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fibre nenbranes and, in particular, to an inproved
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gener al Backomasidged QOfedrfieg Methdd Known backwash syst ens
i nclude those described in our earlier International

APELT @F PAENNVEMPRIN2779 the subject matter of which
IS |ncorporat ed herein by cross-reference. A

Pressyhl g féjs We‘?lh@ﬁ%l‘é?&‘to%oﬂ?@n'tr@%ﬁ'OIP%Sth?iWOé a0§sension

has been to be uneven ong the length of the

nes du to. th
| ot PeToIRLs Tty 41 pRGERE @s%%ﬁﬁﬁro%ﬁéqﬂ%%‘% of
the pressure of liquid is highest at %JB t of
abatkwaghing,agd Chﬁ@'?ﬁ-”é’é&%ﬁﬂ'&%&‘q helpw §ote erﬂ? ABss.
| umens and tapering off along the length of the
nBAKGBROUNMD AREsul ts in uneven backwashi ng and poor
recovery of TMP at portions of the fibres renote from
t he bapkyeisdtugpiphiagiahé priopaitihroughbubthesspeuificatibnisbivlld in no
ends, the backwash flow is a mninmmtowards the

Cﬁ/?rgrb% 6Hns'id11="fe3 I a&?ﬁfés% ﬂﬁ?@héﬁ‘?néi gANs Wihé?{/ known or forms

ranes eani ng solutions are often backfl ushed

0 Lp8g AEmMHET BeRbR kRbwlcge TR TR AR, 10 distribute the

15

20

25

Known backwash systems include those described in our earlier
International Application No. W093/02779 the subject matter of which is
incorporated herein by cross-reference.

A pressurized liquid backwash of hollow fibre membranes has been found
to be uneven along the length of the fibre membranes due to the frictional
losses along the lumen. In membranes with the fibres closed at one end, the
pressure of liquid is highest at the point of application of the pressurized flow to
the fibres lumens and tapering off along the length of the membrane. This
results in uneven backwashing and poor recovery of TMP at portions of the
fibres remote from the backwash application point. In fibres open at both ends,
the backwash flow is a minimum towards the centre of the fibre.

During chemical cleaning of membranes, cleaning solutions are often
backflushed from the lumen side of the membrane to distribute the cleaning
solution within the membrane fibre bundle. Applying the cleaning solution under

pressure assists the removal of foulants from the surface. However, the



solution within the nenbrane fibre bundle. Applying
the cl eaning solution under pressure assists the
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- limtations of pressure drop down the |unmen during

this step nmean that achieving the sanme applied
transnmenbrane pressure (TMP) f6 all areas of the

nmenbr ane cannot be readily achi eved, cially for
shmitationseoferresstriesires damet betlHemes m&s siep mean that
greatest. This inpacts on the efficiency of cleaning.
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imrersed in the |liquid suspension, said |liq
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f more af thendishdvanthges of thenpnicrrast onat leashpioride a apful alternative.
sone of the liquid suspension passes through the walls

of t hacewmagateesfiise abﬁe@tr thprebeneinvehtion praddds gmethod of
or perneate fromthe hol |l ow nmenbrane |unmens, and (b)
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being applied to the outer surface of the porous hollow membranes to induce
and sustain filtration through the membrane walls wherein:

(a) some of the liquid suspension passes through the walls of the
membranes to be drawn off as clarified liquid or permeate from the
hollow membrane lumens, and

(b) at least some of the solids are retained on or in the hollow
membranes or otherwise as suspended solids within the quL_xid
surrounding the membranes,

(i) periodically backwashing the membrane pores using the permeate
by applying a gas at a pressure below the bubble point to the membrane lumens
to progressively displace at least some of the liquid permeate within the lumens
through the membrane pores resulting in removal the solids retained on or in the

“hollow membranes into the bulk liquid surrounding the membranes.



to progressively displace at |east sone of the liquid
perneate within the |unens through the nenbrane pores
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hol | ow menbranes into the bulk Iiquid surrounding the
menbranes.- 3 - This process ensures that the

differential pressure applied ddring backwash is close

to the gas pressure at the liquid interface as it

t r aveT Risquapesshensuree thatibe differential mragsuraapplipd during

maxi mum di fferential pressure is applied across the
nmeatkveash isaldseato thelgasqpressyreattthe lighidrioterface as it travels down
si mul t aneously. According to a second aspect, the
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of f af) cl ar pfaveding aqresswre différentialeadrossithehwalis bf permeable,
menbrane | unmens, and (b) at |east sone of the solids
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ot herw se as suspended solids WI thin the |iqui

