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15 mixing the flocculated raw water, in an upward current, with

pressurized water delivered by a pressurization-pressure release
system, and a flotation zone, in the upper part of which the
suspended matter contained in the raw water and brought to the
surface by the microbubbles are discharged, this flotation zone
20 being equipped, in its lower part, with a perforated uptake
device (for example, intermediate floor with or without seal
assemblies, collectors, etc.) such that the entire surface of
the flotation zone exhibits a uniform and identical flow stream
for the clarified liquid.
25
In this prior state of the art, the perforations provided in the
uptake device are smaller in dimension at the final end of the
flotation zone (i.e. at the end via which the clarified liguid
exits) than at the initial end (via which the raw water to be
30 treated is introduced) or the gaps separating these perforations
are greater at the final end of the flotation zone than at the
initial end. By virtue of this heterogeneous distribution of the
perforations, which produces a dissymmetry at the level of the
uptake device, the flow resistance produced by this wuptake
35 device of the flotation zone is greater at the final end of this

zone than at its initial end and the flow resistance decreases
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makes it possible i) to increase the treatment velocity and ii)
to improve the flocculation and the capturing of the flocculated

15 particles.

In these installations according to the prior state of the art,
and when the treatment velocity is high or when the raw water to
be treated is very cold, the use of a flotation cell according
20 to EP-A-0-659-690 leads to the entrainment of bubbles in the
treated water. At very high velocity, the presence of these
bubbles contributes to an increase in turbidity at the outlet of
the flotation cell. Added to this drawback is that resulting
from the presence of a large amount of bubbles at the outlet of
25 the flotation cell, which can lead to a decrease in the yield
from a filter located downstream (for example a sand/anthracite
filter) when the installation is intended for the production of

drinking water.

30 The present invention set itself the aim of improving the
installations for water treatment by flotation according to the
prior state of the art mentioned above, with a view to solving
the problems relating to water treatments at high velocity

and/or at very low temperature.
35



.. at identical and uniformflow of the water to be treated, thus w
i t h Asnal haEton being in that it conprises capture 10 noduK5 (of
the "l anoll ar nodul e" type or the "transfer nodule" type, flows;

arrangen in the. Ilower Part 0; |WAVOWNat _ distance From vne
pecEoYat od upt ake device, onis distance being . _..... ,,.., SO as to
avo. __ h at uptake devnneAccording to {he invention. one , of vne
?Pt aks, de\é| oe Uromthe lower part of the capture nodules of the
otatio evice, the 3 assin YOonthe FIo cor, in a
pr ef er r e BHEOT et |ﬁ‘veﬁ’tu%oég £ tghl ) aﬁe%e‘ri_ween% S glnd %

mevr eFl otatizon sitnstal Ifati onstwe knowa tWaich eonpfiseat &mel | ggmprising

Thus. Wg, cﬁp%%ccgmenQ Vs i stCRAPOBaNTs Bot £4100r cel1_int@r#@nged s
PrLOF art, it is F éto have a t the openings. rOV|ded| t.he
1 oor Mo e At AEREAE0t hFS"F | BBFST| N GHER ¢ I BheD i N Hev eI iFe

foun::l,5 .producdd agr 4 hﬁcetshsexrfilzataéﬂl{preaﬁufriexe@leelsé syOcdmi sthis cell
revolving,.is attached to fhe | 6 e ds imadey. mdules
was nent?%n aBov%? w Eﬁ é§g¥o %&Fgeggka%% eF%gratsghs a%ﬁéﬁagﬁﬁ
_0 as produce tidi s§yﬁﬁ@@¢y of | theveflofatiking Gﬁﬁékel%e\ﬁré’éseﬁak]?%g an
:he a é @?Qnéﬁgﬁ_égﬁdFFﬁ&§b¥?an6h|ofTtha _wate®(tol et hereated, ttiats
is identical and u orm ow C- e no OI U
mour | i nt 2N cohditi off tHat “tHe tftrtléfdare noCﬁ ce. éﬁ%} gest capture
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AL ngype, with parallel or cross hydraulic flows) arranged in the
flotation cell such that their lower part 1is located at a
distance from the perforated uptake device, this distance being

determined so as to avoid any disturbance of the wuniform

15 distribution established by said uptake device.

