-1- RO MEMBRANE CLEANI NG METHOD FIELD OF THE | NVENTI ON Thi s invention
relates to cleaning of reverse osnosis (RO nenbranes such as used in sea
and bracki sh water desalination technol ogy, for rmunicipal and industrial
wat er production, in particular to cleaning by direct osnosis. 5 BACKGROUND
OF THE | NVENTI ON The process of reverselgsnnsis (RO desalination of raw
wat er includes basically the follow ng:" - providing a sem -perneabl e
menbrane (RO nenbrane) which allows passing of the solvent (water)

nol ecul es and rejects dissolved salts, and disposing 10 the RO nenbrane in
a suitable vessel; feeding the raw water to one side of the RO nenbrane
("feed" stde) under gauge pressure higher than the osnotic pressure of the
raw water; - collecti ng RONVENBRANEICTEANING METHOD he ot her side of
the nmenbrane ("perneate” side); and 15 - renoving concentrated saline water
("brine") fromthe feed side (also called "feed-brine" side). Raw water
used as a source for desalination by reverse osnosis, besides dissolved
solids (salts), includes suspended particles, organic and m neral,
collectively called suspended solids. Standard desalination technol ogy
includes a 20 filtration systemcalled "pretreatnment” systemwhich is

desi gnat edFIELDOBTHE EINVENEI¥Nded solids. Pretreatnent systens renove a
significant part of the suspended solids, but are not able to renove them
absol ut el y. SonFhisfinvértionuetatesitodcleaning of rgreegse osmosis €ROJanembraney suahm
reach the RO nenhrane an toits feed surface_ 6 as "foul anpts". - The

b
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5 BACKGROUND OF THE INVENTION

The process of reverse osmosis (RO) desalination of raw water includes
basically the following:

- providing a semi-permeable membrane (RO membrane) which allows
passing of the solvent (water) molecules and rejects dissolved salts, and disposing

10 the RO membrane in a suitable vessel, _ | |

- feeding the raw water to one side of the RO membrane ("feed" side) under
gauge pressure higher than the osmotic pressure of the raw wafer;

- collectihg- permeated desalinated water from the other side of the
membrane ("permeate" side); and o | |

15 o removing concentrated saline water ("brine") ‘fro_m the feed side (also
called "feed-brine" side).

Raw. water -i1_sed as a source for desalination by reverse osmoéié, besides
dissolved solids (salts), includes suspended particles, orgénic aﬁd " mineral,
collectively called suspended sdﬁds. Standard desalination technology includes a

»20- filtration system called "preteaﬁlent" system which is designated to remove the
suspended solids. Pretreatment systems remove a significant part of the suspended
- solids, but are not able to remove them absolutely. Some of the suspended: solids
pasé the pretreatment systcm,' reach the RO membrane and stick to its feed surface

as "foulants". .



Some di ssolved salts may al so precipitate on the nenbrane surface, formng

5 scale. The RO desalination process is designed according to the solubility
limts of sparingly soluble salts. Sonmetines super-saturation conditions
can occur. Desalination close to the saturation [imts may cause fornmation
of mcro-crystals, which serve as nuclLeation centers. These m cro-crystal
particles typically don't cause problens, but under certain conditions can

grow and creat e~sever calin to the neabrane, S 1L 0 above,
not onl y.suspen’gﬁﬁ @Hf@issaﬁﬁ dt%tt%rm?lgﬁ esﬁ‘l‘@%@eﬁ@ﬁée@h@%ﬁ?, in
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salts and m-umtfaﬁﬁioglfoﬁlﬁig_an;. is A foul ed nenbrane has reduced separability
of the dissolved salts and increased pressure | osses and, therefore, has to
be cl eaned. ConSumerndidsobad shlts nayerdso precipitate onthenmembrane surface cfodmirgbr ane

side involve st o%i ng the RO desalination process and punﬁ‘ibn%éc.l eani ng
cheni cals ss8lestThedOesalinatioa preeessiis dasigeediaceosdingdn the solubility dimitsok ane
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cl eaned,. the. process of perneate production is stopped, but the raw
sal i ne Kol theimembranst i || supplied to the feed side of the nenbrane, essenti
ally wthout pressure (or'at |east under pressure_|ower than the osnotic
pressure of theAsseen thergboveen ¥ suspendsd isplids may: foul the membsang de of

t he nmenbrane_.al sg, wi t hou ressure. .Patent application \W2004/ 062774
suggest s i Syrface ﬁ‘i’é‘s‘?ﬂ'@”b&ugtb%ﬁe Bﬁlon, Faw WWater aher pretreaiment wzlﬁ be
called raw saline solution, and will be considered to comprise solvent (water),

dissolved salts and a potential foulant.

15 A fouled membrane has reduced separability of the dissolved salts and
increased pressure losses and, therefore, has to be cleaned. -

Common methods for cleaning the foulants from the feed membrane side
involve ‘stopping the RO desalination process and pumping cleahing chemipél
solutions along the feed-brine side to wash the fouled membrane surface. Such

" 20 methods are costly, not very effective, and create environmental problems.

More éﬂ’ecﬁvé.methods for membrane cleaning are based on using direct
osmosis (DO) for creating permeéte' backwash flow through the RO membrane.
Such flow can lift the fouling from the meémbrane surface so that it can be removed
with the brine stream. | | - '_ :

25. . Publications EP0768112 and JP2000-079328 disclose implementations of -
the diréct osiriosis,method of membrane cleaning. They suggést that when the RO
membfahe is cleaned, the RO process of p'erméate production is stopped, but the
raw saline solution is still supplied to the feed side of the membrane, essentiélly

without pressure (or at least under pressure lower than the osmotic pressuré of the



at the perneate side of the nenbrane to a level slightly below the feed
pressure of 5 raw saline solution. This is done by back punping the
perneate for a few seconds. As the osnotic pressure of the raw saline
solution is nuch higher then the osnotic pressure of the perneate, the net
bal ance of pressures provides power forsthe direct osnpsis process and
menbr ane cl eaning. This nethod avoids stopping of feed punps and/or
decreasing the fe si de .pressure so that the. ocess.can he easily 1o
fesunsd. | resiiionS Penpeste b saoptietior Peoiineste o b HesBRRLR R Ak Flliont, and
expensi ve é}g}ﬂ%ess-steel pernmeate ports, perneate collection piping system
hi gh presSure val ves, etc. are enployed instead of | ow cost plastic
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may increase signific cost of des nated water 1 RY OF THE
| NVENTI ON anthelpjesmeate! sidedf the, membeaniettoraievel dlightly belew the fecdpressuad by as
follows: - Reverse Gsnpsis nenbrane will denote any sem - perneabl e

menbr anes ' ravs palie solhion.dlhis ishdone by backspeapingthe penineate for afewssepgnds.

rejecting certain iqns. For xanpl e, . Nano-Filtrati .(NF) .menpranes  which
mai nly rej A8rtheOSHOHADIeSSHES of fbe Ty aliae salusionyig nﬁ}cﬁgegg'z thanghbeaow%t y of
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direct osnpaings ah@/ep UBEreBSing HRAREd ReprassiTRe thap the ROSULARRAE eatiym ng

fromsonme peculiarities of The osnotic processes in desalination nmenbranes.
The RO pr orssamedadidwever, tiisimethod aequirest that [high+préssureeperhiente puhpr aed t he
direct osnosis process can be conducted for only a few seconds and only 30
i mredi at el gxpensivie sthinlgrerstach perpeate qosts, pameatefcoleetion piping systamp high ween
the -4- reverse anaci direct osnosis r_oces(fgg i s based on the fact that the

power r equPHERIIPOYAIVER Cie TG SrRRIoYCeE dREiead PhAPWROSHIPIASECHRUPMENTs et is
concentrat hgu%llglnusteﬁ‘ Gt EhVéDpesn'n%gtse s%e. Hardware replacement may increase significantly

the cost of désalinated water

15 SUMMARY OF THE INVENTION
In this application, a few terms will be used conventionally as follows:

- Reverse Osmosis membrane will denote any semi-permeable membrane,”

spiral, .‘hollow-ﬁber, flat sheet, etc which opefatés by rejecting certain ions. For
example, Nano-Filtration (NF) membranes which mainly reject bivalent ions such

20 as Ca'Z, Mg', SO4?, are a variety of RO membranes.

B Super-saline solution means solution with a salt concentration substéntially
“higher than the raw saline solution (raw water) used for desalination;
B Bﬂeﬁg Will include here other microorganisms ‘causing'_ bio-fouling; such. -
as algae and fungi. | | ‘.

25 The above-preseﬂted.direét 6smo_sis cleaning processes have a number of
disadvantages sten_iming from some peculiarities of the: osmotic processes in -
desalination membranes. . '

' The RO process can be maintained for virtually unlimited time, Whereas the
direct osmosis pr(;cess can be conducted for only a few seconds and only

30 immediately after the RO process stops. This definite relationship between the



t he nenbrane, which is provided by the RO process. The direct osnosis
process wll stop in a few seconds after the reverse osnosis process stops,
due to two 5 processes taking place simultaneously: - Salt transfer through
t he nenbrane which lasts until equalization of the concentration at both

si des (al though the nmenbrane is sem -pergeable, it does not absolutely stop
salt transfer); - Salt concentration on the nenbrane perneate side increases

due to the di SJnS| S f i fle. Due
dve 1 1 et st SRR RO PAEAS BstEb E PSR i b et
every menbyfBet ok chiteSiith the BiffddénceafBalt! (PRce RPALBIAR thE G476 YidRs iof
comng to vacuumand there is not enough perneate to reach peripheral areas
of nenbr anthe iieatbrawsyewhichnietprovidad e? thé ROfproeesseThe difect oppbsie procdshout
pressure in the central perneate collector of a RO nodule, it is not able
to reach pavillpdiep dh fewssesbnds aftme the reversecosmasie probessnstbps)uduet ® p¥essur e
drop in the tightly wound nenbrane (see Fig. 2). At |least 4 bar pressure
has to bé Bppnersd takdngpiacs Ythe central perneate collector 48, to

br essure more. t ARotRE UngaeRa: RES S I Tones VAL CllitBs oghea =
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decr easi ng e gauge preSsure ve a | sadvant ages: The

whol e rrenbhgmuﬁgx/ggpismthlagsfeﬁ;o nodul e during gauge pressure reduction,
whi ch often causés |l'eaks in interconnections between nenbrane 25 el enents;

