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REDUCTI ON OF BACKWASH LI QUI D WASTE TECHNI CAL FI ELD

The present invention relates to nmenbrane filtration
systens and, nore particularly, to the reduction of

| woubab/oeasss e produced during backwashi ng of BCHAUIN05/001356
systens. BACKGROUND OF THE-I NVENTI ON I n a nenbrane
filtration operation, periodically cleaning the

menbrane by |iquid or gas backwash is essential to

kepLE: | REDBCTIGNORBACKIPASH I9QUIDWRASTEL hout  t he
need for a chem cal cleaning stage. However, during

eaegct.m;@gglfq\@;_qﬁt a certain anmount of liquid waste is
produced, which reduces the feed [liquid recovery and
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ecover npor t ant ormance tacto
% THE I NVENTI ON 15 According to one aspect
resent invention there is provided a nethod
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liquid recovery and increases the requirements on post treatment of backwash
waste. For a customer plant, especially where customer has to purchase the
feed, the feed recovery is an important plant performance factor.
DISCLOSURE OF THE INVENTION

According to one aspect of the present invention there is provided a
method of filtering solids from a liquid suspension comprising:

@i providing a pressure differential across the walls of permeable,
hollow membranes immersed in the liquid suspension contained in a vessel,

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 permeate from the hollow

membrane lumens, and
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-2 (b) at least sone of the solids are retai ned on or

in the hollow mnenbranes or otherw se as suspended

solids within the Iiquid surrounding the nmenbranes,
(wohomwagendi ng the flow of the |iquid suspenBCDAU2005/001356
said vessel; s (iii) reducing the volune of liquid
suspension within said vessel ~2-(iv) suspending the
filtration process; (v) cleaning the nenbranes by
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in the nenbranes; and (vi) renoving the liquid

cont ai ni ng dnembetgrd of otHaiwiskraaa sdieadyEsarRls withth the liquid
Preferably, the cleaning step includes backwashi ng the

menbr anes. Firrouhdinghies nidhedrgrésce, the cl eaning step
i ncl udes scouring the nenbrane surfaces wth gas
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t h\%ith gas bubbles. For preference, the volume of liquid suspension within the
vessel is reduced by continuing withdrawal of the permeate from the
membranes while the flow of liquid suspension to the vessel is suspended.
Preferably, the continuing withdrawal of permeate step includes applying gas
pressure to the liquid suspension to assist the provision of said pressure
differential across the membrane walls. The gas pressure may be applied by
feeding aerating or scouring gas bubbles into the liquid suspension or by
applying a separate source of gas pressure to the liquid suspension. In another
aspect, the volume of liquid suspension in the vessel may be reduced by
reversing the liquid suspension flow into the vessel. Preferably, the volume of
liquid within the vessel is reduced to a predetermined level. For preference, the
predetermined level is sufficient such that the membranes remain immersed in

the liquid suspension during scouring and liquid backwash.



predeterm ned | evel is sufficient such that the

menbranes renmain inmmersed in the liquid suspension
during scouring and Iiquid backwash. WO 2006/ 026814

PCT/ AU2005/ 001356 According to anot her aspect of the
pWwesdsio2ésiventi on there is provided a filtratpOVAU2005/001356
system for renoving solids froma liquid feed

suspensi on conprising: (i) a-yessel for containing

said liquid feed suspension; (ii) neans for providing
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(iii) a plurality of perneable, hollow nenbranes
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(v) means for withdrawing permeate from the membranes;
(vi) means for reducing the volume of liquid suspension in the vessel;
(vii) means for suspending the withdrawal of permeate from the
15 membranes;
(viii)  means for cleaning the membranes by dislodging at least some of
the retained solids from the membranes;
(i) means for removing the liquid containing the solids from the
vessel.
20 The methods of improving the feed recovery by pre-filtering down feed side
feed water are described in relation to a pressurized membrane filtration system.
These methods use the aeration gas or the process gas to push the feed
liquid through the membranes to produce the filtrate product and to reduce the

liquid volume within the feed side of the vessel before the backwash process

25 begins. Alternatively in some systems, the feed pump can be automatically



l'iquid through the nmenbranes to produce the filtrate
product and to reduce the |Iliquid volume within the

feed side of the vessel before the backwash process

25 begins. Alternatively in sone systens, the feed
PwWORosARsRE aut omatically WO 2006/ 026814 PCT/AU2005/001356
PCT/ AU2005/ 001316 -4 redirected to performa suction

to pull the feed side liquid Lgvel down. By using one

of these nethods, a portion of feed side liquid can be
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Prehé&b ngssmo@ea rifh éfh‘@edi BMRMGLRtaN B rdeBVerBE and the