%lhguegng:'h Bg 14 Et}?e {]E@Prspﬂ%ée Ong QH&EMb%EHﬁ)ranes to induce

ol es by appl yi
d |, od th h t f d rrb
wfd 80 %tan%w?%ﬂﬂb*{t”voabﬁ*ﬁ?ngerﬁ%“n@%l}%%éﬂei@ F‘Sneﬁi‘”es
wh th pl t f the dislod di
D1y saPRddas g SRPOPR RAREShTOUAN HEbakA T the

| umens t hrough the
membranes to be drawn off as clarified liquid or filtrate from the

hollow membrane lumens, and

(b) at least some of the solids are retained on or in the hollow
membranes or otherwise as suspended solids within the liquid
surrounding the membranes,

(i) dislodging the retained solids from the membranes by applying a
dislodging medium through the lumens of said membranes while concurrently
draining liquid from said lumens, wherein the application of the dislodging
medium initially displaces liquid within the hollow membrane lumens through the
hollow membrane with gas, to effect firstly a discharge of liquid in the lumens
through the membrane walls, and secondly a transmembrane cleaning of the
membranes by applying the gas at sufficient pressure onto the liquid to
overcome the bubble point of the membrane, and ensure that the gas will

displace liquid and follow it through the larger pores of the membranes to



hol | ow nenbrane wth gas, to effect firstly a
di scharge of liquid in the |unens through the nenbrane
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menbranes by applying the gas at sufficient pressure

onto the liquid to overcone the bubble point of the
menbrane, and ensure that the- gas wi Il displace |iquid

and follow it through the |arger pores of the

ndistlodgesanyt splldAdealmﬁigéﬂeaem god ferstheeraenging gasteseour the
and for the enmerging gas to scour the external walls
oéxteheal Menbrainies nasrbreingp landedis hlace emevatosed sdisds intmthe bulk
the bul k liquid surrounding the nmenbranes. Preferably,

SI@dLﬂd@ﬁFrﬂgﬁdi‘né th@héRBraligds as a continuous process
utilising a répetitive cycle of solid accunul ati on and

sol i dPﬂéfl nv %%ld f%%%dj rh%rﬁ@d dut 85 'édco?ﬁlﬂﬁﬁﬁs biScess utilising a

presen pr oVl concentrat or
reco erin |Ide m a id.feed suspension

fies e foigeeg%rapa?ap b el eRu  eed
suspen5| on; ( i) plurality of perneable, hollow
menbr Aeeerding i mWW@%&&e preisent inyeatian pfs:rwqﬁs)e.cgnﬁgntrator
a pressure differential across walls of said
nfarbecnesing(fine) sotielarrorh arliquid fetrdbsuspgnsicar ¢dmprdsihggui d
fromthe nenbrane; and (v) neans for applying gas at a

pressgy e bewaéélerobe&hbmlr@sm feed shepénglohd per neate
in the msnbrane |l umens to effect a discharge of at

| east 820t e r@ﬁtg'df%‘é’rﬂeaﬁfﬂg S\fv rﬂehB?aﬂéé’Wﬁﬁlg the vessel;
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to a fourth aspect the present invention provides a
coeERIeNasor

(iv) means for withdrawing clarified liquid from the membrane; and

(v) means for applying gas at a pressure below the bubble point to the
liquid permeate in the membrane lumens to effect a discharge of at least some
of the liquid permeate in the lumens through the membrane walls to dislodge
any solids retained therein and displace the removed solids into the bulk liquid
surrounding the membranes.

According to a fourth aspect the present invention provides a concentrator

for recovering fine solids from a liquid feed suspension comprising:

(i) a vessel or tank for containing said feed suspension;

(i) a plurality of permeable, hollow membranes within the vessel or
tank;

(iii) means for providing a pressure differential across walls of said
membranes;

(iv) means for withdrawing clarified liquid from the membrane; and



for recovering fine solids froma liquid feed
suspensi on conprising: (i) a vessel or tank for
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per meabl e, hol |l ow nenbranes within the vessel or tank;
(iii) means for providing a pressure differential

across walls of said nenbranes; (iv) neans for

W thdrawing clarified [iquid fromthe menbrane; and- 5

- (v)(Wreansmieans dppapalyYigg @as presswerte the liguid inithe membrane

t he menbrane lunmens and walls while the vessel or tank

i IsneerzosRtiwats athite Shd eessel jor ¢arduiseexqposedto latmospheric pressure
concurrently draining liquid fromsaid |unens, to

ehh@ Whilkicontlidrent PHRfNAG Uguiifrorh Baidliunierid) o lefeentirstly a
t hrough the nenbrane wal'l s, and secondly a

: ﬁigglzé@@g{f%gg%dfzi!ﬁﬁg il@ﬂeﬂg tﬁrBﬁgﬂ‘?ﬁ‘@ gﬁ{lﬁgr WA ,%éi(r)lﬁ%econdly a

I Clent pressur ont I qul

overcome .t he bhubble Lnt_of the rane, I e .
ChSPRBtiARe dieanir b8 caSinplliey BharR S o R ged i bufficent
through the | arger pores of the msrrbranes%fto di sl %d e
apRessdre ertorthediHisoravereane thehubble Rejat &HPEJNaD g%%e and
to scour the external walls of the nenbranes and
desgiradkat the gasmoll elisade liguid @nd folew litthkoughyiiedarger pores of
the vessel or tank. Preferably, the backwash incl udes