- Every reducti erfSalf comeentvation qu thesmembeant petmente side incaeeses idoe to rthen RO
to DO process causes nenbrane saggi ng. The saggi ng causes | ocal nenbrane
el ongat i1on diractRsmasisprogesstaspuater passesto the seedidere spacer and damage of its
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desal i nati )
to vacuum and there is not enough permeate to reach peripheral areas of membrane

that remains not cleaned.
15 If permeate is supplied without pressure in the central permeate collector of
a RO module, it is not able to reach peripheral parts of the membrane permeate
| ~channel due to pressure drbp in‘the:tightly wound membrane (sée Fig. 2). At least 4
bar pressure has to be applied to the permeate in the central permeate collector 48,
to transfer water to the membrane periphery. However, supplying water with
b 26. pressure more than 0.5 bar may destroy the membranes due to their glued structure.
The methods where traﬁsfer from RO to DO process is based on decreasing
the feed side gaﬁge pressure have a few more disadvantages : | |
- The whole membrane moves in the'RO module during -gauge pressure }
reduction, - which 'oﬁe.n causes leaics in interconnections betweén membrane
25 -elements; ’ ' | _
' ~ - Every reduction of raw water pressure and subsequent transition from RO
to DO process causeé membrane sagging. The sagging causes local membrane |
elongation in-between the fibers of the feed-brine spacer and damage of its salt

rejection layer. Large sagging can cause delamination and damage the membrane;



sewer age wat er desalination. The nmethod where the perneate gauge pressure is
raised to provide direct 5 osnpsis process has alimtation - to prevent
menbrane sagging in the feed direction, the gauge pressure at the perneate
side nust be kept significantly lower than the gauge pressure of the raw
saline solution at the feed side. This_gequirement further limts the
cleaning effect. Thus, the purpose of the present invention is to overcone

the ab def ect 10 t he di t - | S. cl ' t hod d 1o, id
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and has nuw&gge%f&ﬂegﬂmﬁbﬁges as wll be shown below 15 In accordance
with the present invention, there is provided a direct-osnosis (DO nethod

for cl eaning a Theimethodwelidre the permeate igauge Bf2ssereaisanised toyprovide difkice
menbrane has a feed side with foul ant | ocated thereon and an opposite
per neat & sPeaesis mroeess hae@ bimitatien ado opyswentt membrang saggingnin theydegeb
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conmuni Catﬁﬁ&e?ﬂihﬁ&?tﬂ@cﬁ%h]@aéfe&i de of the menbrane. The normal RO
e

separation process int same nodul e includes feeding, under gauge pressure

PG, raw salinghaglthé pag»ose raf'thé prgemonvention BGoavdrebme thevatsbvealefectsand
havi ng osnotic pressure PO, to the feed port and further to the nenbrane

f eed si tie; of the directbbsmosis cleapingmmathods and te)proside an effeetéwacleartiay niethod t he
perneate side_ via the perneate port, under_ gauge pressure, PQ;  anpd

renovi ng r w&idumaypbe performed rwithow stopping dhe RO dcsahnatipmin anwholecBOsi de
30 via the br,ipe gort. -6- The DO nefhod,of nenbrane gl eaning,is
char act er | PGl BER nolpEaulfy iSpedial ooty oipmedt” doe “Rof' Yanage the

membranes, is friendly to the environment and has numerous other advantages as

will be shown below.
15 . In accordance with the presént invention, there is provided a direct-osmosis
(DO) method for cleaning a semi-permeable membrane in a RO separation module.
K The r'nembrane‘ has a feed side with foulant located thereon and an- opposite
penneaté side, a front feed end and an opposite rear brine end. The RO module |
comprises a vessel accommodating the membrane and having a feed port in fluid
20 communication with the feed side at the front feed end of the membrane, a brine |
port in fluid COmmuniéaﬁon with the feed side at the rear brine end of the:
membrane, and at least one permeate port in.communication with the permeate side
. ofthe membi'ane. The noﬁnal RO séparation_ procéss in the same module includes
- feeding, under gauge pressure PGr, raw saline solﬁﬁon coﬁprising solveﬁt :
25 and dissdlved salt, and having osmotié pressure POr, to the feed port and further to‘
" the membraﬁe feed side; ' |
- 6ollecting permeate having osmotic p:essuré POp from the permeate side
. via the permeate port, under gauge pressure PGp;" and
" - temoving rcsidﬁal brine from the rear brine end of the' membrane feed side

30 via the brine port.



sol ution having osnotic pressure POs > PO is fed for a predeterm ned
Injection tinme to the feed side of the nenbrane instead of the raw saline
solution, such that backward flow of perneate towards the feed side is
provi ded at |east through a 5 portion of the nmenbrane so as to |ift the
foulant fromthe feed side. The osnoti ¢ @+essure PCs of the super saline
solution may be higher than the gauge pressure PG but at |east at the

begi nning of th - INer i Ni | O34 t- . G t wo
ines PG, The A, BN kR teling B Chishinged 8 ol Shod e

det er m ned sé‘ﬁlti%ﬂq{hviﬂﬁ osthBEc ?fred‘sﬁfédPO@ > PR is SRl | fof asﬂeﬂétbﬁﬂiﬂﬂdtihjdéﬁﬁﬁt I C
pressure PCs = 2PG a the feed port that the osnotic pressure neasured at
the brine pimd to grecleed sideSdfGhe ahehbrant ihsiead of thecramdsaliffecsohstiont, isuclptleassur e
PGs of the super saline solution may be selected to be suitable for

dehydr at i obackwarduflowcof petmeate topatds tbe faed sislenisrproxidedsatr feagicthsoughha 15
super saline solufion be sel ected t ave, high joni¢c,strength and
osnoti ¢ pr PYEHNO0IHEE mEm r&BPéoﬁéFoiiﬁ&%&Hqﬁ&%ﬁ@gmtﬁ“assﬂﬁ-s on the menbrane
surface, or selection nay be . ot h I poses.  Feedi Of 1 super
saline solution yosﬁ%o%ei;]feé?%% 8{@{1% ﬁgﬂﬂggi’ﬁ@ﬂﬂ gy ?’%%Pgwrntggr\}l a the
feed port | e Y [ ' t L 0. e

cl eani ng sggégg%drgeeqfégg&og%?%&g?éﬁﬁye aeggﬂ?ggf%%gﬁﬁﬁgﬁﬁéeﬁg% utn?ign may
be varied ggeferibly dods RitRkbeedwestimes PGer exanpl e from substantially above
PG to subStantially below PG . For achieving osnotic pressures of the
super sal i ne sollliiinjectiontiene ofithe iper-salinet feedtis preferablye detegined,astswoh or
nmore contiguous injections of super-saline 25 solution may be used, of which
the firge dime ofifeeding supgesalinalsbﬁﬁionomh psmoti¢ pressureROs & ZRGrodathe fead <
2PG. The nethod of DO cleaning may further i nclude change of one or_both
gauge pr espartabatthe osmetippsessure meagused af the brineportreachese] .8PQr ghleast#9di nent
of the method t(ﬂe gauge pressure PG is increased for a 30 short tine
before fee@SitPihe super-saline solution, for exanple by throttling the -7-

The osmotic pressure POs of the super saline solution may be selected to be

suitable for dehydration of aquatic living organisms on the membrane surface or the
15 super saline solution may be selected to have high ionic strength and osmotic
pressure POs suitable for dissolving micro-crystals on the membrane surface, or -
selection may be made for both purposes. ._
Féedjng of the super saline solution may be performed via the brine port and-
withdrawing via the lféed port ahd vice-versa. Both directions may be alternated in
20 one cleaning session. '
The osmotic pressure POs of the super saline solution may be varied dufing '
.a cleaning session, for example from substantially above PGr to substantially below
PGr. For achieving osmotic pressures of the super saline solution higher than 2PG_1'
without rﬁembra‘nev sagging, two or more contiguous injections of supef—saline
25 solution may be used, of which the first one injects super-éalinc solution with |
| osmotic pressure POs < 2PGr. | '
| The method of DO cleaning may furi:her include change of one or both
gauge pressures PGr and PGp during the predetermined time. |
In one embodiment of the method, the gauge pressure PGp is increased for a '

30 short time before feeding the super-saline solution, for example by .thréttlirig the



perneate port. In this case, the osnotic pressure PCs of the super-saline
solution nmay be substantially equal to the osnotic pressure of the residual
brine, so that the residual brine may be used as super-saline solution. The
super saline solution may be one of the following: 5 - water solution of
techni cal grade NaCl; - residual brine.supplied from another RO nodul e
perform ng normal RO separation process or fromthe sane RO nodul e; - the

Gur' ng. pr obeds B IR A e osBRuSprRdRE PR pE et s Sothgon >
sol t 1 on 1 P Bk lshlntaY 58a00 B SORE AEOGE 4 KAKIGR Btns§aBiGhe

subst ance. er s ution nmay “conprise one or nore of the

addi tives pasidifadbtitie esay bkeseduseapersalinddolutions, enzyne additives for
bi o-fouling renpval, conpounds active in bacteria dehydration, dissolved

?asg_s, tr?c,i ng Hberslllpelfﬂaﬁhe:soltu_tiﬁnmypb&ammoﬁ’ﬁchedbllﬁw'ggice of oxygen. TEe

eedi ng of super-saline.. solution may be perfornmed by a pressure exchanger
for exanple in tN@Wrcﬁqf‘Eﬂﬁwm?arF‘gquNQa;he-pressure of the residual

bri ne and a booster. s - USI t he pres e of, 1he f.eed pu

boost er punp; 20 rgslgﬁéi%q%éu@@ggﬁqug %ﬁﬁﬂi@e@&dﬂﬁ@elﬁmgw %éjlsai d

gauge pr'es§érﬁa?atf)@%rotc?%sb&°ﬁ)&ﬁtﬁé’%ek@ﬂﬁotdﬁfe;pressure of the super-saline
om ng from a

solution c e ‘pressure exchanger. The net hod of DO cl eani ng may
be applied to a.ghdtawishin®solBEonee tEsidualdrirRna@ecshper saline bolutibR@ellEed
installation where residual brine obtained in an earlier 25 stage is used
as raw sal during previouscleaning sessions tewcenthtedaind/orsaltaiddedj on. The DO cl eani ng
may be perfornmed separately in each stage of the installation and may

i ncl udelparti al - ciodetien dromfnataral Gourceb or rEasiptprpdeet ph sphiiont afjorganie e t he
DO cl eani na I s perfornmed. According to another aspect of the present

i nvention, S €is provided a 30 direct-osnmosis nethod for cleaning a

sem per meabl e %rs rfaere safine @&u%o'ﬁf:%%? "comprise one or more of the additives or

features like: cleaning additives, enzyme additives for bio-fouling removal,

compounds active in bacteria dehydration, dissolved gases, tracing agent, higher
15 temperature, or absence of oxygen.
The feeding of super—salijne. solution may be perfbrmed by a pressure
exchanger for example in the following ways: - ‘ |
- using the-pressure of the residual brine and a booster pump;
| - using the pressure of the feed pump and a booster pump; | , |
20 . using the pressure of the feed pump and throttling said gauge pressure PGr
~ to bécome lower than the presSuré' of the super-séline f\solution coming from the |
preésﬁrg: exchanger. | .
. The method of DO cleaning may be applied to a plurality of RO modules
arranged in a multistage RO _ihsta_llation where residual brine obtained in an earlier
" 25 stage is used as raW saline solution in a next stage of said installation. The DO -
cleaning may be performed separately in each stage of the installation and may -
include pértial diséhérge of residual ‘brine obtained in the stage where the DO
cleaning is performed. |
According to another aspect of the present invention, there is ﬁrovided a

30 direct-osmosis method. for cleaning a semipermeable membrane having a "feed" -



-8- side and an opposite "perneate" side, fromfoulants |ocated at the feed
side. The nethod includes: - exposing a portion of the perneate side to a
weak solution (perneate) of |ow osnotic pressure POp and a correspondi ng
portion of the feed side to a super 5 saline solution of high osnotic
pressure PGs, POp < PGs, so as to create.a flow of perneate towards the feed
side through the nenbrane separating the foulants from the feed side; -

from t e f 08 S48 sy tiedlr 3ok, M JpHish B ocRRR e LSBT ™
subsequent jpakhdd Ridpudek: the nenbrane to the | ow and high osnotic pressure

sol utions. The cleaning nethod may include renoval of the foulants fromthe
stream of super expbsing spbrtionast the petmeattiside tf a tweakosvintiore (pererate) ©f PCs i n
the streamand returning it for cleaning of the subsequent portions. 15 The

| ow osnot i towrosawticepresynre POrhand e comasponding pertion of therfedd iside taddsungr new
titi t /or by desalinati T t dt
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sliding. cgn;j (ot h the porous wall. The super-saline solution is
pr ef er abl y%ﬁgﬂgi@gﬁér gauge pressure PG which is |ower than the gauge

pressure PGp of -iithdegwirped Streahls 60thel siet-Silinewolition togeher with thé foudaras ent

I nvention, there is provided a system .for cleaning a sem -perneable

menbr ane byromhthesfeod sidd; amdt - osnmosis 25 nmethod, including: - a first

contai ner adapted _for filling with weak solution (perneate) of |low.__osnotic
pressur é0 POp; - - alisplacement eAtthe mambiang e as 1o expese subgequent portians-ofghe ne

sol uti on of b OSBR1o6 BidHSsH ofmbRE préiSire Sfions

The cleaning method may include removal of the foulants from the stream

of super saline solution, restoration of the osmotic pressure POs in the stream and
returning it for cleaning of the subsequent portions.
15 The low osmotic pressure POp of the permeate may be maintained by
adding new quantities of permeate and/or by desalination.
. The permeate and the super-saline solution are preferably separated by a
porous wall and the exposed portion of the membrane is held in sealed contact w.ith
. the porous wall. The feed side of the membrane may be held in rolling contact or in
20 sliding contact with thg: porous wall. | |
The super-saline solutiqﬁ is preferably held under gauge pressure PGr which
is lower than the gauge pressure PGp of the ﬁermeate. S
According to-a further aspect of the present invention, there s provided a
system for cleaning a semi-permeable mémbrané by the above direct-osmqsis
25 _method, including: . . | L |
| - a first container adapted for filling with weak solution (permeate) of lox;v.
 osmotic pressure POp; '
- a second container adapted for filling with supgr—saliﬁe solutidn of high
osmotic pressure POs, POp < POs; |