descrl by way o exanple only, with reference to

o 1 sh
%eeggt@?%%z\?&éﬁg deRM a9k hﬁré"mfaﬁ@Q/f' gure 1 shows a

evation view of a nenbrane filtration

of the present
[ nven&Wgure @E@%ﬁﬁ%ﬂg‘m@%i c side elevation
s5vi ew oPrefemazhdmbodimients ofdhée invention willduiveba descritiedg by way of
a second enbodi nent of the present invention; Figure 3
s hexamplesinihe mithirefesgrobe teltee atcampanying drawingsaniwhécie
filtration nodule according to a third enbodi ment of
t he prigigart1 shovend somemédigside etbvationsiew ofchmentbranesiiltation
el evation view of a nenbrane filtration nodule

acgudicecoriingptd driccerhbodin@int bhihegrbsuit imehtisiown i n
Figure 3; 15 Figure 5 shows a graph of feed recovery

vs f eemighitedshdida atiematihisidt eldviation giew dfevekbmbeamgfitration
| owered; and Figure 6 shows a bar graph of feed

1of eﬁ@uare\/aéc@fdl (%fd HEYScoNISErapEdimeRESIGRS Brddaht fvention;
PREFERRED EMBODI MENTS Referring to the draw ngs, a

typi Caﬁ:ngﬁfﬁ Showe 8 @cﬁérﬁéﬁc smEIaARoh Wew&‘td ﬁh@mb?éhe filtration
nodul e is shown having a plurality of fib
MeFRiARESccOrding RIWIHAG SIRBURRNt of the present lnventlon,
Figure 4 shows a schematic side elevation view of a membrane filtration
module according to modification of the embodiment shown in Figure 3;
15 Figure 5 shows a graph of feed recovery vs feed flow with and without
filtrate level being lowered; and

Figure 6 shows a bar graph of feed recovery for various systems.

DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to the drawings, a typical pressurized fibre membrane filtration

20 module 4 is shown having a plurality of fibre membranes 5 extending between
upper and lower headers 6 and 7 and mounted in a vessel 8. The supply of feed
to the vessel 8 via lines 9 and 10 is controlled by respective valves AV1 and
AV2. Filtrate may be withdrawn from both ends of the fibres 5 through ports 13

and 14 and lines 15 and 16 controlled by filtrate valve AV16.



upper and | ower headers 6 and 7 and nounted in a

vessel 8. The supply of feed to the vessel 8 via

lines 9 and 10 is controlled by respective val ves AVI

and AV2. Filtrate may be w thdrawn from both ends of

tWe 2hdcpbess 5 through ports 13 and 14 and | i nesT/Au208#10b1356
16 controlled by filtrate val ve AV16. WO 20061026814

PCT/ AU2005/ 001356 I n the preftgrred enbodi nents, the
filtering-down process can be achieved wusing three
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th%sfn?'tﬁfe%td&@&ehf’m%ﬂ{ﬂdbnue Since the feed liquid flow
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165 fepd lipwig ang F%@%%Pafév thirbackyiashe '@acxf Wil %%Ee%% eThe liquid
pressure can he gher resulting in gui cker process
st &gyel remaipibe i Fh%fﬁtaﬂ yAsse 8ty preé@rabls'esme@fm%é allow the
filtration Berlod reverse the feed punp 17 to draw
sofrodyie 4 e be &dly immarsrd indbe feadsliguid durng thergastasauringsiep.
source_ and therefore to reduce the discharge vol une
af 2¢r Bhelilierég down Earalsebeirealized by thelintreduction aEprocess gas
described with reference to exanpl es
into the feed vessel 8 on the feed side to cause flow of feed liquid through the
15 membranes 5 to the filtrate side. In this case, the feed side pressure can be
higher resulting in a quicker process step.
3) Another option is to, at the end of the filtration period, reverse the feed
pump 17 to draw some of the feed in the feed vessel 8 back to the feed source
and therefore to reduce the discharge volume after backwash.
20 Each option will now be further described with reference to examples
shown below.
Filtering down with aeration gas
Referring to Figure 1, before filtering down and backwash, the feed or shell

side of the membranes is isolated via feed line/drain line valves AV1, 2, 4, 5.

25 The filtrate valve AV16 remains open. Aeration gas is then injected through



shown below. Filtering down with aeration gas
Referring to Figure 1, before filtering down and
backwash, the feed or shell side of the nmenbranes is
isolated via feed line/drain |ine valves AVl, 2, 4, 5.

