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\Preferably, the steps of the method are carried out as a continuous process
utilizing repetitive cycles of solids regtention and backwash. )

As an alternative preferred form step (b) is effected by allowi ng said
remai ni ng filtrate to drain out of said |unens of its own volition. 5
According to a further broad aspect, the present invention provides a
concentr at or for recovering fine solids froma liquid feed suspension
and having an operating cycle ~including a concentration part of the
cycl-e in which solids present in the feed suspension are concentrated
and a backwash part of the cycle in which supply of feed suspension to

TITLE: CLEANING OF HOLLOW FIBRE MEMBRANES

10 TECHNICAL FIELD

The prese;lt invention relates to concentration of solids in a suspension using a

hollow fibre membrane and, in particular forms, to methods and apparatus for
periodically cleaning by backwashing the hollow fibre membranes.
BACKGROUND ART

15 Prior art methods of concentrating solids in a liquid suspension are described in
Australian patent specifications 576,424 and 582,968. The text and ans of these
specifications are incorporated herein by cross-reference. haﬂmupﬁoran,amuxnnéﬁon
is effected by a filter element that comprises a bundle of hollow, porous, polymeric .
ﬁbn;.s in a closed cartridge or shell. Polyurethane potting compound is used to hold the

20 respéctive ends of the fibres in place within the cartridge without blocking the fibre

lumens and to close off each end of the cartridge.



t he concewbmsims70i S i nterrupted, said concentrator conprisipgajauokeosss

(i) a shel |; (i) a plurality of elastic, hollow,

m croporous, polymer fibres being fixed at their ends within the

shel | ; (tii) means for supplying pressurized feed suspension
to the outside of ‘the fibres duri n'gf'sai d concentration part of the
cycle; 15 (iv) means for withdrawing filtrate fromthe fibre

| umens during s atl ng_c e: . v nmeans f.qr

term nating the%ﬁm% e%ﬁemalcwpﬁaﬁyoeggéq ‘29&““"3“0‘1%@}% y of
feed to said exterior surface of said fibres; (vi) means for

_ seal i ng ansplisisémthegrion artdsashieved bytpressprising the fegistock whick nécessitates siesuseor
substantially renoving remaining filtrate fromsaid | unens;

of pumps, other ancillary equipment and, of course, a closed filter cartridge.
~ Backwashing of such prior art concentrators involves increasing the pressure on
5 both sides qf the hollow fibres within the closed shell to a relatively high value before
suddenly releasing that pressure on the shell side of tﬁe fibre walls to effect a sudden
pressure differential across the walls which causes a backwash action.
DISCLOSURE OF INVENTION
It is an object of this invention to provide an improved method of using a
10 reverse-flow mode to dislodge solids retained by filter eiements to ensure rapid removal .
of those retamed solids and in which the separation and dislodgement modes may be
repeated for prolonged peribds of time. |
The present invention, in at least some embodiments, provides a method of
backwashing a hollow fibre filter which retains some of the features of the prior art, but
15 optimizesa numbér of these features to pfovide improved performance
Accordingly, in one broad form of the invention, there is provided a method of
backwashing a plurality of hbllow fibres having microporous walls which have been
subjected to a filtration operation wherein feed containing contaminant matter is applied
to j:ile exterior surface of said hollow fibres and filtrate withdrawn from the ends of the
20 lumens of the fibres, the fibres being contained within a shell or housing, said method
comprising:
€)) | terminating the filtration operation by ceasing supply of feed to said

exterior surface of said fibres,
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. before, at the sane tine as, or just after opening t s
\at nosphere, to cause expl osive THIS SHEET HAS BEEN
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fluid under pressure passes t hrough said wal |s; =5
means for maintaining the pressure level in said Iunens at a
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lumens,
- (c)  applying a source of fluid under pressure to said lumens before, at the
“same time as, or just after opening_the shell to atmosphere, to cause explosive
.5 decompression through the walls of the fibres whereby said fluid under pressure passes
through said walls; |
(d)  maintaining the pressire level in said lumens at a predetermined value for
-a sufficient time following said decompression to cause substantial portions of
~ contaminant matter lodged within and/or on said fibre walls to be disl;)dged;
10 ()  washing dislodged contaminant matter away by the application of a flow _
of liquid over the surface of said fibre walls; and
()  recommencing the filtration operation by introducing said supply of feed
to said exterior surface of said fibres.
For preference, during the backwash phase, the time lapse between the start of an
15 increase in negative transmembrane pressure (TMP) and such TMP reaching a maximum
value corresponding to the explosive decompression, is inhthe range of about 0.05
seconds to about 5 seconds.
' Preferably, the fibres are rewetted prior to recommencing the filtration operation.
Preferably, feed liquid is pumped into the shell side of the filter while fluid
20 pressure is still being applied to said lumens. This results in liquid/fluid turbulence or
. frothing afound the membrane pdres causing further improved dislodgement of retained

solids. The fluid pressure during this phase preferably should exceed the shéll side.
-
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pressure by about 10kPa to about 800kPa.
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5 subst amosgo7ew ti ons of solids |odged within and/ or on Spd-flatiednjossral | s

to be di sl odged; - (x) means for washi ng di sl odged
contam nant nmatter ‘away by the application of a flow of liquid over
“the external surface of said fibre walls; and (xi) neans for

reconmenci ng the concentration part of fﬁé operating cycle by
I ntroduci ng said supply of feed suspension to said exterior surface of said

fibres. 10 Pref erahl vy, e cqgngentrat,or i ncludes neans for
rewetting the fi%@?@é%g"’%"é °P’8&9ﬁ1‘?ﬁm‘iﬁrﬂ 2,38 @,CORURYQYS process

Where fluid pressure is applied to renove the filtrate fromthe |unens,
this utilizingurepetitive cyeles of soids retentionrand paclovashbout 10 to about 600 kPa.
The fluid pressure applied to the lunmens prior to the deconpression

e P o AL e sk 15t kgt iy,
filtrate to drain out of said lumens of its own volition. '

5 According to a further broad aspect, the present invention provides a concentrator
for recovering fine solids from a liquid feed suspension and having an operating cycle
including a concentration part of the cycle in which solids present in the feed suspension
are concentrated and a backwash part of the cycle in which supply of feed suspension to
the concentrator is interrupted, said concentrator comﬁrising:

