L 1*159159* *(@D0002* | mprovenents to nmenbrane filtration The present
invention relates to inprovenents to nenbrane filtration of jmmmmﬂmw
-especially water, containing suspended matter for the purpos mmmmm

or preventing the nenbranes from cl ogging and of inproving the filgnation

capacity of the latter. It is known that filtration (mcro-,ultra-, nano-
or hyperfiltration) nembranes are sensitive to clogging by variﬂwmmﬂmmﬂmmmwm
substances: dissol ved rgibsiaRests THCherdyaHdanilc aiaen als, s

the colloidal state, suthas metal hydroxi des, or, i1n general, substanges

i n suspension (suspended matter of SM. Clogging results on a very
substanti al predugt-aani-n tihe didtdmat i paigapaci ky of: wihe wemrane, cbhe
reduction in capacity not always being_ reversible, the eijecpiyeness of
nenbr ane cl@&hf g Bependt hyt tonsi der abt y=oR"“Vari ous"Tactors, ¥uchas the
effective residenserti pesobntibe faulrieng jourodirct moncodsre s@nesdenbngne, its
relative solubility in.the cleaning, products.and the chenjc .«
physico-cheﬁfcaPrF%FEFatPioh§“befmééﬁqﬁﬁ§fﬁfé%“(ﬂﬂTﬁ%ﬁSp?og%% and the
surface of thersenbranes thétkatten fapborthecAg-eni hentky .vari abl e
according to the chem cal conposition of the polyner constituting the
menbrane. It is also known (see especially "Menento Techni que de |' Eau (
Wat er Technical-sMenorandumg 2, Volcure ibn Chapter—. 3-itand. Chept®er 4rI1,
published by DEGREMONT, . 1989) _t.hat cqagulation nakes it easier-goyrenove

t he suspended and” "cofloidal matter. In particular, a person skilled in the
art knows that:eeagalatFon by “wetaln St s nakes’ 9% possibleto dEStabilize

the col |l oi dgsand.tenpPreckpi-tateieert aivbargani< materiad s abteoiadsorption,
for exanple on netal hydroxides. There re,sgyeraL“apprq@chg§qé L1

charact eri zFhg“€hi s Sphenoménofc2+ ”%%%%f%%ﬁ@uléiibn-*Toc%U ation test in
a | aborat oryubeaketewi thn suspension (suspended matter or SM).

iz Ciogging results in a very substantlial reduction In the
filtra-ion capac.ty c<f the membrans, tne reduction 1n
capacity nct always belng reversibls, tne effectiveness
~f membranse cleaninc depending considerably on various
fac=--rs, such as the effective rasidencs time oI tThe
- F2Ling TroQuct on tne TemcIans 18 relative
solubpility in the cleaning oroducts and ths cZhemical or
chysico-chemical nfteractoons petwasn -he s52.d ftouling
croduct and the surface of the memprans, The _atter
fazicr Dpelng  esminently sariapls  agcoraling o Tne
23 cnemical compcsition of the polymer constltuting tne

It s alsc known (see especially "Mémentc Technique de
1’Eau (Water Technical Memoranduml]”, Vclume 1, Chapter
30 3.1 and Chapter 4.1, published by DEZGREMONT, 1989) that
coagulation makes it easier to remove the suspended and
colioidal maccer. Ir particular, & person skilled 1in
the ar: knows that coagulation by metal salts makes 1t
possible to deszabilize the colloids and to precipitate

certain organic'materials after adsorption, for example

)
(N

on metal hydroxides. There are several approaches fer
characterizing this phenomenon:

by a ccagulacizcn~-fleccoulation T2sC in a

NN S

i
41
8]
{1
[
8]
(1
O
t
O
(¥
v
w
D
LY
t
{
W
ty
-
&)
o
(9]
[N
0
@]
()
n
J
b
3
gl
(1
U
r
9]
)
b o
t
0]
3
0