According to the invention, the distance separating the surface
of the uptake device from the lower part of the capture modules
depends in. particular on the geometry of the flotation device,
20 on the flow rate passing through and on the temperature of the

raw water to be treated.

According to a preferred embodiment of the present invention,
this distance is between 0.05 metre and 1 metre, preferably
25 between 0.15 and 0.60 metre.

Flotation installations are known which comprise lamellar
modules. Thus, WO 97/20775 describes a flotation device
comprising a floor on which lamellar modules are arranged in
30 order to increase the velocity in the flotation cell. In this
prior art, it is necessary to have a homogeneous distribution of
the openings provided in the floor and, moreover, the lamellar
modules are attached to this floor. In addition, in WO 00/43320,
a similar device is found, in which the floor of the flotation
35 cell, which is fixed or revolving, is attached to the lamellar

modules. As was mentioned above, in EP-A-0 659 690, use is made
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di stributyion efergenNfrom the description given below with reference to
15 the attached drawings which illustrate examples of
implementation thereof which are not in any way 1limiting in

nature. In the drawings:

Figure 1 is a diagrammatical view in vertical longitudinal
20 section of flotation equipment according to an example of
implementation of the present invention, equipped with parallel-

flow lamellar modules;

Figure 2 is a plan view of Figure 1, on which only half the

25 surface covered by the modules has been represented;

Figure 3 is a view similar to Figure 1, illustrating another
example of implementation of the invention wusing cross-flow

transfer modules; and
30

Figure 4 is a diagrammatical view illustrating the operating
principle of a cross-flow transfer module used in the embodiment

illustrated in Figure 3.

35 Reference is made first to Figures 1 and 2, in which a flotation

cell according to EP-A-0 659 690 and improved according to the
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13 with perforations. As was mentloned above, these perforations
have dimensions which are smaller at the final end of the cell
10 than at its initial end, or the gaps separating these

15 perforations are greater in dimension at fhe final end of tﬁe
cell 10 than at the initial end, this arrangement producing a
dissymmetry at the level of the uptake device 13 which ensures
an identical and uniform flow over the entire surface of the
flotation cell.

20
According to the present invention, this cell is equipped with
capture means which are placed above the perforated uptake
device 13, and the lower part of which is located at a certain
distance from this device, this distance being determined so as

25 to avoid any disturbance of the uniform distribution of the
water to be treated, established by the perforated uptake

device.

In the example of implementation illustrated in Figures 1 and 2,
30 these capture means are prepared in the form of capture modules

14, with parallel lamellae or tubes, well known to those skilled

in the art. For example, these modules may be of the type

described in WO 97/20775 and may have a tubular, hexagonal or

other profile and an orientation, for example, of 60° to the
35



nmodul es, in the enbodinment illustrated in Figures 3 and 4, the 30
capture neans are produced in the formof transfer nodules 15, the
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nodul es, have be e ' ' Iy i [ 5
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(40 in cold water, i.e, at tenperature o vt 0 ring
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undesirabl e. Thg.amunt ief raiy LaNtihaiieedeW that hehid readethomte@in be

posed a problemin ter f the subsequent filtrati i

in a 20 sand/ amHrEEnt @Bfol%l f“gF.reTﬁ@gdgr Qf’lg %’o?nfihérg???%%ﬁ]oge%eﬁe
was very short Wue teodt Re6hi ghtadount of air bubbles, causing air
enbolisnms i’ the filtering medium the effect of which is to

ngf; g??rg_nf:ge ggﬂxde Ihoesisgh?:]c Et %r tckllgz}%l;egg)d cgfo t eecrmeo %?.elst 34 is chosen

as a function of the operating velocity and of the

“projected area” of the capture modules. This height

can vary between 0.10 and 1 metre, preferably between

20 0.2 and 0.70 metre. With a view to obtaining a correct

cut-off, given the applications and the velocities

envisaged (of the order to 20 m/h to 60 m/h), the

projected area of the modules (i.e. the active area of

the capture zone, also referred to as

25 separation/accumulation zone) will be between 2 and

20 m* per m’ of flotation device surface equipped with
modules.

