System and Method for Filtration of Liquids The present invention relates
to a systemand a nethod for the filtration of liquids. 5 Mire
particularly it relates to a systemand nethod for the filtration of

l'i qui ds which may have high solids contents such as beer, w ne, water and
fruit juices, or biological streanms such as from bi oreactors contai ning

pol ycl onal, nonoclonal or other desired proteins or enzynes, according to
attached clainms 1 and 19. 10Background of the Invention W nes,
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t hat are for nian tbreactarelcontdirgy polyicioketr monatieral ail othercesieed i pratsing bt breymessuch 20
as di atomaceous earth apd yariou har ged pol yners. These filters are
normal fl ow d%‘i??rﬁ'g%t?amﬁ?ﬁ%ﬁnsﬂ ?1% quid is directed at themand the liquid
flows through themto an outlet while inpurities remain trapped in the
pad(s). These filters are arranggd in%q% P@ugi nﬁ whi ch nmay contain one or
more, genéfally several of thesePfGkPYEHLTEE PKROION v o frame in a plate and
frame device or on a central rod that has a series of holes leading to the
outlet within the rod in a_ 25 lenticular ‘F{ad device. Liquid enters through
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during a filtration operation to ensure adequate capacity.
recently, users have begun to | ook at TEE (tangential flow filtration)
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device or on a central rod that has a series of holes leading to the outlet within the rod in a
25  lenticular pad device. Liquid enters through an inlet generally at the bottom side of the housing
and flows around and through the filter(s) to the openings in the rod and out the bottom of the
housing through an outlet. The pad filters become easily clogged with impurities that limit their
use in production runs. This often requires the use of two or more identical filter systems that
are run sequentially during a filtration operation to ensure adequate capacity.
30
More recently, users have begun to look at TFF (tangential flow filtration) devices for

such filtration applications. The TFF systems utilize the tangential flow across the face of the



speci ali zed equi pnent including special filters, holders, punps, retentate
lines, etc. that are expensive to purchase. Additionally, the process using
this type of filter is different and requires special training and

dedi cated capital equipnent to do so. Mreover, the systemuses 10 to 20
times the energy of a pad systemfor the punping to create adequate
recirculation of 15 the fluid to create and naintain the TFF fl ow.
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alternative to TEE ceranmic filters is now a plastic or polyneric hollow
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pronote a continuous_erosion of the material built ur% on the barrier
drawbacks of expense and farge hold up volume. However and more importantly, the low

30  crossflow is accomplished by increasing the surface area of the membranes used, often by at
least 2X that of a traditional TFF system, again increasing cost and holdup volume. Additionally,

TFF polymeric membranes are relatively weak in strength and are susceptible to rupture if too



filters. What is needed is a systemfor filtration of high solids
systens that is sinple to set up, run and is |ess expensive than the TEE
systens to purchase and operate and which increase 25yields with m ni nal
filtration passes through the systemto mnimze degradation. Summary of
the Invention The present invention relates to a systemand a process of
running the systemthat 30 allows for the long termfiltration of product
wi t hout | oss Bichfprassureserisbear isapelied foi team. ddeitiondly.cTlegning sigh Bters ip difficuigcostn | i ne
with the att i i AR ok b@hdijel tration system
havi ng one O?&ﬁ@ﬂgﬁ#ﬂ@m%@ﬁ%@i}f ggfghg]ﬁl{tgtcl:(ﬂed‘e?ooran%oﬂt' Ieet of one or nore
housings in the system The filter cartridge(s) are contained within a
bow and depend prgef.erakdy i | Ve - Ll t t he
bow of the housi n%g'ggﬁdwgdﬂ g(@zrﬁesraqt?%%?ﬁfgéﬂtg&p?&ﬁ? (go(‘f:btedsltfag n%uh@&oﬂ%yel%rﬁ%re
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nore par anet etprg&éﬂgﬁreg@s\'@ogw f(‘j’g? es ang thefelore, YRS 07 é,ther"éd'@?;@ O Yhd/ or
time are measetomthicaydiableeAnctieediskdsantage inpsing petyrearic SFF fitees imebld wireeor firuit t r at i on
ceases. A backfiushing occurs bac hrough .the fil cartridges so as to
enove t he. t rHEHERIIRR TS en Bacs e HFHEo Nas S (el e e e nashe
material is diré aetkefbatisl Rt thaItstrelchinyf effdotofitRWhystal @t sugsr it COMNREdiEFlcdusing dr ai n.
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L n a down:
equi | i bri Him 293" #1 (e s Perhihe groqdustio °f‘@§“t°'§1°‘ iptadne Tlyig: Optionally, there
may al so be a lateral flushing of the outside of the cartridges through one
or nore ports fornmed in the sidewall of the bo adj acent _t he out

w
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preferably i neoaddh filePsld ifatibigrodeases i@ BdnBifoninlg e Métsheln Okl WittPhibhed before
or after the backflushing step but before thé recirculation step. 15

Unfiltered |imaiertal after reganergtion dy baskliuging. Thesreepndidoning iscprigdant by regirpalation of
cartridge(s) j i J il
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are perpendicular to the outer vertical surface(s) of the cartridge(s).
20Addi tionally, steps for the washing of the filter(s) with water and

cl eani ng of the sy¥d 2008008499284 disdosdsia tanmandiltergidtfiretionprosess mijersip ditediniddresi gn.
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20  first fluid outlet, so as to promote a continuous erosion of the material built up on the barrier
filters.

What is needed is a system for filtration of high solids systems that is simple to set up,
run and is less expensive than the TFF systems to purchase and operate and which increase

25  yields with minimal filtration passes through the system to minimize degradation.
Summary of the Invention

The present invention relates to a system and a process of running the system that
30 allows for the long term filtration of product without loss of filtration capability due to clogging or
fouling, in line with the attached claims. The system is a normal flow filtration system having

one or more filter cartridges attached to an outlet of one or more housings in the system. The



