| pr ‘ovements rmade to solid-liquid separation appar atuses, especially

for the biological purification of wast ewat er

5 The present invention relates to apparatuses for
solid/liquid separation carried out by filtration on nenbrane or
textile materials. Mdre particularly, the invention relates to
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maj or i mit A¥40He e concentration in t he bi ol ogi cal
basin i$5linmted to Btxigr &nows ¢hadrythe biological purification of

wastewater relies on the culturing of purifying
bacteria in specific systems. The system most commonly
used is activated sludge, that is to say a culture of
these bacteria in suspension in treated water, usually

20 called the mixed liquor. New systems, called mixed
cultures, make use of this sludge, mixing it with a
suspended medium material.

The effectiveness and the reliability of these
systems rely on separation between this activated
25 sludge and the treated water, this separation
constituting clarification. At the present time, the
clarification is 1in almost all <cases achieved by
settling, but in a few special cases by filtration.
The essential characteristics of these two
30 known clarification techniques will be recalled below:

' - Secondary settling tanks or clarifiers are
plants designed to separate the mixed liquor from the
treated water by simple settling. The use of these
clarifiers in wastewater treatment stations has two

35 major limitations: firstly, the sludge concentration in
the biological basin is limited to six grammes of dry
matter per litre of mixed liquor, which translates to
large plant volumes, and, secondly, it is necessary, if
& nitrification step 1is carried cut, to denitrify the



matter per litre of mixed |iquor, which translates to | arge pl ant

volunes, and, secondly, it is necessary, if a nitrification step is
carried out, to denitrify the -2
effluent so as to prevent flotation of-the-sludge in t he pl ant and
consequently the | eakage of suspended matter into the treated water.
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- In clarification by filtration, the
filtration is carried out by ultrafiltration membranes
(having pore sizes of generally between 0.001 and

20 0.1 pum) or microfiltration membranes (having a pore
size of generally between 0.05 and 5 pm). These
separation processes, when applied to the field of
biological sludge filtration, are generally known by
the name MBR (membrane bioreactors). In all these

25 systems, energy 1is applied to the sludge, at the
surface of the membrane, so as to limit membrane
fouling and to increase the flow rates and/or the
duration of the filtration.

A first type of MBR is characterized by the use

30 of a membrane located outside the biological basin for
performing the separation, thereby making it possible
to apply a large amount of useful energy to the surface
of the membrane. In this case, the sludge is made to
flow at a high rate through the filter, tangentially to

35 the membrane, so as to limit membrane fouling. The
transfer pressure (TMP: transmembrane pressure) 1is
between 0.5 x 10° Pa and 5 x 10° Pa. In this way,
filtration outputs of about 50 to 200 1/h per m? of

membrane are obtained. These outputs are maintained for



of .the menbrane. In this case, the sludge is made to flow at a high

rate through the filter, tangentially to 35 the nenbrane, so as to limt
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when the water is collected under gravity or by suction pumping
through the membrane, which translates to transfer
pressures of generally between 0.1 x 10° Pa and 10° Pa.

20 The 1level of energy applied to the surface of the
membrane 1is lower than in the case of the first type of
MBR described above, thereby making it possible to
reduce the energy consumption. However, the outputs
obtained are no more than about 5 to 50 litres per hour

25 per m?’ of membrane. These low outputs therefore result
in the use of large filter areas, the cost of which
very dgreatly penalizes the process, especially for
large-capacity plants and more particularly when the
effluents are not highly concentrated.

30 Moreover, there are other filtration proéesses
which combine high-output performance with low energy
consumption but, to wvarious degrees, these known
processes prove to be unsuitable for the filtration of
concentrated biological suspensions. These processes

35 include frontal-filtration processes in which the
filtration is carried out on a medium with coarse pores
covered with a preformed prelayer (addition of a
diatomaceous suspension, etc.) providing the actual

separation (cartridge filters, etc.), such systems
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medium results in a dramatic increase-in the hydraulic
resistance, which in turn results 1in cessation of
20 filtration.

