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TI TLE: BACKWASH TECHNI CAL FI ELD The present invention
wicedoad/ez31400 menbrane filtration systems and NOHE1/A%2004/001157

particularly, the backwashing of such systens.

BACKGROUND CF THE | NVENTI ON Porqus nenbrane filtration

systens require regul ar backwashi ng of the nenbranes

to maintain filtration efficiency and flux while

reduci ng transmanbrane pressure (TMP) which rises as

thﬁh TRbr aneg ‘gﬁ, onme to clogged with inpurities.
systerrB usu ave a nunber of nenbranes in

t es or arrays of nenbranes |ocated in
hf%é@wg%!'lp% Is thus applied to the surfaces of
the nenbranes and filtrate withdrawm fromthe

menbr anke Bfasest invepiiearelgiesdamenbrare fitaatiomsysterel shd more
the inpurities are forced out of the menbrane pores

5 bypastiadsily,ithe baghwashing oif duch spstes, nto the 15 feed
tank or cell. The liquid contalning inpurities and

dEACKGROUND OFETHEINVENTIDN S t hen drai ned or

flushed fromthe tank. The waste liquid displaced from

the t
el ordag fferhBrabe RS Baul e ARG P pashing of the
f h I d
[ Sohbiiies 18 rhftait PosBn Snciafic) 3 ke i 3@4&@55”
The d [ h f the t
aQ%p%%%ﬁ’aqrﬁygmé%q’%Rﬁwﬁémﬁnéé‘éa° Memlane pomsbecome
qguires time which results in down tinme of the
10 ¢ Fﬁ’ﬂgﬁg vgth igpyrities) Sushgyistanss nedallychavs s ndmiver of Membranes in

| ar ge punping systens are
the form of bundles or amays 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applied to the surfaces of the membranes and filtrate withdrawn from the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 io 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 fime of the
filtration cycle. In order to reduce this down time large pumping systems are
required to quickly drain and refifl 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



required to quickly drain and refill the tank. \Werz February 2007
tanks or cells are arranged in 25 banks and feed is

wosadstni4efill the tank, a lowering in |evel SPE‘?]A%B‘&FOOHS’J

cells may 22 February 2007 WD 2005/021140
PCT/ AU2004/ 001157 -2- be produced during the refill
process. This again inpinges on operating efficiency

of b& beoditdar At ugtion i.n.backwash vol une
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I egd [ 0 stems. This has the two-fold
adt\g/flgﬁegggbgpfé@ﬁ’?ﬁéﬁw%nhost in ternms of chenical
requir nts while al so reduci ng waste di sposal

pr obl Jﬁéﬁ&”%ﬁﬁfﬁﬂ%&ﬁh yalume alspeduses theplalyme afabemical
bgcgbl e aeration nmethod to assist in scouring unwanted
d

RaNING ageoia fenpirediin some systerhe: Phischiss TNHABRFadvantage of
during the cleaning stage. In order for such aeration
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imersed in liquid. Typically the cleaning proces

s ulidpcsubpeiBlerhsc! udes ceasing flow of feed liquid to
the vessel in which the menbranes are | ocat ed,

conti may ' I ess until . the | evel of

[ qui e aton Hsbi 188 ofiei 3 Jasubnie aoretion aetbod to assit
a ' ranes.W.th gas bubbl es to scour

8 Sbodthd RO AIRS S o MR Svelashs of the mossemaranes
par..od..of tinme, then |iquid backwashing the nenbrane

pgg’EE{J ﬂﬁelteﬁam $tage.h dholesiferauchraaratiemtalbe effectivevihe

t he ste liquid containing the inpurities dislodged
damryanae "ﬁ!ﬁ%@ﬂ folly imarersaddndighichg  processes. |t

will be appreciated that it is necessary to keep the

nmenbr Bygisally 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

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
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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20 157 -3- SUMWARY OF THE
&E’WW&"@C&JQWU on seeks to overcone or

a.r% anel | rate .this and other disadvantages of
the pr qugq.slen Rvepiian sgeks topersamecer atilerstanealionate this and
i nvention provides a nmethod of s backwashing a
n&%ﬁaﬁ@advamtagw ohthepprivreart.sai d nmodul e i ncl udi ng one
or nore nenbranes |ocated in a feed-containing
vessel , Acdeedingntor enesadpootnthed présunteabbstion pyomé:ré method of
is subjected to a filtration operation wherein feed