290 bhRobdsl4é rate val ve AV16 renmai ns open. Aer ab¢cAUYBS001356
is then injected through WO 20061026814

PCT/ AU2005/ 001356 -6 valve AW and line 17 into a

| ower part of the nodule 4 and the feed side is
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liquid which fills the aeration rranlfold during
f i BtreYCSA: st age and reduces possible nal distribution

when aeration starts. The gas i ed durin

filt erPnge B liHesne gownsier ‘ﬁ&@@]péetﬁﬁi&hﬁ aﬁﬁﬂ?l"é?f’é continues and
surface 15 and prOV|des the usual scouring effect.
10\t systenbopiered NOABEl RaskWASh FRAYSHESt ed in t he

filtrate side, it can be used to totalize the

filt erq)m@ad‘(ﬂma%pﬁwﬂ@ﬁafaﬂ@@éla‘éat?l@ sayree efwns essure for

system The flowreter feedback is used to control the
f i filtegingrdgwaidsuthatdt hetes taocleardiquiskwhich fills the aeration manifold

during filiration stage and reduces possible maldistribution when aeration starts.
The gas injected during filtering down step also travels along membrane surface
15 and provides the usual scouring effect.

When a flowmeter (not shown) is located in the filirate side, it can be used
to totalize the filtering down volume and feed back to a control system. The
flowmeter feedback is used to control the filtering down volume to a preset
value. In the case where no flowmeter is located in the filtrate side, a totalizing

20 program can be implemented in a control PLC program utilizing membrane
permeability and transmembrane pressure (TMP) to calculate the filiering down
volume and control it to the preset value.

Filtering down with process air.
One disadvantage of filtering down with aeration gas is the limit of pressure

25 it can deliver to the feed side. When filtrate side backpressure is high due to



value. In the case where no flowreter is located in

the filtrate side, a totalizing zo program can be

i npl enmented in a control PLC programutilizing

menbrane perneability and transnmenbrane pressure
(WBhosiotsseal cul ate the filtering down vol umepandu2005/001356
control it to the preset value. Filtering down with
process air. One disadvantage.of filtering down wth
aeration gas is the limt of pressure 25 it can
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c osadtion &f memiyane pessel Reansi HSHES Hows gyl t%@em?f@%wa"s
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achi eved.

push liquid through membrane walls. While the feed side liquid volume reduces,

15 the feed side gas pressure also drops and the desired filtering down volume
and/or feed side pressure are achieved.

Another advantage of separating the filtering down process into two steps
is the reduction in compressed gas consumption. In a similar fashion to the
filtering down method using aeration gas, either a filtrate side flow meter or PLC
20 programmed totalizer can be used to control the filtering down process.
Filtering down with pump reverse to filtrate suction pump

As shown in Figure 3, filtering down can also be achieved by filtrate suction
applied to the membrane lumens by a pump 17. A separate suction pump may
be installed as dedicated filtering down pump. If the system has a liquid

25 backwash pump, then this pump can be reversed in direction to suck the filtrate
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Anot her advant age of separating the filtering down
process into two steps is the reduction in conpressed
gas consunption. In a simlar fashion to the

filtering down nethod using aeration gas, either a
fwbto@loesssd de fl ow neter or PLC 20 progr anmedpCT/AU2005/001356
totalizer can be used to control the filtering down
process. Filtering down with-gunp reverse to filtrate
suction punp As shown in Figure 3, filtering down can

al #6miRe ABRAI 1BMRAs M¥dlidihg HRS Rouid! FvePIR thaRsldivedséls.t he
menbrane | unmens by a punp 17. A separate suction punp
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the filtering down process starts and valve AVl is

cl slosed while ¥alya AYe1iyopenad.ofgaiadthe Aljaring dewa volume may be
filtering down volume may be controlled by a filtrate
fl gwtrmlegrbycafﬂmt@ flomometanas LG progeramedfilliate totalizgp {not
shown). By using this nethod the feed punp and pipe

ar shewrelned by openi ng

By using this method the feed pump and pipe are cleaned by opening

15 valves AV20 and AV1 to provide filtrate to feed side recirculation for a short

period of time.
In this method using a pump enables the filtering down of liquid on the feed
side of the vessel o be effectively regulated. Valve AV21 is position-controfied

to achieve desired filtering down flow rate. When feed liquid quality is poor, feed

20 pump and line may not be able to cleaned well for filtrate delivery, the process

can be modified to send filirate to feed manifold before valve AVO or a feed
break tank. In the case of sending filtrate to feed manifold or break tank, the

process is shown in Figure 4.
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is valves AV20 and AVl to provide filtrate to feed

side recirculation for a short period of tine. In

this method using a punp enables the filtering down of
liquid on the feed side of the vessel to be

ewbecdsiozeshy regul ated. Valve AV21 is PCT/AU2005/001356
position-controlled to achieve desired filtering down
flowrate. Wien feed liquid quality is poor, feed 20
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of this systemis conpared to another pressurized
megvieath 8Y¥eRt em and one subnerged systemin Figure 6.