In the embodiment illustrated in Figures 3 and 4, the
30 capture means are produced in the form of transfer
modules 15, the production being, moreover, identical
to that illustrated by Figures 1 and 2. Such transfer
modules, generally non-linear-flow transfer modules,
have been represented diagrammatically in Figure 4. Use
35 may in particular be made of “Brentwood CF” or
“Munters FB 10” modules, usually used to improve gas-
liquid transfers, oil/water separation, etc. As seen in
Figure 4, they make it possible to combine two
directions of circulation of the water to be treated,



The presence of air bubbles in the treated water, in the flotation
cell, at very high velocity also has the side effect of entraining
solid suspended matter, which increases the turbidity of the treated
water. This |oss 30 of performance of thé installation is also

undesirabl e since.,an.increase in turhidi can .al s e

reduction in tﬁ'@lﬁhl t FRFT SR %syclt@,e i ﬁ'gég?li%?ceer Ilg]ca?glé a‘g%%m‘?ls refr%d
35 Using this krometeasraglat¢onrte dfe ther hoenelpidell&har act eri stics
summari zed in the table below were obtained: J ---- - -----------

R Flotation Water Cell, qutlet. Filte I i f -
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rn/h ;hours5 _makingU G.t2 I@sFheleestibt srefedhesen® es#@Vamidasm taet

this known instaljahon e diet %btinﬁi&mde bor thhe praainenineént on,
wat er under the ,ctgﬂdi ti ongmlc:iescri ed ab0\£e agp{e 2a tAnot her test
was carried out”*h TRSPEF WP hC i Uetial® “3ERaPact®F i%tics, with the
sane installation according 10 to EE-A 0 659 690, equipped with

I 'amel | ar nodul gs, si §ting of parallel lanmellae (30 cmin height and
inclined 6C to the horizontal) and bopded to the upt ag<er dgvi cewgé .
the flotati'dn ceIIts THESE XIS Gav8Ytvery FEoFPFeLhI t's" r&flected i n
a notabl e i ncreasmtment5 tihe egrbrditge ofwitie ER@r0afd® A°Phe These

density 0:‘ fjhe tdds Pubéksﬁ %Tartﬁlﬂedoutdﬁ oftt heefhot atigan ceklocity
dovi ce. wi th- anAoJHBI T di3t FPbAL FBRoS! Che. (ot el BTTEit RTbect
was not conpati®lle wtbh thed (Ge oPu2nganditiese sete$ithy nsddrésiamvse
| ower surface ngst s idldnRClidey vABLiBe erFdaRe e tiptaKePLAkEcEEYE Cene
Thi's flotation cell was noted, which is of course
undesirable. The amount of air entrained with the
treated water posed a problem in terms of the
subsequent filtration of this water in a
20 sand/anthracite filter. The duration of the filtration
cycle was very short due to the high amount of air
bubbles, causing air embolisms in the filtering medium,
the effect of which is to increase the head loss of the
filter and to decrease its performance.
25
The presence of air bubbles in the treated water, in
the flotation cell, at very high velocity also has the
side effect of entraining solid suspended matter, which
increases the turbidity of the treated water. This loss
30 of performance of the installation is also undesirable
since an increase in turbidity can also lead to a
reduction in the filtration cycle, in a filter located
downstream.