5 C dydokivishithgC® hﬁeﬁﬁbfa?iét fllfféfll%ﬁ méduIé Pl ‘?ﬁ?r{!{g uﬁngrﬂne or more

of the rrenbranevva and iltrate€ 1s w
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(£ Fadl evel rﬁoﬁanes l’.ﬁ‘% suspendi ng the
I ‘P'P&FO& BH"a i$ gppligd i ppagide pf the thembrane wall and
b%i:kvvash of the msnbrane wal | until liquid |evel

Ite Iphwithdrawnc femiithe rajher sidel of ithe sembraneadll) the method

10 including:

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

b) suspending the filtration operation;

15 c) performing a liquid backwash of the membrane wal! unil liquid
level within the feed-containing vesse! rises to a second
predetermined level above said first level;

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

20 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

25 level rises at least to the upper level of the membranes during the aeration step.
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Wb mlosopess fouling materials therefrom 20 e) pepauzooasoiisy
performng a sweep or drain down of the

feed-containing vessel to remye the liquid

containing the dislodged contam nant nmatter; and f)
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t RATIRRPY e Biratiom pepgess. Ryeterablyt i aprapeuszad filtiation system, a
suspended prior to renoval step a). For preference,

t k@eﬁﬁtﬂiﬂ&i_ gast is|engployed duting itieey Bifratioh lpyoeass toaiushahé Yiquid from
by the filtration process. Preferably, in a

5 prthedeed sice thidughahée perhieabRiemb Id '
enpl oyed during the ?iﬁl trati oneprgggfﬂgﬁgﬁﬂ?m*@m[ step a).

| IThe feratioMstep mgyfc%ﬁﬂngh(;i’é; R{'):@i; fb“t%?ré%}%gf)f’ﬁédﬁ %Pépeand continue

menbrane wal |l during t
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achieve the sanme result. This has the advantage of
10 gHmMPRYRY iayid in He feedxcarttaining tanidio achicdethasatieeresult, This
filter down step, and can be done quickly to reduce

f hias tha advantage of nokinciBsiny e ™ of the membrane during the fitter

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 paraltel.

15 In an altemate 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
20 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 increésing the lumen
pressure drop (assuming the flow is kept constant and filtrate is being withdrawn

25 from the upper end of the membrane lumen). Accordingly, the change in TMP
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nmethod, the filtration step may be done at varying
filtrate flows; the flow beingsdjusted to maintain a
constant transnenbrane pressure (TMP) as the liquid
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may be used to noni iquid level in the feed
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the Figures 1a to 1e, an illustrative embodiment of the
invention is described. The filtration médule 4 is mounted within a housing
vessel 3 which contains the feed fo be filtered. The filtration module 8 contains
a bundie 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 bundie 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




A preferred enbodi ment of the invention will now beys February 2007
descri bed, by way of to exanple only, with reference

wanzdfieziamconpanyi ng drawi ngs in which: Figur esctianb®ieoiisr
| e show schematic views of the nenbrane nodul e at

vari ous stages of the backwash _process according to an
enbodi nrent of the invention. SCRI PTI ON CF THE.