In conclusion, the MBR filtration techniques
constitute, for low-capacity plants, a satisfactory
technical alternative to conventional settling-based
clarification processes; on the other hand, their

25 construction and/or running costs remain higher than

those of the said conventional processes. For large

3 per day,

capacities, greater than a few thousands of m
there is at the present time no satisfactory solution.
The present invention is  specif lcally aimed at

30 prov1d1ng a solution to this problem.
Consequently, the subject of the present
invention 1is an apparatus for the separation of a
solid/liquid suspension by filtration, especially of
sludge from a biological or physico-chemical
35 purification liquor, on a textile or membrane filter
material, characterized in that it consists of at least
_one plate immersed in the suspension to be treated, the
said plate being inclined with respect to the vertical

and made in the form of a cavitisd plate, comprising
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duct either at the top or side of the said plate or

plates, or at 'the bottom of the latter, the latter

method of operation preventing or at least limiting any
20 deposit build-up.

According to a preferred embodiment of this
separation apparatus, the said plate or plates 1is or
are 1inclined at approximétely 5 to 60 degrees with
respect to the vertical. In the illustrative embodiment

25 in which several plates are provided, the spacing of
the latter is preferably between approximately 0.5 and

20 cm.
According to the present invention, the filter

medium is preferably a coarse medium made of a membrane
30 or textile material having a pore size of between 0.2
and- 100 pm.

According to the present invention, the gas-
flushing means may be produced in the form of an array
of air diffusers placed beneath the filter membranes.

35 These diffusers may be placed at the bottom of the
biological basin or tank receiving the apparatus, and
their orifices emerge under the filtration plate or

plates or in the lower part of the said tank.



are inclined at approximately 5 to 60 degrees with respect to the

vertical. In the illustrative enbodinent 25 in which several plates are
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Further features and advantages of the present
invention will emerge from the description given below
with reference to the appended drawing which depicts

20 two illustrative embodiments, these being devoid of any
limiting character. In the drawing:

- Figure 1 1is a schematic vertical sectional
view showing a separation plant employing a first
embodiment of the apparatus according to the present

25 invention; and _

- Figure 2 is a schematic view similar to
Figure 1,.depicting a second illustrative embodiment of
the present invention.

As will have been understood from the above

30 description, the invention consists in carrying out the
filtration at low pressure (of between 10 and 10* pa,
preferably about 10% Pa) on a textile or membrane
material. It will be noted that the filtration pressure
is much less than the values used at the present time.

35 The principle upon which the invention is based
consists in creating at the surface of the filter
medium the hydraulic conditions that make it possible
to maintain a layer of material of sufficiently small
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filtration apparatus form ng 1he u?éect of the present invention. 10
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plurality of cavitied plates, such as 14, comprising

one or more compartments, these plates being placed in

the tank 12 in an inclined manner, preferably at an

angle of 5 to 60 degrees to the vertical. In this non-

20 limiting illustrative embodiment, the plates 14 are

placed parallel to each other with a specific spacing,

for example of between approximately 0.5 and 20 cm. In

this illustrative embodiment, the plates 14 are

equidistant: this is merely one example, the spacing

25 between the plates possibly varying. The treated water,

after being filtered through the plates 14, ' is

collected by a duct 20 which, in this illustrative

embodiment, is provided in the upper part of the tank

12, the treated water then being removed from the

30 latter via thé'discharge orifice 22. Of course, without

departing from the scope of the invention, the treated

water may be recovered at any point in the filter

module, that is to say from each plate 14, for example

at the bottom of the permeate-collecting chambers of

35 the plates 14, thereby preventing or at least limiting
any deposit build-up.

As a variant, the treated water may be

recovered using a duct, especially in the side part of

the said plate or plates.
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per neat e- coIIectlngAﬁunﬂﬂwmgotOSShetpeepbateéry¢puﬂﬁneby1ptbeenpbng or at
peast 1im !t t&él?anylﬁeee b vl & UPbodiment degfordd VAl ANkpe the

treated wate recovered using a duct, ‘especially in the si de
part of deﬁel§§hd Bhat eg@s—plusbéng means are provided at the

- 8- 10 bottom ¥ @pncemikaigd skHdgeh £hdi ShargR fpmébesuch tank
12 via the dlscharge orific | ower surface