35 Using this known installation, the performance
characteristics summarized in the table below were
obtained:



arrangenent does not nake it possible no obtain an identical and
uniformflow over the entire surface of the flotation tank, this
characteristic being paranount 25 for obtaining efficient rotat|on
at high velocity, These tests reveal ed & marked decrease in the
quality of the water., The tale bel ow sumrari zes the results

obtai ned g 30 this iﬁst*llation, o R NS i ViR o S
____________ .Elotatiqn | ... Water Cell qutlet. Filter Duration of

............. .VeJOCIty .temperavurel ortggg,mty t ee1dBlkk loythetadion
Filter Duratiagn q vel oci ty tenper ature 1(~ turbl d| tX vel oci ty

filtration MIHI#P/E G e
------ 40 03 i... r4<B 1 I'he résZIIts f th285test conlernl hat this
installation configuration is not suitable. Exarrpl e 3 (invention): 5

Agai n under the same treatnent conditions and w.t Y};&é

characteri sti cstha e§88udet e Ofar Fietf OGFStﬁsFr?d‘ftllrré‘ 2l ItgeFV\ﬁmow“
descri bed in Exiamyae 12tibvhe wad y nonodsditceiliecon font ridtkicédeeonsnst iafg
in placing the | quer  part Hg &$Ea‘§?8ﬁé Ak shPdyLles,3Q,&m above the
upt ake 1C device, in accor ance wth Figures | and 2. The tests nade

it possible to obtain results which were far superior to those
expected, At tIExatillee:of the [anellar nodules, the concentration

of air bube es Ar& erlle mater, chfygﬂlbc{byod@d%dwg&@rthEkﬁ‘elaéﬂt’é%&

and to 15 the escence of these |l es on the | anel

Moreover, a cer#HIRAPSHRELIEE  sHdpEndett nadTer 1ﬁéF%ll?:%’p‘?'hr 2gepydine

| anel [ ae and t heo copp-esaediulshboes, efuidpedeagéthn fambldaty masuldms
obtai ned, as was, dl.sq.q%r easL£ Fgrgbfefwgﬁélﬂ;e a'(@Oeeﬁ\rq_'nn%lgTﬁe and

results 20 obtalne hese ts are summarized in th e ta
bel ow " ----- inclined 60 to the horizontal) and Dbon to the

uptake device of the flotation cell. These tests gave
very poor results, reflected in a notable increase in

15 the turbidity of the water and in the density of the
air bubbles at the outlet of the flotation cell. It was
concluded therefrom that the presence of a perforated
uptake device, with an asymmetric distribution of the
water outlet holes, was not compatible with the use of

20 lamellar settling modules whose lower surface rests
directly on the surface of this uptake device. This
arrangement does not make it possible to obtain an
identical and uniform flow over the entire surface of
the flotation tank, this characteristic being paramount

25 for obtaining efficient flotation at high velocity.
These tests revealed a marked decrease in the quality
of the water.

The table below summarizes the results obtained using
30 this installation.

Flotation Water Cell outlet Filter Duration of
velocity temperature turbidity velocity | filtration
m®/h/m? (°C) NTU m/h hours
| 40 0.3 4.5 10 6 |




Flotation water Cell outlev Filter Duration of wvelocity tenperature
turbidity velocity filtration n/h hours rte'/h,n2 (0) NTU._......
R ad gi' .h -a" the turb:.dit~ "' of the treated aaa
wal ﬁs Ee n..:‘tts.L. A 25 water is _ NTUs Swhi ch shoul d be conpar ed
with the wvalu of 2.5 and_4_NIU i 1, fo s
similarly, the "dirdat’ BEtSfOF Pt at?%%@( c%c%rrg‘ E?‘%ggllcﬁgs %)? th]izalatlon
downstream fi l tcmn)flggrhér-@m&rfmﬁrssu%tﬁ@tléad of 12 and 6 hours in
Ex?rrpl es '1han_d 2. PI 30 ; Exanmple 4 (invention) Tests were carried
out using the installation describhed above with reference to Figures
3 and 4, 1le e. '%Y? lﬁs%aﬁf‘%i’?%%mn Wwhich the flotation cell is )
equi pped 35 5wi tAyaimansiier rbgulsesewissatnener CpRFE AN ot St B0 A