The system can be used in a process that is automatically operated (through
a series of PIDs, a CPU, conputer, conputer network or other systemthat
controls hardware and/or software). 30The system al so includes a process
for the filtration of a liquid through one or nore filter cartridge(s),
backfl ushing of filter cartridge(s), optionally lateral flushing of the
exterior of the cartridge(s) through a port in the housing sidewall and a

reci rcul at i onfilet eagridgefsk are acntdingd wilkin @ Powlasthdengndonreferptity vegtigally|from threoutlet.
acconpl i shed ‘_lall otn Bfter® b SO of%?(esﬁoﬁ gg!arﬂi éoﬂﬁctgr@"ﬂu{é%urfaces of tr@ W& rorshovs a

housi ng useful i system accor resent I nvention in Cross
sectional vi evartndgms) m@nms agbhtrapped on or |rﬁhgalrfece20f§1edm aad &bdk@edthudfﬂows portion
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according %o trdmemmmamrptessum/dmp aralfor time ane oeasusesicand euherl thvdesmed parameter(s)
are met, the filtration ceases. A backflushing occurs back through the filter cartridges so as to
remove the trapped impurities on or in the filter surface. This backwashed material is directed
to an outlet of the bowl that is connected to a drain. The system is then recirculated in a
downstream manner to reestablish equilibrium and filtration is then restarted.
10
Optionally, there may also be a lateral flushing of the outside of the cartridges through
one or more ports formed in the sidewall of the bowl adjacent the outer surface(s) of the one or
more cartridges. This may be done in lieu of but preferably in addition to the backflushing step
and may occur either before or after the backflushing step but before the recirculation step.
15  Unfiltered liquid is directed against the outer surfaces of the cartridge(s) to dislodge any
trapped impurities and to remove any impurities that may have settled in the bowl. The port(s)
may be tangential to the vertical surface of the filter cartridge(s); preferably the port(s) are

perpendicular to the outer vertical surface(s) of the cartridge(s).

20 Additionally, steps for the washing of the filter(s) with water and cleaning of the system

can be conducted using the existing system design.

Moreover, a system with two or more housings may be used so that at least one is on

line while the other(s) is being regenerated or cleaned.

25
The system can be used in a process that is automatically operated (through a series
of PIDs, a CPU, computer, computer network or other system that controls hardware and/or
software).
30 The system also includes a process for the filtration of a liquid through one or more

filter cartridge(s), backflushing of filter cartridge(s), optionally lateral flushing of the exterior of



Figure 4 shows the flow path for backflushing in a systemaccording to the

present invention in cross sectional view 10 Figure 5 shows the flow
path for recirculation in a systemaccording to the present invention in
cross sectional view. Figure 6 shows the flow path |ateral

flushing in a systemaccording to the present 15invention in cross
sectional view Fiqure 7 shows the flow path for water washing or cleaning
in place (Cl Phej garfidgs(s) &yaughks a part fetbe hesing sidewali yagd a fecieudaierplag Qrionatie
present invent, ' [ LW LM, shows a system of the
present i nvenb’?tgwda@?%@ﬁno%?ﬁéHgﬁ%hms?ﬁ%\%gmetlge&ﬁéesgmisﬁt%ar allel or

alternately. Detailed Description 25By "port(s)" it is nmeant that one or
nore ports exist or can be used, By I"ftrf.elDtra% gartridge(s)" it is meant that
one or nore cartridges can exist or be R Figure 1 shows a
filter houSing 2 according to the present invention. It is formed of two
maj or conponents, ) he?dh4 ang a bowf 6. The head.cotnttﬁai ns a{]. i nl.et. 8 and
an outlet 10. The oW BeHALUAGP uhlnlazsy]stsmr%@r%r{g Qrn&TeNt MENIRr nost
poi nt 14. cross seclibeal i@l 6 nmay have a frustoconical bottom 16 as shown or
it may have a rounded, a tapered or even a flat bottomif desired.
Preferably, it is a frustoconical, rounded or tapered 5 shape. By having
such a shape adjacent and/or at its |owernost point 14, the drain 12 can
work nore efficiently to renove debris and inpurities fromthe housing 2 as
will be dé@cribed further in Often these shapes all ow for the concentration
of the inpurities so that m ninmal anounts of product are |lost fromthe
system when the inpurities are renoved fromthe housing, 10As shown the one
or nore filter cartridges 18 are attached to the outlet 10 of the

15
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25
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housing 2. The cartridge(s) 18 are arranged so that the cartridge(s) 18 hang
vertically fromthe outlet 10 of the head 4 into the bow 6. These
cartridge(s) 18 are well known in design and have a closed end 19 which in
this enbodiment is farthest fromthe outlet 10 and an open outlet end 21
which is attached to the outlet 10 of the housing 2. The cartridge(s) 18
contain 15 one or nore layers of filter material which nmay be pl eated
porous plastic menbrane, spun or wound fibers such as of plastic, glass and
the 1ike and/ ofjqilen WBYEY dBRE & lofhDortibh of & io@shgVGHTHIGUHS 1 SEERANE toahe!
protective Iaye?s such as an olter 'porous protective cage, an ' nner porous
core and pragenbinvembiorein crayesestiantl viaw.t er support materials such as porous
non-woven scrinms and the |ike. 20 Typi cal plastics for the filter
material include but are not limted to polyol efins such as pol yet hyl ene and
pol ypsopy!l ene, Figgb Yy ktivilsi e mewf paP fdr diratiéhViaFa . systerm yactontihg ad @hpresent pol yvi nyl
chlorides, polysul fones, polyaryl sul fones, polyethersulfones,

pol yphenyingentioroin egss seCtamarési.ns, PFA resins, pol yesters, nylons, pol yan.des,
pol yi m des, and cellul oses and nodified cellulosic 25materials such as

cel lul ose acetate. The pore size of the filter will vary dependi ng
upon the filt eFiglngpeshowd Fnflowt fath fombadkilishing it @ sirterf iatdoedirgyoto dinedl priebamt | | ke.
They may ran?e ?ron1about 0.1 mcron average pore size to 10 mcrons pore

si ze. TypinkgllipRyin cepspsegtional \iew.0. 65, 0.45 or 0.22 nicron pore size are used
for ,30 nenbrane type filters depending on the application, the inpurities
to be renoved, the anount of inpurities present and the |ike. Preferably
filter having &igmeriesmivg ¢hebfiowpstin fon bepirculdios i arsystan @ceerdingotoshe presandd.
Non-wovens and depth filters such as wound filters and the |ike are not

of ten rat BYENY B&Fogsgqcb@a \1§¥t he extent that they are the sane pore sizes as
for menbranes can be used. The housing may al so contain one or nore
additional port(s) 20 in the side of the housing 2 adjacent the filters 18
that is used i higtieed showarthenfiovp pah daleraldibisling inedl systam iaegordingl tevthe wiesenbor t ( s)
are Hgngenti§l to the zqgf%antially vertical surface of the filter