~«various doses of netal salt and 2 estimation, for exanple, of the
settling rates; by measuring the zeta potential (ZP) and especially
-the variation in the said ZP as function of the doses of nmetal salt added,
until that dose which nakes the ZP zero, and which therefore corresponds to
the required |l evel of treatnment for ebtarning opti num coagul ation, is
determ ned. These two approaches lead to a definition of a coagul ant dose
cal | ed t he &'soptdamimcoagid atdaore dosedf whichsefvloimq he2 experi ence gai ned by
those skilled in the art, is_the dose which -ithe best,claridication
treatment of the v\k/)aYtermﬁé?ﬁé%'tq%]eattce]!f1 angg\%\,%i cﬁ%gt?%\o@ﬁsle%uent‘?;) w?%r:éensure
t he opti mumsserdkiangl condét ivemd asfi onhel rerbe afé 1t Hat 3% o SHYCTHE | east
fouling condi tjons)... Jhe:drawback of sughqa treatnent i nvplving this

opti mi m coagul ation dose is fhat thrs dose os relatively high and has

reper cussi os<eon the Gperz@ithg 2068t "of A het ¥ i it iTatPORSFPEECTeNt” and al so
on the cost..qf [pvestipg the coxrespendi-rgcedqit preptainbbyeayesimit shoul d
be noted nost nenbrane suppliers and suppliers nanofiltration and reverse
osnpsi s equiPIEMT NS st fortTedt"9Ff - | oss of the guarantees associated

wi th the nenbranes, on feeding them only with water having a zero, or at
the very least a very low, content af heavy metal g as divalent or trivalent
ions, in padrti%ul ar“Suchasferticc i'oms.  Thus. in the literature There as
many publ i caid onszmenticeri ngat heduse ®or “thee irnjrectbobu bR oA ORCHDT €

N

Jhicn from the experience gained by Thcse skilled In
the arts, i3 the dose wnich allows the pest
clarification rtreatmenz of the water being treated and
which, conseguentiy, will ensure the optimum working
1z conditions o©f the membrane ‘zhat is tc say tne least

et Ll

of nanofiltratlon anc reverse
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csmosis equioment insist, for fear o© icss of the
arantees associazed with the memcranes, on feeding

zhem' cnly with water having the very
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least a very low, content oI neavy met as divalent

s
30 or trivalent ions, in particular such as ferric ilons.

Thus, in =the literature there as many publications
menticning the use or the injection of one or more
metal salts uostream of the membrane treatments. It

should be empnasized that these publications mention

()
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doses close to that making the ZP zero or, at the very

to 30% and mcre of the said

o

least, nigh doses, <clos

™

the saic ZP zero.

1y
po
9]

or mak

cs3e

().

colLmum




nmetal salts upstream of the nmenbrane treatnents.

It should be enphasi zed

that these publications nention doses close to that nmaking the ZP zero or,

-at the very |east, high doses,
dose for meking the said ZP zero.

close to 30% and nore of the said optinum

3 The present invention

has the objective of providing a proééé%'haking it possible to mnimze, or

at the very_ |east reduce, the,cloqging [o]
filtration CApatrEySnhiFd SNy the

how to supstantially
menbr ane) ; - -
exanpl e;

increase the specific production

(gl mpobranes and Lo Jnp

proce8s bl é<elondm. * °Fd %chi eve
this resul tsrothesteehnhgal cprrald el 4 ocbemsolvedear ert he drod | ek Ng:

] . _ A 1.h-1.m 2 pf
Row{'§ protlicd € he | Bale“ sl idgé "Cof hydtB%? d8s f or

resw it ng fromthen clardddicatl ontirleat mert ngndsnabovecakb s

flux

rove their

how to reduce the arear oﬁ%tQ%*ﬁggp;apg§qtqﬁpqlljittgg, in.order to treat

D TCore < n
the samd volune of water.

