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menbranes, in particular reverse osnosis and ~--—- - - ...
nanofiltration menbranes in desglination and ,
treatment plants. BACKGROUND OF THE | NVENTI ON mw",mﬂﬂmmm”m
met hod of reverse osnosis (RO is an effective an '

ener gy-savi ng net hod of desalination which-is
‘el oyed for  obt ai MDIREN OSNORISTCLENNAYG Use, for
agriculture, potable water and ultrapure Wwater. The
nmet hod consists in applying nechanical (gauge)
pressure over a saline solution, such as seawater,
which is higher than the osnotic pressure of the sane
solution, in a volune delimted by a sem perneable
menbrane (RO nmenbrane). Thereby, the solvent (water)
i s squeezed through the nenbrane to its "perneate"
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side of an osnotic nmenbrane w
sotreatment plantsf under gauge pressure PO Wien the RO
menbrane is used for a long tine for separation of
salts, other conponents of the raw solution terned
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organic matter, colloids tend to accunul ate on the
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- applying mechanical (gauge) pressure over a saline solution, such as seawater,
-+ which is higher than the osmotic pressure of the same solution, in a volume
- delimited by a semi-pérmeable membrane (RO membrane). Thereby, the solvent
(water) is squeezed through the membrane to its "permeate” side while dissolved
‘salts remain in the solution at the "feed” side of the membrane.
- Herein, osmotic pressures of solutions are referenced to pure solvent, i.e. if
: givezll saline water splution has osmotic pressure PO, this means, pure water from
the other side of an osmotic membrane will permeate towards this solution as if
under gauge pressure PO.

When the RO membrane is used for a long time for separation of salts, otiler
components of the raw solution termed "foulants” herein, such as suspended
particles, organic matter, colloids tend to accumulate on the "feed" surface of the

. membrane. Some dissolved salts also may precipitate on the surface, forming scale.

A fouled membrane . has reduced separability, increased pressure losses and

therefofe has to be cleaned. -
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and punping cl eaning chem cal solutions to wash the

foul ed surface. Such nethods are costly, not very
effective, and create new enviZonmental problens. A

nore effective nmethod is using the direct osnosis by
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menbrane is a tight npulti-layered structure with very
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ne solution - seawater or brine -
cleaning water is sucked back to the feed side essentially under the net differential

between the two osmotic pressures.
However, the typical RO membrane is a tight multi-layered structure with

;. 'very natrow passages-(see Fig. 5) where water flows very slowly. Some areas of the
' 1nembrane are close to the channel supplying water, other areas are remote. On the
- other hand, the osmotic pressure of the typical saline solution - seawater or brine -
- is high, and the net differential is also high. The combination of these factors leads

. to very fast back-suction of water ("catastrophic” filtration) from the permeate side

1o the feed side through the close areas of the membrane. As a result, the water can

. not reach the remote areas of the membrane before it is entirely sucked in the close

-areas, while the concentration at both sides of the membrane in the close areas is

‘soon equalized. The cleaning process, therefore, stops in a few seconds and the
membrane cannot be cleaned uniformly. |



is high, and the net differential is also high. The
conbi nation of these factors leads to very fast back
suction of water ("catastrophic" filtration) fromthe
perneate side to the feed._sgide through the close
areas of the nenbrane. As a fesult, the water can not
reach the renote areas of the nenbrane before it is
entirely sucked in the close areas, while the
CONCSUMMARYOOF THE INVENON des of the nmenbrane in the
close areas is soon equalized. The cleaning process,
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differential OPN resulting from pressures P04, PD4,
pog.mdgrngalg@gprg@pwgP% pe¢ pergoticopresstirer Bag the et driving differential APN

resulting from pressures PO4, PD4, POS5, and PC5 being directed to the feed side,
- whereby the solvent is sucked from the permeate side of the RO membrane to the
feed side of the RO membrane, penetrates into th.e interface between the membrane
and the accumulated foulant, and separates the foulant from the membrane surface; and
c) wnthdrawmg the concentrated salme solution together with the separated

. foulant and the penetrated water from the feed side of the RO membrane,

wherein the gauge pressure PC5 is between the pressures PF1 and PO1 in the

normal RO process, while the APN directed to the feed side is




wher eby the sbivent is sucked fromthe perneate side

of the RO nenbrane to the feed side of the RO

menbrane, penetrates into the interface between the

menbrane and the accunul ated foul ant, and separates

the fouiant fromthe nmenbrane surface; and c)

W t hdrawi ng the concentrated sa}ine solution together

with the separated foulant and the penetrated water
fromthe feed side of the RO nenbrane, wherein the
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The method can be advantageously applicable for RO membranes,
where the permeate side of the membrane communicates with the permeate
port through a permeate channel, and the membrane has parts adjacent the
permeate channel and parts remote therefrom. The net driving differential APN in
this case can be such that it allows the dilute saline solution to reach the remote
-parts of the membrane before the water is entirely sucked to the feed side of the
membrane through the parts adjacent to the permeaté channel.
The efficiency of the method may be enhanced in the following ways:
. Alternating from time to time the feeding and the withdrawing of the concentrated
saline solution between the front-end and the rear-end feed port; application of
~pulsating gauge pressure PD4; changing from time to time gauge pressure PD4
-_and/or PC5 so that the net pressure differential APN .is reversed towards
the



where the perneate side of the nenbrane communi cates

wWth the perneate port through a perneate channel,

and the nenbrane has parts adjacent the perneate

channel and parts renote therefrom The net driving
differential LPN in this casé-can be such that it

allows the dilute saline solution to reach the renote

parts of the nenbrane before the water is entirely

sucked to the feed side of the nenbrane through the

parts adjacent to the perneate channel. The efficiency
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cadieensates for. a fall of the net driving differenti al
APN due to the fall of osnotic pressure at the feed
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_ desalination facilities with energy recovery plant using a plurality of RO modules. In
this case, each of the RO modules can perform in tum the cleaning process, while
the rest of the RO modules perform normal RO separation process. The
concentrated saline solution of step (b) may be a portion of the residual brine
. removed from the rest of RO modules. The rest of the removed residual brine can be
-fed to the energy recovery plant at high pressure PR, and the pressure of the
_ 'ooricentrated saline solution withdrawn at step (c) can be boosted up to the pressure
" PR before feeding to the energy recovery plant. ‘
According to another aspect, there is provided a cleaning system for
- performing the above cleaning method in a desalination plant comprising a plurality
of modules for RO separation. The RO modules are connected in parallel and are
adapted to perfom the above-described normal separation process. The
desalination plant further comprises a source of raw solution with high-pressure
feed pump, a common high-pressure raw solution feed line connecting the front-

end feed ports of the modules to the source of raw solution, a common high-

pressure brine collection line connecting the rear-end



to the concentrated saline solution of step (b). The
cl eani ng net hod di scl osed may be especially

advant ageous for desalination facilities with energy
recovery plant using a plurality of RO nodules. In
this case, each of the RO nodul es can performin turn
the cleaning process, while the rest of the RO
nodul es perform normal RO separation process. The
concentrated saline solution-of-step (b) may be a
portion of the residual brine renoved fromthe rest
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source of concentrated saline solution providihg the
collection line, the second line is @ common line connecting front-end feed ports of
the RO modules to a second brine discharge outlet, the system being adapted to use
a portion of the collected brine as concentrated saline solution in the step (b) of the
method, and to discharge the portion of brine through the second brine discharge
outlet in step (c) of the method.

In another embodiment, the first line is the common high-pressure raw
solution feed line, the second line is -the common high-pressure brine collection
line, and the system is adapted to use a portion of the raw solution as concentrated
saline solution in the step (b) of the method, and to discharge the portion of raw
solution through the firstbrine discharge outlet in step (c) of the method.