cartr dge(@?nﬁﬁﬁcﬁﬁﬁs 0 4y angle Itt fornmed between the centerline (A-A)
23 of the cartridge(s) and the centerline (B-B) 25 of the port 20 as shown
in Figure 2. Preferably the angle (1) is fromabout 15 to a?o t,l@S, nor e
preferably frofigasolishdsche dow ipatl fon Wetepwashingt ¢ clesging iy PlgsR; Cl§} Br8fably it
10 is su I al.l y i 1 ; : ; are in fluid
connunicaﬁﬁéﬁgayghhpﬂgggﬁﬁﬁggﬁgbeg%H%H@gﬁﬁbygﬁoqﬁgﬁﬁ?%§%g§%gﬁg conduit 21
whi ch branches off of the conduit 28. This port conduit 21 is generally

cl osed by a port valve (not sho and only opened for | at er f.l ushi ng
st ep ¥xpl ai ned FlQB'iecﬁ/\F@Wg B YBEw Wﬁ%‘?ﬁ%lﬂ?&@% wa §EGh NOURRIFTHE B and the

systemin I itih,S i Nncorporated. A punp 22 is connected at its inlet 24
to a sour?gaﬁgbﬁ@gm?ﬁw26 to be.filtered. A conduit 28 connects the outlet 30
of the punmp 22 to the inlet 8 of the housing 2. Liquid enters the bow 6 and
is drawn through the filter 18 aﬂg.ggro%gh.the outlet 10. Drain 12 is
connected to a waste |ine 32 and”%f g@s P¥O%  om t he waste |ine by a val ve
(not shown). 20 Optionally a first sensor 36 is |located at the inlet 8
and a second sensor 38 is located at the outlet 10. The two sensors 36, 38
i n cA%bi nat i on Byaporte)adiuis eneant that ane e rmnraumertp e¥siserr eani be tprd. Byefitar nmor e

bel ow TheeOHEEF LS Rghubtane it BB b BiNHERER 1 ng (7 ansmorbrane 25

pressure differential or flow neters when determning flow rates. Any
pressure sensor_ may be used, be it dial or anal og or digh%ﬁl rgag out. The
pressure sensorigyey! $ews afliashoysing s acraiging tedheopieseat ipyentiad: HsiPge ot e gauge or
read out ; ] i J p t hlthebe

expl ai ned%%éqqgévﬁoglramlg’tal Hﬁﬁ@"'%@%ﬁ@gﬁ %ﬁﬁ%& g%”égﬁ%"aﬁgﬂ? %Hasalln(é)ﬁ%m{t)'oﬁhte he system
when 30he awidtek erdrais12 foedeatior neaki\oweemashpoiftliéw sensor nmay be used, such as
a paddl e wheel flow



30sensor that determ nes flow by counting the revol utions of the wheel or
propeller in the sensor. It may be a dial or analog or digital read out.
The sensor may be "dunb" requiring the operator to nonitor the gauge or
read out to determne if the desired paraneter (flow rate) has been net (as
wi |l be explained below or it may be intelligent and provide a signal to
the system when the paraneter is reached. 5Filtrate (liquid that has passed
through the filter layer(s) of the cartridge(s) 18) exits the housing 2
through outlet 10 to conduit 40 and through valve 44 to a next step or
storage tank 42. Also shown is valve 46 in conduit 48 that selectively
allows filtrate tdhe b@M/Gtmayba/elaffnustgqonin@b@ttamldﬁas)srfown OBt maypEe amn@dea as
descri bed bel V 46 i y d., Qf f n o flow
t hrough val vetgezfl&ﬁed d}é}V@ﬁ & b@tﬁ&ﬁfi@ﬁdl 8'% eﬂfﬁ@ ! B f{&ﬂoéo(ﬁ}%cll %P'F | ed%hgr él | tered
i s suppliedl fshepa Bhbadgaucea ﬂ&psad;aneatsand/owatlts ldmmiostcnombﬂh theodraind2gamp i nl et

24. The punp 22 noves. .the,li UId hro h condui the .inl et f the
nousi ng . it RS oMY i el beb Bt BhyRE Toh bl 74l EirBef uge o)
18 and passesiuitier mmntthssefshdpbeallolwafytenhé sbncen‘trat]dmeofdlwmpﬁr(ﬁgeécs)hatlﬁhlntmalthe
outlet 10 of the hous 40 and, v
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Impurities either are kept in the bow 6 or becone trapped in the fllter

| ayer(s) of the c tration rate wl

decline aMi/or t h«?{siﬁaéﬁgﬁéz& érﬁrgorgﬂ&eg%r?}gg% 8 3t PE@L%pItEﬁ oufiel 10 ofr{pg ease

above the accipéinmb. W@é@ﬁﬁig@(;s) fsruab érl%ﬂgefdlsblr@rth@@errthage(igemhg &&ndewf}onnﬁ@d to be
backf | ushed. When this back ? IS to occur can be deternm ned @3/

variety of pafuishdPef te headcd l[l@l”i‘ﬁgb%‘u@ Thesf qaeeiges) 19 are wel knowa irodasiond

pressure and fa@W clodddeshd 18nlcR |nt s eHﬁ&iuﬁ’Jnt ] férth@ﬁ f@ﬁ\rtﬁ’é’fmtl@tr‘vo &hdanpehn sinply
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t
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and val ve 56 mhlc is’o rough t 18" to di sl odge
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30pr ef er abl y coeerand ooe efrmadiranlaysrs af Hiker sedpbrt mbtetals sugh asepogaus adn- we:-vem emrmeenld from
the system Ttﬂéﬁe.Step and its flow path are shown in Figure 4.

20
Typical plastics for the filter material include but are not limited to polyolefins such as
polyethylene and polypropylene, polyvinylidene fluoride (PVDF), polyvinyl alcohols, polyvinyl
chlorides, polysulfones, polyarylsulfones, polyethersulfones, polyphenylsulfones, PTFE resins,
PFA resins, polyesters, nylons, polyamides, polyimides, and celluloses and modified cellulosic
25  materials such as cellulose acetate.

The pore size of the filter will vary depending upon the filter type chosen, the impurities

to be filtered and the like. They may range from about 0.1 micron average pore size to 10
microns pore size. Typically, a 2.0, 1.0, 0.65, 0.45 or 0.22 micron pore size are used for

30  membrane type filters depending on the application, the impurities to be removed, the amount
of impurities present and the like. Preferably filter having a pore size between about 0.65 and

2.0 microns is used. Non-wovens and depth filters such as wound filters and the like are not



The period of backflushing does not need to be long. It nerely needs to
provi de a pul se of backflow and pressure sufficient to clean the filter
cartridge(s) 18 to a degree sufficient to allow further filtration to
proceed. In a preferred enbodi nent, the period of tinme for 5backflushing is
fromabout 2 to 20 seconds, nore preferably fromabout 5 to 10 seconds.
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pressure)eanlte |&psi red additional pressure may be applied to the backfl ushing
operation. 10 Then the punp 22 is turned back on and the renaining
fluid fromthe backflushing step above in Figure 4 is noved through conduit
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pr ef er abl ﬂusﬁmggbpgﬁb@@@%@ﬂw at Figure 6. The pressure of the recircul ation
shoul d be about the sanme as the filtration pressure differential (generally

around 1 bar over the actual downstream pressure). If desired additional
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For nost t preferred aranmeter is-every 10 mnutes. The sane process

of val ve olos&uiaffgmfrrihe)wasteghnarwawdvm(nntﬂhew@nts are used as described above to
cr eat% t he backfl ushing and recircul ati on steps.