e Proprietor has obser'ved,Tn a reafy"

surpri si ng srannetn$ orcone skiveedzika the art:ctvhat:a dose of coagul ation

reactant very much.less than the dos
water to be treated zero all«
be consi derabtyi¢aproveder (L.n".m

crocuce the
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memprares, a
whicn destabilizes
which

cose making the zeta potential

reactant

uspansion, is around 39

According

process according to the invention, the

coagulation rsactant is around 40 to 60

that making the zeta potentlal zero.
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times less

apolication of tne inv

surprising

a dose of

which

treatec

membrane To

Z2ro.

to an advantageous methcd of implementing the
said dose of

Than

0se. whi.ch. nmakegs the .zeta potential of the
ows_the Tiltration capacity of the nenbrane to



.+ The'subject of this invention is therefore inprovenents to the menbrane
filtration, especially mcro-, ultra-, nano-, or hyperfiltration, of
-effluents, especially water, which concentrate suspended natter, so as to
reduce clogging of the nenbranes and inprove the filtration capacity

t hereof , characterized in that they condist in adding to the effluent to be
filtered before it passes over the nmenbranes, a dose of a coagul ation
reactant WRITH destabtyi ze<9e he Tdold oildal PREEHEEE | nTsuspensPdn, “dfch is
around 30 tos80-1imes kess dh@anmtherdase drakitrezet & paberti atomeng.
According to an advantageous nethod of inplenmenting the process according
to the invehf?Bn'2fhe'Saf 9= HESR of “Ebafil aPi on*fE8ctant is around 40 to 60
times | ess than that.onakipglt heazeta potsential azeeo. zsThecfdedgiodl
application of the inventionis 4 particularly wde, This is
because-it can? be®Used EspecF 8PPy *For ™t e Memifane” of water Tom hg from
vari ous soustesy swiche ascfornexanpl e: - nmuni ci pal waste water, after a
bi ol ogi cal treatnment and a_separation allowing Less. than 20mm/I of SMto
be obt ai ned. - water not requiTing the prior renoval of organic matter
and havi ng ar¢otat organic acar bory (FROG content cofzless adar2n 795 and -
raw surface water, having.a Jow TQC, ;a.high colloidal concentration and
cont ai ni ng T€s3 than 200ng/l 'of SM~ The process according to the invention
gi ves excel l ent restfts swierrdd iWSTappl i € 1’0 ménbranes - -0f diff f ereént shapes

PRV B e LT

external skin, having._

200 g/l ¢ SH
The process according to the inventicn gives exceilent
13 results when Lt 1s appiled tc membranes of cifferent
snapes capillary, tupbular, planar and spiralled
mampranas:; it ar irterrel ©or exIierné: s5xK1n, having
arious oconfligurations {in a Caslng, Wilinoul & casing
ar immersed inn a  basin The 1nvenztion 13 a2.1SC
- s5..7T2cls  for appirioacicns  intolving the sgrayving Of
recr2aiona. ATEAas, Tne rsurilizatlon oI waste water In
f327C0ries ard, more yensTally, he iostraan
cratreatment oI reverss-0SmO3is C083211ination pLants
ZZ Furtrer teactures and advantacas ct Lne cresent
invention will become apparent from the description
given below with reference tc the appenced drawing and
o mhe illus-rative examples giver Dbelow. In the
drawing .
3C - Figure 1 is a schematic view 1llustrating the
injection cf ccagulating reactart, for examp.e a retal
salt, especially an iron salt, upstream of a membrane
in a casing into the flow; and
- Figure 2 is also a schematic view illustrating
3% the injection <f the ccagulating reactant upsirean of

an immersed memprane withdut a casing.

In verh figures, identical or similar elements are



+various configurations (in a casing, wthout a casing and imersed in a
basin). The invention is also suitable for applications involving the
-sprayi ng of recreational areas, the reutilization of waste water in
factories and, nore generally, the upstream pretreatnent of reverse-osnosis
cesalination plants. Further featuresSand advant ages of the present
invention wll becone apparent fromthe description given belowwth
reference to the appended drawing and to the illustrative exanpl es given
bel ow. In the Jrawdgiog of imbleHe&thcisna et cevienei bl ustyating the
injection of coagul ating reactant, for exanple a netal Salt, especially and
iron salt, copsStrledm s wamnbranesi $7a%6a8Fng i it o-tHe Frewvassd 1 -