10 @) a shell;
()  aplurality of elastic, hollow, microporous, polymer fibres being fixed at
their ends within the shell; | | |
(iii) means for supplying pressunzed feed suspension to the outside of the
fibres during said concentration part of the cycle; |
15 (iv) means for withdrawing filtrate from the fibre lumens during said
operating cycle;
") nmmmsﬁnumthMng&mcommn&mkm;mnofﬂwcydebymwﬁhg-
supply of feed to said exterior surface of said fibres;
| (vi)  means for sealing and opening the shell to atmosphere; -
20 (vii) nmmmsﬁnsﬂmﬁmnhﬂynmmwhgrmmﬁNMgﬁhmmﬁhnnmﬁdhmmmm
(viii) means for applying a source of fluid under pressure to said lumens before,

at the same time as, or just after opening the shell to atmosphere, to cause explosive
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t heory. | ndeed, surface tension is conveniently neaswed-by-the

Lbr eakt hrough pressure needed to force a bubbl e out |pfiHis SHEREHASBEEN
orifice. For common systens (such as oilgin 20 hydrophagpic PERERLADED\VAL er
in hydrophilic pores) the breakthrough pressures are muc FgreF—tHar
the usual operating pressures of the filter. Prior art -
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(ix) means for maintaining the pressure level in said lumens at a
predetermined value for a sufficient time following said decompression to cause
5. substantial portions of solids lodged within and/or on said fibre walls to be dislodged;
(x)  means for recommencing the concentration part of the operating cycle by
introducing said supply of feed suspension to said exterior surface of said fibres.
Preferably, the concentrator includes means for rewetting the fibres before -
recommencing concentration.
| 10 Where fluid pressure is applied to remove the filtrate from the lumens, this
pressure is typically in the range of about 10 to about 600 kPa. The fluid pressure
applied to the lumens prior to the &ecorﬂpression is typically in the range of ébout 100 ’;o
about 1200 kPa. |
The penetration of gas into the pores of a membrane is resisted by the surface
15 tension forces of ﬁe contained wall-wetting liquid according to well known theory.
Indeed, surface tension is conveniently measured by the breakthrough pressure needed to
force a bubble out of a submerged orifice. For common systems (such as oil in
hydrophobic pores or water in hydrophilic pores) the breakthrough pressures are much
higiler than the usual operating pressures of the filter.
20 Prior art hollow-fibre type ultrafilters are usually fed from the inside of the fibres
‘for many well known reasons. | However, according to the present invention, feedstock i.s
applied to the outside of the fibres and gas is introduced into the lumen of the fibre as the

back-wash medium. In some cases, the lumen pressure swells a suitably designed fibre
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the lumen of the fibre as the back-wash nedium |In sone cases, the | unen

pressure swells a suitably designed fibre
-6-
so that the pores are enlarged whereby the particles are freed and swept away in the
expansion of the back-wash gas.

In some cases, especially where very fine-pored interstitial material is deposited
in relatively coarse-pored base fibre, it is advantageous to back-wash first with a small

5 amount of permeate already in the membrane lumen and follow with the high. pressure
gas back-wash. In this way, the small amount of permeate adequately washes out fine
blocking material_ from within the interstice's, and the overall cleaning is comple@ by
the higher pressure gas swelling the base pores and erupting around elastic openings.
The pores must close again rapidly to reseal the holes and the base matenal must not

10 crack by work hardemng and must remain within its modified elastic limit.

-Preferabl{r, the fibres are made from thermoplastic polymers such as:

poly(propylene), poly(4-methylylpent-1-ene), co-polymers of polypropylene,
poly(vinylidenedifluoride), poly(sulphones), poly(phenylene sulphides), poly(phenylene
oxides), phenoxy resins, polyethylene, poly(tetrafluoroethylene) and

is poly(chlorotrifluoroethylene).

The use of gas as a back-wash medium enables the removal of fouling species by
explosive decompression of the gas through the membrane structure for the minor part
and at the outer membrane surface for the major part. Thus, the gaseous back-wash step
is c,aﬁied out at a pressure which is sufficient to overcome the effect of the surface

20 tension of the continuous phase of the feedstock within the pores of the membrane.

Hitherto, it was felt the gas backwashing phase should be limited to below 5

seconds to avoid drying out of the fibres and thus difficulty in recommencing filtration

due to gas bubble retention in the fibre pores. The introduction of improved rewetting
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techniques has overcome this problem and it has been discovered that extending the gas
backwash phase beyond 5 seconds has significant advantages. Time periods of up to 60
seconds have been found to be effective. A longer backwash provides improved
removal of trapped solids. Also, where liquid is reintroduced to the shell prior to
completion of the gas backwash, it has enabled the overlap where gas and liquid are both
present to be extended. - An overlap time of about 1 to about 30 seconds is pre_ferable.
This is desirable in large arrays where it may take considerable time, with normal pump
pfessufes, to refill the shells with liquid. The extended time period enables normal
pumps to be used to achieve the above overlap wiile it also avoids maldistribution of
pressure within large filter arrays by allowing relatively slow refilling of the filter shells.

In anothe;' form of the invention, the high pressure fluid application to the lumens
may be pulsed to provide a number of explosive decompressions within the b.ackwashi:.xg
phase. These individual pulses are preferably between about 0.1 seconds and about 5
seconds in duration. This provides an advantage of reducing gas consumption in the
backwash phase. The pulsing may be achieved by sealing and opening the shell at
appropriate time intervals sufficient to allow pressure within the lumens to build uptoa
required level. Alternatively, the pressure supply may be pulsed to achieve the same
effect. In a further embodiment, the pressure may be varied between a high and low
lev.t.;l without actual total shut off of pressure.

Preferred embodiments of the present invention will now be described, by way of
example only, ﬁﬂl reférence to the following examples and accompanying drawingé, in

which:
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so that the pores are enlarged whereby the particles are freed and swept
away in the expansi on of the back-gash gas. In sone
cases, especially where very fine-pored Thterstitial material is deposited
in relatively coarse-pored base fibre, it is advantageous to back-wash
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small am ugéncg:lugtg; tr(r)e v%ltli?:h ?hgeepcl-gs?etn? ilnzmmtl?osnhig iip]?llijctab{ei itr:gn operating mode;
Figure 2 shows the concentrator of Figure 1 in bac_kwash mode;
Figure 3 shows a graph of transmembrane pressure (TMP) versus time for a
5 standard backwash;
Figure 4 shows a similar graph to Figure 3 using a backwash according to one
aspect of the invention;
Figure 5 shows a normalized flow/TMP versus time graph for a standard
backwash;
10 'Figure 6 shows a normalized flow/TMP versus time graph for the same type of
machine as Fxgure 5 but using the backwash according to one aspect of the invention;
" Figure 7 shows a graph of TMP versus time for a backwash where feed liquid is
pumped into the filter while the gas backwash is still applied;
Figure 8 shows a normalized flow/TMP versus time graph for a standard
15 backwash;
- Figure 9 shows a normalized flow/TMP versus time graph for the same type of
machine as Figure 8 but introducing feed liquid during the backwash cycle;
.Fig'ure 10 shows a normalized flow/TMP versus time graph for a standard
backwash at a farther installation; and |
2 Figure 11 shows a normalized flow/TMP versus time graph for the same type of

machine as Figure 10 but introducing feed liquid during the backwash cycle.
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conpleted by the hi gher pressure gas smelllng the base pores and
Leruptlng around el asti c openi.ngs. The pores nust close again rapidly
to reseal the holes and the base materi must not 10 crack by work

har dening and nust remain within its nodified elastic limt
Preferably, the fibres are nade fromtherm)pl astic polyners such as:

pol y( propymmﬁw?mlmm OBRIORC- Pol ymers of pol ypropyl ene,
pol y(vi nylTdenedr Tl uorl PoT y(SUrpnonesy, pol y( phenyl ene sul phi des),

pol y(phenyl ene gi?m)a henoxy resins, polyethyl ene, .