-9- - the two containers being forned such as to allow placing a portion of
t he nmenbrane between them so that the feed side of the nenbrane is exposed
to the super-saline solution while the perneate side of the nenbrane is
exposed to the perneate; 5 - the systemfurther has nmeans for displacenent
of the nenbrane so as to expose consec+ ve portions of the nenbrane to the
super-saline solution and to the perneate. The cleaning system preferably
has nmeans for w RV 2 i Sl b d f t he
second cont ai ner Ttmérjmre gre eer%%m’@n@g’ﬁé@?‘é?@gﬁ%\?‘gﬁw I?ngc%g ﬁ%ﬁgﬁt{: romthe
stream of serafiébetechothietn S0 that @hé Geed! $ide offthé heendlsrane iis exposedorthe PCs in
the streamand returning it in the second contai ner. The cl eani ng system may
i ncl yde neamerfsalinersolutiannwhile tthe penmeate sidei o thesnienthrame inexposed do dhel

cont ai ner under gauge pressure PG which is |ower than the gauge pressure
PG of theppeneaite in the first container, for exanple a vacuum is punp

connected by a vacuum/|lin 0 the second cont ai ner e cl eagni ng system may
i ncl ude heans fb?l’?rﬁysiii?@im&r means I;lgr,@pp ce BEQEHE fga;l%s@qg%%iq neat e
in the fir ' . i i _Of1: ' stem
the firet SoRPRCaBdREive BOFROR (b hitaE RO TiBLr- i WULEARNS (6

mai nt ai ni ngeth@yté evel of the pernmeate 20 therein while the. second
container I's a cylinder drumw th horizontal axis and porous peripheral

wal I, nmount ed f Jheroddaming systemspreferabinhas hieans \fot evitdeawhey a bizeam rofdhe f or

tensioning the belt around at |east a portion of the |ower part of the
peri pher al supgrisaline selution fromy theesegond apntainer anorgqrefasably encans for wawval de of

t he nenbra?gglnd tge rtion of the perjpheral.wall; and nmeans for rotating

the dr uhd 26f dndlants, TAm} the SWEAB et Sunst Salibe Safitione reitaration oh Me.Lrmete ween

consecutiv [ . hel.t r i of: e peripheral wall.

For operat 556%8‘5‘%@%%‘%3#25‘{‘2‘2‘9 ‘F@p‘ﬂf‘é%@‘i)\ﬁ#"s@&ﬁé“ ."éélgnd the cyli nder

drumis filled w ARG - | | ﬁﬁhﬂ’taﬁﬁ?% nat:di gher

than the seali %E(I;%nt ac% %@%ﬂ?ﬁiﬁfﬁgl%@r?e%?ﬁe perip P?;fg‘é‘%ﬁrl%mm@
solution in the second container under gauge pressure PGr which is lower than the

gauge pressure PGp of the permeate in the first container, for example a vacuum
15 puinp connected by a vacuum line to the second confcairier.
_ The cleaning system may include means for maintaining the low osmotic
pressure POp of the permeate in the first container.
| According to one embodiment of the cleaning System, the first container is a
flushing tank, preferably w1th means for maintaining the level of the permeafe A
20 therein while the. second container is a cylinder drum with horizontal axis and
| porous periph‘erall wall, mounted for rotation in said tank. The system further has
‘means for tensioniﬁg the belt around at least a pqrfioh' of the lower part of the "
peripheral wall so as to ‘pr'ovide a sealing contact between the feed side of the |
membrane and the portion of the peripheré.l wall; and means foi' rotatirig the drum
25 and advancing the “Belt, preserving the sealing contact between consecutive portions
" of the belt and lower portions of the peripheral wall. | | B
| For operéi:ién, the permeate tank is filled with perrneafe and the cylinder
. drum s filled with super-saline solution, preferably to a level not higher than the . -
sealing contact between the belt and the peripheral wall. |



-10- The means for rotating the drum and advancing the belt may include a
mechani zed drive for rotation of the drum and/or brakes. The means for
tensioning the belt may include an entry roller and an exit roller with
axes parallel to the drum axis di sposed higher than the drumaxis so that 5
the belt can be wapped around part of-tfhe periphery of each roller. The
rollers may have independent drives or brakes. The present invention offers

a novel apprOaC?hE%Wf&nﬁotéﬁ%K%%g@%%%S#\%ﬁﬁgﬁlﬁe%ltﬁétﬂe'i'lgﬁggﬁﬁ%msat0 be

foul ed and | ater Cl'eaning the VI T onne
probl emat i gdcRAGSE Erifd fortofatien BT the drurh BRd/PF BE&Rs, | nvention 10 offers

keepi ng nenbranes continually clean by performng frequent, everyday, and
short, several - Theaneanssformitxsibriaf-the belti mgy indadens. ertherallty andageexivf t he
invention are: a) Transfer from RO to DO and back to RO process  is perforned

fast and geliarivyitl axestpasaliedtbithedrum 8xis)dispased higher than the drempoisiseithshick to

RO is perfaqr w thout staqppin t he .f.eed 0 ressur e dectease; C)

Shor |1 FreQHBFILFAR P Brensdl PSR Of diecanrihiary O eBAtErolles e oY ey

cl eani ng; T, . and back to RO without perneate

pressure %@4@?@%@5&@%%‘?@%% remai ns .prejssuri zed to the perneate

spacer during Dhe plebéftNintenfibs Gifts 4ol bpprith ' ANIIAHR dfealient,
ecttve and allows to

menbrane; f) The preventive cleaning is ef eep the

nmenbrane Gyéddnod Lsting ededabranéd t@ be Toeledeatid Birsclasrting therioly aggrepsivele t he.
RO nodul e during transfer fromRO to DO and.again to RO as they do during

feed punp sndppugenmentallyipeoblematic meagentscevery few imonthsrthe present ventiony
saline solutjon ospotic _pressure, d can_be regulated by the salt
concent it P CePHE RINbEANES cgayevaaigsﬂmbyw frequént, everyday, and

short, several-second, simple back-flushing sessions. The advantages of the

invention are:
a) Transfer from RO to DO and back to RO process is performed fast and
gently for the membrane;
15 b) Transfer from RO to DO and back to RO is performed without stopping
the feed pump or pressure decrease; . B
c) Short time and small product loss for desalination plant shut-down for
cleaning; .'
d) Transfer from RO to DO. and back to RO without permeate pressure
20 increase; - ' '
. e) The membrane remains pressurized ;co the peﬁneate spacer during DO
~ cleaning process, without sagging and damage to membrane;
- 1) The preventiize cleaning is effective and allows to keep the membrarie
coﬁﬁnuously clean; . “ '
25 . g) The membranes are not moving insicie the. RO module dﬁri;l'g transfer
from.RO to DO and again to RO as théy do during feed pump stoppage; ‘
| | h) 'The cleaning force is not depehdent on the raw éaliné solution osmoﬁb- ‘
bressure‘, and can be regulated by the salt gonéen’_cratioﬁ of the injected sﬁper saline .
solution; | -

30 . 1) High cleaning force can be achieved without membranes sagging;



30 i) Hi gh cleaning force can be achieved w thout nenbranes sagging; -11- j)
The DO cleaning of the invention is a process that rolls over the [ength of
the RO nodul e so that while a nenbrane perforns RO process at the rear brine
end, in the mddle it my performDO cleaning and at the front feed end -
again RO process. The RO process in thejfront and the rear end supply
pernmeate for the DO 5 cleaning process; k) Due to sucking-up perneate

??’%: | Eé ﬂgeaﬁ thubhg RO ?ﬁ%ﬁ%ﬁ#ﬁ%? 'ﬁ%@%ﬁ? 8 ArOdass it el Aisra e of ace
o apm o it ROl 56 digt AR S Mermblanl WerFHBEY REPphobesst i 2 BficO°
cleaning r éﬂ%fﬁittﬁe hfiddetit ARG WerRfn DO)cIddhe ahd anthe TR feéd &ff Lagiii RO

exi sting RO desalination plants wth expensSive stainless still perneate

col | ect or sprocesstEhe ROepriocess iazhe lfionb jand ithelréan etld sapplyapérmeate fordhe DD i nity
bracki sh and sewerage water. 15 o) The invention can be applied to cleaning
of new nenbleaning ptoeessy their production or testing stage thereby

LBFLSE%”&LS&i?ngét?ﬁu&ﬁn%%m%%@a%h&n&%ﬁébiﬂ Procest,d gi%%ve&?aﬁéi;&ﬁfom't he
ctrengt . Hise PR Bkl ST SRACHD B L b v Sthl Y okt Fomt . “anc
prevent ne §§ﬁ1fécf&nd%€ff€fs§ﬁe&m8¥eeﬂggfﬁﬁs €S the natural osnotic

a super-saline so e

pressure o solutron for raneé “cl eani ng: Super-saline
sol ution may belpPTheuper-falide soitich caflbe preparel with ashlersalt whidhetaivbs uper
saturation. Water produced with 25 inplenmentation of this invention is

cl eaner 1@nreusedso that disthergemficheaning teagénts is notdeguiredjot i ncl ude traces of
aggressi ve cl eaning reagents. BRI EF DESCRI PTI ON OF THE DRAW NGS . In, order
to understand t BY Ih¢wnis 80 Berd e refusbishvexistingRPedesglination plants with

expensive stainless still permeate collectors;
n) The invention can be applied to desalination of low-salinity brackish and
sewerage water.
15 o) The invention can be applied to cleaning of new membranes during their
production ‘or testing stage thereby increasing the salt rejection;
' p) Osmotic pressure of the super-saline solution dehydfates bacteria in the
same way as it sucks up water from the RO membrane, and prevents membrane bio
‘ fouling; - - .
0 'q) Due to its high ionic strén'gm, the super—salinelsolution is able to dissolve
micfo-crys"cals, and prevent membrane scaling. |
The present invention uses the natural osmotic pressure of a suﬁer—saline-
'soiuﬁon for membrane cleaning. Super-saline solution may be prepared from table -
salt . with concentration -below super satura_tion. Water produced with
25 implemehf:ation of this-invention is .clea'ner and healthier due to the fact that it does

not include traces of aggressive cleaning reagents.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to undefstand the invention and to see how it may be carried out in
pfactice, a number of embodiments will now be described, by way of non-limiting

30 example only, with reference to the accompanying drawingé, in which:



practice, a nunber of enbodiments will now be described, by way of
non-limting 3o exanple only, with reference to the acconpanying draw ngs,
in which: -12- Fig. 1 is a schene of a ROinstallation performng a nornmal
RO separation process; Fig. 2 is a schematic cross-section of a RO nodul e;
Fig. 3 shows a detailed schematic crossigection of a nenbrane elenent 5
illustrating t he process of reverse osnosis desalination; Fig. 4 is a

schene of the. taI I ion KO, 1 a for direct nenbr ane
cl eani ng accor di bs & %P%Qgﬁtﬂ)a%tﬁpg‘g‘?{%#m s‘%ﬂ%nﬂ(ig‘g%ib%a
schemati c g&%§ sectlon of a nenbrane elenment illustrating the process of
DO nenbr an edning with super saline solution 10 according to the present

invention; Fig. FiglBisth schefiibcicfossisestiors6£4 RUnv/duld)r ee consecutive nembrane
el ements show ng the devel opnent of DO cl eani ng pr ocess al ong a RO nodul e.