U Penfdraass todislodge dryl flids retsinsd tHeeéint had Jorcthevehérging
as or instead of the filtrate. This may be enpl oyed in

g%%liv\fgg omﬁ&{m%%&f&ﬁﬂks&lﬁa&f‘%@%ﬂeﬁﬁ ear&ﬁ%_pﬁé&"e‘lhe removed

: d includes filtering t m cal
CLSRRA, PR TR AP sl 20y Pt 13 rom
LR I by, the backwash inthides use of Sasm-in-Blacs (CIP) chemical
solutions as well as or instead of the filtrate. This may be employed in a number
of different backwash methods.

One such backwash method includes filtering the chemical cleaning
solution from the shell side, that is, from the outer surface or vessel side of the
membrane into the membrane lumens. The normal backwash is then
performed and the chemical solution forced back through the membrane pores
in an even fashion by applying a gas as described above.

Another alternate form of chemical backwash includes backwashing
initially with filtrate, that is, pushing the filtrate in a reverse direction through the
membrane pores while injecting chemical cleaning solution into the filtrate. The
filtrate/chemical solution mixture is then backwashed through the membrane by
applying a gas as described above.

Yet another alternate form of chemical backwash includes applying

chemical cleaning solution under pressure to the outer side of the membranes



performed and the chem cal solution forced back
t hrough the nenbrane pores in an even fashion by
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form of chem cal backwash includes backwashi ng

initially with filtrate, that is, pushing the filtrate

in a reverse direction through6the menbr ane pores

whi l e injecting chem cal cleaning solution into

ffol foree: ehermigal cleaﬂm@l@mwg%m%membrﬁﬂﬁm%s agd fill the

t hen backwashed t hrough the nenbrane by applying a gas
amedawrane hadend aith. th¥eheanical lebsarahg solution. fTdvsrisdbllowed by the
chem cal backwash includes applying chem cal cleaning

S%Mél%s%&%@h%“s@h@ed apbhe outer side of the
menbr anes- - to force chem cal cleaning solution

| rough 6'%%"{@ Eﬂm ca% %IIUWJ bljmémfcjéfl on. utllosn used all (or

| unmens” wi t'h eani ng So

fol l e nornmal. _gas backwash escy i be Qve. n
st & the a8 Rt Tal Bereaeta ew&?ﬁa P e lde of the
solution used all (or nost) of the |]| UId in
syeminangytypisaliy the, Birats s@?é@h@@m %frﬁh@ripl@w\a@embr@n%) then the
menbrane, typically the filtrate side (or inside of

t biatehsiden\of nhebmenerane hieratt leasb paetiallyi filedowithhehemical cleaning
menbrane is at least partially filled wwth chem ca

céSlabrnand A vidudiin adreduved preBsues) asisliedad theditrateaide to cause
applled to the filtrate side to cause the cheni cal

. hgaéH céloélla‘%hlﬂg stoﬂ%tf&ﬁttrggt{?égﬁ v&d‘Pbeﬁ'ﬂﬁ]e%ﬁt‘éF siieds¥ tAE membrane

rane en gas pressure

ARk it O oo Pl E Aok R force e
Eéﬁé{n%tgfgéégﬁgt %8&% %%@%gﬁﬁ%r{@pﬂb@e 8I|tr@te side through

filtrate side of the nenbrane(s) is drained or enptied
othel ngmibdarmdall baok tb the auter side of ths memifrande
menbranes is also partially

In another method, the filtrate side of the membrane(s) is drained or

emptied of liquid and liquid on the outer side of the membranes is‘also partially
drained or emptied. The outer side of the membrane lumen is then at least
partially filled chemical cleaning solution. The chemical cleaning solution
applied to the outer side of the membranes is then pushed through with gas (for
a pressurized system) or drawn through under suction (for a submerged non-
pressurized system) to fill the lumen with chemical cleaning solution and the
volume of chemical cleaning solution used is less than the hold-up volume of
liquid on the outer side of the membranes. Only enough volume of chemical
cleaning solution on the outer side of the membranes to fill the membrane
lumens is required. Pressure can then be applied to the lumen side to drain the
chemical cleaning solution from the lumen by pushing it back through the

membrane wall. This cycle can be repeated multiple times so that the chemical



drai ned or enptied. The outer side of the nmenbrane
lumen is then at least partially filled chem cal
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applied to the outer side of the nmenbranes is then
pushed through with gas (for a_pressurized systenm or
drawn t hrough under suction (for a subnerged
nonpressuri zed systenm) to fill the lumen with chem ca

celeaninggolutian isciteanatetyiaoved {reen ene sideneictie meabrangto the

solution used is |l ess than the hol d-up vol une of
| ottper throogh liee membramiedealbf t he nenbranes. Only enough
vol une of chem cal cleaning solution on the outer side

of t heatik GPiHSodchdrhical HleangimeathddsuEtsedrsfound to provide a
required. Pressure can then be applied to the [unen