pol y(tetrafl uor 8¢ h?ﬁ qags-ﬁgw %B?mdpéb?ww%ngéekmd%mjudesa

The use of gas as a back-wash nedi um enabl es the renoval of fouling species

by exgrtridgeesheld ¢ bwithirs whirh is positienegasbunidlenfdiollove poreus) palienéric uct ur e
for the m nor part and at the outer menmbrane sufface for the nmajor.

- part. Thusfible§ @20 %% &fisinstafes e¥@Piibre'i€ Made of polypropylene, has an average pore size

5 of 0.2um, an internal lumen diameter in the range 250um to 310um and a fibre diameter
in the range SOOum to 650um. There may be between 2,800 to 30,000 hollow fibres in
the bundle 12 but this number as well as the individual fibre dimensions may be varied
according to operational requirements.

Polyurethane potting compound 13,14 holds the ends of the fibres 12 in place
10 without blocking their lumens and closes off each end of the shell 11. The liquid feed
suspension to be concentrated is pumped into the shell 11 through feed suspension inlet
15 and passes over the external walls of the hollow fibres 12. Some of the feed .
suspension passes through the walls of the fibres 12 into the lumens of the fibres to be
drawn off through the lumen outlet port 16 as clarified liquid,
15 The remaining feed suspension and some of the rejected species flows between
. the fibres 12 and leaves the shell 11 tlirough outlet 17. The remainder of the rejected
species is held onto or within the fibres or is otherwise retained within the shell. Lumen
inlet port 18 remains closed during the operating mode of the concentrator shown in Fig.
1. |
20 In order to remove t_he retained species, lumen oﬁﬂet port 16 is closed so that the
flow of clarified liquid is stopped. The clarified liquid is then removed from the lumens
by natural drainage or by introducing a pressurized gas through lumen inlet port 18 to

force the liquid from the lumens. Upon completion of the removal of the filtrate liquid,



is carrieghouglorsdo a pressure which is sufficient to over commiAwwspbégact of
the surface 20 tension of the continuous phase of the feedstock within

t he pores of the nenbrane. Hitherto, it was felt the gas
backwashi ng phase should be limted to_? | ow 5 seconds to avoid
drying out of the fibres and thus difficulty in recommencing filtration

due to gas bubble retention in the fibre pores. The introduction of
Lgp-i-/r X\lngg / Bgi\ég%résggre comprt;/s\g)edg gfsa/s(gs7 ﬁlzr%duced through inlet 18 and the lumens of the fibres
t echni ques has overcone this problemand it has been di scovered that

ext endi ng 1heThabiquid-filled shelhisswaled and gascaonet eneteate thespatous wallsdvencant
advant ages. Tine periods of up to 60 : '
though the gas pressure is now raised well above the normal bubble point of the fibre
walls because the liquid within the shell is relatively incompressible. A reservoir of high
5 pressure gas is thus accumulated in the fibre lumens.

The shell outlet 17 is then opened which allows gas to penetrate the pores alohg
the whole length of each fibre. - This results in a explosive decompression of the
pressurized gas through the walls of the fibres resulting in the retained solids in the fibre
walls being dislodged from the fibres into the feed side of the filter. The initial

10 breakthrough of gas through the fibre wall results in a tendency for pressure to drop in
the lumens. It is desirable if this pressure can be maintained for a short period following
decompression to cause increased flow thirough the fibre wall and greater removal of '
retained solids. This is preferably achieved by providing a large diameter pressure feed
to the lumens and/or a higher pressure to compensate for pressure drop. In some cases, it

15  is desirable to admit gas through both lumen ports 16 and 18 after carrying but the above
described pressurised, trapped gas operation. | |

In alternate embodiments, the shell is opened just before or at the same time as
the pressurized gas is applied to the lumens.

- Referring to the accompanying graphs, a number of examples will now be

20 described to illustrate the improved performances provided by embodiments of the

invention.

t
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| mpr oved renoval of trapped solids. Also, where liquid is reintroduced
ito the shell prior to 5 conpletion of the gas backwash, it has enabl ed
the overlap where gas and |liquid are bogf. present to be extended. An
overlap time of about 1 to about 30 seconds is preferable. This is
desirable in large arrays where it may take considerable tinme, wth normal
punp pressEgxaMPLR]refill -the shells with liquid. The extended tine
peri od enabl es nor nal punps to be used to achieve the above overl ap

while it al so aygi i.stributiegn of. 10 pressure within large filter
arrays by all OWXIEWSTQ%&@ W&tﬁ?’e‘ﬂ'ﬁ Wﬁﬂnd’fmgﬁéaﬁef ?’éﬂ“’sﬁé?‘?%‘.dean

I n anot her, form of the invention, the high pressure flui.d application to
t he | umendncreasedgad prdopgadasessure tg ths/ Jumens following thefexplosivesievempression
deconpressions within the backwashing phase. These individual pulses

5 pressurize stage used during this improved backwash and the negative transmembrane
pressure (TMP) obtained on the filter unit was 620kPa compared with 380kPa for a
standard backwash. The air consumption was higher than that for a standard backwash.
The pressure profiles of the two different backwashes are shown in Figures 3 and 4. °

During the standard backwash shown in Figure 3, it can be seen that a time of
10  0.65 seconds elapses between the start of the explosive decompression phase and the
point at which maximum TMP is obtained. Analysis of the similar section of the
improved backwash shows the time to reach maximum negative TMP was only 0.15
seconds. The reaching of maximum TMP corresponds with the air breaking through the
walls of the fibre and expelling the fluid within the wall pores. The period between the
15 opening of the shell and the breakthrough is a liquid backwash phase as the liquid within
the pores is being moved outwardly from the lumen toward the shell side. When the air
breaks through the fibre wall tﬁe‘ liquid backwash phase is completed. Preferably this
period is within the range 0.05 seconds to 5 séconds.
| The results of consecutive runs on the test filter unit comparing the standard and
20 the improved backwash (termed a "mega” backwash herein) procedures are shown in
attached TABLE 1.
As can be seen from TABLE 1 and the performance graphs (Figures 5 and 6), the