Figure 2 isalso a-sghematd G view i;bkust ralipg ct-be sy ecticen afi dde
coagul ating reactant upstream of_an i mersed nepbrane without a casing. 1In

bot h figur ésaGtdent i Tl ~'ofe si-fi 14l @ €irent $°ar e *Sdétoted by the Sere
reference nunbers.:. ~r: s,scer badnuibe gethwd -of.liampl enentabl @ shown in
Figure 1, the coagulating reactant is_injected at 2 into the.water 1 to be
treated and the “Water t'6 b&-t'Feat ed/ coagurati ng Teactant” fri xture 15
filtered over:thel nem-ane in teh casing 4. The systemincl udes a
recirculation loop 5. The reference nunber 3 denotes the outflow of the

treated water.

12 In =he =xample ¢f ilmplementation L:iustrated In
Figure ., <Trs Zcagu.ating reactant Z 1s 1infected 1ntc
tns wazer 1 to be treazed, fhe mixIure then Dpelng
filcered ocver T“he membrane G, lThout a casing,
immersad in a pasin containing the water to be treatec.

12 The treated water 3 is discnarged by means oi a pump

Given c=2lc are two numerical examp-.2s of
implamenzaticn sSo 2s 1o ma<e Inhe Is=cnnical aspects and
adwanctagss afisrdec Py the present ilnvention clearly
Cxamcle L Trzacmant 0L MUNIILpE L Wa3tg Water
L piclogical Traatment cest Jas carrisd cucz on
2S muricipal waste water coming ZIrcm & Iabric-menbrane
bioreactor, such as the cne describec in
FR-A-2 775 91-
The quality of the water output by tThe reactor was the
3C felilowing:
Total COD: 40 mg/l
ctal B0Ds: <10 mg/L
SM: 5 mg/l
TOC: ' 6 mg/l.
35

The dose which makes the zeta potential (ZP} zero was

found by laboratory trial to be 14C mg/l of FeCls
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iexpressed S oure TeCli- h ccrimum dcse of
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determined by in-beaxker

t

nc reactan



+In the exanple of inplementation illustrated in Figure 2, the coagul ating
‘reactant 2 is injected into the water 1 to be treated, the m xture then
-being filtered over the nenbrane 6, without a casing, imrersed in a basin
containing the water to be treated. The treated water 3 is discharged by
freans of a punp. G ven below are twe funerical exanples of inplenentation
so as to take the technical aspects and advantages afforded by the present
i nvention dl.eard: y;eet;ipﬁr entc rekampl erd orJeeacneattof nusbsgald waste wat er
A bi ol ogi cal L nt, test rried out /1rruni ci pal waste water com ng
froma fabr%l c-he r[n:jtcne b?%r e:?tson%? suag h as’ trﬁ ‘one described in FRA-2 775
911 The quality of the water output by the reactor was the foll ow ng:

Total COD irr. ,icp.r4Q frgLL: rad wa-dotal,BODs~: =zp;
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smM: 0% onEP 3 A ' N "6 /|
The dose whiccit Trekesvdhe zeta 'pot ehfifal (ZP) 'zerbiwas FbaAdIby |aboratary
trial to be 140 .ny/| of- FeQ 3 (expressedeas puce ked 3)32 Tjne» Optihum dose

,_A~.._- ‘- - D

of coagul ating reactant, “dmeﬂt.eﬂr_m ned by in-beaker

floccul ati 6fa0 edilée -t e organt & #a’rt*e*r“(“ri’easmvd*by UV‘ébso“'rsp:‘“'"on at 254
nm was 1100/ |s-<ccr:inz -~z che line 2 mg/lL of Fall; (expressed