-~ The pressurized source of dilute saline solution may be a permeate storage

tank with a high-pressure permeate feed pump. In a preferred embodiment, the



pressure PC5; d) a first line to connect the source of
concentrated saline solution to the feed side of the
menbrane in each RO nodule; e) a second line to

wi t hdraw the concentrated saline solution fromthe

feed side of the nmenbrane in each RO nodule; and f) a
plurality of valves adapted to close or open each of

t he above ports and conmon lihes so as to all ow
perform ng of the normal separation process and the
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hi gh-pressure fluid source,
 may obtain the next-stage brine from the first-stage permeate.

Advantageously, if each one of the plurality of modules has a front-end
permeate port and a rear-end permeate port in communication with the permeate
-side of the RO membrane, the common permeate collection line is connected to the
rear-end permeate port of each module. The system may further comprise a second
-source of second dilute saline solution, a common line connecting the front-end

-permeate ports of the RO modules to the second source, and a plurality of valves

and pumps adapted to close or open each of the ports and common lines and to feed

~ each of the dilute saline solutions with osmotic pressure PO4 or PO4' to the front-

end or rear-end permeate port of each of said RO modules under pressure PD4.

The cleaning system preferably comprises a tank with cleaning agent, a line
:'c':'onnec'ting';t.he tank to the source of dilute saline SOiltlﬁOﬂ, and/or lines adapted to
feed the cleaning agent to the feed ports of the modules together with the

concentrated saline solution during step (b) of the cleaning method.
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and via a second stop valve to a discharge |line. The
vessel can be filled with high- pressure fluid to

di scharge the pernmeate under high pressure via the
cleaning line, and can be filled with perneate to

di scharge the fluid through the discharge |ine.

Advant ageousl y, the high-pressure fluid source nay be

" the common hi gh-pressure raw solution feed |ine or

t he conmon hi gh-pressure brine collecting line.
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osmotic pressure PO2 from said permeate port at gauge pressure PP2, and

removing residual brine from said rear-end brine port, the foulant accumulating at

" the feed side of the RO membrane, wherein said cleaning method comprises



If the desalination plant includes an energy recovery
plant connected to the first brine discharge outlet,
then the |l eaning systemmy further conprise a
booster punp with inlet port connected to the second
brine discharge outlet and outlet port connected to
the common brine collection line. Disclosed is a
sinmplified "rinsing" nethod of cleaning a fouled RO
menbrane in a nodule for RO separation as descri bed
above. In yet another aspect,gihere is provided a

nmet hod of cleaning a fouled RO nenbrane in a nodul e
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et ‘awe u | dh ek dtrelcdaadtalmnaatvmlyﬁatthepf@eld side and the permeate

S difdhe apiranercy fershy a/aw Bt o diil s dfeteguip, the feed
”%‘?d’éeth'e%%-@l@sﬁﬁﬁ Hrtﬂr bél%ecléﬁhir'fg Procedhiis Iberformed

-commpri ses vent | SSO sa ts and pot enti al
f ovhibenwheint ﬂneoAnﬁN i€ qmee:mne the hertmeateisidé r ihet R@nmembrane

f eed port ssure PF1 > PO |, collecting
wgrform) ?ﬁ#%@ﬁgé!qned permeate with osnotic
pressu bZV\PfPl%ré\fvﬁ{B e q’ag'e&ﬁiﬁ?é Solftidn BgtREWith ﬁﬁ%@%arated

PP2, renmovi ng residual brine fromsaid rear-end
brfoulanpmroughlseld redraand Iampnrtaamﬁ@paonalty;e feed side

Conpr S4eCAG AP T Ralin ol ARE TG TGP Bp) tg gn,eneray

pL,L {gatge pressure PF1l' with average val ue cl ose
béﬁ\?érg? tPc pressure P01 so that a net driving

d| ff er dite adirddtRSmess| tieagirfg anneﬂ‘radssdlselgsedl map2provide a

PP2, and _ PFl’ uld be directed alternatively to the
fé'éﬂ“@‘?ro‘grﬁﬁi@r@aga'ﬁ@%@ate side of the nenbrane,

wher ebys1¥ARE & 'thd RO mefibrafé$th Pt of )R8 modules may be
~ performed continuously, in turn with each RO module, without interrupting
“the operation of any RO module and the desalination process as a whole;
Cleaning of the membranes is so effective that the stage of
-ultrafiltration pretreatment may be skipped for certain types of raw water,
- since the inventive cleaning method can remove fouling due to suspended
solids present in raw water.
Spirally wound RO membranes may be thoroughly cleaned from

accumulated suspended solids, scaling, and bio-fouling;




si de, the above-described direct-osnosis cleaning
process is perfornmed, while when the OPN is directed
to the perneate side, the RO nenbrane perforns normal
RO separation; b) wi thdrawi ng the raw saline solution
together with the separated foulant through said
rear-end brine port; and optionally, c) feeding the
raw saline solution obtained in step (b) to an energy
recovery plant The direct-osnogis cleaning nethod

di scl osed may provide a nunber of major advantages:

C eani ngO%hembfarde &Eﬁﬁé@ggﬁhig%é’thba Fhay Hévﬁggglggﬁﬁ’r%%&re drop

may be perforned continuolsly, 1n turnm wt
noihyteuliov lohsas) thanemembrangs ¢tlbanexp dyyatkinownometimydsR@nd can

m@ul§ and the desal i n &‘éro pgogess as a whol e;
c &G S@P’etpﬂ@’efrﬁqﬂﬁ’frﬁa cpe§ 'tgl?t'gf"f ective that the
stage Ofpe HhidePhidsbiirdt tARe RES&T ERBIITRAE R ndifibraks RBR %ever be

for certain types of raw water, si nceF\{?e I nventive
cl lewat thpnnthehgaugm pressure; at fioelipenyealgesite, theselayn gesserving the
saljds., present in raw water. Spirally wound RO

| ne'ﬂ}(ﬁgéfﬂg‘éﬁﬁﬁ;?_‘%brﬁﬂﬁv oughl y cl eaned from- accumul at ed
suspendsserafild Pressiifcd! bW wotkidad @i R/Qﬁ&déqgfarté ¥t RS desalination
menbr anes cl eaned by this nethod may have | ower

prpdary practigalypdd hetdehwanbe dutiog skeshinghtiveretgrgrolanging the operational
cl.gan by known met hods and can therefore save power
ré@%?ﬁgﬁeﬁﬂ'wﬁ@&al i nati on; The gauge pressure at the

feed sifif Qltplt&t (ROHIGHPrErE ?U{r@?ﬁ’sqegrgﬁﬁtiﬂg%éséliﬂaﬁon plant

t he gauge pressure at™ the pernea
prpesctically goebaenot ichage iduyingfa tleanimgndiperation Qhictablloves to save
pressures and workl oagls in various parts of the
o EDE[9Y AL irsauce wear of the pumps and motors.
The utilization of pressure energy is close to ideal. Part of the energy

- -spent for separation of the permeate from the brine is restored in the cleaning
process: When permeate or second-stage brine penetrates through the
membrane to the feed side with higher osmotic pressure, it acquires the higher
gauge pressure of the feed side (at the cost of decreasing the osmotic pressure
at the same side). Then this higher pressure of the permeate is utilized in the
energy recovery plant.

The method can allow brine from intermediate stages of the

desalination process to be utilized more effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

m order to understand the invention and to see how it may be carried out
in practice, preferred embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings, in which:

Fig. 1 is a scheme of a prior art desalination plant with a plurality of RO
modules;

Fig. 2 is a schematic longitudinal section of a RO membrane in a RO

module in prior art normal desalination process;
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pl ant practically do not change during cleaning,

thereby prolonging the operational life of the
wWouRgesHs The output of the Hi gh-Pressure Pu Hﬂzoo /000984
group in the desalinati on plant practically does Aot
change during a cleaning operation which allows to

save energy and reduce wear—@fft he punps and notors.

