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Summary The device is a subnerged ultra filtration
menbrane having capillaries that are (contrary to

possi bl e damagi ng novenents. The outer SI de of ““"m"“"“l
devi ce can be kept clean by air scour

convention) packed in sleeves, which restricts mww"m"
capi | Iar | es bybackvvash and/or chem cal cI eam ng .‘ The

menbr ane b| oreactor for the productl on of cl ean wat er
fromwaste streanms or rivers. Background of the

| Bufidren This invention is a nmenbrane device that

i nproves on nenbrane filtration of subnerged

eI enents. Subnerged nenbrane filtration is a process
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gener al ocated on the outside of the Tapill
Tluxplqznﬂtyobs usedi mpeppluabbns dikpi theamiestbrangs biniréactor for the

enpl oyed ve a nM t 00 nM.micro filtration
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filtration nenbranes”. One of the practical issues in
menbrane filtration is the problemof flux |oss due

t Batkgroundofthe inventienrbr ane capillaries. In
non-subnerged filtration devices, where capillaries
are in a fixed housing and where the perneation is

0 ahéy iakentionrio d ghémisrane devise thaeinsptoves ddminembfamblmﬁ‘aﬂl@a of
general ly counteracted by causing turbulence at th
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cor por s part o he  operati on.
drawn through a membrane element by a vacuum provided by a pump or by

siphoning from hollow porous or semi permeable capillaries -Lumen- which
are submerged in said permeate. By nature the separating surface is generally
located on the outside of the capillary. The porous semi permeable capillaries
usually employed, have a 100 nM to 1000 nM micro filtration range pore size,

generally referred to as “micro filtration membranes”.

One of the practical issues in membrane filtration is the problem of flux loss
due to fouling of the membrane capillaries. In non-submerged filtration
devices, where capillaries are in a fixed housing and where the permeation is
generally brought about by pressure, this problem is generally counteracted by
causing turbulence at the membrane surface, for instance by the high speed of
the feed solution. In many cases, a backwash is also incorporated as part of the

operation.
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submer ged device is given in US 5248424 by P.Colé May 2006

et-al. where the capillaries are arranged in | oose
skeins and air bubbles are ysed to keep the
capillaries clean for a:longer period. An inprovenent
on the above patent is given in US RE 37549 by

Mai | vaganan et.al.. Here the capillaries are arranged
with a spacing between the capillaries in the potting
t & gesexiptinn oft psibimangedodevideds gayenlin dFS 6248424 tiye.Cote et.al.
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6325928 have_ free novi ngD menbrane capillaries. This
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bewéntsia and¢anrmerhbranewhlirttdce.ay be vul nerabl e t owar ds
fati gue breaks due to the flexing cannot be used. The
use of air bubbles for cleaning also exerts
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cause menbrane breaks. One way of preventing t

caps Jolvedibygh¢ preseniinveRtiony is to use a rei nforcerrent in
the capillary as described in US 5472607, especially
on the area at the interface of potting and free
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which may be vulnerable towards Eu J)reaks due to the flexing cannot be

used. The use of air bubbles for cleaning also exerts considerable force on the

capillaries. This may also cause membrane breaks. One way of preventing the
capillaries from breaking is to use a reinforcement in the capillary as described
in US 5472607, especially on the area at the interface of potting and free

moving where the capillaries are vulnerable.

In US RE 37549 measures like adding an extra soft layer of polyurethane are

described. All these measures however add cost to the device.

The forces on the capillaries caused by the air bubbles can also be distributed
over more membranes so as to reduce stress on the individual capillaries as

well as movements at the potting capillary interface by fixing and or



wel | as novenents at the potting capillary interface

by fixing and or 11 May 2006 3 supporting the 11 May 2006

capillaries with fibres as described in US 5480553 and
5922201. It is obvious thatspreparing a woven
structure also adds to conplexity and cost of a
system Another problemin the existing designs is
that course material present in the feed solution,

i ke hair can be trapped between the nenbranes because
ofuppodingrthee wapitlakesd vathadibrey o deheribednin dh®s3480653 dnd

