TI TLE: BACKWASH TECHNI CAL FI ELD The present invention

relates to nenbrane filtration systens and nore
weamsiozukar |y, the backwashi ng of such syst ensPCT/AU2004/001157

BACKGROUND OF THE | NVENTI ON Por ous nenbrane filtration

systenms require regul ar backwashing of the menbranes

to maintain filtration efficiency and flux while

reduci ng transmenbrane pressure (TMP) which rises as

t he nenbrane pores becone clogged with inpurities.
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formof bu es or arrays of nenbranes | ocated infa .

f = is thus applied to the surfaces of the
r@%@ﬂ@%ﬂﬁﬁg trate withdrawn fromthe nmenbrane

| umens._ Typically, during the backwash cycle the

i mpur i tThePresentiprventiprotelates te membrenediltration sgstems and more
pressurised gas, liquid or both into the feed tank or

5 cphtticurly, thebackwastiing of sgch systendsi es and deposits
fromthe nenbranes is then drained or flushed fromthe

t BACKGROUREY OF THE INVENTIONEd from the tank needs

to be disposed of or reprocessed, usually in an
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atrrgzrall r?le?rfbrane pressure (TMP) which rises as the membrane pores become
10 clogged with impurities. Such systems usually have a number of membranes in
the form of bundles or arrays of membranes located in a feed tank. Feed is thus
applied to the surfaces of the membranes and filtrate withdrawn from the
membrane lumens. Typically, during the backwash cycle the impurities are
forced out of the membrane pores by pressurised gas, liquid or both into the
15 feed tank or cell. The liquid containing impurities and deposits from the
membranes is then drained or flushed from the tank.

The waste liquid displaced from the tank needs to be disposed of or
reprocessed, usually in an environmentally safe manner, so any reduction in the
volume of such waste liquid is seen as advantageous in terms of environmental

20 impact and cost.

The draining or flushing of the tank, particularly when large arrays of
membranes are used also requires time which results in down time of the
filtration cycle. In order to reduce this down time large pumping systems are

required to quickly drain and refill the tank. Where tanks or cells are arranged in

25 banks and feed is used to refill the tank, a lowering in levels in other cells may



menbranes are used also requires tinme which results in
down tine of the filtration cycle. n order to reduce
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qui ckly drain and refill the tank. \Were tanks or
cells are arranged in banks and2feed is used to refill
the tank, a lowering in levels in other cells maybe
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em ca eani hg agents required i ndsone
systeps., This.has the twg-fold advantage of reducing .
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soRBIRG 2geHs saquinsd i epiBe Isuslems. abhiathasithedwbedld advantage of
assi st in scouring unwanted deposits fromthe surfaces
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order for such aeration to be effective the nenbranes

nuspobal grobleynd.nrersed in liquid. Typically the
cl eani ng process in such systens includes ceasing flow
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the A liguid in . the tank reaches the top o e
n@rﬁ)drogﬁgé ,”?‘&"Migﬁﬁl JgPpaits &8%‘%3%@%\9@? w?ga% PBIRS regmbsanes
sgour jnpyrities fromthe outer menbrane surfaces for
adyyEg {,‘f@ <ﬁeam'naeﬁtag¢}em prdgifer sychiarretiomtp baeffiestive the
pores. The tank is then drained or flushed to renove
10 tmenkpanes mustibe fulbyiramerseyl inHiguidmpuri ties di sl odged
during the aeration and backwashi ng
Typically the cleaning process in such systems includes ceasing flow of
feed liquid to the vessel in which the membranes are located, continuing the
filtration process until the level of liquid in the tank reaches the top of the
membranes, aerating the membranes with gas bubbles to scour impurities from
15 the outer membrane surfaces for a period of time, then liquid backwashing the
membrane pores. The tank is then drained or flushed to remove the waste
liquid containing the impurities dislodged during the aeration and backwashing
processes.
It will be appreciated that it is necessary to keep the membranes
20 submerged so as to make the aeration step effective. Adding the liquid
backwash at the end of the aeration step results in the liquid level in the tank