TMP rise is significantly reduced when the 'mega’ backwash is used. The TMP rise per



15 backveepturec. The pul sing may be achi eved by seal i ng pefighimaeois?g t he

shel | at appropriate tine intervals sufficient to allow pressure
within the lunens to build up to a required |l evel. Alternatively, the
pressure supply may be pul sed to achi e\_/gzghe sane effect. In a further
enbodi ment, the pressure may be varied between a high and | ow | evel
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cleaning cycles, or the machi_nes could give a higher throughput for the same cleaning:
interval.
5 EXAMPLE2
This example relates to the procedure where feed liquid is reintroduced to shell
while the gas backwash is still proceeding. A trial was carried out on surface water to
compare a standard backwash with a backwash stage using pressurized gas plus feed
liquid. This stage is 'typically referred to as an "air on pump on" stage (AOPO stage).
10 Two identical 1M10C filter units were set up to run side by side on river water.
One machine used a standard pressurize backwash cycle, whilst the other incorporated
an extra stage. The extra stage consisted of switching on the feed pump whilst still |
applying high pressure air. through the hollow fibre walls. The resultant two phase flow
across the fibre bundle appeared to be very effective in removing fouling from the
15 .membrane module. | |
The two filter units were running at a constant flow of 200 L/hr/em, using a
pump with a variable speed drive to keep the set flow. The area unit em is related to the
.surface area of an original Memtec filter module. Figures 8 and 10 illustrate the resuits
of t_v-vo consecutive runs of a filter ﬁnit and show that the TMP, when the standard
20 backwash was used, rose to 400kPa within 4 days of operétion. At this point the unit
could no longer maintain the set flow of 200 L/hr/em. Figures 9 and 11 show that when

the AOPO stage was used the TMP remained below 150kPa for 7 days. The result of

this is that the filter units could maintain a higher flow rate for a longer period of time



. 8- W0 96/07470 Fi gure 1 shows a schematic represent ati onpOl/AG9%M0SEOW
fibre cross-flow concentrator to which the present invention is
tapplicable in an operating node; "Figure 2 shows the
concentrator of Figure 1 in backwash mdg;. Figure 3 shows a
graph of transnenbrane pressure (TMP) versus tinme for a 5 standard
backwash; Figure 4 shows a SI mlar graph to Figure 3 using a
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backueash: 10, s ey UpicSs SU0US, Bl0 BTG bl bl Yo ™
Typically during the backwash the decompression stage consists of the lumens
being pressurized to 600kPa, then the shell side valves being released whilst still
5 supplying air to the luﬁms (for typically 1 to 3 seconds on most applications). The
AOPO stage would extend the amount of time air is resupplied to the fibre lurhénsby
| typically an extra 1 to 30 seconds on M10 units. |
It will be appreciated that._fur_thér embodiments and exemplifications of the
.' invenﬁon are possible Mthéut departmg from the spirit or scope bf the invention

10 described.



machi ne asyggige S but using the backwash accordi ng to one pasAffekndss t he
I nventi on; Figure 7 shows a graph of TMP versus tine Por a

backwash where feed liquid is punped into the filter while the gas
backwash is still applied; E‘lgure 8 shows a nornalized

flow TMP versus tinme graph for a standafd'" 15 backwash; : _
Figure 9 shows a normalized flow TMP versus tinme graph for the sane type of
machine as Figure 8 but introducing feed liquid during the backwash cycl e;
Figure 10 shows a nornualized flow TMP versus 'tine:‘graph for a standard
backwash at a further installation; and 20 " Figure 11 shows a

. normal i zed N10@ 8y Ritfienis) Fontpafisor ﬁ‘ﬁb@a%é‘aﬁﬂirﬁfb&cmasmh' ne as

Figure 10 but introducing feed liquid during the backwas

BACKWASH TYPE stavoaRp | MEGA
Module Type | PPMIOC (20,000 fibres) | PP M10C (20,000 fibres)
Feed Type Riverwater |} River water
Feed Turbidity (NTU) 8 NE 7

| Feed Temperawre)c) ~  } - ° -~ 93 . I 9.3
TMP (kPa) . 103 1 N
TMP Range (kPa) ' 82 to 108 861091
Instantaneous Flow* (L/hr/module) 2084 oy 2223
Instantaneous Flow* (L/hr/module) 2855 1 3045
at 20°C ' : . B I _

5 *Instantaneous flow is the average of instantaneous flowrates measured.

Table 1

72,
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"MODES FOR CARRY| The hol | '
cross-flow conc m‘ghﬂlﬂ | n F| gf5. 1 and 2 incl udes|| HIS SHEERLE]
shell 11 wthi n nposi t +oned a btindl e of hollow, pd}ous, Rm;_mgep_,l C

fibres 12. In this instance, each fibre is made of polypr

average p kg 5 of 0.2pm an internal lumen dianeter in t he range
- 250pmto mgmd a fibre dianeter in the range 500pmto 650pm There
may be between 2,800 to 30,000 hollow fibres in_ the bundle 12 but this
nunber as lwel | Aethod Qfmwmﬂpwtﬂpm&%ﬁ§%m§ migyopetpus walls
according to operational requirenents.

which have been subjected to a filtration operation wherein feed containing contaminant
matter is applied to the exterior surface of said hollow fibres and filtrate withdrawn ﬁm "
5 the ends of the lumens of the fibres, the fibres being contained within a shell or housing,

said methed comprising:

(@)  terminating the filtration operation by ceasing supply of feed to said |
exterior surface of said fibres,

(b)  scaling the shell and substantially removing remaining ﬁltrate from said

10 lumens, | |

© api;lying a source of fluid under pressure to said lumens before, at the -
same time as, or just after opening ﬁe shell to atmesphere, to cause explosive
dec'ompreséion through the walls of the fibres whereby said fluid under pressure passes
through said walls; '

15 - (d) maintaining the pressure level in said lumens at a predetermined value for
a sufficient time following said decompression to cause substantial portions of
contaminant matter lodged within and/or on said fibre walls to be dislodged;

(¢)  washing dislodged contaminant matter away by tile application of a flow
of liquid over the surface of said fibre walls; and

20 ® recommencing the filtration operation by mtroducmg said supply of feed
to said exterior surface of said fibres.