g Iy very difficult to. renmpve. Summar ft
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deypRxity AT eostobdfidtegn. of capillaries is held

toget her by a open sleeve or casing, very good results

have been obtained. By reason of the capillaries
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so that these nmaterials cannot intrude in_ the inner

s SveRsntond: spacing il the eeartasrsst Thisre egnerally varyadiffigudt to

rdgowf menbranes is kept clean by air bubbles. This

keeps the suspended solids in a state of suspension

and sinmultaneously nmaintains a feed fl ow al ong the

el.enent s ntai ni.ng the capillaries. The device's

réﬂ@?ﬁg%ggﬁﬁé@ﬁ@hgﬂenbrane bundl es supported by the

sl eeve not only prevents practically all forces,

especially longitudinal forces, but also prevents
ithrthis S%memﬂé membrane 8lraiondewice.aphére abypngletof ggpillaries
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bet ween the headers. They may be of the_exact |ength

aemigusations jthags beep she erapte materigly\Jike i age filtered by

the sleeve or outer ring of capillaries so that these materials cannot intrude in

the inner section of the membrane element. The sleeve and outer ring of
membranes is kept clean by air bubbles. This keeps the suspended solids in a
state of suspension and simultaneously maintains a feed flow along the

elements containing the capillaries.

The device’s relatively packed membrane bundles supported by the sleeve not
only prevents practically all forces, especially longitudinal forces, but also
prevents movement of the membranes at the capillary/poting interface.
Consequently, no measures to protect the capillaries from breaking are
necessary. Furthermore the capillaries do not need to have the extra length
between the headers. They may be of the exact length and are restricted in

movement.




The use of densely packed bundl es of capillaries also
sinplifies the potting operation , because 11 May 2006
capillary/capillary contacts are pernissible, so one
does not have to take care4of spacing between the
capillaries. The described invention also allows a
very hi gh packing density in the elenent, providing a
very high surface area in the device. Several of the
devi ces can be conbined into a nodule to generate a
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design according the invention is used. The elements can also be used in both

the vertical and horizontal ways.

With current technology, the capillaries further inside the bundle are not
reached by the air bubbles. Consequently, the cleaning has to be effected by
regular backwash. This backwash is effective only with membranes which
have a clean water productivity of less than 1500 I/m2/h/bar. This is because
the backwash water has to be fed through the bore of the capillary and for a
certain length one has to take account of pressure drop. In a micro filtration
membrane with a pore size of 0,5 micron the flux can be as high as 50000
l/m2/bar.



water that can be fed to the bore, all the water may

pass through a small portion of clean nmenbranel Wide 2006
the rest of the menbrane remains fouled. This

phenomenon can be conpared with the channelling effect
known from nmulti-nedia filters. In the present

invention it has been shown that an elenent with a

bore size of 0,8 nmand a dianmeter of 110 mm and a
length of 1.5 m, fitted with capillaries with a
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production of cartridge filters. Alternatively, woven
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cut off so

The importance of this fact is obvious when the device is to be used in waste

water treatment.

Detailed description of the invention

A bundle of capillaries 1 is closely held together by a sleeve 2 of a very open
material. The sleeve can be made of rigid material such as polypropylene or of
a flexible netting material. These materials are very well known in the
production of cartridge filters. Alternatively, woven or non-woven cloth may

be used. Suitable sleeves can be obtained from companies like Netlon.



as to expose the open ends of the capillaries. Headers
(single or multiple nodules) can be prepared 11 May 2006
according to procedures well known in the industry

and described in several pagkent descriptions.

Schemati c exanpl es of such "nodules are given in figs

2 and 3. Spacing of the elenents in the nodul es all ows

air bubbles to pass along the elenents, maintaining
suspensi on of suspended solids and cleanliness of the
sirhe\opexangls outier sleeveg shbuldeprofesabdy bebetwesn €,3. anth&0 mm
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c Hinidples precaivey) in ter of 1.2 mm the best bundle
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2.5 mmouter dianeter the optinum el enent dianeter is
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reference to the hydraulic pressure loss in the bore
of the capillaries Typically, a length of between 1
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for perneation_is pressure. An exanple of such a
awag suspended solids reFeased from the caplllmrgg during such backwash.