Shidte bfricit! eh“@al%@bh@h%arﬁbﬂﬁﬁ oW 1 o ﬁﬂﬂh{ah@se of

Iurren y pus Ing it roug nbrane wa

is cyele can [e ed nultl le ti
i eeah Ml LS st siatiod an Evariad Wagkd brocess by
from one side of the nenbrane to the other through the
nRrayiding avaere effigient gistidionnf\fae chemicaicleaning ﬁﬁ'g't'on W'th'” the
nmet hods has been found to provide a nore efficient
chatemal Désitdblp sheserhackwadhesoratléans arer perforinmegdan anse
of chem cal cleaning solution while al so enabling an

einferntigentvimssis.ng process by providing a nore efficient
di stribution of the chemi cal cleaning solution within

the SM§ﬁ1§%e [Rsthpald 'déscﬁﬁ’&?ﬁeﬁ%%@l‘[ﬁf? cRiarf$ C'Hnebe

perforned on an intermttent basis ng the hods

gﬁﬁéﬁ{bw gﬁtggﬁ er% er Sg)éfal%%' aﬁéwﬁé gr%lngéve?ﬂtgr%ﬂe peressure TMP) t
Bég rc]gfr{&gbﬂ,%? BY HiRioas Béﬁeﬁ&ugﬁ @?ﬁi 33 @B%ygﬁng Paqewgy @W@g the

menbrane, even at the extremties fromthe |unmen
i mesibrama; evemaitheexdiemities from the lumen inlet. This ensures all areas

of the membrane are contacted with chemical cleaning solution and that they
are back-flushed with the same applied TMP. It also allows the chemical in the
lumens to be fully drained by the end of the reverse flow step, which aids in
recovery of chemical cleaning solution, reduces flushing requirements, and
reduces cleaning downtime.

In one preferred form, the gas may be pulsed in its application to the
membrane lumens. In one alternate form of the chemical solution backwash
described above, the backwash is performed with the vessel empty.

The process can be applied to membranes submerged in an open vessel
as well as pressurized membrane filtration systems.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:



of the menbrane are contacted with chem cal cleaning
solution and that they are back-flushed with the sane
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to be fully drained by the end of the reverse flow

step, which aids in recovery of, chem cal cleaning

sol ution, reduces flushing reguirenents, and reduces

cl eaning downtine. n one preferred form the gas_ nm .
be puFigete ila shewsghoramt pbﬁaﬂamembrﬁ@ﬂmrgﬁéuneu%\‘@ Vi§ position
one alternate formof the chem cal solution backwash

daleayi thedmebibrane thundbes ok Was membpend arodede wonfigutation shown in
vessel enpty. The process can be applied to nmenbranes

SpRie&é ged i n an open vessel as well as pressurized

memorane filtration systens. BRI EF DESCRI PTI ON OF THE

DRAW l?ﬁgrég & esrhg@gbgnpi?@lfggﬂt Se@lonb&si 'é‘Ve%‘\'ié'ttﬁﬁl Wrld membrane

now b escri1 be wa exanple only, w

reference to the.acc nyi ng dr.aw ngs i.n .ch:.- -

oL sl i of dprCoranf Rl nbrSZa il aBofied to the
(TMP) vs position along the nenbrane bundl e of the
neepnraaedw@ENE: confi gurati on shown in Figure ; Figure

1b shows a sinplified sectional side elevation of a

menbr Bigeren@duskowsnee gexph Oh trankmembragei pressute (TMP) vs position
pressurized |iquid applied to the nenbrane | unens;

Fhngethdameherand HIrrik offthé mIemBRINY antRiuds @dsfigeration shown in
(TMP) vs position along the nenbrane bundle of the

rrpg?rréugg. nodul e configuration shown in Figure 2b;
re 2b shows a sinplified sectional side elevation

of a Elﬁgrﬂtr)er YE shows a simplified sectional side elevation of a membrane
module immersed in a feed liquid with pressurized gas applied to the membrane
lumens;

Figure 3a shows a graph of transmembrane pressure (TMP) vs position
along the membrane bundle of the membrane module configuration shown in
Figure 3b;

Figure 3b shows a simplified sectional side elevation of a membrane
module immersed in a feed liquid with pressurized gas applied to liquid filled
membrane lumens;

Figure 3c shows an enlarged sectional view of the membranes in the
indicated region of Figure 3b;