16 of each B8f tlfe the BFﬁt §b%4%§3qqk???qt?étFaﬁsﬁe&ﬁdﬁgﬁﬁHﬂuﬁﬁa“Fn t he

form 5 oflawied mearydelo@xfg atmmfrla.rter ofiedi@x} i lthatraieritd say
cording to

havi ng a pore size f t ween
t he present ﬁﬁ?gnthﬁ, fﬂw?ﬁe %%ﬁrace ;ﬂ? %ﬁi %6cnl|P6$th?lv%l§gﬁBOdlnEnt
depi cted iAccbmding tadrive nipvemeigas- thespaagthesnd rgrectmdvhasdaat t he

20 borkf TSk AR AN bhos e Neb! ReCoBL AR VB LnBEr (e
filter ned|mﬁpremgr|gl§§es@ydth the gas possibly belng lnjected
continuously, discontinuously, periodically or
randomly, with a constant or variable flow rate.
The plates 14 are characterized by three
20 parameters: their width, their height and their
thickness. The -flow rate of 1injected gas per linear
metre of plate applies to the Qidth of these plates.
This flow rate is independent of the height or of the
thickness of the said plates, which means that this gas
25 flow rate would be the same for a plate 0.5 metres or 3
metres in height, for example.
In the illustrative embodiment depicted 1in
Figure 1, the means for producing this gas-flushing
operatlon are made in the form of a plurality of
30 diffusers, such as 24, positioned under the filtration
modules 14 at the bottom of the tank 12, these being
fed with pressurized gas via a pipe 26.
The illustrative embodiment depicted in Figure
2 is identical to that described above with reference
35 to Figure 1 except for the design of the means allowing
the lower surface 16 of each inclined plate 14 to be
flushed with gas. In this alternative embodiment, the
diffusers are incorporated into the plates such as 1l4.

These diffusers are therefore in the form of separate



along the lower surface 16 of each of the plates. According to the
I-nvention, the gas thus injected has a 15 flow rate of about 0.05 to 10
nferr] per hour per |inear metre of, plate width, the gas possibly

bei ng i njected conti nuously, dlscontlnuously, peri odically
or randomy, with a constant or variable flow rate. The
plates 14 ah&mb@marasuehiZéé BY, t Hicemid®@ patanebettom t ki r eaghdt h,
their heigh,, ¢ Qlare 140 hidHARS cagbglégm%iﬁﬁi ¢kd N £eheq o S per
| i near met re o ate pplles to the w e plates.

flow rate |§rnand@lpen@eme Ao t Aedh&@hghtdas brbbhes beiny ckfné’§§edf vtu@e sal d
plates, which MRS hgdnd Nich g™ stl’PWarsat QZ‘ADBlr@vki%letJ'e ﬁarr%afcw a
plate 0.5 netres or metres 1n hei , exanp In the

i |l ustrafivehamwn rr’éHthéﬁl ci®d Fa tha |"eﬁﬁ e9<15 toh@hmsﬂ@v Béduci ng
this gas-fl usifP the QAL ORed iR pFRIAddd off hehef OdWe Of sugraRletrality

of 30 diffusers, such as 24, positioned under the filtration nodul es
14 at the bdtd &h S2EheP k- 12, these bei ng fed with pressurized gas
via a pipe 26. In the Eli%slédtusﬂd\ﬁéﬂﬁ/ﬂ)r@ﬂbﬁﬁémmsﬂﬁpigtt@éisi ﬁnaEri gure

2 is identical to that described aboye wt eferenc u 1

except for tiffe HeSi gR*EP I he GRAHS I?ﬁfng ere?ﬁe%ﬁ%ﬂﬁl%%r?3g8 16 of

each int0i nedealtatentds! to bee carflieshesuwi tih gase Ilsepaiasidt ephatitve

embodi ment, p or ar?h rﬁé‘f@r a@“?th@%%%&or %Q!zm? %A&&é"ﬂg&rﬁaﬁh sas 14.
ere n't

These dlffuse S are

-9- chhanber sarmtid st Bo, th¢o¢®mhg12the bottom of each

cavitied plate 14, thesesgauilbi esdei pgphadiielh 0@%at thy @ hBSvELPE 26
and the gas bubbles being emtted via at | east one opening such as 32

provi ded i n"ERERONES cheMPRAIBERR a®30,ERESt haRPRRE TGRS budPPREAFHEW avay
al ong tie fabt:@rrdrie@ umgPr @Hedeh s drte ligwaintsiyrf acks advdibt&fesash