The utilization of pressure energy is close to ideal.

'E:rtrre? ‘Jprom ?ﬂ%barr nm%l% res ore bP?hg nbra%e in a RO

hodEs & thélddrecPeinid Elefiin %g?db@@k &ithe Eré@réhﬁﬁvenﬂon
penetrates through the rane to the feed side with

‘hi gherFigshs iac sgireaws of ethei desabimpiioneplanh @fHFighkrequippedewith a
pressure of jt?f@@f eed sr de (at the cost of decreasing
PEPENL WVERON. sa e side). Then this

hrgher r

ener gy e%%?é‘%c% et BosRSLARR o ROMEbASY i ARG Frodgl: end
int er Hgi Qe assaramtiof IonBRudidels sédtidat P8 RO efsshrige Be a RO
utilized nmore effectively. BRI EF DESCRI PTI ON OF THE

Mﬂmvmﬂmofﬂbe diveietrosmesis oﬁaamngmemssOn and to

embod it & @ peheriopbn dlstlinain Hpntey e’ 1 eatipped with a

RQ P b1 eference to the
.a‘ce:g%ﬂr?br)g;ryr n% raw ng‘g1 p?@e%i\}]m%ﬁﬁbgg 1 is a schene of

a prior art desalination plant with a plurality of RO
nodul es; Fig. 2 is a schematic |ongitudinal section of
a RO nenbrane in a RO nodule in prior art nornal

GIE'FJMEED PESTRIETFON'OF2PHY BOVENRTION 112003/ 000984
-10 Fig.3 is a schematic |ongitudinal section of a RO

nenbr gyigh h'éfefbnwtorlﬁ uj ethieft iséhoWrl 8GbricSAPe HeSalination plant 10
cleanrng process of he present invention;

comprising a plurality of modules 12 for RO separation connected in parallel, a
high-pressure pumping group (HPP) 14 with variable frequency drive (VFD) 16,
energy recovery group (ERG) 17 and interconnecting piping and control means as
explained below. With-reference also to Fig. 2, each RO module 12 has an

- elongated housing 18 with front end and rear end. A RO membrane 20 extends

- between the front end and the rear end dividing the internal volume of the housing

into feed side and permeate side (Fig. 2 is simplified, the membrane may be
pleated/folded and rolled into a rather complex shape, as shown in Fig. 5). The

membrane 20 has, consequently; feed side surface 21 and permeate side surface 22.

~ The housing 18 has front-end- feed port 24 and rear-end brine port 26 in

communication with the feed side of the membrane 20, and front-end permeate port
28 and rear-end permeate port 30 in communication with the permeate side of the
membrane. .

The desalination plant 10 further comprises a common high-pressure feed
collector 34 connecting HPP 14 to the front-end feed ports 24 of the modules 12 via

- high pressure feed lines 35; a common high-pressure brine collector 36 connected

to the rear-end brine ports 26 of the modules 12 via high-pressure brine lines 37;



Fig. 4 is a schene of the desalination. plant of Fig.
1 equipped with a cleaning systemof the present

5 Fig. 5is a schematic cross-section of a
gg\éﬁ@tﬁd‘g?gﬁe in a ROnmodule; and Fig. 6 is a IP%T/IL2003/000984
schematic: |ongitudinal section of a RO nenbrane in a
RO nodule in a variation of _§jpe direct osnosis
cl eani ng process Flg 7 is a schenme of . the
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ere’is shown a prior art desallnatlo

pﬁmﬁenﬂ@mneﬂppoﬂs@@mﬁbmwmbatemenwﬁul es 12 for RO
separation connected in parallel, a high-pressure

punpi nchegRGol 1 Fpmprises a,giop w{Prark|ckchanggrscdda eirqulation pump

s Ol 1D RRET SRR 5L B BB E R hef S comper o e
- lsmeveolMiton 36, ¢bwimesarabsse Hisclirfe odtless, harmcmlstdsﬁxre feed

12 has an el ongat ed housing 18 wth -front end and
riglet 5&nd. A RO nenbrane 20 extends between the front

e B Bl S e
dﬁrol téé |nto a r%@?@nf%htﬁgéﬁwﬁ%/mqg%dume

10 Fﬂe@ﬂ irfigt. 56T b the BRIF gesp2D]. fxstlets of) pertneaitd cylledteg B8sarde40 are
surface 21 and perneate side surface 22. The housing

- rgupgpted ﬁommct émamm stagesrar pradugt danks énoteslmm); ﬁbeqkovadves 58
onmmu ation wt feed sjde of .th

o e  ser-<nl princ, pptt éﬁdt {be T end, Brmcats, Paﬁd?O of each RO

TERNETS B3 E%ee“teﬁ%%érbf%r B P48kt B pirinalb it over the

. presstre o tHeufeed sidec Anplutabigsofvalvesntd) 61bj 61 63 &6 adasted teclose or

coll ector_ 34 connect| EPP 14 to the front-end feed

open sachrfthe abpvepaty q;% cpmmpiylines as will be explained below.

A normal RO separation process in the desalination plant 10 will now be

1

(5.}

' described,‘ with specific pressure values given only as a non-limiting example.
Pretreated seawater with osmotic pressure PO1 = 33 bar is supplied o the
“ suction side of HPP 14 and the feed inlet 56 of ERG 17. High-pressure feed water -

© . 20. supplied from HHP and ERG under gauge pressure PF1 = 65 bar enters the high-

. pressure feed collector 34 and, via high-pressure feed lines 35 and front-end feed
.. ports 24 enters the feed side of RO modules 12. The excess pressure AP =PF1 -
- PO1=32bar drives the water to the permeate side of the RO membrane. The
obtained permeate product has low TDS content and low osmotic pressure
25 PO2=~0.3 bar. The permeate is withdrawn from the permeate side under gauge
pressure PP2 ~ 2 bar. Hence; the net driving differential across the membrane is:
APN = PF1 - PO1 - PP2 + PO2 ~ 30.3 bar

The feed water salinity and osmotic pressure increase as the feed water

.30 flows towards the rear end of the module while the gauge pressure falls due to



hi gh pressure feed Iines 35; a common hi gh-pressure

brine collector 36 connected to the rear-end brine
worem/0gf70f the nodul es 12 via high-pressure Pet/e003/000984
lines 37; WD 2004/062774 PCT/1L2003/000984 -11- common
rear permeate collector 38 connected to the rear-end
perneate ports 30 via rear pt2reate lines 39; and

common front perneate collector 40 connected to the

-fﬁga%l;]%n%sw MiRbFoR0the néf dYivihg GfdrerRRN RAY, Cadd 8RS permeate

e ERG 17 conprises a group of work exchangers

+ alinity wariesshivhigothe pembran. BRus; diwn ebtaimedt pertrivatef @mmdbe divided

col l ector. 34, high- pressure brine .inlet 54 connected
‘tigto; fant mrmreiq:epw&:ﬁas Jmnsiestpdyia Jront pegneate collector 40, and
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stage (not shown) at the inlet of the HPP 14 and at

tWiﬁl osmoﬁcf presisure | RO3 565 8art He eERGthy R moduleutd emder gauge

nF@% Sg é@ecto ?S)F%’%&gaq}r%% ar‘f%@t nn ct ed to nexim 37,
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side over the pressure at the feed side.” A plurality

dﬁschaﬂgeéthmughéﬁomﬁﬁs are adapted to close or 15

O A B oI GRS 5 el v

15

bgans’fﬁﬂhwﬁ%s' Hi9e AhRA ré&lg&hé br H%‘éﬁ)l%d sgﬁswméqe& ny%ﬁﬂ scale.