égveate)g\égl Itgﬁt | v | ?fatEBe @@éféﬁ@éﬁ%tlilatsaketéiew ceverBheserriest sout
resu e ecre se i.n nt

entrained in tHEM% gé‘?(l@\gégn < W gi’fgﬁB? ? tﬁér%&/

t he perfor nancesodﬁfl@atthem mstabd‘a¢¢®rp0fflﬂ11§ttlallgl énbélléwl%mﬁ%‘h %%‘&er

the results obfaimnedsi nchesandests Fb@insd 0o Wk emnbek! i | ebtake

Filter Durat f
filtration O:VO-qu%rlcqﬂeLlonCI &tl%cbctﬁ necreatwu.{t% t]:urgblrdelst Veldocé tyThe Lests

n' 4...,.. mgde it .possible, to ,ebtain ;;gsults whlch _YerRealithig
g; Ct |h|e tabl e Cﬁfﬁe?xsa%{‘d'tﬂg tRobxanmlRs2dandad 46 canfults bhie the
ellence of t ghéff%étéb utégfn¥ké5éo§kentratlon of air bubbles in
the water was greatly reduced due to the capture and to
15 the coalescence of these Dbubbles on the lamellae.
Moreover, a certain amount of suspended matter were
captured by the lamellae and the coalesced bubbles. A
decrease in turbidity was thus obtained, as was a
decrease in the amount of air entrained. The results

20 obtained in these tests are summarized in the table

below:
Flotation Water Cell outlet Filter Duration of
velocity temperature turbidity velocity | filtration
m/h/m? (°c) NTU m/h hours
40 0.2 1.0 10 18

It will be noted that the turbidity of the treated
25 water is 1 NTU, which should be compared with the
values of 2.5 and 4 NTU obtained in Examples 1 and 2;
similarly, the duration of filtration (before clogging
of the downstream filter) is here 18 hours, instead of
12 and 6 hours in Examples 1 and 2.
30
Example 4 (invention):
Tests were carried out using the installation described
above with reference to Figures 3 and 4, i.e. an
installation in which the flotation cell is equipped
35 with transfer modules whose lower part is located 30 cm



the invention, conpared to the installations according to the prior
state of the art (Exanples 1 and 2), It should also be nentioned
that, in the context of the tests Exanple 4, it was possible to
produce 15 treatnent velocities of the otder of 60 nB8/h/n2 without
conprom sing th olv%vﬁ:lh'e ‘1f vtel.‘||.r t2>Ifdltl;n% ferkgga{:é a{lﬁgak%&icéﬁ 'fjlhﬁse
outl et of the flotation cgll, and ~ensuring satistactory operating of
t he sand/ ant hr dc¢itte daviet @x<csilaeBd @8RRSET ean BPTY he? FIOtSHRITGHR el 1™
20 It remuins, fe CoMNER, éhatithenpresesd bAvemnti ofrdagsednotatlein wad
to the exanpl es . of inplenmentati ri; d/, r
that it enconpaosbsseesrva?l ' tmﬁ'elcq‘vag?%%?gf éﬁg?mgyotﬁl%-_ %t% g{% ihggls i
equi pment Cénsitgtd ngingftallation,  The cgpplghi BRLIPHduSUpparizes  the
fl occul at ed watessunivsedbrbeneubh olresepreediteed p.ce~i, suri zat ion-
pres gore rel ease system (11), this cell equipped being with _,
per f or at ed upt gke—devi-ce———destghetd—W—tit+erSurface T the—c"—n
cel | is crossedrintaamon dent iWe&brand|.Gell ottletVpwFditemat Bpratgdpeot
treated, this | %&%i@ll O'Elan%irggure ¢hanast efdyZed veloeityl | CANRERSES |
[

u.e, olUic .. a . win the,  flotlation cell s$uch - - that_theO |

"I o e part is | BSAY Bd—at—a—tiStance H—Hem-the mi{élrfu atch up -

device (13), _| digbanceg heiig4 determ n€d4so aA tolBvoid any38. _ |
the wuniformdistribution - by ,L O.. nodul es uptake