Figure 4a shows a simplified sectional side elevation of a membrane
module with the feed liquid drained from around the module;

Figure 4b shows an enlarged sectional view of the membranes in the

indicated region of Figure 4b;



nodul e imersed in a feed liquid with pressurized gas
applied to the nenbrane | unens; Figure 3a shows a
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al ong the nmenbrane bundl e of the nmenbrane nodul e
configuration shown in Figure 3b; Figure 3b shows a
sinplified sectional side elevadtion of a nenbrane

nmodul e immersed in a feed liquid with pressurjzed gas

appl i Bigure a ghowsf Bl SIertphﬁedw%m@nlabrw?%;elwaj&neOé@ membrane
shows an enl arged sectional view of the nmenbranes in

t odulelmdtat @dowegiportiarf oFithermodble ifMMmerseddm ahavemigal cleaning
sinplified sectional side elevation of a nenbrane

nB&IUtien Whé suchén %sswed 'tcﬂmeqnerrmraﬁ@ Ifrhémg:ar ound the

nodul e; Figure 4b shows an enl arged sectional view of

the "P@F%g)%sﬁh{]w%h&n! %@gﬁ:geét%%iapr\‘/i% dj: g+eér théthbrands in the

- Figu shows "a"si frp section

el evation of a_penbrane nodule with a | ower portion of
t\‘i‘@'cr?&?fgf%g'??rﬁép‘@‘tﬁe?’ﬁ" a chenical cleaning solution

and suction applied to the nenbrane | unens; Figure 5b )
showsF ighreficasgews sit teriarardvsesiiongl MW Rfnflieaampianes in the
the indicated region of Figure 5a; Figure 5c shows an

eimdéraged regon obRigureidayw of the nenbranes in the
i ndi cated region of Figure 5a; Figure 6a shows a

o) AR 2 Sniratiosators o SRS 2 mrembrane
AnfoliGiB Gith S'I6@8 Mrtion of the module immersed in a chemical cleaning
solution and pressurized gas applied to the membrane lumens; and
Figure 6b shows an enlarged sectional view of the membranes in the
indicated region of Figure 6a.
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figures 1a and 1b, the graph shown in Figure 1a illustrates
the change in transmembrane pressure (TMP) as the distance from the
application of pressure flow increases. Figure 1b shows a membrane module 5
having a plurality of hollow fibre membranes 6. The fibre membranes 6 are
closed at the lower end in a lower pot 7 and open at the upper end through
upper pot 8. The module is immersed in liquid 9 contained in a vessel 10. In
the case illustrated, pressurized liquid is applied to the open end of the fibre
lumens 11 resulting in the TMP profile shown in Figure 1a.
As noted above, in membranes with the fibre membranes 6 closed at one

end, the pressure of liquid is highest at the point of application of the

pressurized flow to the fibres lumens 11 and tapers off along the length of the



sol ution and pressurized gas applied to the nmenbrane
| umens; and Figure 6b shows an enl arged sectional view
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DESCRI PTI ON OF PREFERRED EMBCDI MENTS Referring to

Fi gures la and the graph shown in Figure la

illustrates the change in t r anhenbr ane pressure (TMP)

as the distance fromthe application of pressure flow

i merduaee 6. FT hjs resultoinsureviesriackmashinguard popalgaayesy of TMP at
plurality of hollow fibre nmenbranes 6. The fibre

nporiioas ef tite fihre meateaned 6 rémotofrom thedbackwashapplicativn point.
7 and open at the upper end through upper pot 8. The

nodul ﬁggﬁeé mh?le%b 5RolifsthflaP afraRbahiaed té Figureesbel in this case

10. n e case ustrated, pressurized liquidis

appl.i t . ' I r€ i

RRohEarsPons By ARTRGTRIRG ol sralie RS { LB an even
in menbran ith the fibr ranes 6 cl osed, at one
hatouhian gt dalb b theilgng dTahe BIRIETabma0R8 oot nt of
application of the pressurized flowto the fibres )

| unenfsigeres t3epdps 3ef flluairaiey anee amebrimest ehdhe 1mvention where
menbrane 6. This results in uneven backwashi ng and

po@ssudzal gay iofapphed &t gppressars befow tiwe biubbke point to liquid filled
menbranes 6 renote fromthe backwash application