rising above the membranes. This is "wasted volume" in terms of the

requirement of keeping the membranes submerged.
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the end of the aeration step results in the liquid
IeveI in the tank rising above_ghe nmenbranes. This is
"wasted volune" in terns of the requirenent of keeping
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present |nvent|on see@s 0 overcone or at |east

anmel i ot her, di sadvant ages,of the prior .
ot AbBsTabdelStid Skele SepEdeas Pask dindliopate this and
r0VI des nmet hod of backwashi ng a nmenbrane filtration
thar 'S%jg’laﬂtﬁﬁ%ﬂfé Prﬂfl%@ﬂhg one or nore menbranes
Iocat ed in a feed-containing vessel, the nenbranes
havi ng Ascprslime 40| enevaspeat)i thie psewubjlmmmnt pravides a method of
filtration operation wherein feed containing
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RGN, GoRtan HanGMaKer hanpkad i anadis Bf taEambrane wall and

uIQIEcrlal’te lié (wilchddrawn from the other side of the membrane wall, the method
including:

a) removing liquid from the feed-containing vessel until the level of
liquid in the feed-containing vessel falls to a first level below an
upper level of the membranes;

b) suspending the filtration operation;

c) performing a liquid backwash of the membrane wall until liquid
level within the feed-containing vessel rises to a second
predetermined level above said first level;

d) aerating the membrane surface with gas bubbles to dislodge
fouling materials therefrom;

e) performing a sweep or drain down of the feed-containing vessel to
remove the liquid containing the dislodged contaminant matter;
and

f) recommencing the filtration operation.

Preferably, the second predetermined level is selected such that the liquid

level rises at least to the upper level of the membranes during the aeration step.



level within the feed-containing vessel rises to a
second predeterm ned | evel above said first |evel; d)
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di sl odge fouling materials therefrom e) performng a
sweep or drain down of the feedscontaining vessel to
renove the liquid containing the dislodged contam nant
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step a). For preference, the renoval of liquidis
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Preferably, in a pressurized filtration system a

ptresteedi sidel thyeagh theeppimysitledheimbgarndwall dutihgithe femoval step a).
process to push the liquid fromthe feed side through

U TRe RRFAFGOS IR RAP ESRAREd piY toH8mdval éﬂ@}@é’@f\/ %Fd gontinue

a). The aeration step nmay commence prior 0
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Lot nERRareesthaY s aPNaEa9S of fedusiih bawashuclime. Also,
or punp away liquid in the feed-containing tank to
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increasing the flux of the nenbrane during the filter
pump away liquid in the feed-containing tank to achieve the same result. This
has the advantage of not increasing the flux of the membrane during the filter
down step, and can be done quickly to reduce filtration down time. The drained
feed may be returned to the inlet of the filtration plant so as not to be wasted, or
transferred to other tanks operating in parallel.

In an alternate method, the filtration step may be done at varying filtrate
flows; the flow being adjusted to maintain a constant transmembrane pressure
(TMP) as the liquid level drops down the membranes.

The TMP may be monitored during the removal of liquid step and used to
determine when the liquid level has dropped below the top of the membranes, or
how far below the upper level of the membranes the liquid level has dropped.
This is possible because as more of the membrane is exposed the filtration area
is less and the TMP will increase. TMP will also increase due to the fact that
more of the filtrate flow travels further along the lumen so increasing the lumen

pressure drop (assuming the flow is kept constant and filtrate is being withdrawn

from the upper end of the membrane lumen). Accordingly, the change in TMP



down step, and can be done quickly to reduce
filtration down tine. The drained feed may be returned

wo eooshziienl et of the filtration plant so as noPCT/aUb®4/001157
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wasted, or transferred to other tanks operating in
parallel. n an alternate nmethods-the filtration step
may be done at varying filtrate flows; the flow being
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various stages of the backwash process according to an embodiment of the
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the Figures 1a to 1e, an illustrative embodiment of the
invention is described. The filtration mbdule 4 is mounted within a housing
vessel 3 which contains the feed to be filtered. The filtration module 8 contains
a bundle or bundles of hollow fibre membranes 5 extending between upper and
lower headers 6 and 7, respectively. The lower header 7 is provided with a
number of openings 9 communicating with the interior of the fibre bundle and an
inlet port 10. Feed is supplied through port 11 under the control of valve AV1.

