1 | MPROVED METHOD OF CLEANI NG MEMBRANE MODULES

TECHNI CAL FIELD The present invention relates to
menbrane filtrations systens and nore particularly to
i nproved net hods and apparatus for cleaning the

menbranes used in such systens BACKGROUND OF T
: HE
I NVENTI ON Menbrane cleaning is a key step to the

success of any nenbrane filgtration process. Wthout
regul ar cl eaning the nenbranes beconme cl ogged with
impurities and eventually inoperative. Different
physi cal nenbrane cl eani ng strategi es have been

pr opos efERBVEDPMETHOD ©F CLEANINGMEMBRANEOMODULES cal
met hods is described below. 1. Scrubbing merbranes

TEUHNICAasELDIbDbl es. This nethod was first published by
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2. Backwash or back pulsing method. This method uses a reversed flow of fluid through
the membrane pores to dislodge of fouling materials therefrom. Either gas or liquid can be
used as a fluid in the reverse backwash.

In a PCT Published Application No. WO 03/059495, Bartels et al describe a
backwash technique where the hollow fiber membranes are pressurized with a gas on a
feed side at a specified time during the backwash. They describe the periodic use of such
backwash to effectively remove fouling components from the hollow fiber membranes.

To carry out a liquid backwash, typically a liquid pump and a liquid holding tank are
required. The pump delivers a permeate flow in a reverse direction to the normal filtration
flow through the membrane pores to clean accumulated solids and impurities from the
membranes pores. In a pressurized membrane filtration process, this requires more

ancillaries. In a typical membrane filtration system, the membrane modules are connected



menbranes pores. In a pressurized nenbrane filtration
process, this requires nore ancillaries. In a typical
menbrane filtration system the nmenbrane nodul es are
connected 2 to a manifold or other simlar piping
arrangenent to provide for inflow of feed and renoval
of filtratel perneate. At the end of filtration
period, the nenmbrane permegte side and the perneate
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According to another aspect the present invention provides a method of filtering solids
from a liquid suspension comprising:

0] 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 permeate from the hollow membrane lumens, and

(b) at least some of the solids are retained on or in the holiow membranes or

otherwise as suspended solids within the liquid surrounding the

membranes,



to be drawn off as perneate fromthe hol
ow nmenb
lumens, and (b) at least some of the solids are rane
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otherwise as suspended solids within the membranes,
(ii) stopping or suspending the filtration process;
(iit) periodically backwashing the membrane pores using the permeate

remaining in the system after the suspension of the filtration process by applying a gas ata
pressure below the bubble point to said liquid permeate to displace at least some of the
liquid permeate through the membrane pores resulting in removal of the solids retained on
or in the hollow membranes.

Preferably, during the backwashing step the solids are removed into the bulk liquid
surrounding the membranes.

Preferably, permeate remaining in ancillaries such as manifolds, headers, piping and
the like may also be used in addition to that in the membrane lumens as a source of
backwash liquid. Where insufficient permeate volume for backwash is available from these
sources, a further chamber or reservoir may be provided in the permeate flow circuit to

increase the amount of permeate available for backwashing when filtration is suspended.



Preferably, during the backwashing step the solids are
renmoved into the bulk liquid surrounding the
menbranes. Preferably, perneate remaining in
ancillaries such as mani fol ds, headers, piping and
the like may al so be used in addition to that in the
menbrane | unmens as a source of backwash 1iquid- Were
i nsufficient permeate voluge for backwash is avail able
fromthese sources, a further chanber or reservoir
may be provided in the perneate flowcircuit to
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(iv) means for withdrawing permeate from the membranes; and
V) means for applying gas at a pressure below the bubble point to the liquid
permeate within the system and the membrane lumens to affect 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 liquid suspension
surrounding the membranes.
A general backwash procedure using the improved method may involve a number or
all of the following steps.
= Filtering-down of feed level within the feed vessel using aeration gas or other low

pressure gas sources;

= Scouring of membrane surfaces by flowing gas bubbles past the membrane surfaces;



some of the liquid perneate in the |unens through the
menbrane wal I's to dislodge any solids retained
therein and displace the renoved solids into the
l'iquid suspension surrounding the nmenbranes. A
general backwash procedure using the inproved nethod
may involve a nunber or all of the follow ng steps.
Filtering-down of feed |evgl within the feed vessel
using aeration gas or other |ow pressure gas sources;
Scouring of nenbrane surfaces by flow ng gas bubbl es ’
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We have found that it is beneficial to inject gas, typically air, info the membrane
vessel during part or whole of the sweeping period. The gas bubbles formed in the vessel by
injection of gas enhance the sweeping effect and the backwash efficacy is thus improved.

According to another aspect, the present invention provides an improved method of
cleaning a membrane filtration system including the step of providing gas or gas bubbles
within the membrane vessel during the sweep or drain down of concentrate from the vessel
during or following a backwashing, scouring and/or cleaning step.

The sweeping with aeration of concentrate from the vessel can be partially or fully
integrated with the liquid backwash step (either a pumped liquid backwash or the gas
pushed liquid backwash described above).