The diameter of the bundle and therefore of the device can be chosen in such a
way that the hydraulic resistance (pressure drop) for the feed to flow to the
centre of the bundle is not detrimental to the flux of the capillary, i.e. the
transmembrane pressure in the centre should be adequate to produce sufficient

water.

The optimum bundle diameter therefore is a function of the desired flux and
fibre diameter. This of course is also the case for efficient backwash. We have
found that with capillaries with a diameter of 1.2 mm, the best bundle
diameter is between 1 and 20 cm. With capillaries of 2.5 mm outer diameter

the optimum element diameter is between 5 and 40 cm.



tank with nmeans of air scouring is given in Singapore
pat ent 200003859-6 by Dr. C H Krishnanurthi Rdo May 2006
et.al. Exanple A nmenbrane bioreactor nodul e containing
8 elements with a diameter of 110 mmand a | ength of
1500 mm according to the description was entered into
a tank containing sewage. Air was bubbled fromthe
bottom Further details are given in table 1 Table 1
DETAI LS OF MBR DESI GN PARAMETERS MOC OF POLYMERI C

Ak 1 IR dvidfes DEfeferhHCARNE thin OMENBRANHEthREoh area is
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capillaries. Typically, a length of between 1 m and 2 meters is currently the

most appropriate.

In another embodiment, the device described can be included in a pressure
tank where the driving force for permeation is pressure. An example of such a
tank with means of air scouring is given in Singapore patent 200003859-6 by
Dr. C.H. Krishnamurthi Rao et.al.

Example

A membrane bioreactor module containing 8 elements with a diameter of 110
mm and a length of 1500 mm according to the description was entered into a
tank containing sewage. Air was bubbled from the bottom. Further details are

given in table 1
Table 1

DETAILS OF MBR DESIGN PARAMETERS

MOC OF POLYMERIC MEMBRANE : PES

MWCO : 150-250 KD

MBR DESIGN CAPACITY : 1000 LPH
MEMBRANE AREA : 40 M2

DESIGN FLUX : 2SLMH

MODE OF OPERATION : OUT TO IN
OPERATION DETAILS

FLUX : 20-30LMH
DRIVING FORCE : VACUUM MODE
BACKWASH INTERVAL : 20-30 MINUTES

BACKWASH DURATION : 30 SECONDS



30 SECONDS 11 May 2006 8 CHEM CALS CLEANI NG FREQUENCY
ONCE PER WEEK RECOMVENDED CLEANI NG

CHEM CAL: HYPQ CAUSTI C/ CI TRIC Results of the trial
listed in table 2. As can b
have
[ I n2/ hr.

11 May 2006

are

seen very good results

been achi eved and at stable flux of 20-30
Tabl e 2 S. NOPARAMETERSUNI TMBR FEEDMBR % OF

PRODUCTREDUCTI ON 1TURBI DI TYNTU400. 5-1. 096. 5 2SUSPENDED
SCLI DSPPM5, 400 399.9 as MLSS 3CCODPPM2456175
4 BHEMIGAL. SOCL EANINGARREGEEBKEFY VP . GNDIO (ONECENRER WEEK
6 RHCOMMENDEB €1. EANOSE-CHEMIGAL B YPOBCAUSTIC/CITRIC
81 RONPPMD. 1NI L100 9SI LI CAPPML061023. 7 BECTERI OLOG CAL

TEST COLI FORM Not

10BACTERI A PER

Results of the trial are listed in table 2. As can be seen very good results have
been achieved and at stable flux of 20-30 I/m2/hr.