Permeateffiltrate is withdrawn through chamber 12 and line 13. A liquid
backwash may also be applied through line 13.

Figure 1a shows the module in normal filtration operation with the liquid

level in the vessel 3 at L1 covering the upper header 6. When the backwash
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enbodi nent of the invention will now be described, b
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acconmpanyi ng drawi ngs i n which: Figures to le show
schematic views of the nenbranegoodul e at vari ous
stages of the backwash process according to an
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PREFERRED EMBODI MENT Referring to t lgures to

abbm Y5, Ak BBfimfin e RS utTap the flrp tumens

housi ng vessel 3 which ntains the feed to be )
fen berle anq M%ﬁﬁo guekofdiquichindheegssl flls, gs shown in
bundl es of hollow fibre nmenbranes 5 extendi ng between
upigsre divd to tevet LReaders 6 and 7, respectively. The

| oner header 7 is provided with a nunber of openings 9

comuOircatieng L ishebbived,rd kiui@baikivheh id sramuhtédey flowing
andan inlet port . Feed is supplied through port under
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be wi t hdrawn through the fibre |unens and chanber and
| liqneid bizackivash Inesyebe fuistIbietpw deveh Lt stichehaidevel L fils rieach&d during

S‘:]hoe\,\:erla?ion step with the liquid level rising further as a result of bubbles present
in the liquid. A similar result may be achieved by commencing the aeration step
during the liquid backwash.

Once the aeration step is completed the vessel is swept or drained as
shown in Figure 1e to remove dislodged waste materials accumulated in the
vessel liquid. Following this step feed is reintroduced to the vessel by opening
valve AV1 and filtration recommenced.

Although the embodiment relates to vertically orientated membranes, it will
be appreciated that the invention is not limited to such an orientation and the
membranes may be orientated in any desired position or configuration.

It will be appreciated that the invention may be applied to both pressurized

and non-pressurized systems where the feed-containing vessel is open to

atmosphere.



Figure 1b, to level L2. Once level L2 is reached, a
i quid backwash is commenced by flow ng |iquid back
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results in the liquid level again rising in the vesse
to L1 as shown in Figure 1c. An7aeration step is then
comenced by feeding gas through port and openings 9

as shovwillige fprecritddthat f@ﬂﬁéﬁ@rﬁb@%ﬁrﬁ’%ﬂﬁ%@&ekﬁ%liﬁcaﬁons of the

liquid | evel resulting fromthe
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rthqwafs a result of bubbles present in the |iquid.

i *result may be achi eved by conmmencing the
aeration step during the |iquid backwash. Once the
aeration step is conpleted the vessel is swept or

drai ned as shown in Figure to renove disl odged waste
materials accunul ated in the vessel liquid. Follow ng
this step feed is reintroduced to the vessel by
openi ng valve AV1 and filtration recommenced. Although
the enmbodi nent relates to vertically orientated
menbranes, it will be appreciated that the invention
is not [imted to such an orientation and the
menbranes may be orientated in any desired position or
configuration. t will be appreciated that the

i nvention may be applied to both pressurized and

non- pressuri zed systens where the feed-containing
vessel is open to atnosphere.t wll be appreciated
that further enbodi nents and exenplifications of the



i nvention are possible with departing fromthe spirit

or scope of the invention described. CLAIMS: 1. A
woredoloziiiad backwashi ng a nenbrane filtrati on nPCZAB2004/001157

sai d nodul e i ncluding one or nore nenbranes | ocated in

a feed-contai ning vessel, the ngobranes having a

perneable wall which is subjected to a filtration

oQg_rAaNi n wherein feed containing contam nant matter

is applied to one side of the menbrane wall and

fij trate i j t fromthe other side of the .