Figs. 7A and 7BFigl Bsshostsca adetailpe schehimticDerioss-sectiomeof ar mealbwane eleB@ntnodul e
at different injection times of the super-saline solution. is Fig. 8 is a
schene of dllusting the process Qﬁfemrswgmomssl@aqdm&onor DO merrbrane cl eani ng

according to th resent i nve mfo ation
concent rgt i on, i"ﬁg ‘f%%cb&meﬁhﬁheﬂﬁﬁﬂn%a;‘h lgt 3ﬁapt 50 qc ogngﬁlherre of
the RO ins | rane cl eani ng accordi ng.
to the prei@ﬁbﬁﬁ% kﬁ%@%ﬁ@%ﬂgﬁgﬂﬁqﬁ I ne sgﬁaﬁl onis injected 20 by a
pressure exchan S%O%bﬂ%,ttax[éd”ﬁbheﬁi&c Bsé-Sectiont b€ WemnbRanB klenfdnt9e RO

i nstal | ation adapted for nbrane cl eaning according to the present

i nventi on, ilMxerating Uther Eﬂﬂiesmwfsmtmmbrane tleasingetvithy sapgrr saliier solaohanger
wi t hout a boost punp; 11 is a schene of the ROinstallation of Fig. 1

adapt ed 16 oacwtdulgHOrthﬁprcséntmweﬁmmg according to the present invention

where own brine Qf he RQ nodule is used a uper saline splution, and
throttling. of @r?ré‘éhe@f}qcrﬁoﬁ%secélﬁﬂlﬁfg@e consecutive membrane elements

showing the development of DO cleaning process along a RO module.
Figs. 7A and 7B illustrate change of Net Driving Pressure along a RO
module at different injection times of the super-saline solution.

15 Fig. 8 is a scheme of the RO installation of Fig. 1 adapted for DO membrane
cleaning according to the present invention, with a subsystem for purification,
concenu'atlon, and reuse of the super saline solution;

Flg 9 is a scheme of the RO installation of Fig. 1 adapted for DO membrane
cleamng according to the present invention where super saline solution is injected

20 by a pressure exchanger and a boost pump; |

Fig. 10 is a scheme of a multistage RO installation adapted for DO -
membrane cleaning accordin‘g to the present invention, where supér saliﬁe solution
is injected by a preséure exchanger without a boost pump; | | '

Fig. 11 is a scheme of the RO installation of Fig. 1 adapted for DO

25 membrane cleaning according to the present invention where own brine of the RO -
mpdule 1s used as super saline solution, and throttling of t>he> permeate line is
employed; _ | |

Fig. 12 shows a variation of the RO installation of Fig. 11. where own brine
is inj ei:tegl by a pump sequentially in the feed port lines of groups of modules;



Fig.. 12 shows a variation of the ROinstallation of Fig. 11, where own
brine. is injected by a punp sequentially in the feed port |ines of groups
of nodules; -13- Fig. 13 is a schene of a system for cleaning of separate
menbrane sheets according to the present invention. Fig. 14 shows a
detail ed schematic cross-section of a oggbrane elenent and the drum of the
systemin Fig. 13. 5 DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS Fig. |

aw sal i ﬁé“igfuﬁ%ﬁlfﬁnégé%ﬁﬁ' %&’i ooy 0L e P18 mhtaie HBEF . "5,
a perneat e, (&r&&ﬁ 5&&% brine drain 35. Wth reference also to
as an e

Fig. 2, the ongat ed cylinder 10 housing 29

accomodat i ng aFNbEsheks EabaHee schensiy 8ro36-seticre of laaineRbRAblRment
collector 48; a feed port 19, a perneate port 25, and brine di scharge port

31. Each muhﬁr@rmmbﬁhemysﬁﬁlima&gaﬂront end 43 facing the feed port 19 and
a rear end 45 facing the brine port 31. The nenbrane el enents 26 are
arranged in series on the perneate collector 48. is A schematic

cross- sect DET AALED DESCRIPTIGNUF EXEMPIRIOY FMBODIMENT® s shown in

Fig. 2: The menbrane el enent 26 conprises a plurality of nenbrane sheets
(menbranes) 42 P rakhyws 0d GeHemeosN@ R iRGANENIE 100 ore tiddér d8salinkition

folds of the nenbrane sheets are separated by raw water spacers 36 and

toget her womprising #eawi sedinedsaletiom tadke20,- brhigle-peesauree feed4pwhp A2,is RO 1 ui d
communi cation 20 with the feed port 19 and the brine ‘port 31. Inner folds
of the menfadule 2haqermenteypsodugbhiank 84 angda byinedral @%pacers 40 and

e b t‘s*?@"’“r«seﬁm‘fé%{heﬁ é,ﬁvslgéfméu%%gate R Y inder o o
5

\C/)\?'?EI pg %rgn{é%in%o t%ﬁé% ar VI ew 1 n![’bﬁéﬁ%rgﬁ%teﬁétﬁ 1 52%@%1%&{[%%% 'si de

52 facing bhfediGedB. o feed éﬁi?gweé Smeadd oﬂ%ﬂ%ﬁa%rﬁfedas dé@gbﬂmt B8ch

permeate channel 38. Th Pey spaters 36 in the fee i ne channel 34
are made ofnembrane element 26 has a front end 43 facing the feed port 19 and a rear end 45

facing the brine port 31. The membrane elements 26 are arranged in series on the
permeate collector 48. |

15 A schematic cross-section of the RO module 24 and a membrane element 26
is shown in Fig. 2. The membrane element 26 comprises a plurality of membrane
sheets (membranes) 42 spirally folded around the permeate collector 48. Outer
folds of the membrane sheets are separated by raw water spacers 36 and together
w1th the housing 29 deﬁne feed-brine channel 34 wh1ch is in fluid communication

R - 20 with the feed port 19 and the brine port 31.

' Inner folds of the membrane sheets 42 are separated by permeate spacers 40
and together with the permeate collector 48 define permeate channel 38 whlgh. is in
ﬂuid 66mmunicatidn with the inside of the permeate collector 48 via openings 50 in
the wall thereof and further with the permeate port 25 | ' |

25 . With reference to the enlarged view in Fig. 3, the membrane 42 has feed side -
52 facing the feed-brine channe] 34, and permeate side 54 facing the permeate -
channel 38. The raw water spacers 36 in the feed-brine charinei 34 are made of a
plasﬁc net with a rel;cltively large distance of a few rﬁillimeters between its fibers.

The permeate spabers 40 are made of a dense net with several fibers per millimeter.



plastic net with a relatively large distance of a fewmllineters between
its fibers, The perneate spacers 40 are nade of a dense net with several
fibers per mllimeter. -14- In the normal RO separation process, the feed
punp 22 supplies raw saline solution 21 fromthe tank 20 to the RO nodul e 24
via feed pipe line 23 and the feed portl419. Raw saline solution 21 noves
fromthe feed port 19 to the front end 43 of +the first nenbrane el enent 26,

exits through | %3 ft&{n%ack % %ﬁﬁg&bﬁk&gghmtﬁ% b8 Buhel £28hp SN A% Qlinke

next nmenbrane e here aSSI n ran enents 1 n the
RO nodul e. s&'ﬁbn&qpﬁéﬁtth@mﬂmﬁ) RO metilée4 Wﬁe@'}ﬁp@hﬁ@gﬂfaﬁd tEbfeelr oduct

wat er (perneate) 28 is squeezed out into the central "perneate collector 48
and | eaves pottel RRawdaiire solutiom 21 moyesrinemtthe feed p&s 19 Ao he &ont end 43 ofonveys
the perneate to the pernmeate tank 32. Raw saline solution 21 concentrated

during io mﬁwésncmbmcﬁlerpsefc%@semwtfbmglw&s st jenddty endrcga@lwsotm ge RO
g‘éd“'p.egz“s\&q%téﬁﬁétgtsétﬂpm% 20 eléoiant peeiot Besine PGl 1 herpErebe™ "
desal i nat hi gh
oot ¢ pr Sl {fe REBOANE, cat %@%aﬁ.gﬁﬁa%eglﬂéﬁ(%”ﬁgﬁﬂ;%%c pe?%%%ﬁt?e per
The per neapg, Pﬁadhe’éWa%rr(ﬁelm&té)IR béAedRhR Shtel the ReBtral attd SN

under. | ow gauge pressure PQ&p. .process is driven by the bal ance of

all the abd@eandleawssrthe R(Den@dtﬂeQAI whadlhe betméate port@ Piepiperline( 2DEdnveydP
(RO =PG-PO-P& +POp When the NDP is positive, reverse osnosis takes
pl ace acr odke pe@neaterty ﬂwepermamw@nlseﬂr&m saling salution 24 ganceetrated/dysingne

20 e 2o T Bt b PRRBERS By gl il D 5l Bl
RI?)IrD( R&?SN%Q&O% %‘[‘ggl’f‘ggwf33t‘ﬁﬁ"§9b5‘§§w3§zdtPﬁgt .al ong the RO

modul e, the NDPEE%@HRI% t%shﬁ'?no&ad&aﬁlspﬂh@iﬁ%éss RBPrewdrsd B?mb%&"d%@élirﬁﬁoﬁ’at er

falls due to hydraulic [osses, and the notid pressure grows wth the
sal t. concandrthé nemiraaeifoglitig VBlielsaw Relily solation 21 has high osmotic pressure

POr and is fed under high gauge (manometric) pressure PGr. The permeate 28 has

15 negligible osmotic pressure POp and is withdrawn under low gauge pressure PGp.
The RO process is driven by the balance of all the above pressures, herein called
Net Driving Pressure (NDP):

NDP (RO) = PGr — POr —PGp + POp
When the NDP is positive, reverse osmosis takes place across the membrane -

20 and permeate'(solvent) from the raw saline solution is squeezed to the permeate
side. Exemplary values for a working: RO mstallatlon are PGr="75 bar,
POr = 33 bar, PGp =] bar, POp =0.3 bar. The NDP at the front end of the RO

" module is then: ‘ '

S NDP (RO)=75-33-1+03=413bar |

25 It will be appreciated that along the RO module, the NDP changes &s the
gauge. pressure PGr of the raw saline water falls due to hydrauhc losses, and the
osmotic pressure POr grows' with the salt concentration growing towards the brine -

' port (see also Figs. 7A and 7B) In the cited example the osmotic pressure at the
brine port POb may reach about 60 bar. ' '



port (see also Figs. 7A and 7B). In the cited exanple, the osnotic pressure
at the brine port PCb may reach about 60 bar. . -15- Fouling 53 accunul at es
on the nmenbrane feed side 52 and on the spacer 36. As nentioned above, the
fouling may conprise suspended solids including organic matter, scale,

m crocrystals, etc. Also bacteria and etflher microorgani snms nmay attach

t hensel ves and grow on the nenbrane surface. 5 A schene of a ROinstallation

60 adapted for gighfh 59%&-;{3%1&8&&5 ﬁfeemeﬁlb?ﬁwfeeR%af%%imOﬁ%mcéﬁmod of

the present invention is shown Iin Fig. 4. The e 24 and ot her

devi ces andsdaentioried dtmiveatte fonling amay eomprisepsuspendesi dolisriaciudimgeorgasicgnat ed
by the sane nunerals. The ROinstallation 60, in addition to the equipnent
shown in Fimgpttet, scake, auenocrystals,wite. A lso baesssis andother meicroarganisis mayfattagh
concentrated solution into the fe[%g fl ow., The subsystem 11 conprises a tank