Optionally a first sensor 36 is located at the inlet 8 and a second sensor 38 is located
at the outlet 10. The two sensoré 36, 38 in combination can measure the transmembrane
pressure in the one or more filter cartridges 18 or the flow rate of the system as will be
described below. The sensors may be pressure sensors when determining transmembrane

25 preésure differential or flow meters when determining flow rates. Any pressure sensor may be
used, be it dial or analog or digital read out. The pressure sensor may be “dumb” requiring the
operator to monitor the gauge or read out to determine if a desired parameter has been met
(as will be explained below) or it may be intelligent and provide a signal to the system when the
parameter is reached. Likewise any flow sensor may be used, such as a paddle wheel flow

30 sensor that determines flow by counting the revolutions of the wheel or propeller in the sensor.

It may be a dial or analog or digital read out. The sensor may be “dumb” requiring the operator



The period of backflushing and the pressure used is the sanme as descri bed
above. As to the use of a transnenbrane pressure paraneter, one can
sinply select a transnenbrane pressure upper limt that corresponds to a
certain level of clogging of the filters. One can use pressure sensors as
sensors 36 and 38 to neasure the upstream and 15 downstream pressures of
the filter layer(s) and determ ne when the transnenbrane ?Eessure t he
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enbodi nenparafietérierepchedent i nventi on where transnmenbrane pressure is used as
the paraneter, one sets a limt of fromabout 0.2 bar (20 KPa) to about 5.0
bar (500 KPa) depending upon the inpurities in the stream the filter(s) 18

sel ecked and t ; i 1 i iite the bet ween
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si de of t ledlowyrseugivalre 480 reduced flow rate that equates to a certain |evel
of clgggi ng of the filter(s) is determ ned and when that reduced flow rate
i's ré ched the backfl ushing operation described above in relation to the
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the to bgpkhpushing step of Figure 4 is preferred and this optional step is

an additive step that may be used as desired either before or after the
backfl ushing step), one may use a lateral flushing step by introducing

liquid th h I Q.1 I I : h h
the il et 6. 1 HBUPTS; ehudiye Kogh BTG e ool WiipEH o R} obs) B 1 G0
18 and t hestridgets)dissAftor dadhild the dilrgliontrate wilr ddclineladdiontha tramemearbratie peassived above.

This optional step is shown in Figure 6. 15 Flujd from source 26 flows into
cond#0t Zﬂlffﬁrﬁﬂt@h‘glﬁ'%WéSQﬁboYﬁ)m%a%Pt?@ parametaiand dhs fﬂgrtcaﬁﬁ*@egmji‘f‘"ﬁﬂ%ﬁdft%ce of the
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As to the use of a time parameter, one can simply apply a timer to the controls for the

25 . pump 22 and/or valves into and out of the housing 2 if any. At a predetermined schedule, the
pump 22 is shut off and filtrate is pulled from tank 50 through pump 52 and conduit 54 and

valve 56 which is opened and back through the filter(s) 18 to dislodge any impurities that are
adjacent or embedded in the fiIter(s)‘ 18. The impurities then settle out toward the lowermost

portion 14 of the bowl 6. Valve 58 is also closed at this time. The backflushed liquid is then

30 preferably sent to drain so that all clogging material is removed from the system. This step and

its flow path are shown in Figure 4.



20 pulse of liquid at a pressure sufficient to clean the filter
cartridge(s) 18 to a degree sufficient to allow further filtration to
proceed. In a preferred enbodinment, the period of time for lateral flushing
is fromabout 2 to 20 seconds, nore preferably fromabout 5 to 10 seconds.
Figure 7 shows a step for cleaning the systemafter use or flushing the
system before 25 use to renove any potential contam nants that nay have
entered the systemduring assenbly. Water be it cold 70 or hot 72 or

optionally steam iTRged opbackishi ddebaot%b@ro béabr?f & meRbly’ Aecli$ toSpeNel £d by
conduit 74 through tank 50 punp 52 and conduij to conduit 40 and outl et

10 of the houdishdf @Ckﬂ%?“%w&ﬁl{ﬁ@@@%@?ﬁné@ fitey cartridaeis) 8 &xp degreg sufficient he

wat er or steag gy ffdrﬁt‘\’ ﬁﬁm.wwﬁpﬁomdhmuampmnzd 3MBodidient ake la@noae&ft{rn@efarto the
tank 50 via conduit for recirculation. 30After the desired tine, the

wat er or aﬁwd/bﬁﬁkﬂgwﬁﬂﬁfiogwagw&?tQﬂOfse@n@ Fer peeferaglyifram gbaut 5 od 0 ¢cerds. of f the
wat er return conduit 80 and the water/steamis drained through conduit 82
to a water/steam drain. Optionally, the conduits used in this step may
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to one of d)l‘dl nary skill in the art the only addition being a dedicated

wat er/ st eam tank 100. This allows one to use one housi ng 2A while the other
i s bei ng regener atTaeh thdypumpd2 ig timeediracicansand dxewmalrimgcﬂmd florfrthg backBusHingisteb 5 and
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of 11% one woul d conduct the filtration at tenperatures of ut Cor -5
C 20 20 TH¥Cle.i qui d can be prechilled before entering the system The
systemmay be insulated if desired but generally it is not needed as the
time spent in the systemis relatively low. Alternatively, the system nmay
be run in a cool edheperiodof ttirauletiom does ndtmieer teebedeng. ¥ imefely naeds torqeesidataur e

w thin the |igiligh Wl Js * ﬁeéb"eh'?& fRFa{?o%ea?ﬁg/ﬁg%Fug@e 2 e ﬁﬁ@ "Rk qﬁe”%%t)émsdéo%a“ ons,

the 25system can be affirnativel er circulation systens
or chilling Hitatkehsbagi again. Ime prefekertambodimeritHige @eried of time for recirculation is from

25  about 20 seconds to 60 seconds, more preferably from about 20 to 40 seconds and most

preferably about 30 seconds.