L S— e i TN

described above, but placed ver;1ca1ly, would have a -
lower performance since, in order to guarantee contact
between the gas Dbubbles and the filter medium,

20 necessary for controlling the deposits on the said
filter medium, it would be necessary:

- to inject more gas;
- to have fine control of the hydraulics in the
liqﬁid stream so as to avoid the formation of

25 preferential flows; in the latter case, there would be
the risk of subaerated regions forming ‘that would
rapidly clog up. Such operation would result in the
process being heterogeneous and therefore resulting in
a great reduction in its performance;

30 =~ to limit the height of the plates in order to
prevent the formation of filtrate recirculation
currents from the compartments towards the mass of
liquid to be filtered, the said recirculation currents
being induced by differences in density between the

35 bubble-laden, and therefore less dense, liquid and the

degassed, and therefore more dense, filtrate.
The inclined arrangement of the filter plates
14 according to the present invention guarantees

effective contact between the gas bubbles and the

-



10, treatments to be carried out in the separation pl ant 12) or an

i'nert gas (thereby allow ng anoxic treatrrents to be carried out in the
tank 12). It should be hasi zed that the above-

nenti oned enbodi ment of this separatio‘n paratus 15 according to the
present invention 1is advantageous given that the use of plates

simlar to tbeméat asedéum and deseei:bectr&tmpesslnbulpjt@cedbyerxtényaiﬂxg
woul d have a, erfo_rma ce since der_t e cg nt act
between thet? §asbm§£?‘g raé‘r?d ‘?1%"1?‘[1??% di Ut gfgﬂghgc%egsarsh for
control ling siiae offefrdsi tarbhdres tfermesdi and théi hnglien@cﬁ umcliinawidm be
necessary: - to _idj r - - to have fine
control of t%e Fl?drgufaltgg’lr?f?ﬁggep@]lcee 3’ s(% L‘esamn as to avoid the
formati o® of 25 pref&hentraref|ohs reugietmhnamuer Od;asé,‘l_et heagenow d be
the risk of subagialcdepBelieRy oA had diltle iddlun; rapidly clog up. Such
operati on wou resul process bel ng heterogeneous and therefore
resulting in a gre&her e’él%%:ﬁ%ﬁsﬁn qf sthdef ol a¥fEe; BVyd thereforegg

limt the heigbtrofttBeiphabesput QMO rate IEEHggide. formation of
~filtrate recircul ati.on currents fromthe co 1Eﬁ}m&*nt towards the
| :

mass of liquid t8EbEPFPeer &F THMENEH FhecFt Rbn tOGr RARIENT

bei ng i mducem{agnﬂiéherlwc:estl N igdreid ytcbetmemrﬁdtﬁiﬁﬁenbﬂbhie&‘dﬁdﬁﬁ and

t herefore Iess gpsgén gTa dvt e egassed and, tchere ore nore
dense, fil tral% o |°ﬁjeatl'é rb BheRY of bt REFIRESS ﬁ ates
14 accordi ngalb dheepnatene embedumentguatfmme@es ' effectl ve cont act

bet ween t he gas bubbl es and the ' -10-
filter medium and offers the possibility, by varying the gas flow rate
(continuously or in sequences), the size of the bubbles forned and the
angle of inclination of the plates, of independently adjusting: 5

- the rate of replenishment of the Iayer of mat eri al deposited on the
filter nmedium :



- the thi ckness of this layer, and therefore t he f+ltration output_ and

tthe rate of clogging. : O course, remai ns e that the
present 10 invention is not limted to the errbodl ment s” ,ﬂﬂFﬂ ‘ ' ’“w
and/ or nmenti oned above; on the contraryfL i f enconpasses ive

enbodi nents t hereof. CLAI VB

1. Apparatus for the separation ofLAIMSI | d/ | i qui d suspensi on by
filtration, especially of the sludge of a 5 biological or

physi co- cheni cal purification |iquor, on a textile or nenbrane filter

mat eri al, cHaracterikedaratus farhathe t sepasastonofofatal sadtideid quiiate (14)

mer sed , :
: ncl rﬁgd Lmnt%usrpe%&%g ﬁugpeggi\ggﬁtggg? & g)%th%lltwe%ig&ﬁigg% %e"’g?
cavitied> pltatcelogmibr PEgi Y Bkro- @r=mmb purifdemgdiomehiguoonl ynt he