I'C pressure: s glven only as a non
Ouaingl the prétess ofsdpashtivna et fonlantst 64 acvomtulate at ﬂresfeedamde of the

POl 33 bar- is supplied to the suction sjide of HPP 14,

B4 membraned confaminatingoit, mpducing itsj permsabiiy; rands incgeasing the

@? io supplied from HHP and ERG under gauge
ga ulig 105885 1= 65 bar enters the high- pressure feed

col | eqfigh ré’fér@?ﬁé’ to Figs. B 413 Pr 6 %%*ﬁt@mf AROHe! ﬁ'l%o@ be@tﬂé’ present

front-end fee ort3 24 ent’ers the feed side of

- matnties fdklediing ﬁxxieﬂ;ROpmembms B direBtFosinosis will be descnbed n

-~detail. Fig. 4 shows the inventive cleaning system integrated with the desalination .

. plant 10 of Fig. 1. The latter has additionally a second-stage RO module 68 with

20

- 25

- middle-pressure pump 70. The second-stage module 68 receives rear-end pfoduct-

(permeate) from the permeate collector 38 of the first stage described above,

- transfers the second-stage permeate 71 to the front permeate collector 40, and

‘discharges residual brine to drain 72 through valve 73.
The system for cleaning fouled RO membranes by direct osmosis comprises:
a) a pressurized source of dilute saline solution such as brine from the

second-stage RO module 68 with a cleaning booster pump 78 having a variable

. frcquency drive 79;

b) a high-pressure cleaning collector 80 connecting the rear permeate ports

30 of the RO modules 12 to the source of dilute saline solution;




PO1= 32 bar drives the water to the perneate side of
the RO nenbrane. The obtained perneate product has

ntent and | ow osnotic pressure .25
vgg?@l@ﬁeﬁ? perneate i s withdrawn fromthe. peﬁgfig{?@gmowm
si de under gauge pressure PP2 2 bar. Hence, the net
driving differential across thg_enbrane is: OPN=PF1
-PA -PP2+P02;t; 30.3 bar The feed water salinity and
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the rear end of the feed side is hll%h salinity brine
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ommiggiof $he hernmed separation

e nb@éﬁmrts:aqd eqjlegtass, pozas-tosdlavape
64 bar via.the

dul
R R B 5o RTER I BB s

s the hi gh pressure brine collector 36 and is
passed to the ERG 17. In the ERG the high pressure

of t hherinventive cleanhgf methed, applicddof extdnplate theiiDIntodule 124,
the brine is jo di scharged through the outlet 55. The

yeakminehe follewving W@t ai ns potential foulants such as

SUPoRISPOALELSR, i B EATASRHER B o 124

SRALE whild e i PalesOGE i @lheﬁREﬁﬁﬁ‘ﬁh}%Qeré Bﬁeb at(beg&&valves

64 accunul ate at the feed side of the rane

- axndmwinnmt solig black meBige #))ovhérsby dlem‘dullel I2A quits the normal RO
increasing the is hydraulic |osses. Wth reference to
PIQg8ss:3 and 4, the systemand the nethod of the

prese .G r

"eeB5 siop AR kO i GAREAO OIS I AR DM of the

direc SIS’ W
- module 12A remains connected to the high-pressure brine collector 36;

- .¢) stop-valve 87A is opened and the cleaning booster brine pump 84 is
operated, whereby the brine starts to: circulate through the feed side of the module
12A in reverse direction;

-d) the cleaning. booster pump 78 is operated to feed second-stage brine to
the permeate side of the RO membrane in the module 12A; and

e) the valve 86A is opened to drain the remaining second-stage brine from

- the permeate side.

025

30

Fig. 3 explains in ﬁn'ther detail the cleaning process on the RO membrane

(the pressure values are only exemplary). The second-stage brine (Brine 2) has

- osmotic pressure PO4 = 13.bar and is fed to the permeate side under gauge pressure
PD4 =33 bar. The first-stage brine (Brine 1) at the feed side has osmotic pressure
PO5=PO3 = 58 bar and gauge pressure PC5 = PB3 = 64 bar, as in the normal RO
process described with reference to Fig. 2. The net driving differential APN is now:




10

15
- each RO module 12 by switching of valves, without interrupting the desalination

- process. Advantageously, the penetrating water acquires higher gauge pressure at -

detail. Fig. 4 shows the inventive cleaning system
integrated with the desalination plant 10 of Fig. 1.
has additionally a second-stage
JHQS\‘#@E&@% m ddl e- pressure punp 70. The seconé)?‘ls?&lg%:;og:’m00984
nodul e 68 receives rear-end product . (perneate) from
the perneate collector 38 of_the first stage described
above, transfers the second-stage perneate 71 to the
front perneate collector 40, and discharges residua
brine to drain 72 through valve 73. The system for
cl eaning foul ed ARR =9y 2p@ES - PDA PE ~ ORB&! S
conprises: 25 a) a pressurized source of dilute
saline solution such as brine fromthe second-stage
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ff) a cleaning brine collector 82 connected to
0

wlantse fiprt gbel mmbszawh aheRﬁrmmgeebrmej)togemm with the
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ront-en ate ports each nodu
lthe Aopd aloag ﬂwmeifnbreﬂiev@he 86ost87brifSpurap @438startaphess losses and
cl ose_or open each of the above paqorts and coll ectors
§efsd§s the drige t\thp £PMEMA hl@hd?rem%e HERerED. %Cégra%tfq)ropassmg to the

O A i PSR R A s

@Iﬁﬁéy bh@e vEpRbi ed for exanple to the RO nodul e

12A, vvorks in the follow ng way: a) stop-val ves 60A,
61A aiid will Adeaappmreciateddthat it thé@pemtioh eof1d4 deselination plant, the

direct-osmosis cleaning method of the present invention can be applied in turn to

.CD

- the feed side, PC5, and this pressure is later returned to the system in the energy

.20

recovery group 17. In this way, pai't of the energy spent for separation of the . .

permeate from the brine, and preserved in the form of higher osmotic pressure of
the latter, is restored in the cieaning process.

. The dilute solution which is used as source of water in the cleaning process

- may be taken also from other stages of the desalination plant, or from other sources.

~ Fig. 4 shows (in phantom line) that rear permeate stored in tank 76 may be used

25

instead of second-stage brine. Raw seawater may be used as concentrated sohition

at the feed side instead of brine. For example, seawater from the ERG 17 may be

- taken before the booster pump 52 and used in the cleaning process. Cleaning agent

(not shown) can be added to the dilute solution, or to the concentrated solution, or

to both.




cl osed, while the sane val ves on the ot her RO nodul es
are opened (cl osed valves are drawn in solid black in
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- the rear-end brine port of the nodule 12A remains
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stop-val ve 87A i s opened and the cl eani ng booster
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nmenbr ane pressure ['Ues are only exenp

- Pressarecofitie shligesdintior af Beifoed gidehdwrebyvoiding freccatastrophic”

P04 =13 bar_and is fed to the perneate side under
diiggtionpdesssibedin thoBackgroupds . The first-stage brine
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to Flg. 2. The net driving erential APNTs now
perivéabbe spatePoatdriA G334 ddkerted betrdén—thPChemnbiaab folds at the
‘PD4. + P04 se -14 bar APN is djrected to the feed, sjde,
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A PeHbRAIET GuAULGHsHité0 4! Potnfealié chaitb] SPPbAR&EnE e front-end
foulants fromthe nenbrane 'surface. The first Stage

peimesite por 28rand the réariend pefroadtapost Hhi the pepecat¢ sideef the RO

water. (Brine 1'). is w thdrawy_ thro the front-end .,
“membrane 20. ft-can) be seen that the dilute sorl%l%n G)ermeate can easily reach

. membrane parts adjacent to the permeate channel 96, such as in zone I. However, it

- will take much time and hydraulic losses for the dilute solution to reach remote

-membrane parts in the peripheral zone II. The present method allows the net
driving differential APN to:be regulated. so that the dilute saline solution can reach
‘the remote parts of the membrane -before the water is entirely sucked to the feed
side of the membrane through the parts adjacent to the permeate channel 96.