62 for cotcEnsel yesand-gront o1 kit %é@fféﬂe-tp the suction line of the
ca | ne <oi it + on % SFREHE et RO TnSefiith ol fiabed a5 BBt s Homprie! 20

punp 22 vi &Hﬁ%( : &H@q ' | ANsHARK i Pid nto

t he at rmsp%lere, %éé%ﬁtﬁﬁgqtaathntfl%z S 85% E%E?ngqflﬁg[%tﬁr} g“ﬁ* at Hl?gfgera Ic'[ge/el
then the r RO seddule24 ahd ottt deeioel ahd detailk i arelthe sanwcintprevieds figlresi on 64
has osnotic pressure PCc higher or at |east equal to the esired

super - sal i are designated hyetheusame@umeTals. TheIR@ anstabatiose 60nin pdditionrtesthand
val ve 66 may be made of plastic ., materjal |ike polyethylene (PE) or
pol ypr opy| &ABIpmED] S(ho“maﬂm%égebﬂs@%@?]&te&s?’.ﬁh 2 PUbBYARCBY fl tpe yueshion ©f rade

oGP Ao it th i R L BB SohnfP S LB P
ks, mi : : Ol _ | g
For i nj eot FRCHARL AR ¢4, chBhSaar S Mo $aGon, AR oF fhe NEh PEEsER, RB41C°
modul e 24 bampSDPRAa @i pipe line WitRG! it6f valile 66. Fhe &b 3alin® duhution aaak 20 is
installed in parallel to nodule 24 or in series. These nodules can be

arranged i cognentgsto e samd suctiondivier afhthecfeed pumyp P2 vie dagok vatve 6&. Hithbod of
t he present

raw saline solution tank 20 is open to the atmosphere, then the tank 62 should be
15 installed,at higher level then the raw saline solution level in tank 20. The

concentrated solution 64 has osmotic pressure POc higher or at least equal to the -

desired super-saline osmotic pressure POs. | |
~ The tank 62, connecting pipelines and valve 66 may be made of pléstic
material -like polyethylene (PE)\ or polypropylene (PP) or Rainfbrest Fiberglass.
+20 However, they can be made from different corrosion-Tesistive materials. Almost all
| desalination plants‘ are equipped with Cleaning In Place (CIP) systems that include
suitable tanks,. tpicrdnic cartridge filters and valves. Such CIP system can be used .
for injéction of the céncentrated solution 64. | ..‘ N ‘
Although Fig. 4 shows one module 24 for sifnplicity, in practice multiple
25 RO modules can be installed in parallel ;co module 24 or in series. .These'lfnodules '
~ canbe arrangéd in groups. ' | |
' To perfénn' membrane cléaning procedure by the method of the present
" invention, the raw saline solution 21 has to be substituted fora predetermined time
by sﬁper—saline solution with osmotic préssure POs éubstantially higher than POr.
30 For this purpoSe,' the operator opens the valve 66 for a few seconds. Opening and



i nvention, the raw saline solution 21 has to be substituted for a

predeterm ned tine by super-saline solution with osnotic pressure PGCs
substantially higher than POr. 30 For this purpose, the operator opens the
val ve 66 for a few seconds. Opening and -16- closing the valve 66 when the
suction line to tank 20 is open allow sit®eth operation of the high-pressure
feed punp 22. As the tank 62 is |ocated at higher |level than the raw saline

solution i Ogpt : | | q_]fap{ it 0 the
suction i ng%%]% pﬂere]b?'levédtsgu‘&gelgg%%%ﬁ%g&g:ﬁagﬁpp@rog?s%éﬁo t gh?dﬂﬂ
concentr at Abnlof dhe Gghtipkdssadesfeed lpaag PDeASRe kanlebPeis Adcatéd bt Higheng of
sol utions 1 and 64, thé valve 66 has to be open partially. The feed punp
22 sucks ufevel then theedwssalineisotution irthentarle26,uthei comcentrated sdlutionrdswill vi a
the pipe line 23 and the feed port 19 to the RO nodule 24. In this way, a
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pressure PCs flows t I ne channel 34 instea e raw

sal i ne sol pinngs itAfia i pipddine23 midheMeadport 4 9its thoRO Moduke PLAIn thiPGrmy, PG +
POp The osnotic pressure POs is selected such that the NDP becones negative
and the fl eavpartionsef stperrsalibe sodutit 6h awifh sosmotic: tpiressuter sy isvéeds to tthe di r ect
20 osnosi s, prqcess., The f| ow of rmeate 28 changes direction accordingly
and noWes IARG FheHER %&@ﬁ@@mda to the perneate channel 38. A
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concentr at éélﬁtioﬂ‘h&ébrd.ﬁ%@tﬂlé pRéseatinventiiES As cbpRsédto thEormabRAEopTate!r € at
the feed port remains al nost

shown in Fig. 3, when the valve 66 is open, the super-saline solution 65 with

15 osmotic pressure POs flows through the feed-brine channel 34 instead of the raw
saline solution 21. The Net Driving Pressure is now:
NDP =PGr -POs —PGp + POp
_The osmotic pressure POs is selected such that the NDP becomes negative
and the flow across the membrane 42 changes. direction from reverse to direct
20 osmosis process. The ﬂow of permeate 28 changes direction accordiﬁgly and
moves now from the permeate tank 32 to the permeate channel 38. | |
A numerical non-limiting example will be used to show the transfer from
- normal reverse osmosis (RO) desalination process to direct osmosis cleaning (DO)
process. The raw saline .solution 21 with osmotic pressure POr =33 Bar is
25 ,subsﬁtuted- By super-saline. solution made of NaCl, 17% concentration, w1th
osmotic pressure POs = 130 bar. The. gauge pressure at the feed port remains almost-
* the same PGr =75 bar as in the normal RO process described above. The NDP éf
the direct osmosis process at the front end of the RO 'r'nodule_wili be: |
NDP (DO) =75 - 130~ 1 +0.3 =-55.7 bar



the sane PG = 75 bar as in the normal RO process descri bed above. The NDP
of the direct osnosis process at the front end of the RO nodule wll be:
NDP( DO) =75- 130- 1+0. 3=-55.7 bar -17- Previously produced perneate 28 now
penetrates back, and enters the interface between the nenbrane feed side 52
and the accunmul ated foul ants 53, therepy.separating the foulants fromthe
menbr ane surface. The backwash sol vent (perneate) and foulants mx with the

super-saline soluti.on.65 and are carried,away . 5 - wih the brine 30. .The
perneate 28 ent EF‘?VH‘&“%CH’JOBHE# PEFIEE ngg c’f‘f’éﬁrﬁqnegﬁeﬁuba% '[“ng e&%F%CtPQ
osnosi s pr Stwide | cl: inN | ' t by
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channel .  Tiréby SepasatiipotheVfolli@itafithi fheiAembpine sutfice "Thé bagéwashssiebnt 0 t he
perneate side; 'on"10 the contrary, - perneate i s sucked back in those areas of
t he nmenbr afpermieated and doulantsunivowiththesuper-salihe solutionsteand atecsartigd sway ps t he

foulant fromthe nenbrane surface 52 and feed spacers 36. It should be
under st odd Withethepriae 3@per - sal i ne solution is fed for a relatively short

iod of tine, h shortes that the tj ti f | j.ne.sol uti
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menbr ane el enents 26 | ocatéd al ong the RO noduf e 247 Each fragnment shows the

20 feed- br This slvansed by theradditiohal water whichr is 30t passedGo the @eireat sidepeait €
channel 38 withthe perneate spacer 40, as well as rLetgi ons of different

concent i@t theneontrasy, permeate énsuakied Neack Oni thoseyaeas of (the smembraggewhersshe s

| ocated at the side of the brine port and contajns. raw saline solution 21
suppl i ed bé@lypenié% BveSnhe ingreasedeslodty strips ¢ Joplaat deom the &embfane 5

normal RO i S .Sti carri.ed out ,.as signified by the NDP (RO arrow. At the
| eft side BWf?%eéjr@égf?ﬁﬁtspa‘é‘?{?é?s the front part 65 of the injected

portion, relatiyelpnid bhffderstood that the super-saline solution is fed for a relatively
short period of time, much shorter that the time a portion of raw saline solution
15 takes to pass from the feed port 19 to the brine port 31. Thus, while a portion of the
super-saline solution 65 passes through the RO module 24, the normal RO process
does not stop before and after the super-saline portion. ' .
Fig. 6 shows schematic é_rqss—Sections of three different fragments of
membrane elements 26 locatpd along the RO module 24. Each fragment shows the |
20 feed-brine chénnel-34 with the 'raw‘water spacer 36,. and the permeate channe] 38
with the permeate spacer 40, as well as regions of different concentrations and ‘_
directions of Net Driving Pressures. o "
Fragmenf 55 is located at the side of the brine port and contains raw saline
solution 21 supplied before injection of the super-saline solution 65. Here, the
25 normal RO is still carried out, as signified by the NDP (RO) arrow. At the left side
of thelﬁagment, enteré J’_che front part 65' of the injei:ted portion, relatively diluted,
where the super-saline solution is fully mixed with-permeate 28 and is not able to
. suck up more permeate 28 (see also F igs. 7A and 7B). S
Fragment 56 is behind the fragment 55 and shows the main part 65" of the
30 injected portion with highly ‘concentrated super-saline solution. Here.the NDP has



where the super-saline solutionis frilly mxed with perneate 28 and i s not
able to suck up nore perneate 28 (see also Figs. 7A and 7B). Fragnent 56 is
behind the fragnment 55 and shows the main part 65" of the 30 injected
portion with highly' concentrated super-saline solution. Here the NDP has
-18- changed its sign (direction) and Dgcl eaning is perfornmed, whereby
foulants are lifted fromthe nenbrane surface 52 and carried wth the flow

Corutton 2SnnstiRCER ety i DL cliafing et il SafRR (iR "6
rere. L1 iReABRAAS, GOABARE dbiof SQAnARARIANYAL FCAbRE oMl RO | <

resunmed, as signi J) arrow. At right side of the
fragment, | eavePrdghtertrsy isilocatpdrat tidside offthé feed. por einddcanpdihé eaw walihe | over
concentration. As can be seen in Fig. 6, perneate 28 produced by the nornmal
RO processsolution2d suppliadtaftertthe ipjectionof dhe superrsatiakisobution 65 Herd, dbels t he
cl eaning process. 10 The change of different pressures along {he nodul e
i s shows | NI Bas ¢hangedits gignencednere and the aormal RO) is gesusagd, @f émﬁg bWl s

Sol ut i on Pée YPIHRP] grincet e AERLS: of neRaEReat ees fnd HAREREST) e

| osi ng the . perneate PGp and the osnotic
pressure OPP%@%E%QQ?H%%@&?%%R% T(t)ljviaﬁo%s the 15 forner is approximtely

constant al ong mRanAEseh Figl bepdrhichl 28 protfidl By nori RO pidceks

concentration of the super-saline solution 65 has t rovi de tic

pressur e ‘Phsfoseiusd aftér the pyrtidrgbfsupehsaliriesohutiomfeeds thead Pfdcess. the raw
saline solution 21 so that the process will be redirected. fromreverse

osnosi sit o di r #be changesofsdifilerent poessunes alangrthe R ® maedule ix showrbinckigs TAw of
perneate. 20 On the other hand, .t he back hl O\g f perrre\%e can cause nenbrane
saggi ng i auge pessute olothegaw salinecsolutign Ror ﬁ%&w ¢ ORIDE 201t dueto vel y
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ought not pamRstePGp!difl theahfoticahréSsupé of e péteate POp are not shown as the

15 former is approximately constant along membrane, while the latter is negligible.

The initial concentration of the supér-saline solution 65 has to provide
| osmotic pressure POs substantially higher than the osmotic pressure POr of the raw
‘saline solution 21 so that the process will be rédjrected. from reverse osmosis to

| direct osmosis and provide cleaning by effective back-flow of permeate.

20 On the other hand, the back flow of permeate can cause membrane sagging
in the direction of the feed-briné spacer 36 WhiCh has relatively iarg'e spaées ofa
few millimeters between fibers (shown in broken lines in Fig. 5). Sagging takes

B placé during normal stoppage of the feed pump but can also occur if the osmdtic

. pressure of the super saline solution is too high. That is why, the initial ‘osmotic

25 pressure POs of the solution 65 ought not to exceed the double value of the raw
s_aliné solution gauge pressure PGr. | '

. Fig. 7A shows also the osmotic pressure POs of the ,éupe;—sali_ne solution 65.
in two moments after the injection - shortly after the injection, close to the feed port
(left side of the graph) and close to the exit from the brine port (right side of the

30 . gfaph). As POs falls during its movement along the membranes, closely to the brine



saline solution gauge pressure PG . Fig. | A shows also the. osnotic pressure
PCs of the super-saline solution 65 in two nonents after the injection -
shortly after the injection, close to the feed port (left side of the
graph) and close to the exit fromthe brine port (right side of the 30 .
graph). As PGCs falls during its novenent]9al ong t he nmenbranes, closely to the
brine -19- port it may not provide an NDP value required for effective
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I njection DIT. e to the fact that"the osnotic pressure 5 PO of the raw

sal i ne sol brinerpotfimalytse fadsed pufaeddip laegey anmes Dithe Biper-satide sbmtiohype of
menbrane el enents 26 can be different, the exact amount of concentrated
sol uti on udydincreasimgethel timaiofginfaction ddF.cDnedo tthe Hactf thah theeaymoticrprassirey |
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feed punp 2@ tHemugimdltianingeffecamditke migisaumn epait sohgiong4ect ed sol ution
about- 2PG), as shown in Fig.7B. is Osnotic pressure may be cal cul ated on

the basis of thd&oaxampie)de deteaminatheRbratims DT and quarttity of the eoncentratedt her
cleaning effect of injecting the suyper saline_solutjion nay be disso]ution
of "mi cr d0 c spbtionsinjectinny salt gonmentration phthe brine 3P Jaay beimeagurpdgidhe Hew@sr di ng

Sat urat | on PoEkal ibi% esRebmended e ot fhs BRI Oraioaa I L e SHAL e o
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' eaning b
achi eve i nithdiosimoticopressuee fofuthengjected solution about 2PGr), as shown in Fig.7B.