Table 2
S.NO | PARAMETERS UNIT | MBR FEED | MBR % OF
PRODUCT | REDUCTION
1 TURBIDITY NTU |40 0.5-1.0 96.5
2 SUSPENDED SOLIDS | PPM | 6,400 3 99.9
as MLSS

3 COD PPM | 245 61 75
4 BOD PPM |68 9.0 87
5 OIL AND GREESE PPM | 2.0 ND 90(assumed)
6 AMMONIA PPM |42 18 42
7 PHOSPHATES PPM |75 33 56
8 IRON PPM | 0.1 NIL 100
9 SILICA PPM | 106 102 3.7

BECTERIOLOGICAL

TEST
10 COLIFORM 5.42X 10° Not

BACTERIA PER - detected 100

100 ML




-5.42X 106det ect ed100 100 M. 11 May 2006 9 d ai ns What
we claimis: 1. An ultra filtration device for 11 May 2006
wi t hdrawi ng perneate essentially continuously froma
fluid containi ng suspended ol ids, while increasing
the concentration of suspended solids therein by a
driving transnenbrane pressure caused by a vacuum
Smenbrane device including: A. Amltiplicity of
capillary nmenbranes confined in a porous sleeve wth
the outside circunference of the capillary bundle
b%ﬁg"egﬂlaé’é‘é% closer in a parallel configuration,
thereby restricting the novenent of the capillaries.

B. Dense packing of capillaries on the outside .
Ci réun‘f’éf‘&‘?é@“ﬁ@??‘&%" g’r withdrawmenermeae es Eﬁlg'n‘ioﬂlﬂ’éuous‘ly

| ar ger fridlatfluid @ntadiith AGEHheaIRdoREs, WhieRfthetig thg cofidefitration
i nner regions of the capill aﬁx bundle, C. A first db
headerof:Hepeaded splifs (o Bep 4iYing FraEgabens prospiscatped by @

rel at i RRelh, Raid Mebrat dbeaShcledigy: header within the
fluid containi t he sus liqu}ged sol i ds.
gl

D . At |east
one headé} ﬁ;i‘?‘ﬂg?lf‘fgy dnegibrangs, cquiined {ng porous sleeve
exte gdi ng ibmu; iﬁé&)ubﬁﬁdﬁbuﬁﬁrea%d)@ﬂtﬁeailﬁlaﬂj' B ;ﬁ@hﬁaced
gas distribution means, near the |owest point of the
total asse rrgPi?}' mn aa‘li’ﬁ@f"e‘i?“ﬁ%"ﬁlé’ﬁ’e*‘%f? rﬁi‘ﬁ‘ﬁlngéhefq’%WQt of
around the ggvigimrieki ch (i) keep the sleeve and
exposed portions qf the outer capillaries clean bX
renovi ng B oRFSE P otepillaries 08 Jhe gUEAS ClEEBYRIFIcE dCtfs 2
the outer gdafseilkE pRIERInG Rilget baricleand@pgregiiafronhentering
centre of the capillary bundle agitate the inner

or
capi | | ari eshedBPERISEOPLPLHFCapIfy DU o ¢ he

capi | | ar i@s A first header and a second header in transversely spaced relationship
with at least one header within the fluid containing the suspended
solids.

D. At least one header with the open ends of the capillaries extending in
the header to a permeate discharge.

E. A gas distribution means near the lowest point of the total assembly,
adapted to generate bubbles flowing around the device which (i) keep
the sleeve and exposed portions of the outer capillaries clean by
removing coarse material and aggregates deposited on the outer
circumference and (ii) do not enter the centre of the capillary bundle
or agitate the inner capillaries, extending the life span of the

capillaries.
2. The membrane device of claim 1 whereby the capillary membrane is an ultra
filtration membrane of a polymeric material with a cut-off of between 3000

Dalton and 200.000 Dalton.

3. The membrane device of claim 1 where the diameter of the capillaries is

between 0.1 and 5 mm..

4. The membrane device of claim 1 wherein the device is placed vertical.



2. The nmenbrane device of claim1 whereby the

capillary nmenbrane is an ultra filtration nmenblan¥apf 2006
a polyrmeric material with a cut-off of between 3000

Dal t on and 200. 000 Dalt on. The menbrane devi ce of
claim1 where the dianeter of the capillaries is

bet nd The ne rane device of claim
1 whor %ﬁ#ﬂ@% viegof %la’ﬁ’lla deas s plpge Rprizontalo
10 5. The nenbrane devi ce of cIa|n11 wherei n the
device_js place hori zont The me rane vi ce .of
o7 a6 The plembie Beube ah i dr WheTBn A IEptieg of fie mejoriy of
capi | | aipilesies 8 aciidve@ibeshgh bam&hﬂgaﬁlbwﬁdmw cREnif)y/
chem cal cleaning. 7. A nodul e consisting of severa
menbr ane devices according to claiml to forma

nodut.e A fodule ofSistip GCse0¢rall Membranecdevided decofllingoCdhitaeto
gas d|§$r|bunﬁfn systemis separate fromthe nodul e.