2. A method of backwashing according to claim 1 wherein during step (c), the time

lapse between the start of an increase in negative transmembrane pressure (TW) and

This Sheet Has Been. Re‘ilac
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place 10 w thout blocking their lunmens and cl oses offeach end of t he
shell 11. The liquid feed sugpension to be cof
the shell 11 th sion inlet 15|} aféls RpeSE HAD/BEEN
external walls ummwllm'"mﬁﬂmres 12° -1 ome of th:-a?-geq;{gpmcmspen'
passes through the falYs"of Sthd fibres 12 into theliumens
be dra t htough the |u noutlet 6 a clarlfledll_qwd 15
The rema nig B SO mhtiua il fitespondig o b8 cRBlosivp desasgpressinh i

bet ween the fibres 12 and Ieaves the shell 11 through outlet 17. The

remai nder ipfthe range of abaut @.05 secondsde abautiSseeanids. onto or within the fibres or
is otherwise retained within the shell. Lunen ~inlet port 18 renains

closed during tAemethed of bakwaskifg abcordifig (VAR 0RERIM O \WHeinthd ibres are 1

rewetted prior to recommencing the filtration operation.

5 4. A method of backwashing according to any one of claims 1 to 3 wherein feed
liquid is reintroduced into the shell side of the filter while ﬂuid pressure is still being
api:lied to said lumens. |
5. A method of backwashing according to claim 4 whereln feed liquid is
reintroduced for a period of between about 1 to about 30 seconds, |

10 6. A method according to claim 4 wherein said fluid pressure exceeds shell side
pressure by aboui 10kPa to about 800kPa. _
7. A method of backwashing aooordmg any one of the preceding claims virherein ﬂie
pressure applied to said lumens prior to .said explosive decompression is between about

100 kPa to about 1200 kPa. | | |

1s 8. A method according to claim 1 wherein during step (b) the filtrate is allowed to
drain out of said lumens of its own volition.
9. A method accordmgto any one of the preceding claims wherein the steps of the
method are carried out as a continuous process utilizing repetmve cycles of solids
retention and backwash.

20 10. A concentrator for recoveting fine solids from a liquid feed suspension and
having an operating cycle including a concentration part of the cycle in which solids

present in the feed suspension are concentrated and a backwash part of the cycle in -
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’ 20 wa%mnﬂer to renove the ret éi ned species, |unmen oRCT/AUINENSET 16 is
cl osed so that—the HHowof clarified liquid is stopped. The clari f I ed

- liquid is then r -t he | unmens by nat.ur al
i ntroducing a p @mﬁ Enrough Jhynen inl et port 18] tl6!S HEET HAS REEN
the liquid from c s

_ conpl etlon of the r enov of ARPYAG ate.
l'i quid,- - WD 96/07470 '

i or eSS SUBRY °f S posprmsion o e SORGRARPNp RGN —_ -

hi gh presg'
of the fibres 12. The liquid-filled shell is sealed and gas cannot
penetr at echEﬂ% ous wal l's even t hough the gas pressure is now raised
wel | above the nornal bubble point of the fibre wal | s because the:
liquid within (ine shshell;is rel atively inconpressible, A reservoir of high

(ii)  a plurality of elastic, hollow, microporous, polymer fibres being fixed at
5 their ends within the shell;
- (iii) means for supplying pressurized feed suspension to the. outside of the
fibres during said concentration part of the cycle;
- (iv)  means for withdrawing filtrate from the fibre lumens during said
operating cycle;
10 (v)  means for terminating the concentration part of the cyclé by ceasing
supply of feed to ;aid exterior surface of said fibres;
" (vi)  means for sealing and opening the sheil to atmosphere;
(vii) means for substantially removing remaining filtrate from said lumens;
(viii) means for applying a source of fluid under pressmé to said lumens before,
15 at the same time as, or just after ope:iing the shell to atmosphere, to cause explosive
decompression through the walls of the ﬁbres whéreby said fluid under pressure passes
through said walls;
| (ix) means for maintaining the pressure level in said lumens at a
pred;atermitled value for a sufficient time following said decompression to cause
20  substantial portions of solids lodged within and/or on said fibre walls to be dislodged;
(x) means for washmg dislodged contaminant matter away by the application

of a flow of liquid over the surface of said fibre walls; and

This Sheet Has Been Re;
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5 pressuwe9gaM70s thus accunulated in the fibre lunens. pcrau9siooss? The
shell outlet 17 is then opened which allows gas to—penetrate the pores

along  the whole length of each fibre. This res in a explosive
deconpressi on of the pressuri zed 95¢. t hr ough tﬂﬂmﬁ"uﬂ guu@r”im)l bres
resulting in the retained solids inthe Tibre illstiodged
fromthe fibres into the feed side of the filter. The initia 0

br eakt hr ough of,_gas fi wall o results in t endency for
pressure to dr o(ffgi n &Qﬁ&?ﬁﬂrg&?ﬁwgﬁéﬁ& fhe 4%‘"??55%?58?% °fﬂ‘°t?ﬂ°€auﬂgé’§€lﬁrb¥ can
be maintained for a short period follow ng, : deconpression to cause

i ncr eased intreducing saidsupphieof feed suspensionstogaigrextarior surfanswofisaidffibres.  r et ai ned
solids. This is preferably achieved by providing a | arge di aneter pressure

f eed 110 t h& chhuentiaton Bebofding td¢lgine 10 Richiding Mehr foP FWIERS the fbresP’ ESSUT €
drop. In some cases, it 15 is desirable to admt gas through both |unen

ports 16 3yl fecBlriféncfiy dobbélflaiith. L e above

5 12. A concentrator according to claim 10 or claim 11 wherein the means for
substantially removing remaxmng filtrate includes means for applying fluid pressure to
| said lumens, said fluid pressure being m the range. from about 10 kPa to about 600 kPa.
13. A concentrator according to any one of claims 10 to 12 wherein the means for
‘applying a source of fluid pressure to said lumens before, at the same time as, or just -
10 after opening the shell to atmosphere includes means for pulsiﬂg the application of said
fluid pressure. '
14. A concentrator according to claim 13 wherein the pulses of pressure are between.
about 0.1 seconds and about 5 seconds in duration.
15. A concentrator according to claim 13 or 14 wherein the means for pulsing the
15 application of pressure comprises means for opening and sealing the shell at

predetermined intervals to allow pressure to build up within said lumens.