| ower face (alf‘%)eﬁll’@' §P hdmbraneC@varied Wdde e f 'éﬁgfag’éggu%ﬁl4)r\ the

upper face being solid, the internal vol umes of the said cavitied
pl at e bei ng W&eldt P2 oL atFafff 8Fd Leasto casgwita 20§14 h5imppreRdgdther s

the treatedtmat esus s%'irﬂtu;shbag ‘FYE@@‘Sed t{24isa3 QR oveded, these
hat the gas bubbles

bei ng positi.oned belo pl t
em tted by t"l’ilé:‘ilne s‘é?"ag'f Irﬁﬁﬂer‘?d: n%%nggﬁ g\ﬁ*ézlvffq BRY MRS iR efPfedi um
2. Beparfatdion ofappar aiaxmtﬁmtorpﬂa@ tOcorﬁﬂnaism:Lru.frr @fie cbar ambeei zed

in that |t | .ur |ty cavjt a 14). hawng
one or nore co%’%rg&tdesrﬁtss’ orﬂyu %lh l%e ar a%all%n dalép)a %é‘gglor |ng to
Claim 2, covemae:lr awishi ziee rf:tlh“@tr t neddaind platl es t(mel) ua:rp@zar fanged

parallel to Okglign e Cl ai s
2 and bg%&gr acteri zeghl n t ternﬁg sal cfhg? atE ?‘ 955{391 ehbetiel
equi di st ant Plate bping coppacieds tébc@r@ﬁﬁgfpédelqme‘FOOﬁ @%ﬁﬁfns 204nd

15 which gathers the treated water, and gas-flushing means
(24; 30) are provided, these being positioned below the
said plate (14) so that the gas bubbles emitted by the
said flushing means flow away along the filter medium.
2. Separation apparatus according to Claim 1,

20 characterized in that it comprises a plurality of
cavitied plates (14) having one or more compartments.

3. Separation apparatus according to Claim 2,
characterized in that the said plates (14) are arranged
parallel to each other.

25 4. Apparatus according to either of Claims 2 and
3, characterized in that the said plates (14) are
equidistant.

5. Apparatus according to either of Claims 2 and
3, characterized in that the said plates (14) are

30 separated from each other with a variable spacing.

6. Apparatus according to one of Claims 2 to 5,
characterized in that the said plates (l14) are arranged
with a spacing of between approximately 0.5 and 20 cm.

7. Apparatus according to any one of the preceding

35 claims, characterized in that the treated water 1is
recovered by the manifold (20) at the top or side of
the said plate or plates (14).

8. Apparatus according to any one of Claims 1 to
6, characterized in that the treated water is recovered



3, . characterized in that the said plates (14)

firom each other with a variable spacing. 6. Appa g]ﬂmmammmmm)
one of Clains 2 to 5, characterized that the said ttcest(14) @are
arranged with a spacing of between ajpgrom mately 0.5 and 20 cm
Apparatus according to any one of the preceding 35 claims, characteri zed
in that th@y trheatreahifwmt@r (205 at thecbottem WL ttHee namdopéla(:goprat t he
top or side % t(tlea)sal d plate or plates (14). 8. Appar at us

according to any Cheof daims 1 to 6, characterized in that the
treated wateP.i s recdpmagtus according to any one of the precedang

by the manifahd ;60) cﬁ{afa'@c&?iﬁé’&‘ oh ttﬁ'learzsaﬁl?e pEQE@. Plate o:P' Bigsegl4).

aratus according to any one of pr ecedi ng cl ar s,
char act erd zed 1¢n tiFatoR RES aiRchinee ak EI §Pe§° °§91(eﬁﬁ yitRr r&fBeFhcl i ned
at 5 to 60 degrees Wt il@spect to the vertical. 10. Appar at us

according to any one of the precedi characterized in that

. cl al ns
the filter méfi-umi sAé’Parat%eﬁ'%%mF&*ﬂ‘-%nFﬁaagyoPn& bR P BRCELXET| e
Frat e]rlal 10c1BawksnNg ehppactstieeaf dlbet vaen adqpéozumb@hym@dzumgcis a 100
errlm aratus according to any one of the.precedi
clai ns, char §8F€Ffezé€£ uThH‘Fd[%ne 5 frf‘%@lﬂ?'"ﬁé thlgr em?)?%ﬁg‘?:{ad in
t he formof havangayaofpodief f Bders <§f24)het:h£eezt hlapptnﬂmgmameélqedobeneamdil t he
said plate 268p| tes (14), especially at the bottomof the tank (12)

receiving th pﬁ ratus, and their orifices emerge ° under the
filtration plate or pbaegatiblaagondindeto any| oner ofartheofpreredtnd t ank.