e Se20 2 T al A on SRt 2,0 B DT AMRAD L 3 Bh
t he geonet r}0 of ch@irms tthe oaxdellence of | theheepalesaoWtainedt yeing
tenperature _ tbﬁe”lﬁ%entfﬁh*“%émpaféd-to the installations according
to the prior state of the art (Examples 1 and 2). It
should also be mentioned that, in the context of the
tests of FExample 4, it was possible to produce
15 treatment velocities of the order of 60 m’/h/m* without
compromising the level of turbidity of the treated
water, at the outlet of the flotation <cell, and
ensuring satisfactory operating of the sand/anthracite
filter placed downstream of the flotation cell.
20
It remains, of course, that the present invention is
not limited to the examples of implementation described
and/or represented, but that it encompasses all the

variants.



3. insuallac_,n according either CAl Clains 1 _ a.. : " that.

tee distance - -p . - _: y of the uptake device (13) .is ., c. to
_- (14, 15) is be between Q On netre and-1 nmetro. 4. installation
according to any one of the preceding 35 clanrs, on.. .et o

capture the nodules 114, 15) is deterloined as a, function of the
operating velocity and of the projectédiM¥rea of said .. nodules, ,
.on according Cai,.. ..ra.. _c:1 installation .c.' to a ny one
of toe e ": . clains, characterized that e projected area of t

he
capture _ mbdul edNsiaglapsoact ifve arEe el o tHe 'SBpar atPBn P1otation
gaCC\ljvﬂulﬁtl@BméQ@@mgs btﬂléitatagn, Ebobgkicdn C consistinsurface _a
. es, ?ins ati accor |ng 0 ne of the
.. clains, f&ﬁé?&&?@rlzgﬁ%&ndulg@ - b R ge Iapellaptgyggeed
with paral I eh_opanrabltaei (d4) ,wiN ¢t malxesls w‘:ltdw chrcbhlsb}aleat borduced

i
capnore n gyeany ng?u¥%%g£??anggg%86r§ufgh% @Q}Q§%?@gnln1ipa i

capnore nod et

non- | i near - FEéW nbeansf erdiwoeet@ twige, pr o@?ﬁ%/%ﬁa?—)?d cirtcdiat 06 st
tne , alt(?g it %bedééfgaﬁ@&l YA 2cdd: khe sMeface- of -the- flotetionr

cell is crossed by an identical and uniform flow of the
water to be treated, this installation being
characterized in that it comprises capture modules
(14, 15) arranged in the flotation cell such that their

15 lower part 1is located at a distance (h) from the
perforated uptake device (13), this distance being
determined so as to avoid any disturbance of the
uniform distribution established by the perforated
uptake device.

20
2. Installation according to Claim 1, characterized
in that the distance (h) separating the surface of the
uptake device (13) from the lower part of the capture
modules (14, 15) depends on the geometry of the

25 flotation device, on the rate of through-flow and on

the temperature of the water to be treated.

8l Installation according to either of Claims 1 and
2, characterized in that the distance (h) separating
30 the surface of the uptake device (13) from the lower
part of the capture modules (14, 15) is between

0.05 metre and 1 metre.

4. Installation according to any one of the preceding
35 claims, characterized in that the height or thickness
(E) of the capture modules (14, 15) is determined as a
function of the operating velocity and of the projected

area of said capture modules.
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5. Installation according to Claim 4, characterized

n

10

20

in that said height or thickness (E) 1s between 0.10
and 1 metre.

6. Installation according to any one of the preceding
claims, characterized in that the projected area of the
capture modules, i.e. the active area of the
separation/accumulation zone, 1is between 2 and 20 m?
per m?> of flotation device surface equipped with
modules.

7. Installation according to any one of the preceding
claims, characterized in that the capture modules are
of the lamellar type, with parallel lamellae (14), with
a tubular or hexagonal profile, and with direct or

cross flow.

8. Installation according to any one of Claims 1 to
6, characterized in that the capture modules are of the
transfer module type (15), of the non-linear-flow
transfer module type, providing two directions of

circulation of the water to be treated.