o afe 0EPY dHRENE Y 2 FusinRfnes itEeRp, nfgiule, said module

l'iquid fromthe feed-containing vessel until| the |evel
ofNGUQjng qONe, QrhIara derhaResi Rgatedsitela fegd-gomtgining vessel, the
first level below an upper |evel of the nenbranes; b)
s mgehrineg hawing al peraeaiie eyzdirwhichris stpjented to @i fiiyation operation
I iquid backwash of the nenbrane wall until liquid

5 | QuHdreini fdddn obh@iﬁiﬂgdcéﬁl@irﬁhahﬂ@nmsfé dpptied fP ome side of the
second predeterm ned | evel above said first |evel; d)

a?r'i?]‘hb%et \W/ﬁ‘l RRCigRte %Wil%ﬂﬁa\)()ﬁ o dRe WthS! sﬁiet 8f the membrane
e ) pertformng a

di sl odge fouling materials therefrom e

S P.Or I Qf the feed-containing vessel to

rmv@o‘%rﬁg&ﬁd&'ﬂg@g@r@m ai ni ng the di sl odged cont am nant
tter; d

m era) an removing liquid from the feed-containing vessel until the level of

liquid in the feed-containing vessel falls to a first level below an

10 upper level of the membranes;
b) suspending the filtration operation;
c) performing a liquid backwash of the membrane wall until liquid

level within the feed-containing vessel rises to a second
predetermined level above said first level;

15 d) aerating the membrane surface with gas bubbles to dislodge
fouling materials therefrom;

e) performing a sweep or drain down of the feed-containing vessel to
remove the liquid containing the dislodged contaminant matter;
and

20 f) recommencing the filtration operation.
2. A method according to claim 1 including selecting the second
predetermined level such that the liquid level rises at least to the upper level of
the membranes during the aeration step.
3. A method according to claim 1 or 2, wherein the flow of feed into the feed-

25 containing vessel is suspended prior to removal step a).



f) recommencing the filtration operation. 2. A nethod
according to claim1l including selecting the second
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at least to the upper |evel of the nenbranes during
the aeration step. 3. A nethod.according to claim1l or
2, wherein the flow of feed into the feedcontai ning
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or, drain down st e). 5. A nethod according to any
olfee 6We?ﬂé’rg?%'8 V\‘Tb%@paﬁ’)rrs wherein the renoval of
liquid is achieved fully or partially by the

f Bl t r A methask aceesdingdo anymnehobthaqueceding daims wheneh the
i ncludi ng applying a pressurized gas to the liquid on

t hemewaldbfdigaidsisdhidved fallyerpaizily Wy the tfiftratisiploeess.
l'iquid through the menbrane wall during the filtration
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to 4 wherein the renoval qui acl
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to any one of the preceding clains including the step

of - r e%unﬂth&g ageerdipgdo @aylanguefclains hio #edibretmthsi nenrayal of

vessel when filtration is recommenced.
liquid is achieved by drain down of liquid in the feed-containing tank.
8. A method according to any one of claims 1 to 4 wherein the removal of
liquid is achieved by pumping liquid from the feed-containing tank.
9. A method according to any one of the preceding claims including the step
of returning the removed liquid to the feed-containing vessel when filtration is
recommenced.
10. A method according to any one of the preceding claims including the step
of returning the removed liquid to the feed-containing vessel of a further filtration
system.
11. A method according to anyone of the preceding claims including the step of
varying filtrate flow from membranes to maintain a substantially constant
transmembrane pressure (TMP) across said membranes as the liquid level is
reduced within the feed-containing vessel.

12. A method according to claim 11 wherein the transmembrane pressure is

maintained at or below a predetermined value.



10. A nmethod according to any one of the preceding
clains including the step of returning the renoved

wo p@paioziis® t he feed-containing vessel of a furP¢EAU2004/001157
filtration system A nethod according to anyone of the
precedi ng clains including the gtep of varying
filtrate flow from nenbranes to maintain a
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including the step of nonitoring the transnenbrane
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of liquid in said feed-containing vessel. 14. A nethod

5 agiupihgithg rérﬂooéléété?llﬁ. wherein said nonitoring step is
performed during the renoval step a).