T 2M99%% r at i on device for withdraw ng perneate
essentlally continuously froma fluid containing

suspgended solids, . .while ingreasjn he c ntration .
o Do AoriR SGDIRE tongpi | By wbich e Erty SPZHLHo PN
pressu@QmﬁﬁuﬁﬁﬂmbﬁmaMapressure sai d nenbrane device
including: A Anmultiplicity of capillary nenbranes

confined in a porous sleeve wth the outside
ci r coinfaangtig filtafior duwice gy \biﬁﬁi@wlbgl pétneatb @ése@ially @6@Ehuously

oL0%eT o EnRL S ebe SonL L 8L O LISEERY v o
packi ngf ﬁfspdhafli slohaurthaamw atdamwfassnﬁkmwane@wﬁ@é &R by a
acts as a_ _coa %F%‘% ﬁﬁFventlng | arger particles

and ag§F&yar & PP% TP M5d%e i nner regions of the
capi | | ar yAbunalukipliéity o dapillady héntdaiies Q:Bﬁfuﬁdﬁﬁ@%d)us sleeve
T TS sRES T b TR gl o e
suspended slokdrdiba parallel configuration, thereby restricting the movement of

the capillaries.

B. Dense packing of capillaries on the outside circumference acts as a
coarse filter, preventing larger particles and aggregates from entering
the inner regions of the capillary bundle.

C. A first header and a second header in transversely spaced relationship
with at least one header within the fluid containing the suspended
solids.

D. At least one header with the open ends of the capillaries extending in
the header to a permeate discharge.

E. A gas distribution means near the lowest point of the total assembly,
adapted to generate bubbles flowing around the device which (i) keep
the sleeve and exposed portions of the outer capillaries clean by
removing coarse material and aggregates deposited on the outer
circumference and (ii) do not enter the centre of the capillary bundle
or agitate the inner capillaries, extending the life span of the
capillaries.

F. A pressure vessel to contain the device or a multiplicity of devices.



D. At |east one header with the open ends of the
capillaries extending in the header to a perngdt &ay 2006
di scharge. E. A gas distribution nmeans near the | owest
point of the total assenbly,)i adapted to generate
bubbl es fl owi ng around the device which (i) keep the
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ent er theDe@m@mew@ﬁmﬁh@mcapiIIary bundle or agitate
t he i nner capillaries extending the life span of the
capilla res ves to.contain the = .
devi ce Ll %g Wfﬂlqnimﬁl evd(fetcg gfm g erg élée dlanieier the gllanes 1s
menbr ane dewéegl.laid Sohmi m 9 wher eby the capi Il ar y
menbrane is an ultra fiItration menbr ane of a

pol yneri.c paterial ﬁ cut -of f of bet en 3000
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claim9 where the diameter of the capillaries 'S

bet ween, 101 i]re rﬁt{m)raﬁe e of:l:gxm jl' bﬁréﬁ@&e@@&s 9?(:\4 'hgrﬁoxqgi
claim9 wherein the device is placed vertical

The nmenbrane device of claim9 wherein the deV|ce is
pl ace hor TEoO mk@brane IddviceTbiecldife rebwidien 6 eichig @fthe l‘r@bm Df
wherein a es is
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15. Menbrane devices according to claim1l and 9 where
t he air1sorubiaRgddvises @@inditgNid Qlbsn 1146d IMeERr AN &ir d@udiRes
according to claiml and 9 where the air scouring is
di sconti nuous.

16. Membrane devices according to claim 1 and 9 where the air scouring is

discontinuous.