The pressure of the recirculation should be about the same as the filtration pressure
differential (generally around 1 bar over the actual downstream pressure). If desired additional

30  pressure may be applied if desired (for example to generate a filtration cake).



The filter is a normal flow polyneric filter such as a Polygard(r) CE
filter available fromMIIlipore Corporation of Billerica, Massachusetts

whi ch contain a glass fiber/diatomaceous 30eart hi pol ypropol ene fiber bl end
of materials. However any normal flow filter that can w thstand
backf | ushi ng pressures on repeated cycles can be used in the present

i nventi on. The system can be used in a process that nmay be manual |y
operated (by a system operator manually operating the val ves, punps, etc)

or automatically (Frdférathgim eneSenibogimemfof e Presedt ifvERon MAERE URlis uSAERULET
network or other systemthat controls hardware and/ or software). 5 EXAMPLE

A syst em accoR¥AMGE +0e Shi@ Shedite fased Upomiie d9ad oA dmeyritesjinh the ilieam, s filier 30"

Pol ygar de CE fthidg8) maerere&tbdiﬁﬁaahe( Votumiof inQBridP IR fitdréd® YypRodm), |t asa eeh fRM

M1 lipore Corporation of Billerica 10 cartridges in parallel was used and
i ncor por at®d HatrRceRadHe ¥ detyeen svery (b toravary 28 minuteg isrusefyl farmast applisetionpdoput | et s
of the cartrigaesnevplefméd ttuﬁa@*kfé?!a‘(nfefér |§“‘év t1b%m&fés eRE NahRUsibdags y%alwe

housi ng round plate as 1s wel nown |n he art so that I1quid | eaving the
housi ng out | ectpsnmgsmbsmqf)@g@@dmphm@f@@ﬁntsa rage fupedt @9 desaribedi doays. 015509 thé t er s of
unfiltered ohol content 12 %froma stainless steel
tank was supp a?:@lg%’fﬁn@%n%‘@g&{&ﬂ?\et of the punp at a tenperature of -2C at an
upstream pressure of 0.2 bar (20 KPa) as read by the upstream pressure

The housi Ry at o preeety eEpgHas Bfndt B Vapame siHBRu IR O €

measured and this Was done by a stop watch. After 10 m nutes, the
punp was shut off nd, t he ackvvas i n Fi gur
has i tor 6 secdidd 1 ik @R cnRenBie Retyg Dadingi als b8t Wby ¥ € ne

pressure senstmmrfmbtdne pr@s&:feejbper Bt that corresﬂ'd‘nes tbecertamuévaltdf cloggigefxth@fitedescr i bed
inrelation t8 ag was run at 0. 7ba g ﬁgzg neasured at the pstream
sensor on the”enf tus[eoprﬁ?grehsgﬂgqrsr@s fsg)r}sorﬁgB s@’@o 533U 4\6i YRStRam: an
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above steps i uence 6 tines
P dlf{erence Qetweeﬂ the upstream or inlef pressure and the downstream or the outlet

pressure) is too great. When that parameter is met or exceeded the same backflushing and
recirculation steps occur.

20 Preferably, in one embodiment of the present invention where transmembrane
pressure is used as the parameter, one sets a limit of from about 0.2 bar (20 KPa) to about 5.0
bar (500 KPa) depending upon the impurities in the stream, the filter(s) 18 selected and the
volume of material to be filtered. Typically it is between about 0.2 bar (20 KPa) and 1 bar (100
KPa) difference (but again, the pressure differential chosen is dependant of the quality of

25  impurities, and therefore of the fluid to be filtered). For most applications, the preferred

transmembrane pressure differential parameter is 0.2 bar (20 KPa).

As to the use of the flow rate parameter, one can simply select a sensor to measure

flow rate such as flowmeter preferably on the downstream or outlet side of the system. A

30 reduced flow rate that equates to a certain level of clogging of the filter(s) is determined and
when that reduced flow rate is reached the backflushing operation described above in relation

to the transmembrane pressure differential or time system above is utilized.
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After 5 filtration and backflushing steps were conpleted a | ateral washing
step through the side port(s) of the housing was conducted for 6 seconds at
a pressure of about 0.7 bar (70 5KPa), followed by the recircul ation step.
A control systemfornmed of a standard TEE hol | ow fi ber system (Ronfil

hol | ow fi ber system sold by Dommick Hunter |berica) was run using the sane
w ne and both systens had flow rates, turbidity of wine and cl oggi ng i ndex
(filterability index) neasured. 10 The C ogging Index is a
filterability index is wdely used in European wineries to gauge the
filterability of a wine. Cogging index is the difference in tinme between
how long it takes Rreferghly, incne embagimeoioriine RFegen pventien wheredlowysele saisedbastthee ti me

It takes 10 fiddnfer lhE sdtd 4 .tef%m%ﬂﬂ?o%t&&e&tls@%wme%@ﬁﬂowsﬁtdegénpﬁgogl ven

pressure and ne rane. 15 The ne or calculating 1t 1Is W ng:
TO= initiat tipeetheimpyrites inadheisireamgefilter qartiidge(s)nl 8seleeierdandithe volume ef material f i r st

it pressurpoe Merddridl Fhadocth e el EAUER ok 40 o e ?P?sﬁ%“é’%b% to

400 m) of vmfr[mththlnlmj@rbwrate® usefridorfmobttapplicatiots. at t he sanme pressure. =
(14-12) - (T2 -TO. T4 - 2 *(T2) Units are reported in seconds, but
it is normally treated as an index with no units assigned. The w ne
filtered accordi ngittametpoint ic tetproodss anas mhtiaermntiestethe bagkiheshing step (aktdughtie

fol I ow n9,§ hatgaak(%lus En'gssgep ostlg%?e £ pre¥errec} and tt{?s c;l;-)ﬁc?nla[estelp: is anTa;dH?tgi\ge srtreinha?t may be
used as desired either before or after the backflushing step), one may use a lateral flushing

step by introducing liquid through port(s) 20 in the side of the housing 2 rather than through the

inlet 8. Impurities are pushed of off and out of the filter cartridge(s) 18 and then are discarded

through the drain 12 in a manner described above. This optional step is shown in Figure 6.

15  Fluid from source 26 flows into conduit 21 through one or more ports 20 and against the outer

surface of the cartridges 18. From there, the fluid and any impurities removed from the

cartridges are flowed out of the system to the drain 12.

