant in the entire common feed conduit.



according to claim2 or 3, each of which being coupled 25 with the
respective feed inlet to a comon feed conduit, such that the flow

appr oachewotobesuespecti ve nmenbrane fil- ter housi ngs succ®sTiNI®ORY0836. A
filter systemaccording to claim5, chate acterised in that the diameter of
t he common feed conduit 30 decreases in the direction of flow 7. Afilter
system according to claim6, char- acterised in that the dianeter decreases
such that the ve- |odit onfnem%’éaﬂeO\ﬁl&ﬁz%hg‘oluisdﬁigd 25 BET t&r &dFL sub-
stanti al | y igons-anictidride ent ittetcawan ifrded < enohlidrz o WAl B/05 Ith

PCT/ NLO2/ 0083 . A nenbrane. filter. housi cor di t.0 cl ai 1,
characteri segﬁpsi nolf? htgrfe et 3fanrfeetfsllzitreer pl)qroélvsi csf]£%§jt%? baot%élqgenadtse o%“ﬁlhrget

menbr ane fiils drodediesi raf endbes geraread s tetal lis drocdtediiatdle positi on
substantd aldyy i gde, d ddl o of R ddiggrenbrane filter housing. 9. A nenbrane

filter housing according to claim 8,  characterised in that a concentrate
outlet is located atd-a PosIFTGrRISUBSLARE ANFINY AIREIRGd% tor Flrem

menbrane fg | t@aQusd ised 0 dOshdk fd Id@icaystiam aharacties iseshtied t hat the
sanme conprises at |east one nenbrane filter housi ac: ,cording to one of
the clains & ¢t RPS1YLCON ?%@?%to?fﬁbjfarhf'%%}i y é“%ﬁg% T cHEF AKE=0%ed i n
that the saneltsesha@usiendrane filter housing ac- 15 cording to one of the
precediyyg claims.

10. A filter system, characterised in that the
same comprises at least one membrane filter housing ac-
cording to one of the claims 8 or 9.

11. A method of filtering a ligquid, character-
ised in that the same uses a membrane filter housing ac-

15 cording to one of the preceding claims.