15° Osmotic pressure may be calculated on the basis of the salt concentration.

Bgsides lifting the foulants, another cleaning effect of injecting the super
saline solution may be dissolution of micro-crystals. Generally RO desalination
process is designed accordihg to the solubility limits of sparingly soluble salts.

- Sometimes super saturation conditions occur in feed-brine channel 34 and micro-
20 crystals formation -can be seen. Under certain pdnditions these micro-crystals can
grow and create scaling of the feed-brine channel 34. Solution 65, due to its high

- jonic strength, is able to 'diésolve micro-crystals and therefore prevent systgain
scaling, - ' L " _
Cleaning by super-saline solution ﬁnay also achieve inhibition of bio-fouling '
.25 by bacteria dehydration; Bio-fouling is the most severe form of membrane fouling
- and solution 65 can help inhibit its development. '

| As known, bacteria cells have a double layer - a 'cgll wall and a cell‘

* membrane. The cell wall on the outside of the bacteria s -composed of cellulose and

is rigid. The cell membrane is a thin, flexible and elastic layer around the



25 by bacteria dehydration. Bio-fouling is the nost severe form of nenbrane
fouling and solution 65 can help inhibit its devel opnent. As known,
bacteria cells have a double layer. a cell wall and a cell nenbrane. The
cell wall on the outside of the bacteria is conposed of cellulose and is
rigid. The cell nenbrane is a thin, fle20ble and elastic |ayer around the
-20- cytoplasm The cell nenbrane is sem perneable and is simlar to an

osnotic [ t
The bacteri gﬁféﬁ'ﬁfn Tﬁngr ane ac as@?ﬁixﬁ%ﬁé@%@lﬂ@ e{r%lr ane a?téé togﬁ%gog,gisogga
the cell wahémbging. The bell henstiaie stickistighl$ againist theacefldvaly, pressed agai nst

the 5 perneate spacer 40. \Wen the super-saline solution cones in contact
with bacteria, tThe bdctgria odlmtar&rpmea@wsa@uﬂakﬁﬁbmmlmane andnis pressegttopl asm
in the sane way,_as fromthe erneat e ¢channel 38 of the RO nodul e 24. The
cel | nenbr dhe celhwalk yerhmu SRBE 35 s RQemem alwafﬁ! is \peessed 2g2ipsigihe and
does not shrink. Se |on of the 10 cell nenbrane fromthe cell wall is
fatal for tmgnsgt&sgg al gae and fungi. This process is sinmlar to RO

nmenbrane saggin ?ﬁBﬁ O %entheClvi n the
solution is enou 91? tﬁ%%ﬁ @g{errgs quaF?eg %lrggrrln Sns. gfsagéé?eﬁib ouI I ng
forns, thergmyhic ;hess%re@ Ksagh Wat@niHatthe eptdp ladm i s kdrae WaS'S@sUfrénPﬂé
reqwredfor fast shrinking of the bio-nmenbran and the 15 limts on

osnmoti ¢ pr gesmeste Pchmet B ofdnecﬁﬁlsmcﬁﬁler@#br’ﬁh&a ceHggiempranth ahrinks wndant ed
for the RO nenbrane (sagging and damage) nmay_ be necessary for renoving of

the bio- f ouletaches ﬁrmth%ﬁellmlbtwleﬁhesaﬁg&ea@d/épémt Bhrink; xepgtation ofcthe; ng
"shots" of syper- sall | ution concen i or

criti cary Eliarmbtine, BOnh e sell Walhis fual 5 ah el Ak, e iny THS | 1

smal | step Rt r S lar |ved
due to inc ea@t%selg(b pléhengoawsa?l ni:h([:f1 ggfng &?(ﬂla rgﬁgéiﬂhﬁleew@e%%}nds
after the fNAQltconeb@tation 'thé Bemubﬁ% 96 dehpdratRlosCadiiafie ekgﬁudﬁ@ of the
solution 65 wll not cause increase in direct osnosis back-flow and in.
menbr ane saggi nFoshsomeadid-donling dorms, there may be a contradiction between high

osmotic pressure POb required for fast shrinking of the bio-membrane, and the

15 limits on osmotic pressure POsag that can cause RO membrane sagging. What is
unwanted for the RO membrane (sagging and damage) may be necessary for
removing of the bio-fouling, | , |

‘This contradiction can be overcome by subsequent feeding "shots" of super-
sallne solution 65 with i mcreasmg concentration. It is cntlcally important to increase

20 | the concentratlon continuously or in small steps.

As explamed above, the d1rect 0Smosis process is short-hved due to mcrease

in permeate salinity across the membrane A few seconds after the first "shot",
 further increase of the osmotle pressure POs of the solution 65 will not cause
increase in direct osmosis back-flow and in membrane sagging whereas bacteria

25 cell membrane will shrink and will be damaged _
| Further increase of the osmotic pressure POs may be beneficial for -
'd1ssolv1ng the mmro-crystals

The composition of the concentrated solution 64 used for producing of the
super saline solution 65 of the present invention can be described as maln. |

30 component, alternatives, additives, and auxiliaries.



25 cell nmenbrane will shrink and will be damaged. Further increase of the
osnotic pressure POs may be beneficial for dissolving the mcro-crystals.
The conposition of the concentrated solution 64 used for producing of the
super sali'ne solution 65 of the present invention can be described as main
30 conponent, alternatives, additives, -a@hd auxiliaries. -21- The main

conponent nmay be NaCl dissolved in the raw saline solution, in brine or in
per neat e. Prefeﬁig

(phairt Srfipbriertt 3687 bE HaOl BIRIE I BUERASaldPstidn, tod 11

I
water treatnent I n r regerterati on on exchnangers.

Non- super s &rineajrdfl perratateoIRefepablof thivaicitediatcad pradd Nal eachaetief saltiselar .
Any natural salty water can 5 be used for this application. Brine of the

same desal iimavatentredtunent industyy fosrageneration of ion exchangexsn Nom-supetsaturatedi ne
fromother plants can _be ysed as super sal ige solution. Brine froma
Netd

previ ous deS%p solution @f dag gametic presguresofsifebars Anyhaatueal salty Biatersant ne

follow n t ages... Sea water cangbe u as_super,.sal i ne sol utj on f.or.

br acki shS oPeaiSea o s, APulicaion, Prine ot dhe s desatisadion plart,canbe ised With

osnotic 10 pr e C p [ | for

desal i nati c?lri: ‘gﬁgﬁtscgr?%ia&ﬁagglgr g@eoﬁaﬁgﬁgﬁg%ﬁgaﬁaﬁoﬁé d%%hsﬁehgs%r;ﬁaglﬁgal ty

wast e prodyphfiochaBrift Goftl a pleéviousOtedalihation! sRi@eecan’ bealsed! A€ khFdr 348ink0 t he

super-sal i ne solution, organic conpositions |liKe sugar that have high

osnoti c pr ashition fonthelfollovng sthfesxSeapvater odn beldsed assuper saliregsodstionnfar on

t hat hel ps in bacteria dehydration, or heavy netal ions such as silver that

has bi o-i nibraskistoar sewesege ayateradesalinatiomplaptsanPead Seaamaten that iheg osmotigol ved

gasses may be added, f exanpl.e . for dissol ution_,of . Th

Siiper - 5D, mESssie Ay JH0 5% e rd a5 bes. AT ot dsealiaation Dlagts

renoval of e i L.l L] | eria
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fl uorescentalgéyﬁrﬂﬁggﬁ?bsae used to control cleaning paraneters such as flow,
S

concentration, proc duration, etc.
As an alternative to the super-saline solution, organic compositions like

sugar that have high osmotic pressure can be used.

15 Examples of additives are magnesium ion that helps in bacteria dehydration,
or héavy metal ions such as silver that has bio-inhibition effect on bacteria
mémbranes, or antibiotics. Dissolved gasses may be added, for example CO,, for
dissolution of CaCOj scale. | ' ’ o |

The super-saline solution méy be heate¢ for' example to 80°C for better
" 20 removal of the fouling, or deoxygenated for 'inhibition of aerpbis bacteria growth.
' An example of auxiliaries may be a n'acinglagent such as fluorescent dye. It .
‘may be used to sontrol cléaning pa:ametérs such asiﬂow,‘ concentration, procéss
duration, etc. ’ _ ' o
The super-saline solution 65 has.a mechanical effect on the foulants in liﬁing

25 them ﬁp;rl the membrane surface and trans'portihg out of the RO module. As the

main cdmpone‘nt of the concentrated solution 64 is NaCl or sinﬁlar salts which do

" not enter into any chemical réact'ioﬁ with the foulant com;;_onents, the concentrated
solution can be recovered and used repeatedly. |

A very small volume of the solution 64 is feqqired for each cleaning cycle.

30 For example, three liter of the solution 64 are required for cleaning one RO module.



The super-saline solution 65 has.a nechanical effect on the foulants in
lifting 25 themfromthe nenbrane surface and transporting out of the RO
nodul e. As the main conponent of the concentrated solution 64 is NaC or
simlar salts which do not enter into any chemi cal reaction with the
foul ant conponents, the concentrated s22ution can be recovered and used
repeatedly. A very small volunme of the solution 64 is required for each

cl eani ng cyc I Ld er Al i I qui red
for cleani )r?‘gk?n%hﬁ%b@d%fae(m&gg I&Q ﬁa@dﬁ?%ﬁ{ﬂl %fﬁle‘ltl tla %oﬁl gf tﬁhuﬁg?lgﬁoﬁggnfggul es
will need Bach BRafing! BR:16 Whith GhaPbefl serforBRANpleVERNElY diikelia o dhysrey be
performed preventively once in twWwo days or three tines - -per day dependi ng on
foul i ng i ntirbe tinres fee ddy \depending loa foalimg fvthetravwnfee@4vatem Hee seeeisotatign t | mes
in a closed loop. 5 Fig. 8 shows a scheme of the ROinstallation of Fig. 1
adapt ed f064@ang§ﬁlse<bmyitsn¢eamdﬁ%eddp@nm ng according to the present

. d Fob San sewse o eRni ng. ac | e
of 'the chncent r Eiect SBWS copehomeeo dlib Rk ifleion po e dsadinith e st 63 o
of the cbnc . ) | ; es”d

ci'rul at 1 of PRERE HEmbRRE clehnthd Aodordinlic R\t echf infifdhy ot B8fbgtem o, g
return | ne3 108 piifRcaHofl ohbdrtfatidh, '8 1efles ofvihel diRichirifodstaittionalHe (1| ter

and one | ayer of granul ated activated carbon. Membrane cleaning in the RO

i nstal | ati subsyftefi §3 cOniprisesiddmanding 68 lof\thebring dischergerigne/38 witho® sfopr 5
seconds and punpi ng about 0.3 nB of the concentrated solution 64 in one

hundr ed ROvalye 12 secaiver2tankyfdyicingulabion\piime 96 mwitirmedie sdewvisand filter 38 i ne 30

e Bpworall e e 255 o0 1 o e o s St

te or i i Bt o fer' anHER kB8 el o pump 96 Lo cend the 2

mxture col | oct i renncleanfiRtindns KEM-ARMNLY rfie. Mmolded e folfonff ! " = 12
1. Opening valve 66 for 5 seconds and pumping about 0.3 m® of the

concentrated solution 64 in one hundred RO modules;
15 2. Opening the valve 92 when the salinity of brine 30 exceeds its ordinary
value. About 2 m® mixture of the solution 65 with brine 30, foulant 53,
and permeate 28 will be collected in the receiver tank 94;
3. Closing the valve 92 when the salinity of brine 30 falls back to its
- ordinary value; \ | ,
20 4 Operating the cil;cu.lation~ pump 96 to send the 2 m3.mixture>into fhe
multi-media slow sand filtér 98;
5. Filtréting the 2 m® mixture coilected in one-rr_ﬁnute cleaning session for
- the next 8 hours in the multi-media slow sand filter 98; | .
6. Sending filtrated mixture to evaporator 101 for concentration so as to
25 N reéch the original parameters of the concentrated solution 64. Filtrated
' . and concentrated mijctufe is delivered via the line 102 to the tank 62,
7. Every few'months, dry filtration media mcluding foulants are dumped
 into a trailer 104 and removed as dry compost. | '
The above-presentéd technology is essential for environment'ally sensitive