The period of lateral flushing does not need to be long. It merely needs to provide a
20 pulse of liquid at a pressure sufficient to clean the filter cartridge(s) 18 to a degree sufficient to
allow further filtration to proceed. In a preferred embodiment, the period of time for lateral

flushing is from about 2 to 20 seconds, more preferably from about 5 to 10 seconds.

Figure 7 shows a step for cleaning the system after use or flushing the system before

25  use to remove any potential contaminants that may have entered the system during assembly.
Water be it cold 70 or hot 72 or optionally steam instead of one or the other waters 70,72 is
supplied by conduit 74 through tank 50 pump 52 and conduit 54 to conduit 40 and outlet 10 of

the housing 2. Various valves such as 76 are closed to cause the water or steam to flow
through the housing 2 and it can be returned to the tank 50 via conduit 80 for recirculation.

30  After the desired time, the water or and/or steam is shut off and valve 78 is shut to close off the

water return conduit 80 and the water/steam is drained through conduit 82 to a water/steam

-11-
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| ndex 10 1200 <1

drain. Optionally, the conduits used in this step may also be subjected to pressurized air to

cause the water/steam to drain out more efficiently as is well known in the art.

Figure 8 shows a system having more than one or two or more housings 2A and B.
5  The operation of the system is similar to that explained in Figures 3-7 and would be obvious to
one of ordinary skill in the art the only addition being a dedicated water/steam tank 100. This
allows one to use one housing 2A while the other is being regenerated through the process
described in Figures 4 and 5 and optionally 6 and/or 7. Alternatively, the two or more housing
can be run in parallel at the same time if desired.
10
Preferably the temperature of the process in any embodiment is kept at a range
between about -6 °C and about 20°C (minus temperatures may be used for liquids that contain
alcohol or salts that depress their freezing point or are formed of materials that have freezing
points below 0°C). For many applications, such as wine filtration, fruit juice filtration, biological
15  filtration, the process takes place in chilled rooms and in chilled systems with temperatures
ranging between about 4 °C and about 10 °C. In the case of filtration of wine for removing
bitartrate crystals (cold stabilization of wines), the temperature of filtration is as a rule of thumb
minus half of the alcohol content (otherwise the crystals would redissolve). This means for
alcohol of 11% one would conduct the filtration at temperatures of about -4 °C or-5 °C
20
The liquid can be prechilled before entering the system. The system may be insulated
if desired but generally it is not needed as the time spent in the system is relatively low.
Alternatively, the system may be run in a cooled or "cold” room to minimize any shift in
temperature within the liquid while being processed. In some extraordinary situations, the
25  system can be affirmatively cooled by cold water circulation systems or chilling blankets as are

well known in the art.

The filter is a normal flow polymeric filter such as a Polygard® CE filter available from
Millipore Corporation of Billerica, Massachusetts which contain a glass fiber/diatomaceous
30 earth/polypropolene fiber blend of materials. However any normal flow filter that can withstand

backflushing pressures on repeated cycles can be used in the present invention.
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The system can be used in a process that may be manually operated (by a system
operator manually operating the valves, pumps, etc) or automatically (through a series of PIDs,

a CPU, computer, computer network or other system that controls hardware and/or software).
EXAMPLE

A system according to that of Figure 8 which had a twin two 3 round 30" Polygard®
CE filter cartridges (2- micron pore size) available from Milliporé Corporation of Billerica,
cartridges in parallel was used and incorporated a housing according to that of Figure 1 such
that the outlets of the cartridges were atfached to the outlet of each housing via the housing
round plate as is well known in the art so that liquid leaving the housing outlets first passed

through the filter cartridges.

500 liters of unfiltered white wine with ah alcohol content 12 % from a stainless steel
tank was supplied to the inlet of the pump at a temperature of -2°C at an upstream pressure of
0.2 bar (20 KPa) as read by the upstream pressure monitor on the inlet to the housing. Filtrate
passed through the outlet of the housing at a pressure of 0.2 bar (20 KPa).

Time was the parameter measured and this was done by a stop watch.

After 10 minutes, the pump was shut off manually and the backwashing step as taught
in Figure 4 was run for 6 seconds at a pressure of 0.7 bar (70 KPa) as read on the pressure
sensor of the outlet.

The recirculation step as described in relation to Figure 5 was run at 0.7bar (70 KPa)
measured at the upstream sensor on the inlet to the housing for 28 seconds to reequilibrate

the systems and create the desired filter cake on the filter surface.

The above steps were run in sequence 6 times.
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After 5 filtration and backflushing steps were completed a lateral washing step through
the side port(s) of the housing was conducted for 6 seconds at a pressure of about 0.7 bar (70

KPa), followed by the recirculation step.

A control system formed of a standard TFF hollow fiber system (Ronfil hollow fiber
system, sold by Domnick Hunter Ibérica) was run using the same wine and both systems had
flow rates, turbidity of wine and clogging index (filterability index) measured.

The Clogging Index is a filterability index is widely used in European wineries to gauge
the filterability of a wine. Clogging index is the difference in time between how long it takes to
filter from 200ml and 400 ml as compared to the time it takes to filter the first 200 ml on a
continuous experiment at a given pressure and membrane.

The method for calculating it is the following:

TO0= initial time of 0 seconds.

T2 = time in seconds to filter the first 200 ml ( from 0 ml to 200 ml ) of wine through a

0.65 membrane at 2 Bar inlet pressure.

T4= time to filter the second 200 ml (from 200 mi to 400 ml) of wine through the same

filter and at the same pressure.

Cl= (T4-T2) - (T2 =T0)= T4 - 2 (T2)

Units are reported in seconds, but it is normally treated as an index with no units

assigned.

The wine filtered according to the control and the present invention had the following

characteristics as set forth in Table 1:
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housi ng (2) andheholdup and lost volume for the control was 35 liters or 7% of the starting volume

and the filtration required 66 minutes to complete.