Drain-down by gravity is a common method of discharging backwash waste from the
membrane vessel. Incomplete drain-down can resuit in poor backwash efficiency in that
highly concentrated waste may remain in the vessel and immediately re-foul the membranes

on recommencement of filtration. In a system using groups of modules, there normally



According to another aspect, the present invention
provi des an inproved nethod of cleaning a nenbrane
filtration systemincluding the step of providing gas
or gas bubbles w thin the nenbrane vessel during the
sweep or drain down of concentrate fromthe vesse
during or follow ng a backwashi ng, scouring and/ or
cleaning step. The sweeping with aeration of
concentrate fromthe vessel can be partially or fully
integrated with the |iquid backwash step (either a
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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:

Figure 1 is a schematic diagram of the six-module membrane filtration bank
employing an embodiment of the invention;

Figure 2 is a graph of transmembrane pressure (TMP) profile over time; and

Figure 3 is a graph of resistance over time with and without air injection during the
sweep step.

PREFERRED EMBODIMENTS OF THE INVENTION



3) Flush of waste at the bottomof the v

remai ni ng backwash waste at the bottom gfsflh.e \ngsel
can be flushed out by punping the feed water rapidly

through the vessel. The backwash waste can be flushed
out to the discharge or to the feed inlet and m xed

with the fresh feed. BRI EF DESCRI PTI ON CF
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ernmeate wthdrawn fromthe fiber |umens 7 during the
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'suspeUQed for a cleaning cycle, the manifold 8 .
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perneate. In this enbodinent, a liquid backwash is
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In one exanple, the filtration unit was operated at '
T 1 taet gRrscbwing 26 15 seqongs, RiesPUESed 9as was ap lied through valve 11 to
the permeate manifold 8 at a regulated pressure of around 2 bars to push the permeate in a
reverse direction back through the membrane pores for 15 seconds.
Solids removed by the scouring and backwashing were then swept out of the
modules 5 by pumping the feed water through the vessels for 25 seconds.
At the end of sweep, the gas pressure was released and filtration resumed
Figure 2 shows the transmembrane pressure (TMP) profile over time with the above
backwash strategy. The filtration performance was steady with a slight drop in
transmembrane pressure (TMP) due to an improved feed water quality, indicating an
effective backwash process.
In a further example, the effectiveness of employing air during the sweep was
ilustrated. In this example, eight cycles of sweeping solids from the vessel were carried out

with gas being injected into the vessel and followed by the next eight cycles of sweeping

without any gas injection. Figure 3 shows the resistance change during the course of both



switched to a backwash procedure. The backwash
protocol was as follows: Stop filtration and start gas
scouring of the fiber menbrane surfaces. After gas
scouring for 15 seconds, pressurised gas was applied
t hrough valve 11 to the perneate manifold 8 at a
regul ated pressure of around 2 bars to push the
pernmeate in a reverse dirgction back through the
menbr ane pores for 15 seconds. Solids renpved by the
scouring and backwashi ng were then swept out of the .
fof R S FSep It Y clBatTRit g febistaficzast theamembrainr tadghslightedrop when air
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sweepe W th the above backwash strategy. The filtration
performance was steady with sl i ' L0 ; ;
P e eRIEHoa A8 PR oy o g By B b muepiin gegrably
wat er qual |t [ ndi [ ; tive backwash
M ! %%dseghe %Olﬁovénq‘%@?ﬁ%%tsebggaég oet,"ﬁ{t%]f@ef fectiveness of
18 npé,ﬁ),;{,l,g%ﬁgpfﬂlg lhaWabmBurhEhdiMReRIdiNg She pelrhersd foabasliwashn
thi s exa e, eight cycles of sweeping solids fromthe
2vesggd oﬂ/@F@sgﬁs&éd gsb cant easii tdniayas Hortrayratian ot thagk-pyieo that
the vessel and foll owed by the next eight cycles of
cahmsteriengnomidatihahtevediyy meansiohg B on. Fi gure 3 shows
the resi stance change during the course of both 8
3) or Reduogd liniddgckwash Wastg| ear that the resistance of the

menbr ane had a.s[i&ﬂt drop when air was injected
Aur Fovgenery ORBEYY 28Ut started to clinb when no air was
suppl i ed Ji: 1fe @Sequndicap pRapdlied gas
S By e e Rt o

prdSsiid &k ?SOintgﬁVthia Rembeipe il Iirabrsaire totllpevptiet afiEsidout

are not limted to 1) Elimnating the backwash punp )
and|tiv@inte Spreatiatg thatdunter pmaediménts ansheneRRifisations OE@E inypntion
a pressurized gas can easily achieve a short duration
arfpotdible Withnut departing fem thespiber seepet m?d?ﬁeE‘éﬂnl‘{?S%@ﬁ ‘eved

by neans of a punp;



3) Reduced |iquid backwash waste; 4) Low energy
operation; and 5) Applying negative transnenbrane
pressure (TMP) is equivalent to applied gas pressure
at all points of the nenbrane if the |lunens are

totally enptied of liquid. It will be appreciated that
further enbodi nents and exenplifications of the
invention are possible wtyhout departing fromthe
spirit or scope of the invention described. 9 CLAIMS:
1. A nethod of cleaning a nenbrane filtration system
Ci w%_udi ng the step of providing gas or gas bubbles
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