P ' Fi gures. 1
LoorEo e PPEEIEntRd, W siodtfant i foicd 56 s lpaped by
de b [ tion dule, 4 is mounted within a

h o%@?fh'gﬁ %Q@Q@Y {'3 k%‘%@ﬁ’“@&'ﬁgﬁ? £ be g n dRyoygh the fibre lumens
filtered. The filtration nodule 8 contains a bundle .
orar@ﬁﬁ'a@l@?ea? 2 gy 5@ 13- pFbe Irsiebpbliqid in thereassiehd falls, as shown in
bet ween upper and 20 | ower headers 6 and 7,

r delputa Theoyleveli. | ower header 7 is provided with a
nunber of openings 9 comrunicating with the interior

50f theOhtdlavebl @ reaehdd aa liqhia Rickiesh id ComhRstbel i
supplied through port 11 unger t he contro?mof Vg:daagﬂomng

TS0 i e e A VU, SRR e
A BPRyE| St sire b8 eSsel B LT R B Bt b1 An peration
et RS candhenca B el 58 o036 p3e5 i and openings o as
PCL/ AU2004/ 0011{1d57 - 6- é&ge is, to be comrenced, in

t RSWBIBddoWEntd. InRnathessbodisaent; hediquishlevebiesulting from the

shutting valve AVI. Filtrate continues to be w thdrawn
10 ¢ fipgiddrrakmeashimay: be justhelowieyvel harsieh that lavel 111 iseeadhed during
The level of liquid in the vessel 3 falls, as shown in
the aeration step with the liquid level rising further as a result of bubbles present
in the liquid. A simitar result may be achievéd by commencing the aeration step
during the liquid backwash.
Once the aeration step is completed the vessel is swept or drained as
15 shown in Figure 1e fo remove dislodged waste materials accumulafed 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
20 membranes may be orientated in any desired position or ¢0nﬁguration.
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. s Once level L2 is reached ,22February 2007

l'i quid backwash is commenced by flowing [iquid back
widrzosigitidohe fibre |umens and walls via line 13CT@ﬁh&mmau57
results in the liquid level again rising in

vessel to L1 as shown in Figure4lc. An aeratlon step
is then comenced by feeding gas through port 10 and

Zﬁﬁgh.”ﬁi‘ﬁ? bé?ﬁé’%‘?%%.‘"&”? ey ek"ﬁ“ﬁ'ﬂaﬁ‘?"%ﬂf Prempliications of the
| e@‘g{EH‘i_‘?ﬁ ac@gﬁ"@h‘?#‘%&’“g ﬁ %&%&bﬁ%ﬁ@&%ﬁigggwmm

@ggﬁ veI rising further as a result of bubbles

tn the liquid. Asimlar result may be
achleved by commencing the aeration step during the
i quid backwash. Once the aeration step is conpleted
the vessel is swept or drained as is shown in Figure
le to renove di sl odged waste materials accunul ated in
the vessel liquid. Followng this step feed is
rei ntroduced to the vessel by opening valve AVl and
filtration reconmenced. Although the enbodi nent
relates to vertically orientated nenbranes, it wll
be appreciated that the invention is not limted to
such an orientation and the 20 nenbranes maybe
orientated in any desired position or configuration.
It will be appreciated that the invention may be
applied to both pressurized and non-pressurized
systens where the feed-containing vessel is open to
at nosphere. 22 February 2007 WO 2005/021140
PCT/ AU2004/ 001157 -7- It will be appreciated that
further enbodi nents and exenplifications of the
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of backwashi ng a nenbrane filtration nodule, sa
nmodul e including one or nore nghbranes |ocated |n a
f eed-cont ai ni ng vessel, the nenbranes having a
Pe i wal | which is subjected to a filtration
operatloh 5 wherein feed containing contam nant matter

I's appl ed Si t he nenbrane, wall and
fiftrat® P‘?tthvﬁ‘f HEPQ&% EW& ANEMRUANG| t!l@f&n fpdule, said module
nenb ane wall, the nethod includin renovi ng

i pGluding @ner AE Tﬂ@@jﬂ%@fﬁbwnﬂsn@w&g dn am‘eetﬂ -cohtaihing evessel, the
of liquid in the feed-containing vessel falls to a

f i membranes hbeingva parmedbleppall whivtels abjédted e FRilGaES, operation
b) suspending the filtration operation; c) performng