As can be seen for the example the present invention significantly reduced the volume

10

consistent flow rate through out the entire test.

lost to hold up volume of the system and completed the filtration quicker and maintained a high,

While the above example was with wine, this system can be used equally well with

other liquids which need Clarification such as beer, water, fruit juices, energy drinks that

15

contain impurities such as fruit pulp or skin, solid impurities, clarification aids such as egg

albumin or diatomaceous earth and the like. Likewise it is suitable for use with biological

streams such as the output from a bioreactor which contains a protein of desire, such as a

monoclonal antibody, along with other impurities including but not limited to clarification aids

such as diatomaceous earth or flocculants, cell debris, host proteins and other undesirable cell

20 elements and the like.
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drain (12) being located at a | owernost portion of the housing (2); b.
supplying the liquid to be filtered through the first conduit (28) and into
the inlet (8) of the housing (2); c. passing the liquid through the
one or nore filter cartridges (18) and into the zooutlet (10) and into the
second conduit (40) and past the first valve (44) to the downstream
conponent (42); d. selecting a paraneter selected fromthe group consisting
of time, transnenbrane pressure differential and flow rate reduction; and
e. monitoring the selected paraneter t&A¥Berni ne when the paraneter is
25reached or exceeded; f. upon reaching or exceeding the sel ected
paraneter, closing the first valve (44), opening the drain (12) and opening
t he second val vB gyewod@nemw@bwmeMmp@m@mngon1tank (50) via the third

conduit (54)c back thr e r

cartri dgfas %18) i ntgl ?ﬁ%@&eﬁoﬁ% gmaﬁ‘@?%%wl{dﬁ% %@09@8@)0"&&&@ peri od
of time sufficient to m@meu@ﬁ) tohan ket {8 rof edfiltratianddayice, (the filtratipn deviosi ng t he
second val ve (56) and j i nd fourth
conduit (62) l(oet 3A/een t%m#%tg 21@ gh(?'ﬁ%y (Qﬁcaﬂkalhﬂb P&rasf?ao}c[eoﬂép‘fa}m(%ﬁ%) for a
desired period of ting18) otheemarcmedittesrcamldgda(tﬁ)lbmgleﬂtm cmrmtynrbatnnrwmaap f. by

u 22 and h cl,g val.v fourth con ) and
Iroerorgegli nz; the first va oﬁ%ﬂb?%h«{l @ﬂ‘ﬁh'&eﬁﬁ i?g‘%m"ﬂ@%?tﬁawé'hgﬁc&}” Ocpn uﬁg“%ﬁ qui d
fromthe iniet (8) to Iedde]g(me downsbeant eonipbhent(@2)c te tdowiaktyesn (:drﬁ)oném) (apinitiate
(1) wherein steps. (b) 7 BPAEREAPEA 2o BILpRa Bt iHihe p oter

closable backflushing loop for the filtrate from tank (50) via a third conduit (54)

eleghve

back to the housing outlet (10) wherein the backflushing loop is normally
closed off from the outlet (10) by a second vaive (56), the inlet (8) and the
15 outlet (10) being located at an uppermost portion of the housing (2) and a
drain (12) being located at a lowermost portion of the housing (2);
b. supplying the liquid to be filtered through the first conduit (28) and into the
inlet (8) of the housing (2);
c. passing the liquid through the one or more filter cartridges (18) and into the
20 outlet (10) and into the second conduit (40) and past the first valve (44) to the
downstream component (42);
d. selecting a parameter selected from the group consisting of time,
transmembrane pressure differential and flow rate reduction; and
e. monitoring the selected parameter to determine when the parameter is
25 reached or exceeded;
f. upon reaching or exceeding the selected parameter, closing the first valve
(44), opening the drain (12) and opening the second valve (56) to direct
filtrate from tank (50) via the third conduit (54) back through the outlet (10)
and the one or more filter cartridges (18) into the housing (2) and out the drain
30 (12) for a period of time sufficient to backflush the filter cartridges (18);
g. closing the second valve (56) and drain (12) and opening a third valve (60)
and fourth conduit (62) between the first valve (44) and the first conduit (28)

-16 -



3) The method of claiml further conprising step (i) wherein steps (b)-(h)
are repeated N tines wherein Nis an integer from1l to 100. 4) The nethod
of claim1 further conprising a first sensor (36) at the inlet (8) of the
housi ng (2) and a second sensor (38) at the outlet (10) of the housing (2)
for nonitoring the selected paraneters. 5) The nmethod of claim4 wherein

the first and second sgns@siedpdfod of he Wr@cir@tflé%@fﬁb'Wi@icﬁr@ﬂﬁﬁﬁlﬁ%frérﬁ’éteﬁ‘?ﬁ}t0” ng
the transnmenbrane pressure differential parameter. 156) e nmethod of claim

4 wherein the first andmpé&dmidsensors (36, 38) are flow rate sensors for
moni toring the flowyy a&lé’sin@‘?@ﬂ%lbé’@?)%ﬂ TRA Sdnduit/(b2) HRG réEEéﬁﬂ@q?é)ﬁrst%ﬁé m 5
nd pres e

wherein the first and sec re sensors are select rom anal og and
digital pressure gauge@4) and reinitia§)g tiesuppigtohthel ligfid EamatheinietBicp derone loe

sel ected paraneter is tij y i . 9) The nethod of
claim1l \A,her%i n the Va%érgglteg%gtnigg?Q@?@%‘n@?%?nﬁétﬂﬁrg 8 fC)O%g'consi sting of nanual
val ves, sol enoi2) Vkd vetsd ohglaim d dlrtherabmyisiag sterafi) adierain dtepsi (b)-(Arareispeatedweh] ves.

10) The met hod of e%t%ﬁ wherein the liquid is supplied cold. 11)
The net hod of clai erein the liquid is supplied at a tenperature of
from bet ween 253)4Thd etiRAGf cldrR )l fulther coneprisingl stey (i)mihereimstepsabpthipara repbatedN | t r at i on

step (c) is from 10 tchezor\{ﬂnu.ttes.fml ‘I}(rqg met hod of claim1 wherein the
backf | ushi ng step 'T?S)W e iy bteges i d 9714Y 14) The method of claiml

wher ei n t heid ecd)r thd méthaoftap 1 (figtheri comprising a2fdst tsensbO(38)eat atmeclinled (8) bethgt h.
2|0t1 ﬁ)er ngf g? tehg(rj %usi%gly ?é)rgngi rj gercgr%egengcgqgg)la?ltr?egofﬁetl 8[))6&%(3 fhlollxjs?ngl (Q)Qfo?t ep (1)
monitoring the selected parameters.
5) The method of claim 4 wherein the first and second sensors (36, 38) are pressure
sensors for monitoring the transmembrane pressure differential parameter.
15 6) The method of claim 4 wherein the first and second sensors (36, 38) are flow rate
sensors for monitoring the flow rate reduction parameter.
7) The method of claim 5 wherein the first and second pressure sensors are selected
from analog and digital pressure gauges.
8) The method of claim 1 wherein the selected parameter is time and is measured by a
20 timer.
9) The method of claim 1 wherein the valves are selected from the group consisting of
manual valves, solenoid valves, hydraulically actuated and air actuated valves.
10) The method of claim 1 wherein the liquid is supplied cold.
11) The method of claim 1 wherein the liquid is supplied at a temperature of from between
25 -4°C to 20°C.
12) The method of claim 1 wherein the filtration step (c) is from 10 to 20 minutes.
13) The method of claim 1 wherein the backflushing step (f) is from 2- 20 seconds.
14) The method of claim 1 wherein the recirculation step (g) is from 20 to 60 seconds in
length.
30 15) The method of claim 1 further comprising a lateral flushing step (j) either before or
after the backflushing step (f) by providing one or more ports (20) formed in the side of

the housing (2) adjacent the one or more filter cartridges (18), the one or more ports
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after the backflushing step (f) by providing one or nore ports (20) forned
in the side of the housing (2) adjacent the one or nore filter cartridges