as pure T2Tl; , “re steady Ilux was 10O L.n N
[
The paciwaszniny was carried cut wiIin T 3/l of chocrine
for 30 saccnds every 3C minutes ancg, [rom fime TC o Tlime,
for examole orce a monrnth, with ammeniaca. citrzic acid
The backwashing water was returred to the top of tThe
[ fapric-membrans loreactor
Ir Lrnis s2xampla, Lo Treatbt o mo/n withouT a coagulating
reactanc, 1% 1.7 m° was okraired and & memprans area
S2f 28,3 o z3 Cnarefore redqulred In ZontreasT, oDy
SRR Tohviiate: mz L o2C Tells, il oL.nam 23 cihrain=d and
-
the mamgrarns zrsa regquirad s Thern 13 0w Trhos
- s
c=oresents 27 LTcrovement L Do s 2z oand a saving
cF 1E.8 ~-, 1=, 2%%, of memprans 2T 123317,
25 Sludge precucTicn was measured TC D& a00ouUT § mg/l with
ng/l of Fell- instead of 5 mg/l witnhout Tne adciiion
t d

I- is clear znat the experiment reported above anc the
results that it provides go counter o the experlence
of a person skilled in the art and the teaching that ne

can extract frcm the pricr art. This is because:

W
W

- the in-crease in flux through & memprane, OV

incomplete clarification (with a ccagulant dose
marksdly lass -ran -—he optimum clarificaticn dose!, and

~ : ! - o~ oo ] o
- the uses of coagulsating agsnts (especially



+ The' out put of treated water fromthe fabric-nmenbrane reactor was 1 n8/h.
The steady flux through the capillary ultrafiltration nmenbrane was 32
1.h-1.m2. Wien a snmall amount of coagul ating reactant was used, by
injecting into the line 3 ng/l of Fecl3 (expressed as pure Fed 3), the
steady flux was 100 1,h-1. m2. The back washing was caried out with 5ng/l
of chlorine for. 30 seconds every m nut es and/ fromtine time, for

exanpl e once & Fonfh* twi t h° ar?m?rh acATCRFEPi ¢ %adi d-STRE" Bagﬁ\?ﬁsh‘i%@“ wat er
Was returneeidto yheatep ofrdrhetfabrioctrnsr anerti br eactohipilred hb g
exanple, to treat 1 nB/ h wi thout a coagul atjqng [eactant, 35 1. h-1.m 2 was
obt ai ned and & nEHBE ahe” area” of - 28" 52 Was T heFef or &' required. In contrast,
by injecting lcngbleok Fect@c100idtdh=d. mr2 was obtapned andcegthed menbr ane
area regw req wgs. then ;LQrT,g_l Jh; represents an inprovement in flux of 288%
and a saving of 18.5m; i. /e of menbrane at |east. Sludge production
was neasured to be about 8 ng/l wi-th 3 ng/l of Fecl3 instead 5ng/|l w thout
the addition, of,a coagulating. reaetant; howeyer, tbis remained very much

| ess than t Tch—we —pT 5 ng/l of Fed3, i.e.
nore than 90 ng/l of sludge fornmed. |Its is clear that the experinent
reported above and:the.sresul-ts that: it, proyi des-go scounter: to-{he,
experience of a person skilled in the art and_the. teachl ng t hat he can
extract-fromthe- priorart:-Thisti ¢ becatse™: - ----7 - the increase
in flux through a.femyrane, by inconpteteiclarification (wWwth a coagul ant
dose markedly |ess than the. optimumclarificati. onﬁﬂose) and

- the use of coaguiating agents (espeol:éd’ry e brlivy,
TOC Z omg/-
s g mg/ ..
it
Ir laporatory teasting, tne Cose WiRlCh Tads tne ZF egual
T2 zerc was =5 mg/. of reli
Tre cuzput of Treatec watsr was LSD L/n. The stead
) Tl TrYCUTn The Zaclllary olTtraiilTrozTlon memrprans Was
32 L.nT.me ner & Smal.  guantTi:t cf ccagulatling
r2acTan: as us=3, o in-line in-tzzTilon of T/ oof
TeTl: /=xcresssd as cure Fali:l, The maximum steady filu
imcrovaa oy 303
zz
Tne backwashing was carried out with I mg/l of chlorine

In this example, in which a surface raw water was
a

c
30 oretreated with the objective of treating 1t downstream
by reverse csmcsis, & major saving in memdrane area was
also found. Al the TCC was not eliminated, but the

flux was imprcved.