PRbret mdnhiSiah@s iuPded 12b AH st SHoWn ah Riglise BuTeet tHeo liquid is
Figure 1 but in this case pressurized gas is applied

t&g{al’rélﬁgé itﬁfo%gﬁ?tﬁ?mgg\blr%%llrﬁs lﬂ'u% :!]lﬂ’g?h N 12BeHRBs filled with gas

di ut’ion ong the léng t he
TR % e RN B S 5 S0 Dt of the rore
applied at a pressure bel ow the bubble point to |iquid
fmembrane 6 as et ievel withia the fibie MargbraeoAmam1 1 drops.
Figure 3c as the liquid is
Figure 4a and 4b illustrate a further embodiment of the invention where
liquid is drained from around the membrane module 5 before the backwashing
process is commenced. The backwashing process is similar to that described
above for Figure 3. |
Referring to Figures 5 and 6, one embodiment of the cleaning process
according to the invention is illustrated. The membrane module 5 is immersed
at least partially in chemical cleaning solution 13 and suction is applied to the
open énds of the fibre membrane lumens 11. As best shown in figure 5b, the
cleaning solution 13 is drawn through the membrane wall 12 and into the fibre
membrane lumen 11. The cleaning solution 13 is then drawn up through the
lumen 11 until it is completely filled as shown in Figure 5c. As shown in Figures
6a and 6b, pressurized gas is then applied to the cleaning solution filling the

membrane lumen 11 and displaced through the membrane wall 12 as previously

described. This flow of cleaning solution to and from the membrane lumens 11



di spl aced through the nmenbrane wall 12, the [ unen

becones filled with gas resulting in a maxi num TP
wheiong2sappl i ed al ong the | ength of the fibre neEthAEZ®4/601292

as the liquid level within the fibre nmenbrane | unen

drops. Figure 4a and 4b illustyate a further

enbodi nent of the invention where liquid is drained

from around the nenbrane nodul e 5 before the ,

bag kvelk leisn @lando dheis lergtborasulis . aTheffectivengbamigal clean of the

process is simlar to that descri bed above for Figure

3meRdiraneimodule 5Fi gures 5 and 6, one enbodi nent of the

cl eani ng process according to the invention is

i || ustratRgéntibRanap BRransodied uh @ Simiilar bppaFaesitathat described in
| east partially in chem cal cleaning solution 13 and

Sct i ' npliye ; 0 : t ' ;
oH piteieriBRel “icRlGfacRBRICR, Ro, WRodBpf7o appropriately
cleani ng solutjon 13 is dra hrough.t he rane
5 wo e iarapeategareordasice WM AL N meT e
cleaning solution 13 is then drawn up through the
| unenlt wall be appreciatediipatiugthgr embagdimastssansexenpiticatioas of the
5¢c. As shown in Figures 6a and 6b, pressurized gas is
t imeantigrp breepossibleheittedut @epadingdremitbe spiritiarisgopé ef the invention
menbr ane | unmen and di spl aced through the nenbrane wal |
agesurpedousl y described. This flow of cleaning
solution to and fromthe nmenbrane |unmens- 11 - as well
as along their length results in an effective chem ca
cl ean of the nenbrane nodule 5. The invention nay be
enbodied in a simlar apparatus to that described in
the aforenentioned International Application No.
W03/ 02779 appropriately nodified to operate in
accordance with the inventive nethod. t wll be
appreci ated that further enbodi nents and
exenplifications of the



i nvention are possible w thout departing fromthe
spirit or scope of the invention described.- 12 -
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i quid suspension conprising: (i) providing a pressure
differential across the walls per meabl e, hol | ow
menbranes imersed in the liqu suspensi on, said

i quid suspension being applied to the outer surface
ofLAMSpor ous hol | ow nmenbranes to i nduce and sustain
filtration through the nmenbrane walls wherein: (a)

ste Afméthed|df gondestustrethiecsolida ©f adiquit susprertsien oampssing:
of the nmenbranes to be drawn off as clarified liquid

or fifirat eprfoWﬂhgtS B%r@@édr@‘ﬂlﬂ’@f@’ﬁﬁ@l%rbmwawdf p&meable,
at | east sone of The solids are retained on or in the

bid Lown{%ﬁmaﬂﬂﬁﬁraﬂi%;%%ﬁmeﬂsﬁiSﬁéiﬁﬁmﬁgss?d"?w“?
PPeing avelieg o i 1R SuMdet LoD faaw Dot oies Winduce
bubbl e point to the nenbrane |unmens to progressively

dare suslaintiltratiar threpah the metablanguvallsswhereliie wi t hin

the lumens through the nmenbrane pores resulting in
renovi@) t hescrokiadshe bquidrsedpension passestrbugh die walls of the
menbranes into the bulk Iiquid surrounding the ‘

nenbranes. penforaRbSesibefdrannothdg elrifigd ligeidssr filidatecffom the
a liquid suspension conprising: (i) providing a

pressure dlp‘]&ﬁ;\,@mérﬁﬂ)ra@\% ,%%nghgnq{\al I's of perneabl e,

hol | ow msrrbranes [ rrmerse in the liquid suspension,

Sur 1 ah "ot “SEBRERENE B BREe! Elhuddy bR LS notow

membranes or otherwise as suspended solids within the liquid
surrounding the membranes,

(ii) periodically backwashing the membrane pores using the filtrate by
applying a gas at a pressure below the bubble point to the membrane lumens to
progressively displace at least some of the liquid filtrate within the lumens
through the membrane pores resulting in removal the solids retained on or in the
hollow membranes into the bulk liquid surrounding the membranes.