‘descri bedwpweemoi sed, trapped gas operation. - PICT/AXI95/100582t e
enbodi nents, the shell is opened just before or at the sane tine as

<the pressurlzed gas is applied to the1lfwgrens. Referring to the
“acconpanyi ng graphs, a nunber of exanples will now be 20 described to

il lustrate the inproved performances provi ded by enbodi nents of the
i nvention. WO 96/ 07470

PCT/ AU95/ 00587 EXAMPLE 1 An MLOC (250pm
lumen) filter unit was run using a larger airline to provide an
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‘i ncr easedWOMEOMB| onged pressure to the lunens fol | owi ng t IRCTEARSS90587c

deconpr essi on phase. A 2.5cmairline was used instead of a standard
«l0mm airline. There was no 5 pressurize stage used during this inproved
backwash and the negative transnenbrane pressure (TMP) obtained on the
filter unit was 620kPa conpared with 380kPa for a standard backwash.
The air consunption was higher than that for a standard backwash. The
pressure profiles of the two different backwashes are shown in Figures 3
and 4. During the standard/blckwash shown in Figure 3, it can
be seen that a tinme of 10 0.65 seconds el apses between theystart of the
expl osi ve deconpressi on phase pnd the poi nt at whichjn®i mum TVP is
obt ai ned. Analysis of the sim|]ar section of the i nproved backwash
shows the tine to reach maxi mum negative TMP was only 0.1% seconds.
The reaching of maxi mum TMP cgrresponds with the air breaking through the_
+
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‘wal | s of wireeiidbs e and expelling the fluid within the wall P@p&@gsmdggfe
period between the 15 opening of the shell and the breakt hrough is a

¢l 1 qui d backwash phase as the liquid within t he pores is being noved
outwardly fromthe lunmen toward the shell side. Wien the air br eaks
through the fibre wall the liquid backwash phase is conpleted. Preferably
this period is within the range 0.05 seconds to 5 seconds.

The results of consecutive runs on the test filter unit conparing the
standard and 20 the inproved backwash (termed a "mega" backwash herein)

procedures are shown in attache®/MABLE 1. As can be seen
from TABLE 1 and the performance graphs (Fi gures S and 6y “Q‘he TMP
rise is significantly reduced |when the 'nega’ backwash id used. The TMP

ri se per WD 96/ 07470 T

PCT/ | AUQ5/ 00587 - i
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4o 12- wo osiay7of or the 'nmega’ backwash was approxi mat el y POBHAYSO058T of

the TMP rise seen with t he standard backwash. This result neans that
~machines could be run for | onger between cl eaning cycles, or the
“machi nes coul d give a higher throughput for the same cleaning .
interval. 5 EXAMPLE 2 - This exanple relates to the
procedure where feed liquid is reintroduced to shell whi |l e the gas
backwash is still proceeding. Atrial was carried out on surface water to
conpare a standard backwash with a backwash stage using pressurized gas
pl us feed liquid. This stage is4t¥8ically referred to as an "air on
punp on" stage (AOPO stage). /
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7

*10 TWO 96340l cal 1M OC filter units were set up to rurpcI/ABesnessi de on
river water. One nmachine used a standard pressurize backwash cycl e,
<wWhi |l st the other incorporated an extra stage. The extra stage
consi sted of switching on the feed punmp whilst still appl yi ng hi gh

pressure air through the hollow fibre walls. The resultant two phase fl ow
across the fibre bundle appeared to be very effective in renoving fouling

fromthe 15 nmenbrane nodul e. The two filter units were
running at a constant flow of 200 L/hr/em using a punmp with a
vari abl e speed drive to keep the set fkg%b The area unit emis related to
t he surface area of an original mec filter nodule. Figures 8 and
10 illustrate the results of two consecutive runs of a filter unit
and show that the TMP, when the standard 20 backwash was used, rgse to
400kPa within 4 days of operation. At this point the unit cgdl d no
| onger maintain the set flow of 200 L/hr/em Figures 9 and 1mnshomeyhat
when Qﬁgg
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tthe AOPO swageomas used the TMP renai ned bel ow 1.50kPa for 7r@§ﬁﬁﬁﬁﬁﬁﬁ7
a higher flow

result of

rrate for a |longer period of tine

PCT/ AU95/ 00587

this is that the filter

units could maintain
WD 96/ 07470 _
- 13-

when the AOPO stage is used in the backwash. This is inportant to filter

unit efficiency
reaches a predeterm ned val ue.
t he deconpressi on stage,
600kPa, then the shel

as the units require chem cal

consi sts of tg | umens
si de val ves bei ZIP

air to the lunmens (for typically 1 to 3 seconds on nost applications).

cl eani ng when the TMP
Typically during the backwash
bei ng pressurized to
el eased whilst still 5 supplying
The

)

TP

W
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* AOPO st agwowelaroext end the anount of time air ‘s resuppli eewOudshess bre

| umens by typically an extra 1 to 30 seconds onMLO units.

Jt will be appreciated that further enbodi nents and exenplifications of the
i nvention are. possible wi thout departing fromthe spirit or scope of the

i nvention 10 descri bed. 1. [ Amended] A net hod of
backwashing a plurality of hollow fibres having

7/10
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i cr opor oxfo ¥&h7490 Whi ch have been subjected to a filtrati onpepRivsiier
wherein feed contai ning contam nant matter is applied to the exterior
surface of said hollow fibres and 5 filtrate withdrawn fromthe ends of
the lunens of the fibres, the fibres being contained within a shell or
housi ng, said nmethod conpri sing: (a) termnating the
filtration operation by ceasing supply of feed to said exterior
surface of said fibres, (b) sealing the shell and

substantially renoving renaining fiItr%tﬁ fromsaid 10 |unens,

(c) applying a source of fluid under 5 ssure to said [unme before, at

t he sane tinme as, or just after opening the shell to atns@ghere, to

cause expl osive ~ deconpression through the walls of therflw@ps wher eby

said fluid under pressure PRsses S
T

2/.
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Jthrough SEP(?‘%‘VPS; 15 (d) mai nt ai ni ng the pressME/AE500S87n sai d

| umens at a predeterm ned val ue for a sufficient tinme following said
«deconpression to cause substantial portions of contam nant matter

| odged within and/or on said fibre walls to be dislodged; (e)
washi ng di sl odged contam nant matter away by the application of a f1 ow

of liquid over the external surface of said fibre walls; and 20 ()
recommencing the filtration operation by introducing sai d supply of feed
to said exterior surface of said fibreagsg 2. A met hod of

backwashi ng according to claim1 wherein during step (c), the tine
| apse between the .start of an increase in negative transmentxqpe pressure
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“such TMVP wea®el747g a maxi mum val ue corresponding to the explpeai Avs/00587
I n the range of about 0.05 seconds to about
A nmet hod of backwashing according to claiml or claim?2

deconpr essi on,
..seconds.