5a Wheneird feedkesthinirg tdoRtAMFRHA AN 'is Wipidlied! tdl lﬁr% side of the
| evel within the feed-containing vessel ri ses

se@efftbramé KM Shd E’trﬁﬂe |§Wﬁthc?ac eefr&'ﬁhtﬂggé%thgi' Elﬂ%eg% Rembrane

d) aerating the nenbrane sur

dl,ﬁé“}(}ﬂﬁg tﬁé’é”ri(}ﬂlvéﬁé)e“ als therefrom e) performpg a

weep or drain if the feed-containing vessel
LS??Z?a)t andeRg R e e gorrontaip iaieeanl unt o level of
operation. liquid in the feed-containing vessel falls fo 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 -quuid containing the dislodged contaminant matter;
and

20 1) 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. Amethod according to claim 1 or 2, wherein the flow of feed into the feed-

25  containing vessel is suspended prior to removal step a).
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the second predeterm ned |evel such that the liquid

wioeaes/oifmes at | east to the upper |evel of tBerau2004001157
menbranes during the aeration step. 3. A nethod

according to claiml or 2, whergin the flow of feed

into the feed- 25 containing vessel is suspended prior

pct AUB A Bl 2hcgting o, SRROHE K P Bibcslfidores ahg e are
R B ST B hurbe P PPt remayal ar g sigfiand Continues unti
contl nues unt i t he svvee or drain down step e). 5. A
ﬁo??!"%ﬁﬁ:%"r‘ii’ﬁ‘ﬂbd@wnéﬁ%f)@ of the preceding clains

wherein the s renoval of I|qU|d is achieved fully or
palt i & methed aneording toazinyong obthessrectding olitdsosherein the
according to claim5 including applying a pressurized

5 gaemiaval beliquid twachieved fitlyoripghridl B 98 fifat
menbrane wall to push the Ilc‘ﬁ d hbryough t?ﬁe&}ﬁ?rrgﬁ‘grssane

gﬁgr %nfﬂgt%d gﬁ@érgfr:gt%télgi Bﬁlﬂ'ﬁlﬁéifl% a}p V‘Vﬁlg@tﬂﬁg%wzed gas fo the
P R A -
- gttt 8 ANng We RlzafioB pERoasy- purpi ng. 11 qui d fom

t ed- ai ni n ank 9. A nmethod according to any
e o?\ @19# QI%Y@Q ofcgiaim:t te Aavharein thefremoval of

returnlng the renpved liquid to the feed-containing
10 v digyigl is webieved lyrdrainodows of liquid de therfeedecbntaBingtank.
met hod according to any one of the preceding clains
| B¢l udi megtitaeacsiosgling 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
15 recommenced.
10. A method according to any one of the precedihg claims inciudiné the step
of returning the removed liquid to the feed-containing vessel of a further filiration
system.
11." A method according to anyone of the preceding claims including the step of
20 varying filtrate ilow 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.
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the step of 20 varying filtrate flow from nmenbranes

to maintain a substantially conggant transnmenbrane

pressure (TMP) across said nenbranes as the liquid

llg?lglA ﬁeﬁpﬁ%}gﬂﬁ%@{%é 3&) %6& Eq%gifoﬁﬁl% %m@&gﬂ’ég ?nSC?Llld ing the step

traﬂsmﬂ'br.anﬁ_l%%essure Is maintained at orbel ow a _
pr BUERBIAIRG pRRMenprang piessyroagess saicovesianes i determine
PCT/ AU2004/ 001157 -10- 13. A method according to any

ontedevel ligniscisaid feadacontaining vessel t he step of

nmoni toring the transmenbrane pressure across said

meirbr ahesethod deterding to claire 1Bavedrelf saill MibitdrivgSsteg is performed
f eed-contai ning vessel. 14. A nethod according to ‘
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during the renoval step a). :