-The efficiency .of the present method may be enhanced in the following
ways:

- Alternating from*time to time the feeding and the withdrawing of the
concentrated saline solution between the front-end feed port 24 and the rear-end
brine port 26, for example by reversing the booster pump 84;

- Application of pulsating gange pressure PD4, for example by means of the
VFD 79; and
- Changing from time to time the gauge pressure PD4 and/or PCS5 so that the

net pressure differential APN is reversed towards the permeate side, whereby the




feed port 24 under gauge pressure which is | ess than

PB3 due to hydraulic losses in to the flow al ong the
WBbisAegr74 The booster brine punp 84 restores LResEr003/000984

| osses and. feeds the brine to the common

hi gh- pressure brine collector 36 for passing to the

EGR 17. The net driving diffeggntial can be adjusted

by regul ating the pressure PD4 by neans of the VFD
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from ot her sources. g. shows "(1 n phantom | i ne)
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730 s Rhot ool gl A 2 Bofnect B B okl bl 2Kf the RO
iodule B ®ARE B6urks BF Sstond GlleRYalifle 8818fibn. (Not shown)
can be added to the dilute solution, or to the

-concedheaperatiool of thoimproved method: ik ilhwharddn tigshematic view of
CT/ 11,2003/ 00Q954 _ - 15- In the inyentive.nethod, the .
Ea&géﬁrf‘géf%@r OBt Ui SpF@iith SPUTPE B % g e, fegond dilute

- SEROHER Bl fRefRg) & il o ARDoEaRSIY Vi R BOAERL Plumecate port

o Q8uiklepiRsSMie ghilpe bssife PDAEL I dbieefinilsle, the concentrated solution:

significantlﬁ{. _ S . .
rBrme-l' ‘at the front end of the feed side becomes so diluted that its osmotic

- pressure falls'to POS5' = 44 bar, then the net driving differential APN will vanish and -
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the water penetration through the membrane will stop. However, by feeding rear

permeate through the front-end permeate port 28, we obtain new net diﬂ'erent_ial:
APN'=PC5 -PO5'-PD4 +PO4' = 64-44-33+0.3=-12.7 bar
_ Thereby; the water penetration and the cleaning process are effectively

restored.

Using the principle of alternating RO and direct osmosis, as described

-above, the method of the present invention may be simplified to "rinsing" of fouled

- RO membranes without stopping the operation of the RO module. The "rinsing"

30

method comprises:




hi gher than the gauge pressure PP2 in the normal RO
process, so as to provide APN 5 directed to the feed

net driving differential APN is | ower
ﬁ‘wﬂﬁg“s/dr%?f‘c pressure of the saline.soluti On\l\g}mﬁgo%s/oowm
feed side, thereby avoi ding the "catastrophic”
filtration described in the Bagkground. The |atter
advantage is il I ustrated in Fig. 5, show ng

S C henmat,| C‘aﬁé@-ll L ﬁ ead\%g o%g’éa[u%g gqtrci*esg{}]@ggf t%ug S‘FP%S?E ﬂ?(g, a 1§ve&) about the
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- sﬁdnpresamml\geIQB,PPngm@Pﬂbr redosetoretd;ed into a very

tight spiral around a tube 95 and is inserted in the

'rmdul &) Efmngg ¢ gnstaplegaugscpressure of dbe ffepcdaPEY ahamt the average

4 Pl RSN ARG RS RIAPN: Al cfsBeq. atepmativly

pcBrtBe Aldlstud aﬁﬁ BehEB&nfeatd ﬁ&e of tHetRedibtahe. THRILERWhe the APN'

I't can be seen that the dilute solufion (pernedte) can

RS aashrleyted era&te feod sidepthe direct-ssmokisacleming @rodess jsepenfomined, while
.__Ichannel such as in zone |. However, it _wll take

I\Brﬁi disgetectel the pereate sids; the RO memhrane perfiermsrnormal -

}@ E@”ﬁﬁ? ermte menbrane parts in the peripheral zone
T Z%ent nethod all ows the net dri vi ng

- 10-di Ff engRbidRirawily the'rhe SRl sBhefbnSogthal w‘iﬂl’xeth@'sbja%rﬁted foulant
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saline sol ution -can reach 20 the rermte parts of
ribroigh e rebeénd brindportyndr i s entirely sucked to the

f eed ide.of .the nenpbrane_thro parts ad acent
to th@ﬁ&@dmgathér%maﬂmqsomﬁonmﬁ&qf%

Pri'ssg r}-ﬁﬂﬁgﬁ? @#&ﬁtﬁam o ] mgﬂlfq%] efd;ed. ng"a%aetﬁﬁasﬁmy be

\WeifosthedV oid al f ROhoddfes Cﬁﬂﬁﬂaﬁé@kgd by2h | shertS et in@éimpmn of
between the front-end feed port 24 and the rear end

nnermeatp pradueb production sty ‘girtsing” enethed dgnothse cﬁhmas the basic
84 e@gﬁpﬁ tbg %%éq%ﬁ%of gﬁltl)qs thtl t q)l;zgappﬁﬁ ‘the desalmatlon

-

?r%? %@g?ﬁ%@?ﬂ#ﬂ%‘”'eﬂﬁm%tgaugé pressure PD4
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Another simplified system performing an effective “cyclic” version of the
same direct-osmosis cleaning process is-illustrated in Fig. 7. The simplified cyclic

cleaning system is integrated, as before, in the desalination plant 10 of Fig. 1, but

- does not involve connections to next RO stages, and comprises only:

25
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a)a pressure-ekchange vessel 103 storing a limited quantity of permeate
from the first-stage RO modules 12; .

b) a high-pressure cleaning collector 105 connecting the permeate ports of
the RO modules 12 to the préssure-exchange vessel 103; and

c) valves 107 adapted to close or open each of the permeate ports to the
cleaning collector 105, so as to allow performing of the normal separation process
and the simplified cyclic cleam'hg method on each RO module in turn.

The pressure-exchange vessel 103 has a feed-watér chamber 109 and a

permeate chamber 111 divided by a flexible diaphragm 113. The permeate chamber




the front
ek gt
tham®e 10y i ao&ésfeggign%bqﬁg}ﬁms%@ f&:bc% ReBectb5 94 30fa shif-valve

30 net pressure differential APN is reversed towards

the perneate side, whereby the WO 2004/ 062774

w3604 /000984 -16- RO nodule will performg
alter}r?gtﬁ?ﬁg manner direct osnosis cleaning agghﬁg]r‘zr?g /000984
RO separation process. It will be appreciated that, as
the concentrated solution floyg._along the feed side

of the nmenbrane, for exanple fromthe rear end towards

T
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menbr ane cl eanin econe’ non-uniformif not. stop
dtl Sahnd fo & mraihgipeol 1D wiang deaih vdiveeli7, The perhesteicoliecior 38 and

thod of . the present i nventi is inproved to .
gﬁ‘é?’é’&ﬁ%q [FPRNGHERE AT, tonthg .m%&ﬂ%a@ apisd 4 work under the high

10

© high tegdtpressike guieraihn foediwietes, chanbes 10

s

}gén%ﬁfe&fthéfeceﬁr&u%hyﬁfosm ution is provided, with

C pressure wer o than P04. This may be,

for exarndyelic tdniaproeask, RepHER e eanpblEdd thO RO baidule 124,

fromthe tank 76 shown in Fig. 4. Another high
pragks i Bedollgving cl¢aning eygleol | ector  and val ves (not

o s el SR i Sl TS R Sereby the
b SRl ' ' f the i d
o 12R i dR AR SR ARETROCAE Ol o of T 25

Fi'g. - &) Stdp-valtée1(74 aadnll hearoppenrtl] wheebg'the foedhiaer dnder the
in.. that the second dilute solution éRear _perneate).