(18), the one or nore ports (20) being connected to a side of the housing
(2) adjacent the one or nore filter cartridges (18), the port(s) (20) being
connected to the first conduit (28) by a pod conduit (21) controlled by a

port val ve (23), t I r( ree
sufficient to all EZ\?} Pﬁrﬁgﬁﬁ@?é&?d tc%‘?g{d%gﬁ%%or@gs:ﬁgcgggﬁgﬁg trge@ dr Incie Jﬁgégl s from

2 seconds 5to 20 switidgesd18) 1ty pork (26 beiegicapnected de fhe firshrendeit (281 a@nré or nore
port(s) (20) are E(?H&Qﬁ(?g) c@hroﬁe% b?ﬁ ggr't'\t/@fe é%‘dzrfér c%éﬂ Vu%ﬁﬁérfflté’rccg e Eﬂ?%’;td Arr:) ?;

cartridge(s) (18) erern t e~one

port(s) (20) are tegepsuficient totatovafurthetflteationte procesd landsthe stepd(® isdfomt Jecdnds t er
cartri dge(s) (18) a@sg&n ngle 0 formed between a vertical 10centerline of
t he cartrldge(s) {O ) an "a centerline of the port(s) (20). 18) The met hod
of claim 1 wher ) fihe rethodréclom 1mhenempﬂwrme s)mqre Mrt(a(20) dretaggamtial & antantean out er
vertical surface of . .the fil T G AL ) (18) at an angle O forned

bet ween a vertical ef&céﬂsé"eﬁﬁcf*. fgt?rcfa %%?fgjl dge(s) (18) and a centerline of

the port(s) (20)7)amcmétivg obcigine whereis tferonerordrboré portld) 0) are taagentiat teeanadatey f r om 30
nornal .fl ow

to 150 45 to 135 it 19

flol trat |Oron sys?em?r@% H@e%Wﬁﬁlgr%ﬂ%@qaegsb ﬁﬁat@ ﬁ?)q?‘?@f%’agda 5P adetiRb)  of
IIqUIld EO(gjeof:clteér@ameaftrﬁedaﬁmdgs(enm;lahda(@aaernmnecpbnt(sygza)he source (26) to
an 1 nle (0}

filtration devi he filtragi C ri sing one
or nore housi ng@?a%m@mqt%?'ﬂ?‘ d"hSrﬁlQ t'E?rO“FnS‘r’BW? P‘P"K%Z%Q: {:i@gon%?‘l% €T the one
or nore filter cax/érfdamﬁéce(omé ﬂbebm%ge(s 1Ispat<an aRdDe @tmmmmaéeh@rvemeaﬂh a
housi ng outlet (10) wh isin conmunj catlon with a second conduit

(40) leading to acﬂﬁﬁf\'&’igf’?tﬁ%ﬁﬁ”ﬂ%ﬁbﬁ@rﬁ"dPﬁg)ter“”ﬂ‘?éthEBW@l@oéé’Fﬁ BoRgleRnt (42)

being sel ecti vel ysClopsapl g 163 %oﬁ%réf@r%l%’fr&ﬁ%@ o fs@t ol 88°\8 185%3nd Mo}
sel ectively closabl e backflushing lToop for the filtrate fromtank (50) via

a third conthuit (B@krabkéie 00 t he housing outlet (10) wherein the
backfl ushing | O@;’A'nﬁrnﬁpﬁmn}aﬂo(n‘%yﬁéﬁgx th@ Pnefo of crla(i’rﬂH tc@rﬁpr@H%E%fjuréél(?@ ci'pat an

second val ve (56 the the outl et bel
upper most port i onligud te hefilletedsa firef cormpit ba&licoan@hrmthﬂ qom@ %bﬁorﬁg inles¢Hotal at a

| over most portl ong tloﬁ &/lcQOtHé’fl | @wc om ﬂsﬁ Bﬁevd?l § |'an1 ulation
on geied, Wg il Ceics Somirsiiy 59 Gk

| oop conprising a th con n the
first valve (44) amedortm ﬁlterrczattndgemﬁ&) the(oﬁ@;or rmase ﬂlteccamudgeam beirg ih flgjdii d

e o0 P 080 B PO e B e
second conduit (40) leading to a downstream component (42), the downstream
component (42) being selectively closable by a normally open first valve (44), a
selectively closable backflushing loop for the filtrate from tank (50) via a third conduit
(54) back to the housing outlet (10) wherein the backflushing loop is normally closed

25 off from the outlet (10) by a second valve (56), the inlet (8) and the outlet (10) being
located at an uppermost portion of the housing (2) and a drain (12) being located at a
lowermost portion of the housing (2), a selectively closable recirculation loop
comprising a third valve (60) and a fourth conduit (62) between the first valve (44) and
the first conduit (28) to recirculate the liquid remaining from the backflusing loop by

30 pump (22), and a system that controls hardware and/or software to carry out the

method of claim 1.
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20) A system according to claim19 further conprising one or nore ports
(20) fornmed in the side of the housing (2) adjacent the one or nore filter
cartridges (18), the one or nore ports (20) being connected to a side of

t he housing (2) adjacent the one or nore filter cartridges (18), the
port(s) (20) being connected to the first conduit (28) by a port 5conduit

(21) control | edgby s?sté?r%&or& M%Ia(m??@ fuﬁﬁbrr cErhpRSiRY 61 oF Alrefdokté @) Bﬁﬁeﬁﬁﬁ dge(s)
(18) to a degree suificlent |l ow further filtration to proceed
the side of the housmg (2) adjacent the one or more filter cartridges (18), the one or
more ports (20) being connected to a side of the housing (2) adjacent the one or more
filter cartridges (18), the pori(s) (20) being connected to the first conduit (28) by a port
5 conduit (21) controlled by a port valve (23) for cleaning the filter cartridge(s) (18) to a

degree sufficient to allow further filtration to proceed.
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