Typical recovery with a filtering down process of this system is compared
to another pressurized membrane system and one submerged system in Figure
6.

The description in this specification is focused on the outside-in filtration in
hollow fiber membrane modules. The principle and the methods described
above can also be applied o the mode of inside-out filtration for hollow
membrane modules and other types of membrane modules such as flaf sheet
and spiral wound modules.

It will be appreciated that further embodiments and exemplifications of the
invention are possible without departing from the spirit or scope of the invention

described.
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I's The description in this specification is focused on
the outside in filtration in hollow fiber nmenbrane
nodul es. The principle and the nethods descri bed

above can al so be applied to the node of inside-out
filtration for hollow nenbrane nodyl es and ot her
types of nenbrane nodul es such-H®s flat sheet and
spiral wound nmodules. 20 It will be appreciated that
fuct Amsenbodi ments and exenplifications of the

i nvention are possible w thout departing fromthe

'l el FefRO B it oAy Ol i SReReRFen comisher

suspensi on conpri.si na: OV di.

TP oDt R Arebade @#%HFHBQ%F(@S%% ffie Walls pfpermeable,
membranes imersed in the |iquid suspensi on cont aj ned

i llopeaeatbranss gaMArsed i thed fulsb AUSRATSI RaTAI B vessel,
to the outer surface of the perneabl e holl ow nmenbranes

t sdichliquid suspepaiondiging applied faie outer gurface oftherermeable
walls wherein: (a) sonme of the |iquid suspension

passliesw enthrahes e indalcesaraf sustain fiteatisratieougio theemdnsbmane walls
off as perneate fromthe hollow 10 nmenbrane | unens,
anghémin:at | east sone of the solids are retained on or

in the hollow nenbranes or otherw se as suspended

o) T g BN s PR UPA R By BBERIAERBgs of e
S vessel kbl 1 GLUEAM off oS Forh i hSiow
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) suspending the flow of the liquid suspension to said vessel;
(i) reducing the volume of liquid suspension within said vessel following
the suspending of the flow of liquid suspension to said vessel;
(iv) controlling the reduction in the volume of the liquid suspension;
(v) suspending the filtration process;
(vi) cleaning the membranes by dislodging at least some of the solids
retained on or in the membranes; and
(vii) removing the liquid containing dislodged solids from said vessel.
2. A method according to claim 1 wherein the cleaning step includes
backwashing the membranes.
3. A method according to claim 1 or 2 wherein the cleaning step includes

scouring the membrane surfaces with gas bubbles.
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di sl odgi ng at | east sonme of the solpds 20 retained on

or in the nmenmbranes; and (vii)-Henmoving the liquid
cont ai ni ng di sl odged solids fromsaid vessel. 2. A
met.hodA awsthod iasgotding taaclaind 1whlesreiimtieneolahnessfi liqgiids $@spension
i ncl udes backwashi ng the nenbranes. 3. A nethod
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within the vessel is reduced to a predetermn ned

| ettielvessel is reduced by reversing the liquid suspension flow into the vessel.
9. A method according to claim 1 wherein the volume of liquid within the
vessel is reduced to a predetermined level.

15 10. A method according to claim 9 wherein the predetermined level is sufficient

such that the membranes remain immersed in the liquid suspension during

scouring and liquid backwash.

11. A filtration system for removing solids from a liquid feed suspension

comprising:
20 (i) a vessel for containing said liquid feed suspension;
(ii) means for providing a flow of liquid feed suspension to the vessel;
(iii) a plurality of permeable, hollow membranes within the vessel;
(iv) means for providing a pressure differential across walls of said

membranes such that some of the liquid suspension passes

25 through the walls of the membranes to be drawn off as permeate
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10 (viii) means for controlling the reduction in the volume of the liquid
suspension;
(ix) means for suspending the withdrawal of permeate from the
membranes;
(x) means for cleaning the membranes by dislodging at least some of
15 the retained solids from the membranes;
(xi) means for removing the liquid containing the solids from the
vessel. |

12. A filtration system according to claim 11 wherein the cleaning means
includes means for backwashing the membranes.

20 13. Afiltration system according to claim 11 wherein the cleaning means
includes means for scouring the membrane surfaces with gas bubbles.
14. A filtration system according to claim 11 wherein the means for reducing
the volume of liquid suspension within the vessel includes means for continuing
withdrawal of the permeate from the membranes while the flow of liquid

25 suspension to the vessel is suspended.
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