wherein the fib%es are

operation. s

3

S

rewetted prior to reconmencing the

filtration

4. A nmet hod of backwashi ng according to any one of clains

to 3 wherein feed

liquid is reintroduced into the shel
filter while fluid pressure is still

bei ng
10/10
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- applied to said | unens. 5. A net hod of backvvagja'f/ &cﬁ)r/dla ti 8 7
claim4 wherein feed liquid is rei ntroduced for a :p@Ei Y& Bf 20kt n996
about | to about 30 seconds. 10 6. A nmet hod according to claim4
wherein said fluid pressure exceeds shell side pressure by about | CkPa
to about 800kPa. 7. A nmethod of backwashi ng accordi ng any one of
the preceding clains wherein the ar'é%sure applied to said lunens prior
to said expl osive deconpression is bet Eout 100 kPa to about 1200
kPa. 15 8. A nmet hod, according to claiml wherein duri n? step (b) . the
filtrate is all of®d t §ealing thejsheiland substantialy semeyingrempining Siltgate from said on .
9. A nethod according to any one of the preceding clainms wherein the
steps of théumens, nmethod are carried out as a continuous process utilizing
repetitive cycles of solids .
(c)  applying a source of fluid under pressure to said lumens before, at the
same time as, or just after opening the shell to atmosphere, to cause explosive
5 decompression through the walls of the fibres whereby said fluid under pressure passes
through said walls;
(d  maintaining the pressure level in said lumens at a predetermined value for
a sufficient time following said decompression to cause substantial portions of
contaminant matter lodged within and/or on said fibre walls to be dislodged;
10 (¢)  washing dislodged contaminant matter away by the application of a flow
of liquid over the external surface of said fibre walls; and
® recommencing the filtration operation by introducing said supply of feed
to said exterior surface of said fibres.
For preference, during the backwash phase, the time lapse between the start of an
15 increase in negative transmembrane pressure (TMP) and such TMP reaching a maximum
value corresponding to the explosive decompression, is in the range of about 0.05
seconds to about 5 seconds.
Preferably, the fibres are rewetted prior to recommencing the filtration operation.
Preferably, feed liquid is pumped into the shell side of the filter while fluid
20 pressure is still being applied to said lumens. This results in liquid/fluid turbulence or
frothing around the membrane pores causing further improved dislodgement of retained

solids. The fluid pressure during this phase preferably should exceed the shell side

pressure by about 10kPa to about 800kPa. REPLACEMENT SHEET

26 AUG 199
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retention and backwash. 20 10. [Anmended] A concentrmAﬁog e¢00§ 598 7
fine solids froma liquid feed - suspension and hawE%mg erggt! gG 1996
«cycle including a concentration part of the cycle in * |

present in the feed suspension are concentrated and a backvvash*part of the

REPLACEMENT SHEET
——17 - -5/1- AVENDED cycle

i n which supply of feed suspension to AMENDERcentrator is interrupted, said

¥

decompression through the walls of the fibres whereby said fluid under pressure passes
through said walls;

(ix)  means for maintaining the pressure level in said lumens at a
predetermined value for a sufficient time following said decompression to cause

5 substantial portions of solids lodged within and/or on said fibre walls to be dislodged;

(x)  means for washing dislodged contaminant matter away by the application
of a flow of liquid over the external surface of said fibre walls; and

.(xi) means for recommencing the concentration part of the operating cycle by
introducing said supply of feed suspension to said exterior surface of said fibres.

10 Preferably, the concentrator includes means for lrewetting the fibres before
recommencing concentration.

Where fluid pressure is applied .to remove the filtrate from the lumens, this
pressure is typically in the range of about 10 to about 600 kPa. The fluid pressure
applied to the lumens prior to the decompression is typically in the range of about 100 to

15 about 1200 kPa.

The penetration of gas into the pores of a membrane is resisted by the surface
tension forces of the contained wall-wetting liquid #ccording to well known theory.
Indeed, surface tension is conveniently measured by the breakthrough pressure needed to
force a bubble out of a submerged orifice. For common systems (such as oil in

20  hydrophobic pores or water in hydrophilic pores) the breakthrough pressures are much
higher than the usual operating pressures of the filter.

Prior art hollow-fibre type ultrafilters are usually fed from the inside of the fibres

for many well known reasons. However, according to the preseny irRERLADE MENFtSHERT

26 AUG 1996
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ecrav 95/ 00 ?

concentrator conprising: (1) a shel |

a plurality of elastic, hollow, mcroporous, polyner fltEGEWeEﬂngﬁ 81995
5 their ends within the shell; (iii) means for supplying
pressuri zed feed suspension to the outside of the fibres during said
concentration part of the cycle; -5/2- (1v) means for w thdraw ng
filtrate fromthe fibre |lunens during ﬁfm operating cycle; 10

(v) nmeans for term nating the concentration part of the cycle by ceasing

supply of f e&gﬁhéd]tos(ﬁé Sutsidk ‘Bf‘dﬂ: %%C%%s?sf lgzeﬁ #{5?{?& lumen of the fibre a3 th fnel g

means for se ng and openi ng t rmsp

means for sybstantjally renpvi ng remaining filtrate {rom,s id Iumenﬁ
ack-wash medium. In someTases, the lumen pressure swells a suitably designed fibre

REPLACEMENT SHEET
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(VIII) means for applying a sourc fluid under pressgrm,ucg ﬁ @L@n‘ﬁ‘l 7

serors, 151 tne o 322()2;2;;5?;2%5&% 5 s, 15

atnosphere, to caude GREN
fibres whereby saiq fl drd under prés ure passes t hrough said wal | s;
| AUGE M80pr esksur gzl evel in said Tunens a

(ix) means for maintaigy _ el in sai\—\rT\
dwzrwﬂ sea e SRR -

predeterm ned val ue forw
cause 20 substanti al S of sol
walls to be%@iged neans for washi*ng€di s ged »
cont am nant el away "Dy the appli cat I on of a flow of liquid over

th t I f df
REI?’LZ)C(:E(I?/IrEm 1 SSHlérE enc?ed] vy Ime’thcgcfj of%a\é\ﬁvasfmg a ﬁurality of hollow fibres having

microporous walls which have been subjected to a ﬁltratioﬂ operation wherein feed
containing contaminant matter is applied to the exterior surface of said hollow fibres and

5 filtrate withdrawn from the ends of the lumens of the fibres, the fibres being contained
within a shell or housing, said method comprising:

(@) terminating the filtration operation by ceasing supply of feed to said
exterior surface of said fibres,

(b)  sealing the shell and substantially removing remaining filtrate from said

10 lumens,

(c)  applying a source of ﬂuid under pressure to said lumens before, at the
same time as, or just after opening the shell to atmosphere, to cause explosive
decompression through the walls of the fibres whereby said fluid under pressure passes

" through said walls;

15 (d  maintaining the pressure level in said lumens at a predetermined value for
a sufficient time following said decompression to cause substantial portions of |
contaminant matter lodged within and/or on said fibre walls to be dislodged;

(¢)  washing dislodged contaminant matter away by the application of a flow
of liquid over the external surface of said fibre walls; and |

20 (®  recommencing the ﬁltration_operatién by introducing said supply of feed
to said exterior surface of said fibres.