30 areas where discharge of brine with even slightly increased salinity is unwanted.



the next 8 hours in the nulti-nmedia slow sand filter 98; 6. Sending
filtrated m xture to evaporator 101 for concentration so as to' 25, reach
the original paraneters of the concentrated solution 64. Filtrated and
concentrated m xture is delivered via the line 102 to the tank 62. 7. Every
few nonths, .dry filtration nedia includgng foulants. are dunped into a
trailer 104 and renoved as dry conpost. The above-presented technology is

W th even sii gndl Wl BBetbieliR s FoncdlRlel HINGE Curf B JAREAD ' "' e
appr eci at edirtilof! fivy SAMCRIINALE t IMRUEACHaGAIFIRCA I SROR! Ribihe? YabtiBh lofam Of

raw sal ine solution 1n different ways. Fig. shows anot her varitation o

the many t g maay the dambecimplémented! Ehesttaystern1 2 & irfarpetd 40e8@ dasé wheg case

when the suctionline to the feed punp 22 is pressurized by a booster punp
61. As it ithe Suctinn kimesto theefeed pumipe2?2 is pressuniwednby athesdsteoipuip6l.64s fityis
gravity, an injection_ pu 68 is enployed. The injection, of the

concent r &t 8@t pessibleda mg@&w qeaceraiedsolutian 64 hyt grawity, aneinggctiondunar 88 punp

22 but al so can.be doge at.the disgharge sjde.(shown .n broken line).

Inj ection & CRIOYRhC - IhjeHon 51, eoﬂ%&“ﬁ?tegh%’qgw c4rea e %ger%s%‘e
practi cal . | 1 S | ' I Lnation
ol ants 15 A §ab OfHRE foel ucks 2 bt sk cen M W'y e, Bkitefslac 58
concent r at gglbfsNentlinRl). 64 at the discharge side is applicable for testing of
this technol ogy, when concentrated solution 64 is injected only into part
of the RO nodul ésjectiomef tlercdneentrated sehition6dpatihe stittion side éctiostpractieale and
t he schene shown in Fig 9 bel ow are al so 15 suitable when | arge size feed

punp i s 18ugpeytonther fagt dhati the SBF pumpn existingviarall depalinationsplasts isheswellyids of
5 ow gr ousei o s SPRIGHRD.  IRiechom ate ey CateRsta SPIHON Gl AaBPed T or
nj et ed by tsetaEEe SR oR aBmERBY Yot Bife of oS CEERMIRRS b st e
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pump 22. This injection scheme and the scheme shown in Fig 9 below are also

15 suifable. when large size feed pump is supplying raw saline solution to several
hundreds. or thousands of RO modules 24, and the operator prefers to divide
membrane cleaning between a few groups of modules. |

F1g 9 is a scheme of a RO installation adapted for direct osmosis membrane

cleaning where the concentrated solution is .'ihjected by a pressure exchanger and a

20 boost pump Multiple RO modules 24 of the installation are: shoWn' connected in
| parallel. Injection subsystem 14 compriseé a pressure exchange vessel 72 equipped -
; with piston 74 separating the brine 30 at the righf éid’e of the exchanger from fhe |

concentrated solution 64 at the left side. The right side of the exchanger 72 is
connected to the brinie dischargé line 33 and has a drain valve 75 conmected to-the

25 brine drain 35. The left side oLf exchénger 72.is connected to the tank 62 via pipe

" line ﬁth check valve 82, and tc‘>'the suction side of a boost pﬁmp 68 via check valve
~ 78.The discharge line of the boost pump 68 is connécted to the feed ports of the
- RO :modtllés.

An operation cycle of the injection subsystem 14 comprises:



with piston 74 separating the brine 30 at the right side of the exchanger
fromthe concentrated solution 64 at the left side. The right side of the
exchanger 72 is connected to the brine discharge line 33 and has a drain
val ve 75 connected to the 25 brine drain 35. The |left side of exchanger 72
is connected to the tank 62 via pipe Ilige with check valve 82, and to the
suction side of a boost punp 68 via check valve 78. The di scharge I|ne of

t he boost punp 68 is.connected to the fegd, ts of the _ RO noduyl es,
operation cycl e -c# Sequsnce gkh @Gﬂ@ir‘éqggﬂgﬁ Qsgfhpvalyes?S 1sygpe fand ?hﬁg

S ot wor g Bt 58 B S SpHRSETHE SRS 7RF Yonel st e ﬁ%%%ﬁsﬁ“”p >

tf t
From the (SRPEoeat %&8%29323?@%&% R 10 B2 Ao by Baalith " e
piston 74 tthe tadkl62 ¥iaothe-chidck Ralve08Z hﬁmﬁ&@xdhaﬁ?ér 32, 0sushing e pieAFdaer i's

di scharged via valve 75 to the brine drain 35 (to the at m)sphere) The
exchanges ithe fight. &tine 3hfroontherighi side ofthe exdhangéwis discharged wa valve Zetquence
where valve: 75 js closed valve 76 jis opened and the _hoost punp 68 is
oper at ed. the bringrais 32 (ter thenatmaspherg). 712he| exehapgercis filed W@thowmntrmd
pressure whi 4tsransferred to the concentrated solution at the left side.
The boost ﬁﬁﬁ%m@é upplies the concentrated solution 64 to the feed ports 19

ASING TLS DT oSSR Bahlifoe PO RARRSIY & edi a8 8UBBndPndTte Check

valve 82 is clos e preva| brine pressure nger

72. The pi HooBt pemPoees dpe ratbﬂ%@h%hﬁslﬁetdf%@b%@ﬁ‘gﬂrls 'e%Posdd| foStfle Wring

brine. 15 The ihjection scheme shown in Fig. 971s especially cost-effective

i n seawaterpressaseawhivhi is gransfeered toithé coneentuated solutpen st the ek sllepThedodst are
used. When only part of thousands of nodules 24 has to be cl eaned

si mul t aneousip 68hsunpliss sthe ccapcentiated sobionahd e ﬂleefcedopmés:rlﬂa@@npgmrér
costs for inj ectl n of t ncentr ted ol uti 10.sho
"o LT st age FRESSHISHRAS deedgsaas ot £ foed B ook ek BB dossiai ng
to the pr e%fnra%r ﬂlevper@{/a:l?mg ‘t)lrlrrllet;;}'egsurejﬁ1 ﬁ%ﬁl %h%texgﬂange?sbd Lﬁale pl?stoﬁ' 94 moves to

the left and the exchanger is filled with brine.

15 The injection scheme shown in Fig. 9 is especialiy cost-effective in seawater
desalination where high-pressure large-size feed pumps 22 are used. When only
part of thousands of modules 24 has to be cleaned simultaneously, the pressure of
brine 30 can be used to decrease power costs for injection of the .concentrated
solution. | : |

20 . Fig. 10 shows a multlstage RO mstallatlon 100 adapted for DO membrane o

" cleaning accordmg to the present invention. In this installation, re31dua1 brme

 obtained 'in an earlier stage is used .as raw water (raw saline solutlon) in a next _

- stage. Multlstage RO systems are widely used in brackish and sewerage water
plants with high ratio of permeate flow to raw feed flow.

25 Inthe example of Fig. 10, the installation compnses three stages'1, II aﬁd III.
Brine discharge line 33' of the fitst stage’is connected to the feed port 19" of the

~ second stage, brine discharge line 33_" of the second stage is connected to the feed -

“port 19™ of the third stage, and brine discharge line 33" of the third stage isopento |
-~ the brine drain 35. L1nes 33'and 33" are also called mterstage lines in the multistage
30 mstallatlon ‘



obtained in an earlier stage is used as raw water (raw saline solution) in a
next stage. Miultistage RO systens are wdely used in brackish and sewerage
water plants with high ratio of perneate flowto raw feed flow. 25 In the
exanple of Fig. 10, the installation conprises three stages I,. |l and II1I.
Brine discharge line 33" of the first spgge is connected to the feed port
19" of the second stage, brine discharge |ine 33" of the second stage is

connected toth e . t IngC ge
line 33"" of th?r%ge? &nﬁﬁdé@s a’%mggieﬂnegt% éthé%ﬂsgrfﬂlgeesgﬁérﬁhg@ﬁ %Pﬁegﬁ 3" and
33" are al Spadzaff eRclhddsChind mdlémr The ‘b dfi mbadies i8 Qubersbivb ! stigesn-

-25- Stage | Tncludes six nodules 24, Stage |1 includes four nodul es” 24, and
Stage |11 idecteaskssbécauseaesidesl Bdine Thewndintiaishes feordlubtage i to stage esiev e
stages decreases because residual brine flow dimnishes fromstage _to stage
since a sisignifi¢antpartaf the rawhwates flawitleaves| tbw sysm saStpmpm aRO

ﬁS&HFZT?g SipRola@renties e i pie daioueh snety Todiledf Kepk Wb Rerbibea d
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Wi th pistompdffhragbm | ar to the one in Fig. 9. in However, in this case the
power for the |nject|on is supplied fromthe outlet pressure of the feed

punp 22 via a |iAeinjdctioansubsystemt 15 fdrefebdihp the sgpepisatine soltiohanapriseyaa stop
valve 76. The left side of the exchanger has also a drain valve 75. The

ri ght si de poésseecénchgnge vesseh72aqnmpegdwtbptm dénsimilardodbe ook im Figy %4 i n
the tank 62_via pipe |ine mn&g check val ve 82, and to the feed ports,  of the
three 180sHigyeeves, ithis| case the pewer doledhe Jmiection ds sppplied feomathgaeutiftanches

val Ves 69 Presgre,gf 0-fo8d Rubfy 0B Vg G vd naiebiet: o 168 e 8" ne

23 after t ig t of
the br anch%%ﬁ@%?ﬁkr&gﬁl&glv%h %f ;[gllsggﬁirte% gﬁtﬁghg"%ﬁ%%%ﬁ arrxlr?ﬁ I St gge RO
installati g3, THE right sm%maegbrvvz Iy cbrmebREA6 the concentrated solution 64 in

the tank 62 via pipe line with check valve 82, and to the feed ports of the three

-

(L\_.