20 12 é&g?&f_ﬁgus PA&QE%%{QdaWn ong@f Chal r@a& f?ushln?:l-omea

characteriz I'n that e gas ushing neans are | ncorporated 1 nto the
said plate O@rﬁlﬁFégqu@) igndhe formeyf spp angayi ALt Wd ffolsanT SParate

chanmbergs (3@his bedfhCh 1@6@%&3&4&%%@5&& eﬁ!?BtB' abe (Pcand are

25 fed with gas V! gsge]::?.gglgl e acg:t_[]tgr}‘l to% g e tank (12)
receiving the apparatus, and their orifices emerge
under the filtration plate or plates (14) or in the
lower part of the said tank.

20 12. Apparatus according to any one of Claims 1 to
10, characterized in that the gas-flushing means are
incorporated into the said plate or plates (14) and
they are made in the form of separate chambers (30)
which extend the lower part of each plate (14) and are

25 fed with gas via a feed pipe (26), each of the said
chambers (30) being provided with at least one
discharge opening (32) for the gas, which is positioned
so that the gas bubbles flow away along the filter
medium of the plate (14) or of each plate.

30 13. Apparatus according to any one of the preceding
claims, characterized in that the gas for flushing the
filter medium is air, oxygen or ozonized gas.

14. Apparatus according to any one of Claims 1 to
12, characterized in that the gas for flushing the

35 filter medium is an inert gas.

15. Apparatus according to any one of the preceding
claims, characterized in that the flow rate of the
flushing gas per linear metre of the plate (14) width

is about 0.05 to 10 m’/h.



chanbers (30) being provided with at least one di schar ge openi ng

(32) for the gas, which is positioned so that the g mwﬂﬂ way
along the filter medi um of the plate (14) or of ea A WM("MWHI

Apparatus according to any one of the-pféceding clai ns, charfct®eri*zed

in that the gas for flushing the filter mediumis air, oxygen or

ozoni ﬁed gasls. 14ApparAppar abmf:m&#glr Gﬁmhgaﬁ_\,o ﬁ;mg @meftgltg g@d'gdaijm}o

12, characterjzed in that_the_gas [for ushi_ng e ilter mediumis an

inert gas. éigll‘%' Cﬂ%ﬁg?g?ﬁgzsgcoﬁﬂi ng?‘FS aﬁ%}eonﬁblfsw pr&cediiy

clai ms, chariatjectedd discomati mummslyw pateodlctbey or f kashbRyygasper

linear netre, o ; a kgt i_s about 0.05 to 10 nferr]/h.

16. pafaat%%ﬁ%g%@# d{)ggg%glgmgogéo& rl.a%'g'pr ecedi ng cl ai s,

charact epi zeld’ i n t hahppagatiashicngrdasgi o any njrestefl dhacenticeuaus] v,

periodi cal | y-10; g@anda ; a gons or.yariable.flow rate.. 5 17.

Appar at us ac,co_rlcﬁ‘ ng t%ﬁ%%?/c%fal% dt hggprggggi n{g:jh‘ fipgﬁﬁ&g cfaract'&ri zed

in that the ¥MIEHiIH ¢artinguouslynjected continuously. 18.  Apparatus

according tag@ny onengiatdveupr 86€8t89ng toClady®n rhzedeithat it
% ncer Oné 0[er‘ref]%EEP;:?L&I“g b"%g.ed‘ntgh

oper at es at pressure 10 of  between a
Appar at.us a& Srg TRALANEDREZ8E tRetPRBcadi Mperatad adtsa BHaFEEEeri zed
in thatl0t ofetaiteseat B0 pMmssU0e pa. of approximately 10[err] Pa.

19. Apparatus according to any one of the preceding
claims, characterized in that it operates at a pressure
of approximately 10?2 Pa. ' |