2. A method of concentrating the solids of a liquid suspension comprising:

(i) providing a pressure differential across the walls of permeable,
hollow membranes immersed in the liquid suspension, said liquid suspension
being applied to the outer surface of the porous hollow membranes to induce
and sustain filtration through the membrane walls wherein:

(a) some of the liquid suspension passes through the walls of the

membranes to be drawn off as clarified liquid or filtrate from the

hollow membrane lumens, and



and sustain filtration through the nmenbrane walls
wherein: (a) sone of the liquid suspension passes
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clarified liquid or filtrate fromthe holl ow nmenbrane

l umens, and- 13 - (b) at Ieast one of the solids are
retained on or in the holl ow ranes or otherw se as
suspended solids within the liquid surrounding th
menbrdres, @t lepstisene@ithryselids aretrgtaieed o5Iqrds the Bmlow

t he nenbranes by applying a dislodging nedi umthrough

the | unens ofensiviades®mniothTadsentss sespandeaar saidis|within the liquid
draining liquid fromsaid |umens, wherein the

appl i cat i ong@frolihingitisé ﬁ@thggdl uminitially
di splaces liquid within the hoI I ow menbr ane | unens

t hrou @ thedﬁmnd%m'tansd & #88y theAnghifhhes by applying a

first ad T qui unEns t hrou
nbr ane, wal econd a. tra
ABiaa BrediR thoheRdhe LTB5Rashs3hRER e Mfle concurrently
suff|C|ent ressure onto the liquid to overcone the

bdesniag diavick from said lureens. yvhereinheapplicatiomat thengisigdging

will displace liquid and follow it through the |arger
poreslfurofinitialty displacas diquidowithis tiel hollawynembratse lumensiddough the
therein; and for the energing gas to scour the

eKbIRSW AheHBIdrE \With yhs, teesthyonfirslyandisehamgleasfdigGuitin the lumens
renoved solids into the bulk liquid surrounding the

TEFOGER B memttaliE VPR, Shd S8B6AAY arkibRiBra® enfg of the
SPRGERGE e R by R es BTl B8
solid displacenment or renova

c@M%réﬁmea{?‘ﬁer@JQ% Pt .0&§1%fnemrﬁaei an% egﬁ'érr?sﬁhahthe gas will

according to

displace liquid and follow it through the larger pores of the membranes to
dislodge any solids retained therein; and for the emerging gas to scour the
external walls of the membranes and displace the removed solids into the bulk
liquid surrounding the membranes.

3. A method of concentrating the solids of a liquid suspension according to
claim 1 or 2 wherein said method is carried out as a continuous process utilising
a repetitive cycle of solid accumulation and solid displacement or removal.

4. A method of concentrating the solids of a liquid suspension according to
any one of the preceding claims wherein the dislodging or backwashing step
includes use of a chemical cleaning solution.

5. A method of concentrating the solids of a liquid suspension according to
claim 4 including the step of filtering the chemical cleaning solution from the

outer surface of the porous hollow membranes into the membrane lumens. and



any one of the preceding clains wherein the dislodging
or backwashing step includes use of a chem ca
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solids of a liquid suspension according to claim4
including the step of filteri ng4the chem cal cl eaning
solution fromthe outer surface’ of the porous holl ow
menbranes into the nenbrane | unens and- 14 - then

dihepl displagingasaid chemicghcleanignsalgtienn back trougl the membrane
t hrough the nmenbrane pores by application of said gas.
6pordsrist yoplication afisaidtgas.i ng the solids of a liquid
suspensi on according to claim4 wherein the

bgCkWAThEIRS I cdinebAESiNPthet filids 1 laUitRed dusrasiomectdiging to
iltrate in a reverse direction through the nmenbrane

f

F R 4 WhefBin BRI b AR AR IRALIES BRI the
of.a,liquid suspension accarding tq claim4 includin
Chiis b pverss RPRUCT BRI L M helrbri® 55 e M HiaEiho
pressure to the outer surface of the porous holl ow
nehemigabsleaping sqlvtigreiném i Bikete| eani ng sol ution

t hrough the nenbrane pores into the nenbrane | unens

and t Aanettiosfacincgnisatind theesolidalof @ lepuid sgspensien ancording to
back through the nenbrane pores by application of said

galaim& inblu a6p of dppyirgocrasticaneleghing! sdlutibrbutiderpressure
when appended to claim 1 including the step of

m\éi Jlﬂef"gurlf&?e%f @/ dor8iis BBE?\}vinﬁ’é’thrirféﬁb 'ié’;gﬁbé‘ chBfical

rane [ unens priror to dis acl ng cnem ca eani ng

solution into the rane lunens. 9.