2. A method of backwashing according to claim 1 wherein duﬁng step (c), the time

lapse between the start of an increase in negative transmembrane pressuie (TMP) and

AMENDED SHEET
{PEA/AU



| whi ch supply of feed suspension to the concentrat or i§m3r9u5t édo gaﬁds 7

~concentrator conpri si ng: (i) a shel |;
(ii) a plurality of elastic, hollow mcroporous, poIﬂEﬂEWEDes’Z ﬁeNﬂ'Q 1938
fixed at 5 their ends within the shell; (rii) means for

suppl ying pressurized feed suspension toy he outside of i
during said concentration part of the fMﬁEﬁE ” ﬂl“ﬂl"" 'mﬂbr
withdrawing filtrate fromthe fibre | urens (Rjring said *= coperawing =«

cycle; such TMP reaching a maximum value corresponding to the explosive decompression, is

in the range of about 0.05 seconds to abqut 5 seconds.
3. A method of backwashing according to claim 1 or claim 2 wherein the fibres ar= .
rewetted prior to recommencing the filtration operatioh.

5 4. A method of backwashing according to any one of claims 1 to 3 wherein feed
liquid is reintroduced into the shell side of the filter while fluid pressure is still being
applied to said lumens.

5. A method of backwashing according to claim 4 wherein feed liquid is
reintroduced for a period of between about 1 to about 30 seconds.

10 6. A method according to claim 4 wherein said fluid pressure exceedé shell side
pressure by about 10kPa to about 800kPa.
7. A method of backwashing according any one of the preceding claims wherein the
pressure applied to said lumens prior to said explosive decompression is between about
100 kPa to about 1200 kPa. -

15 8. A method according to claim 1 vlvherein during step (b) the filtrate is allowed to
drain out of said lumens of its own volition.
9. A method according to any one of the preceding claims wherein the steps of the
method are carried out as a continuous process utilizing repetitive cycles of solids
fetention and backwash.

20 10. [Amended] A concentrator for recovering ﬁne solids from a liquid feed
suspension and having an operating cycle including a concentration part of tﬁe cycle in

which solids present in the feed suspension are concentrated and a backwash part of the
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'%10 means for terninati ng the concentrati o)
.cycle by ceagln ed to said exterior sfmgglaggf587

e TN %5 e

f||tratefromsa|d yyll) means for applying a source
of fluid under pressure to sai d | unens § 15 at the sane tine as, or
just after opening the shell to at m)spﬁ‘ere to cause expl osive

deconpr essi afyoldinGHtiéh Suiply6f 18 Qsplilor oA SonbbREADSS ﬁ@é&?&é& sfgunder
pressure passes hr ough sai d S; ns for
re level in said lunens at a pr edet er m ned

mai nt ai ni n t
val ue for g su*e'?n%[f‘(f t%rqppﬁlélgfol | owi ng sai d deconpression to cause 20
substantial portigns of solids |odged within and/or on said fibre walls to

be di sl odged; o ashell,
(i)  aplurality of elastic, hollow, microporous, polymer fibres being fixed at
5 their ends within the shell;
(i)  means for supplying pressurized feed suspension to the outside of the
fibres during said concéntration part of the cycle;
(iv)  means for withdrawing filtrate from the fibre lumens during said
operating cycle; |
10 (v.) means for terminating the concentration part of the cycle by ceasing
supply of feed to said exterior surface of said fibres; |
(vi) | means fo; sealing and opening the shell to atmosphere;
(vii) means for substantially removing remaining filtrate from said lumens;
(viii) means for applying a source of fluid under pressure to said lumens before,
15 at the same time as, or just after opening the shell to atmosphere, to cause explosive
decompression through the walls of the fibres whereby said fluid under pressure passes
through said walls; |
(ix) means for maintaining the pressure level in said lumens at a
predetermined value for a sufficient time following said decompression to cause
20 substantial portions of solids lodged within and/or on said fibre walls to be dislodged;
(x)- means for washmg dlslodged contaminant matter away by the application

of a flow of liquid over the external surfice of said fibre walls; and
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.| which supply of feed suspension to the concentrator is interrupted, the concentrator comprises a shell (11), and a plurality of elastic, hollow,
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(57) Abstract

A method- and apparatus for recovering fine solids from a liquid feed suspension is disclosed. The apparatus has anéperating cycle
including a concentration part of the cycle in which solids present in the feed suspension are concentrated and a backwash part of the cycle in

microporous, polymer fibres (12) being fixed at their ends within the shell (11). Pressurized feed suspension is supplied to the outside of
meﬁbresduringsaidconcenuationpartofthccycleandﬂleﬁlnatemnybewi&ndrawnt‘romtheﬁbrelumensduringtheoperatingcycle.
During the backwash cycle the concentration part of the cycle is terminated by ceasing supply of feed to said exterior surface of the fibres
(12). The shell (11) is then sealed and the remaining filtrate removed from the lumens. A source of fluid under pressure is then applied to
said lumens before, at the same time as, or just after opening the shell (11) to atmosphere, to cause explosive decompression through the
walls of the fibres (12) whereby the fluid under pressure passes through said walls. The pressure level in said lumens is maintained at a
predetermined value for a sufficient time following said decompression to cause substantial portions of solids lodged within and/or on the
fibre walls to be dislodged. The dislodged contaminant matter is then washed away by the application of a flow of liquid over the surface
of the fibre walls; and the concentration part of the operating cycle is recommenced by introducing the supply of feed suspension to said
exterior surface of said fibres (12).




said lumens, said fluid pressure being in the range from about 10 kPa to
about 600 kPa. 13. A concentrator according to any one of clains 10
- to 12 wherein the neans for appl ying a source of fluid pressure to

- said lumens before, at the sanme tine as, or just 10 after opening the
shell to atnosphere includes neans for pulsing t he application of said
fluid pressure. 14. A concentrator according to claim 13 wherein the
pul ses of pressure are between about - 0.1 seconds and about 5 seconds
i n duration. 15. A concentrator according to claim13 or 14 wherein
the means for pulsing the 15 application of pressure conprises neans for
openi ng and sealing the shell at predeterm ned intervals to allow
pressure to build up within said | unens.
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