-displa hra
t under tg_g sane ,gauge ssuredﬁ&. If%f.h?m o
I35 pe 2B BREeis, BB PR, i T} S5AtdS e pamcgte 3ifG of the RO

- e £24, Dhe EI'E@m'ﬁg Qquehict §s BREAEPWHER thH entinfistr 1P fkollapses to

Its osnotic pressture falls to PO5" = 44 bar, thenthe
aahinénimi vodumle bf theastdp-aklveRLS 8 ¢lbsedani sh and 20 the
wat er _penetration through the nenbrane will stop.
Howev & pen Byevesicficadenceds perfarmedit e t hr ough t he

L M s TR A8 A A VTS o ot

- -8PA are opened, whereby' ‘the RO ‘module resumes the normal RO separation

- process. A portion of the permeate fills the permeate chamber 111 and displaces the
-~ feed water from the chamber 109 through the drain pipe 119; and

20

- d) The valve 107A is closed when the pressure-exchange vessel 103 is filled
~with permeate, whereby the system is ready for a next cleaning cycle.

- All the time stop-valves 60A and 62A remain open, so that the high-pressure

"+ flow from the feed collector 34 to the brine collector 36 is not interrupted.

- 25
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At the step (c), the gauge pressures at the feed side and at the permeate side
of the membrane are equalized. However, the osmotic pressure in the permeate
channel is much lower than in the feed-brine cthannel, whereby the net driving
differential APN is reversed towards the feed side, and the permeate passes back
through the membrane separating the foulant therefrom. The mobilized foulant is
carried away with the high-pressure flow through the brine collector 36 and is
drained through the ERG 17. Due to the high gauge pressure in the permeate




25 Thereby, the water penetration and the cl eaning
process are effectively restored. Using the principle

wb 2ed4toezmat i ng RO and direct osm)_si s, as descrﬂ(ﬁﬁgmos/ooogs‘:
above, the nmethod of the present invention may b
simplified to "rinsing" of fouled RO nenbranes

W t hout stopping the operationg9gef the RO nodul e. The
"rinsing" 30 nethod conprises: WD 2004/ 062774

R&gkhhd12 < l : ] v,

Kook 8 PR Bl srbfor s EORHloi, @RGP RS arcas of
dhemnterbrimeessure POl so that the average net driving
differential LPN resulting from.pressures PO, P02,

" 'pp2, ahwilbbe apprecisted that they diaphragin 143 isinegdedh enlyrfotsaparate the

BB i, SR B FEE s e
 Ghith 8 pRitigeRinay Y uded, SiHiBEtE hork gﬁéﬂ@bbﬁeﬂw T}}%%I\Qel 15 may be
e of “the menbrane.

feed Side and"to the perneate si

- Togpddmented svith & eresBidte regalatbrriectonttol thet dévihgealifferetiial APN if
t he di rm- Snosj ?qqd eani ng process | s perfaorned,, .

GPFssary, fag, d;watgr eyt heretgned bagk tther uctiopy gide of the

5 B TR BAREeREh Rl AU i RO R of Righhoressure

- Shidyr woteshly aHe dogd cblleasBat hig él@@rﬂl@rbﬁlinér%dﬂ?ﬁigi”%. The high-
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and c) feeding the raw saline solution wt
fpoessunstcleaningheolieR@®r 105umay derenapgted to eifheat pehmtatt pert (front or

sinplifigd "rinsing" nmethod may be perfornmed on all
?@%&Eﬂggthsi mul t aneously, by a short tine

L N e B B8  MorThrain

"rinsing I's n SO €

- of ér'ROgnoRiIBY dnd withdat Ploppide!thé TIbrie bW and! the HdvPRwards
applied to the desalination lant 10 wi t hout adding '

theyenesay regoveryiant. Advantegeaistypiti does sob yse amnther pressure source
Bgsri&é%r %]enﬁ'esasﬁree% %(l:é ‘feed ﬂg%:: lalllg dos not genqu%fe zti rx]rgriable frequency

- drive or oth‘gr complicated control of the HPP output. Due to the same reason, the

gauge pressure in the permeate channel cannot exceed the gauge pressure in the

- feed channel, so that the check valves 58 become unnecessary. The available

© quantity of ‘permeate for one cleaning cycle is limited by the volume of the

© 20

pressurization cylinder 103 but the cycle may be repeated as necessary.
Although -a-description of specific embodiments has been presented, it is

contemplated that various changes could be made without deviating from the scope

- of the present invention. For example, the cleaning method of the present invention

* + may be used for cleaning nanofiltration and ultrafiltration membranes. It can be

applied to single RO modules, and can be used with any type of energy recovery

- device, such as Pelton turbine, Francice ﬁnbine, or work exchanger.




same direct-osnosis cleaning process is illustrated in
Fig. 7. The sinplified cyclié 20 cl eaning systemis
integrated, as before, inth Odesal i nati on pl ant 10 of
Fig. 1, but does not involve connections to next RO
stages, and conprises only: a) a pressure-exchange
vessel 103 storing a limted quantity of perneate
AddMbe first-stage RO nodul es 12; b) a high-pressure
cl eaning col | ector 105 connecting the perneate ports

of  25ArmetiRg ebdgrring 1 fawed ReversesQemesisxopabigane in a module
K51 RObrenfai B ol st hogingS e aldd Sl B8 oPooff Permente

gl%é’anﬁoex@élcﬁﬂ%%&%@ngaﬁggﬂéﬂd;ﬁl%% Ire%a?ggﬁ%rf d mogdule, said module

separation process e cyclic cC eani ng

hetihgd fontathfde® pwdahdairdartétidbriddport in communication with said
pressur e-exchange vessel 103 has a feed-water chanber _
fod sadel Oﬁ\thesmepgwrmtaeddh derst ong permieate ot ipycaammunication with

%g%%%%ﬁ%?ﬁ%éég}b@% ggr%rrrfgaél“lﬁq %nggﬁhnvppocess in the same
FRECLERGAR i 1 S IRORELIROL Qupd AR, isolved

bAlearil £ potential Redart Wit Gsaiotiddpressuré PEI1ORr saad Yiont-¢ad feed port
and to a drain£€ipe 119 via a drain valve 117. The

pegaiget presoire 8 5rPQR colldctingyweakiselire salubonselied pgrmeate from

ta the RO nodul es are adapt o work under the high :
G R GA BT o B OB ST b A TR Rl il Drie from said
géfi?é?l'd“&ifgé BTt gallb® Heesguxfe"lﬁB?)Sam?il,eth‘eofofﬁh%t E)Qcﬁiﬁﬂté'tﬁg at the
. wWorks“in the FToflow ng clreaning cycle: a
Fcdsidab e VA nm&abainal &l tiehhinghethiod ¢omptidihg S
cl osed, whereby the nodule 12A quits the normal RO
sepamxféasing ddutessalineCsobitist tp theapermzeat® Fileariothe O anembrane
o'ﬁened, wher eby _the feed water under the high feed
UpHEsEaHes RIRTMFS PDHeAndeumoRs BreSBHATHEEE  109. and

di sp lbz ?@e?ﬂg ?%r\?\dg?lg’g{eﬂgsmin& 131808 b qgee ?egerfdﬁ@ée S%G%t HMEmbrane

chanb the perneate Si
under gauge pressure PC5 and osmotic pressure P05, a net driving differential