= CleBhintro ish. iy SudfE T s HEE Bres pt e MaShumng dugns and
claim 2 wherein the displacing of chem cal solution

i they dipplagingrsais shemigal sleaningssolution back through the membrane

pores by application of said gas.

8. A method according to any one of claims 5 to 7 when appended to claim 1
including the step of removing at least part of the liquid remaining in the
membrane lumens prior to displacing chemical cleaning solution into the
membrane lumens.

9. A method according to any one of claims 5 to 7 when appended to claim 2
wherein the displacing of chemical solution into the membrane lumens takes
place before said transmembrane cleaning.

10. A method of concentrating the solids of a liquid suspe;Ision according to
any one of the preceding claims wherein the gas is pulsed in its application to
the membrane lumens.

11. A method of concentrating the solids of a liquid suspension according to

any one of the preceding claims including the step of removing at least part of



pl ace before said transnenbrane cleaning. 10. A nethod
of concentrating the solids of a |liquid suspension
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the gas is pulsed in its application to the nenbrane
| umens. A net hod of concentrat{sgg the solids of a

i qui d suspensi on accordi ng to-any one of the

precedi ng clains including the step of renoving at

| theshultiquidasurroLmding the mambranegpdorstorthe bagkwgshing or
menbranes prior to the backwashi ng or dislodging step.

- didloglgirestepat or for recovering fine solids froma

liquid feed suspension conprising: (i) a vessel for

cont aA'@oﬂ@eﬁ@‘T)@rff&%c VSRR P Bolids frdmda P8 I@ééd }éu@éension

per meabl e, ow menpranes wthin the vessel; (iii

ng f.or providing a pressure differential across
m%‘?’ﬂé”%‘ggsm d menbranes; (iv) neans for wthdraw ng
clarified liquid fromthe. nmenbrane; and (v) neans for
appl y{')ng gad v&psel fB’i%%@3@%%?'83??%3”5@%@?'&”’p0i nt to

the liquid perneate in the nenbrane |unmens to effect a

di schéi) ge o@ phralityftresmgables hohew membeansas withindhe yessel;
the | unens through the nmenbrane walls to di sl odge any

sol i dgii)r et ameadstfoepmividirmd plesqirediffereatialeayossiwalls of said
solids into the bulk liquid surrounding the nenbranes.

- mBnssrapegt rator for recovering fine solids froma

I 1quid feed suspension conprising: (i) a vessel or

tank Fr CopfeahRisfowRAlIwWits dlafifiS8 565 om the membrane; and

(v) means for applying gas at a pressure below the bubble point to the

liquid permeate in the membrane lumens to effect a discharge of at least some
of the liquid permeate in the lumens through the membrane walls to dislodge
any solids retained therein and displace the removed solids into the bulk liquid
surrounding the membranes.

13. A concentrator for recovering fine solids from a liquid feed suspension

comprising:

(i) a vessel or tank for containing said feed suspension;

(ii) a plurality of permeable, hollow membranes within the vessel or
tank;

(iii) means for providing a pressure differential across walls of said
membranes;

(iv) means for withdrawing clarified liquid from the membrane; and

(v) means for applying gas pressure to the liquid in the membrane

lumens and walls while the vessel or tank is exposed to atmospheric pressure

and while concurrently draining liquid from said lumens, to effect firstly a



(ii) a plurality of perneable, hollow nmenbranes wthin
the vessel or tank; (iii) neans for providing a
w@emsorsoss di fferential across walls of said nmemdr/anz®3/001292
(iv) means for wwthdrawing clarified liquid fromthe
menbrane; and (v) neans for applying gas pressure to
the liquid in the nenbrane |unens and walls while the
vessel or tank is exposed to atnospheric pressure and
wiistlhargernfiiquishin the durmens tyoupl dhel Mershrans walls Adssecondly a
to effect firstly a- 16 - discharge of liquid in the
| tramsraeribrang blaangeitheanembedies, byaapplyigathel gasaat sufficient
transmenbr ane cl eani ng of the nenbranes by appl yi ng

t e s9afe ShtotHbigEiER ovdireshE the BObBle fisint oftetmembrane, and
overcone the bubble point of the nmenbrane, and ensure

: Eﬁéuryfﬁ?ﬁ@%l gﬁéé willHishhas ﬁg&i'{j %‘t‘\id%ﬂ%\g if tﬂ'ré)l.t?%ﬁ {He I'agg%% pores of

rough rger pores o he e anes di's

any solids retained therein. and.for, the energin .
s ¢ ipesaguiranes e Bige s 15 oY tialfinn A50 dhfihe Wiierging

di spl ace the renoved solids into the bulk liquid in

t g@s tesequr the extgrpal walls of the membranes and displace the removed

solids into the bulk liquid in the vessel or tank.