(V8]
L

It follows from reading tne description given above
that the invertion does ac¢ttually limit clogging of the

the filtracion

<
-
3
(o]

membranes, oy considerably imprcvi
capacity of the latter. nis results in very

supstanctial =ccnemic advantages, especlally a recuction



.- ferric salt) in small amounts, but neverthel ess very nuch greater than the
contents normal ly prohibited by nost nenbrane manufacturers and suppliers,
<are conpletely contradictory to the conmonly accepted routine use of
menbranes. Exanple 2 : Treatnent of surface raw water The trial was
carried out on raw water fromthe Seiné the characteristics of which were
the follow ng: _Furbidity , , 15 NTU ‘

Organic matter “°¢ 258agAL RPRMTR o8 dPZabilitdf-Sc Ln ordepocto

3 ng/l treat ¥ same volume of water. 8ng/l In laboratory testing,

t he dose which nmade the ZP equal to zero was 55 ng/l of FeC 3. The out put
of treated water was 150 |/ h. The steady flux through the capillary

ul trafil trattonomessr,ane: wase82 Jidrcl.m 2z v When aasmadd: quant ety - of-

coagul at.i ng reactant was used, by in-line injection of 2ng/l of Fed 3
(expressed as ptre-F&C-3¥, ‘t‘he“ﬁaxﬁxﬁﬂrrfﬁ}sct:eady flux~ i wprooved by '30% The
backwashi ngzamas: cartted ~eut: Jwirtshi 52mgy/ ¢ r oficehlborkne ~ikor , 30 secondstcevery 30
mnutes. In this exanple, in which a.syrface raw water was pretreated with
the objective of tréating it downstreéam by reverse osnpsis, a mjor saving
in menbrane area was also found. Al the TOC was not elimnated, but the



.+ flux was inproved. It follows fromreading the description given above
that the invention does actually limt clogging of the nenbranes, by
‘considerably inproving the filtration capacity of the latter. This results
in very substantial econom c advantages; especially a reduction

8 in the area of nmenbrane to be installed in order to treat the same vol une
of water. O course, it goes w thoutcgaympag that this invention is not
limted to the exanpl es of inplenentation and/ or application nmentioned

and/ or described here, rather it enconpasses all variants thereof.

C:_AI MS 1. Irrpr.ovehrl'el@)tr&fvfefhehlﬁ% rrenbds?ne tfh;cdfltratnieﬁhbranéspeCfflityaﬂiﬁﬁp\-m ]
ultra-, nano- _or rfil.tration,,.of 5 e uent s,, especi wat er iC
contain suspéar‘?gee&l%ﬁgyt er-Crso ast S Fed i o%%i%%’fﬁ%r%%%?an%g and
i nprove the Eiflifflneniten ceppecigldy twmténtt ehichchapatbéni zedspendadt it
consists in [ t h fl b : S al
menbrane, a in%@lcr{%gé %fé ag?:ogtjluIrlc'iét%lqug?r'la r%iaﬁilnﬂfé \Aﬂ?ch%%%eg%%%ﬁ[%}geeés % %

col | oi dal naif@rove sushensifddtraiiiem i scapaghly30o @b &beti nbattess than
the dose of coRgul-dlgeueachanthatmekitngcbhg;zeka POt idialg z@e0. the 2.

| nprovenents according to_claim1, characterized in that t%e said dose is
around 40 t oS58 luemEs 1RRECTE hak (BRRSRKPHETt Hé'e ef Al DoMEMETANSZerd. 20

10 dose of a coagulation reactant which destabilizes the
colloidal matter in suspension, which is around 30 to
80 times less than the dose of coagulating reactant

making the zeta potential zero.
15 2. Improvements according to claim 1, characterized

in that the said dose is around 40 to 60 times less

than that making the zeta potential zero.

20