APN resulting from pressures P04, PD4, P05; and PCS5 being directed to the feed
side, whereby the solvent is being sucked from the permeate side of the RO
membrane to the feed side of the RO membrane, penetrates into the interface
between the membrane and the accumulated foulant, and separates the foulant from
~ the membrane surface; and

¢) withdrawing the concentrated saline solution together with the separated
foulant and the penetrated solvent from the feed side of the RO membrane,

wherein

said gauge pressure PC5 is between said pressures PFl and POl in the
normal RO process, while said APN directed to the feed side is provided by raising
said gauge pressure PD4 with respect to said gauge pressure PP2 in the normal RO

process, and wherein PD4=PCS5.



nodul e 12A. The cl eani ng sequence is finished when the
chanber 111 collapses to m ni mum vol une or the
stop-valve 115 is closed; 15 Then a reverse sequence

is perforned: c) The stop-valve 115 is closed while

the drain valve 117 and the stop-valve 61A are
2penedThevhresieda of GEaiROl 'whetetn s&id wobseritheted oalited sd2Grion of step
separation process. A portion of the pernmeate fills

(bhas pesidual bring snpelied from rmaothes RAcwwduleeperfeggingapeymal RO

fromtt he chanber. 109, t hr oqg{lg tITe.dr ain pipe 119; and
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fner oby s R HRIACHAR 37 SeElp SHESLAS Pl SRR AR o) i the
pArineite@btdingd i thp sak\RG ntdlibladari® As hemalsep@ation peocess and
that the high-pressure f low fromthe feed collector
staretloor ksepermiaate obtairsst fonsanothenBO mudule pprferming normal RO

the step é% t he gauge pressures at the feed side and
SEPAAHEN PEPGFSSt e side 25 of the nenbrane are

i . i C. f .
Ao TS PROBHL S8 SRR LB plpiopof sep
(5/RRAR] rawDAIRNO it B8 sAHigauB8 prédshieerBntd 8huadrdNshid gauge
reversed towards the feed side, and the perneate

ppswePdack through the nmenbrane separating the

foul ant therefrom. The npbilized foulant is . carried
Saway vihermethed iof ¢Haim dswhewin saidiravisalighselntion ane gaid permeate
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sucked-back ™wat er has sufficient energy to reach the

6r enot §hameethodbf Aldien epwhereiresaid R Owiddubeisapiirsestiagt atbdule in
that the diaphragm 113 is needed only to separate the

a paitinstege desdinatine mlentcandataid dilntersaling sebiignof sierhed de residual
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7.b€  The method of Claim 1, wherein said permeate side of the RO membrane

communicates with said permeate port through a permeate channel, said RO
membrane having parts near said permeate channel and parts remote therefrom, and
said net driving differential APN is such that it allows said dilute saline solution to
reach said remote parts of the RO membrane before said solvent is entirely sucked
to the feed side of the membrane through said near parts thereof.

8. The method of Claim 1, wherein said concentrated saline solution is fed to
said rear-end brine port at step (b), and is withdrawn from said front-end feed port
at step (c). _

9. The method of Claim 1, wherein said concentrated saline solution is fed to

said front-end feed port at step (b), and is withdrawn from said rear-end brine port

at step (¢).



conpl emented with a pressure regulator to control- the
driving differential LPN if ecessary. The drained

feed water may be returned baCk to the suction side of
the HPP 14. The pressure-exchange vessel 103 may use,

36, @ PR &RuRId NWITIRIESBUNeherbinVitHe RRHIMNIH 52E Uﬁ'}eﬁmd the

coll ector 34 but also the brine collector 36. The hi'g

Wdhdeashigr & it el oftheatdreehvated Galinagoheioncradeodmdirhe to time
ei ther perneate port (front or rear), or to both. The
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anot her "pressure sourcé es the presslire o

AREHCH!i9Wont fighdleremehah €56 ehat syidrea presshireedififenential APN is
drive or other conplicated control of the HPP output.

faversed towerdsahe pewagase sideheherghyghe BQawmgdute perferms, in said time
cannot exceed the gauge pressure in

&ﬁr.rreate c{]ag(ﬁel
femes peym (FEPArAUGNPEOGESPhe check val ves 58 becone
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pb¥t @RAW fedAeh@PetrbatGRirt 0 MHfunidioaweite sidpditheate side of the

repeated as necessary. Al though a description of
R€p ewinibranenthedierdingsinhsedd isteps (p) ené bk beinigt performed through the

| ated th i h .
sﬁ?%%@”%o%&ﬁ“@é rq%éecfvtf‘v%'rﬁ? heiEeRed bR
i nve : , .
or coon? kol s SRR ik Gl SPHR RN cAd Permeate port

ﬁﬁi&?‘;g'ahgé Pre@furad POH ahdadsnhdticbressurde Pt anee4, ddid gsssure P04’
be 25 applied to single RO nodul es, and can be used
ouinhreraating Yqrea 6411 efitregyet rdeivave differdetal AP N glyettoasfall of osmotic
Pel ton turbjine, Francice turbine, rk ezlchan er.

or .
prgssuee Af the; feed sidenas s FopreRiralg ﬁﬂgﬂeagl\‘ﬁ%?% O/ psaid same-
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1%.} dgaiq*gé nrgg%ll%gf%ﬂ;g}%iﬁimwggl&é@diﬁg%@q @BshiAg 4zRht &Nthe dilute
saline solution of step (a) and/or to the concentrated saline solution of step (b).
15. The method of Claim 1, including

d) feeding the concentrated saline solution obtained in step (c) to an energy
recovery plant.
16.  The method of Claim 15, wherein said RO module is one of a plurality of
RO modules, the rest of said plurality of RO modules performing normal RO
separation process, said concentrated saline solution of step (b) is a portion of the
residual brine removed from said rest of RO modules, and the method is applied in
turn to each RO module of said plurality.

17. The method of Claim 16, wherein at least a portion of the removed residual

brine from said rest of RO modules is fed to said energy recovery plant at pressure



having a front-end feed port and a rear-end brine port
i n communication wth said eed side of the nenbrane,
and at | east one perneate poft in conmunication with
sai ermeat.e. si,de qf the mbr ane or.mal . .
PRCpd Bt PG (o i idesiboosiiBe RBIA G tal? Gcamiigied satine solution
. [ ] [ 4t d i ch conprises sol vent,
“”éﬁggﬁﬁ%égéﬁgg??gﬁgﬁgeéH%%?g%?ggl foulant, with osnotic
pressure PO, to said front-end feed port at gauge
pressure PFl > PO, collecting weak saline solution
call ed perneate from said perneate port at gauge
pressure PP2, and renoving residual brine fromsaid
rear-end brine port at gauge pressure PB3 > PO, the
foul ant accumul ating at the feed side of the RO
menbr ane, said cl eaning nethod conprising a) feeding
dilute saline solution to the perneate side of the RO
menbrane under gauge pressure PD4 and osnotic
pressure P04; b) feeding concentrated saline solution
to the feed side of the RO nenbrane under gauge
pressure PC5 and osnotic pressure P05, a net driving
differenti al LPN resulting from pressures P04, P,
P05, and PC5 being directed to the feed side, whereby
the solvent is being sucked fromthe perneate side of
the RO nenbrane to the feed side of the RO nenbrane,
penetrates into the interface between the nenbrane
and the accunul ated foul ant, and separates the foul ant
from the nmenbrane surface; and c) w thdrawi ng the
concentrated saline solution together with the
separated foulant and the penetrated solvent fromthe
feed side of the RO nenbrane, wherein said gauge
pressure PC5 is between said pressures PFl and PO in
the normal RO process, while said LPN directed to the
feed side is -provided by raising said gauge pressure
PD4 with respect to said gauge pressure PP2 in the
normal RO process, and wherein PD4=PC5. 21




2. The method of Caim1, wherein said concentrated
sal ine solution of step (bé4is resi dual brine
suppl i ed from anot her RO nodul e perform ng normal RO
separation process, or is said raw saline solution. 3.
The nmethod of Caim1l, wherein said dilute saline
solution of step (a) is the perneate obtained in the
same RO nodul e during its normal separation process
and stored, or is perneate obtained from another RO
nodul e perform ng normal RO separation process. 4.
The nethod of Caim3, wherein said concentrated
saline solution of step (b) is said raw saline

sol ution and said gauge pressure PD4 is equal to said
gauge pressure PC5. 5. The nethod of C aim4, wherein
said raw saline solution and said perneate are fed to
the respective side of the nmenbrane by the sane
pressure source that provides the gauge pressure PFI
of the normal RO process. 6. The nethod of Caiml1,
wherein said RO nodule is a first-stage nodule in a
mul ti-stage desalination plant and said dilute saline
solution of step (a) is residual brine obtained in a
next - stage separator of the sanme desalination plant.
7. The nethod of Caiml, wherein said perneate side
of the RO nenbrane communicates with said perneate
port through a perneate channel, said RO nenbrane
havi ng parts near said perneate channel and parts
renote therefrom and said net driving differentia
APN is such that it allows said dilute saline solution
to reach said renpote parts of the RO nenbrane before
said solvent is entirely sucked to the feed side of

t he menbrane through said near parts thereof. 8. The
met hod of Claim1l, wherein said concentrated saline
solution is fed to said rear-end brine port at step
(b), and is withdrawmn fromsaid front-end feed port

at step (c). 9. The nethod of Caim1l1, wherein said
concentrated saline solution is fed to



said front-end feed port at step (b), and is w thdrawn
fromsaid rear-end brine p05$ at step (c). 22 10.
The nethod of Claim1, wheréin the feeding at step (b)
‘and the wthdrawing at step (c) of the concentrated
saline solution are fromtine to tinme alternated

bet ween said front-end feed port and said rear-end
brine port. 11. The nethod of Claim1l, wherein said
gauge pressure PD4 is pulsating. 12. The nethod of
Caim1l, wherein at |east one of said gauge pressures
PD4 and PC5 is fromtinme to tinme changed so that said
net pressure differential APNis reversed towards the
perneate side, whereby the RO nodul e perforns, in said
time to time, normal RO separation process. 13. The
met hod of Claim1, wherein said RO nodul e has a
front-end perneate port and a rear-end perneate port
in communi cation with said perneate side of the RO
menbrane, the feeding in said steps (a) and (b) being
perfornmed through the sane-end port of the respective
side, the nethod further conprising: A) feeding a
second dilute saline solution to the other-end
perneate port under gauge pressure PD4 and osnotic
pressure P04'< P04, said pressure P04' conpensating
for a fall of the net driving differential APN due to
a fall of osnotic pressure at the feed side as the
concentrated saline solution flows fromsaid same- end
feed port towards said other-end feed port. 14. The
nmet hod of Claim1, including adding a cl eani ng agent
to the dilute saline solution of step (a) and/or to
the concentrated saline solution of step (b). 15. The
met hod of Caim1l, including d) feeding the
concentrated saline solution obtained in step (c) to
an energy recovery plant. 16. The nmethod of C aim 15,
wherein said RO nodule is one of a plurality of



RO nodul es, the rest of said plurality of RO nodul es
perform ng normal RO separgéi on process, said
concentrated saline solution of step (b) is a portion
of the residual brine renoved fromsaid rest of RO
nodul es, and the nmethod is applied in turn to each RO

18. V\nzg‘glelﬁﬁ&%)tds .eglsegﬁiﬂrgaé iféllﬁed]l{ Veg%eogﬁltolggdrggfnb%@%!ﬂ 18nodule for

a-por on o e renoved resi

RO sdparatéor, 'safd fingbrads tha®indR® feedlyl®RSand ah /Pposits ?Jeﬂneate side and
energy recovery plant at pressure 23 PR "and the step

extendidg betekenl@sfronbsnd rapdt heeqr ersk of sanf niddale wack modfledaving a
sal i ne solution wthdrawn at step (c). up to said, .
front-gpc feqsh porprandsa pearaend hgne poptenRAUNBLNIGAEAR; Wigh said feed side of

f.oul vers I.S rane.in a mdule far., RO
the e, L E RSP RS UPONEARLENS jo D ulBitiefioh Jhim dia permeate
side 07RO TheRbRAETR &Ho?nal RO aBfarafivheiEad iRahveamAmbdan including
end and a rear end of said nodul'e, said nodul e having

feeding rdw calinesdlvtoad wiuch cangprises el vemngddissolved praits d@nd a potential

communi catjon with_said feed. side of the nenbrane,
fOUIaIEr}HlﬂétOS%tPréﬁﬁélr%@r(ﬂegi saidofrentrend: fedh pArt at gawespragsure PF1 >

i d..ner . S fth nbr ane, normal RO
POL, GRISSHBEN A, SR, Wpftop TP RER: whpr @i iessure P02 from
said peRfeitaDIraut gﬁlg&ﬁréﬁirém% anWYefbVETRESi GRS bERleV@B said rear-
di ssol ved salts and a potential foulant with osnotic
end bpne perty theHOu]art aceandlaftingrdt- ehel fdedesidgpof theaR Ogaeigbrane, wherein

) ressure PFl > PO, collecting weak saline sol ution
said cleapinggngtbpd€QMWIIARE h osnotic pressure P02 from said

per neat € part, at gauge pr ure PP and renovin A
oo i BB eo i 3516 a e e B prefe PFI' with
averagOVa1a8 164 Gl T B ISt @prdsbire RO s & AR aQfet BRI Uifferential APN
nmenbrane, wherein said cleaning nethod conprises a)
resultinigafingnnuessaires BAUJRONPRYs ané FFF Wotlkd e diretad iaitgrpanghy to the
pressure PF 1' wiith _average value close to said o
feed sylgngtd theesmsatesigop! e mgatbrangeyhagebyi when said APN is directed

to saigi fefe?irsel E,i ﬂ{e 'S‘glwent i1s being sucked from the permeate side of the RO
membrane to the feed side of the RO membrane, penetrates into the interface between
the membrane and the accumulated foulant, and separates the foulant from the
membrane surface, while when said APN is directed to said permeate side, the RO
membrane performs normal RO separation,;

and



resulting frompressures PO, P02, PP2, and PFI' would

be directed alternatively to,the feed side and the

perneate side of the rrerrbran%, wher eby, when said OPN

is directed to said feed side, the solvent is being

sucked fromthe perneate side of the RO nenbrane to

t ble withdrhvangethef rawe sBiharesobuteme togetiert vathe sthe nsepardtied foulant

i nterface between the nmenbrane and t he accunul at ed
through said reanend SpReNEE R LWGEIMIAISUFG O thAPermeatsr ife does not

surf.ace, while when sai.d APN is directed to said
excgggﬁl%eag%ugsqlgg’ssqﬁgn&% f‘??éﬁdﬁj%ne perforns nornmal RO
19.SePRE et of @Msind 8. inBludiet Ndr awi ng the raw saline

solution together Wmth the separated foul ant through

s@i feedamrtheral salina solpion obthihed estepa(bp toessanegzyancdvieey plant.

per neat e side does not exceed the gauge pressure on

the feed side. 19. The nethod of C ainl8, including c)

feeding the raw saline solution obtained in step (b)

to an energy recovery plant.