15 stages by pipeline 73 with check valve 78. Pipeline 73 has branches 73', 73"-and
- 73™ that are connected to each respective stage via stop valves 69', 69" and 69".
A throttling valve 63 is located on the feed line 23 after the branching point
_of the line 71 but before the entry point of the branch 73' coming from the pressure
-exchanger 72. : .
20 The - multlstage RO mstallatlon 100 is complemented w1th discharge |
- branches 93 W1th backpressure-valves 70 (relief valves) connected to brine
discharge lines 33' and 33" between the stages. |
~ Direct osmosis cleaning sequence may be performed separately in any of the‘
stages For example, an operation cycle of the injection subsystem 15 for clcamng
25 Stage I comprises: N
- a filling sequence where valve 76 is closed, valve 75 is opened. The check
. valVe 78 is closed under the prevailing pressure in ljne 73 (line 73 may be under the
feed pressure or under the brine pressure of stages I or ﬁ, or totally shut off).
Concentrated solution 64 ﬂows by gravitation from the tank 62 via the check valve
30 2'52 into the exchanger 72, pushing the piston 74 to the left. Raw solution 21 from



branches 93 with backpressure-valves 70 (relief valves) connected to brine
di scharge lines 33" . and 33" between the stages. Direct osnpsis cleaning
sequence may be perfornmed separately in any of the stages. For exanple., an
operation cycle of the injection subsystem 15 for cleaning 25 Stage |
conprises: - a filling sequence where vakve 76 is closed, valve 75 is
opened. The check valve 78 is closed under the prevailing pressure in |line

Sages o et SftelBf e (REankdoR, RECRRHLE B vHRETS IO e a7 RRHED
gravitat| oguhb Seld)eTheRkcibhek! 72 I IRk cbabaifraA Siluiiph B4¢ he_exchanger

72, pushing l'eft. Raw solution 21 from-26- the left

side of the exchan ecuen@e idhee SAtbry ivalves |80g 73 569"oarid 69"t aes ¢loséd, vabvek he

at nosphere). The exchanger 2 is filled with concentrated sol ution 64; - an
inj ecti on J6candnG® antepenediTheslefiGride bf tieopistond74 &' exposed olia dind, 71vtal thes 76
and 69' are opened. The left side of the piston 74 is, ex ose&lwa line 71 to

the 5 f&edegs pressire wmpbu.strgn&eaﬁémﬁhee@r{csn%@dés hetion: 04 b thesrightisidsy 64 at

bressure. i 1R Hotibe GAIgh g %ﬁﬁg@q%%gﬁm% oot B 2P Wive 1§ssur e
di fferenti gy, He F2a r}ﬂf;ssgr diffedéntPil %%td/ééh?trlllggnﬁﬁﬂ?

val ve 78 and ?Iﬁ%l concent t| on 64 1s Injected port
19" of thethd p‘?‘k 15ie3?® op éi'i?@ﬂfecka}a\lﬁe 88 and thé esacknttal séllifod 64 M5 anectbdng

feed pressure omthe exchanger 72. The piston 74 noves to the right and
the-exchangsto the feed pdrtwi9'hof dve Sirbtusiage. Check tvabve 182bés ajysed curdeedthehat an
operation sequence in any of the other stages wl| be_simlar. However,

t hr ot t | ithg provailing feed preSsure Hipm fe mha@geem The piston, A dBevasdioytha ighty ' of

Val ves 60" AAUGeNohanEEt s GBAIHLIRESIRIOR N (ho feod pressure in Lhe  pi pe
(e "Toet punp. 1 B BPhEEbiReR oo SobralTR st sl T3y Snc Uty ' ™0
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nodul.e 24, sucks
unnecessary as any of the pressures in the interstage pipes 33' or 33" (depending

15 which of the valves 69" and 69" is opened) is lower than-the feed pressure in the
pipe 71. Also, a booster pnmp in the line 73' may be used instead of throttling the
feed pump. ‘

During DO membrane cleaning in arfy of the stages, the super-saline
injection flow enters the first membrane element 26 in the module 24 sucks up

20 permeate and thus the flow rate in the feed-brine channel increases towards the end
of module. As explamed earlier wlth reference to-Flg. 5, the flow rate increase |

- provides ‘ desirable stripping effect on the fouling. - However, in the multistage .
system, the feed flow rate increase may exceed the recemmended max1mal rate per |
. module and damage the membranes;' This contradiction is resolved here by

25 dischai'gjng the excess brine via dischal'ge branches 93. The backpressure valves 70
are adjusted to opén WhenAthe pressure in. the brine discharge pipes'33' or 33"
exceeds a preset value. The discharged brine may be collected and ree'ycled'as

described for example with reference to Fig. 8. | |
Particular advantages of the method of the present inVention for the

30 multistage RO systems are:



20 perneate and thus the flowrate in the feed-brine channel increases
towards the end of nodule. As explained earlier with reference to Fig. 5,
the flow rate increase provides desirable stripping effect on the fouling.
However, in the nmultistage system the feed flowrate increase my exceed
t he recommended mexi mal rate per noduk@7and damage the nenbranes. This
contradiction is resolved here by 25 di scharging the excess brine via

the.pressure in- oAeat ADeRRGRoF SUbEtRle: Soinfin. 3 48} UERE tpraRE """

val ue. The 'féﬁ?ﬂ?%@aéﬁétﬁ ERYniag: col l ected and recycled as described for
tuﬁire e ge ¢

exanpl e w ence to Bl g. 8. Particular advantages of the nethod of the
present inventi onPartial thrne dikchamgei fbagentBEStapes iy liaee: allovs idupenddnt

i njection of super-saline solution in each stage inproves uniformty of
each st age trehtmgritrof eachFROX stage land wenttok over excessivensiripping tfloye rgge pehichnes

al l ows i ndependent _ treatnent qQf each RO stage.and control over excessive
strippi ng mwafua%élsmt&nmglwﬁ&yo & disruption in last RO stages. Fig. 11

shows a schene of i nstal l.ati on,ad ed for.direct Si- S r.ane

cl eani ng accord?ﬁ%{a]tlg%%%gﬁeﬁc@m?oafﬁeﬁt% W@]ﬁ%‘m& ggﬁwgﬁﬁgéfﬂﬁe%ﬁgﬁﬂgre own
brine of t ! : UBRIih | t 4 Ellﬁ;e]h shag of
t he permaa?rge rﬁ%}.ﬁ? iddslé%éoéfgg&q%éai nstaﬁﬁgl?lpgﬁﬁlﬁésﬂ{s?%ﬁfea?ﬂ%%ﬁ? at (k)lp HFi g. 4
but has tovdjeré BiveChing of HRSREY pivdile i@Qﬁ_Bdia&iSﬁpe@sﬂihbis@nﬁidr%aﬁqulih%ne 118
with a stop valve 120 connecting the brine discharge line 33 to the fank
62, and a ofithe pérmegte/bhe is dvployed.tBid installatiomés gimilae &0 thapof Fig. i4nlbuthias

connecting the perneate &ort 25 and the perneate tank 32. Permeate port 25,
pi pe |ine 2n injestiompuksysienn | 6 compsising addifienallyl apipgilingol 18 wih @i stopsvalve

Clibeyst om 180 sapreciitie e tegolisiire Bt Tt ot s2.And s tralipeive s *"°
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it under  permeate tank 32. Permeate port 25, pipe line 27 and valve 84 are made of

materials suitable to withstand pressure equal to the raw solution gauge pressure
15 PGr. |
Optionally, the subsystem 16 may include a permeate accumnulator 86 which
is a vessel connected to the permedte line 27 Betwcen the permeate port 25 and the
‘throttling valve 84. This vessel is adapted to receive permeate 28 and keep it under
pfessure PGp which allows mamtammg perrﬁeate pressure more stable during
20 cleaning. I | o ‘
| . Throttling (grad_ually closiﬁg) the permeate Iine 27 by the valve 84 allows |
increa‘sing the permeate gauge pressure PGp 'in the pénneate channel 38 (sée Fig. 5)
without a pump or any other special atrangement for this. purpose. This simple
pérme'atqvalve closing has significant effect on changing pressure forces on the
25 fnembrané. In the first few seconds after the pénnéate valve 84 is closed, the gaugé
pressure PGp increases fapidly whereas permeate osmotic pressure POp increases
.s10w1y. The difference between the pressure increments will disappear. in five
‘minutes, but in the first few seconds it is very beneficial for 'redirecting the
permeate back to the feed channel and allows increased efficiency of the direct

+30 osmosis cleaning which requires those few seconds.



pressure PG which allows maintaining perneate pressure nore stable during
20 cleaning. Throttling (gradually closing) the perneate |ine 27 by the
valve 84 allows increasing the perneate gauge pressure PG in the perneate
channel 38 (see Fig. 5) -wthout a punp or any other special arrangenent for
this. purpose. This sinple perneate vabge closing has significant effect on
changi ng pressure forces on the 25 nenbrane. In the first few seconds after

wher bas. per meat Al 2efies PR, B, B ARG b Whe AR o R ¥
bet veen ! NSupRAHE BsBhc SRR POLit HTARBRAO reliod INDsnfBi fréGurdpOs 1 ¢ he

first fews IS Vv I'cral” for "redirecting the™ perneate back

to the feedfdhasslationdsd aid skl to pesdds dlét Oriving dreysued forthedireet bsmasls
osnosi s cl eaning which requires those few seconds. -28- As the perneate

gauge pr es sleaning@rocessdFor examiplepifi pepmeateegavigd pressurcnBGpuip dncreased by tes not i ¢
pressure Pg, rd!é i S.possi bl e ﬁ@ reduce the gsnotj c presg;erg PGCs f the

sol uti on’ 692k Ahe gsmptic presspes e ofidhe prpeyisainesalitioncandie dergeased by tteRsnosi s
cl eani ng process,. Far exa i f permeate gauge pressure PG is increased
by ten 5 bi??f”?f%%@%ﬁ%e ssure POCs of the super-saline solution can be
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pressure PG may be T ncr

| over ed t o obetit §redsufd POsi gy He RweRed to e kel of briMeeI®bymblie prédsife, 30 may
be used as concentrated solution 64. In this case, solution 10 64 has'to

subst i t ut e wheeebyeathe bainier36 may beiused 24 canventrated iselutionsi# . \kn this icase, Sdtation
limtation to risin&t_he per neat e gauge, pressure PGp is nenbrane saggi ng as

descri bé@ Sfchas. topsubstituts the raw salin sphities) 2 b anddnétobe mminsdawithcitedheng i n

the tank 62 _as, copcentrated sol ution 64 when t valve 84 is not.throttl ed.
This all omé“&%@é’?n %&S“‘ES%}P%PEHEW&?PS&EBSSHF? E)S}P 3pPERbrane $A2eINe 35§ ne as
super-sal i ' is nmost suitable for seawater desalination. The

menbr anes @Eﬂﬁyga}ﬂgw%st allation with the injection subsystem 15 are

Preferably, brine 30 is collected for membrane cleaning in the tank 62 as
concentrated solution 64 when the valve 84 is not throttled. This allows obtaining
15 more concentrated brine. Obviously, using brine as super-saline solution is most
suitable for seawater desalination. .
The membranes of the RO installation with the injection subsystem 15 are
cleaned by the following sequencef .
| . L Opening valve 120 and filling up tank 62 vﬁth brine 30,
20 2. Throttling the permeate line by‘valvé.84 to build pérmeate back pressﬁre;_ |
' 3. Opening valve 66 fora few second and closing it; and '
4. Opening valve 84 to release permeate back pressure. | ,
- The maximum permeate pressure PGp during the throttling is preferably not
more than the feed gauge ‘p.1.'essure. minus half of the super-saline osmotic pressure
25" POs which in this case is the brihe osmotic pressure POb at the brine discharge . .
port: PGp = PGr - POb/2 = 75 - 60/2 = 45 bar. The NDP of the direct osmosis
cleanjng-prot:ess will be: . R . ' -
NDP(DO) = PGr - POb - PGp + POp =75 - 60 - 45 + 0.3 = 29.7 bar
. Fig. 12 shows a variation of the RO installation of Fig: 11 where brine is
30 injected by a pump in turns to the feed port lines of groups of m(_)dules. Injection



cl eaned by the 'follow ng sequence: 1. Opening valve 120 and filling up tank
62 with brine 30; 20 2. Throttling the perneate line by valve 84 to build
per neat e back pressure;. 3. Opening valve 66 for a few second and cl osi ng
it; and 4. Opening valve 84 to rel ease perneate back pressure. The maxi num
perneate pressure PG during the throttdeng is preferably not nore than the
feed gauge pressure mnus half of the super-saline osnotic pressure 25 PGCs
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Fig: 11 whised pipe Nimei23 oS8 RO imesdude 24y vipurdhetk valvenk22, Thrbitline edlve 84t t
| i nes of groups of nodules. Injection -29- subsystem 17 in this-case .
conpri ses belongsto the®O atoddedd'ct ed by its suction line to the brine

di sch i 33, _and Lyt i I njecti | i 124 ted f eed
oi pe 11 16 23 of 1o M) Aueie 24)symmbe i ok EERUR AMAB ZImany BHURQf QMU ve o4
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anot her. For thi's purpose, the line 124 is reconnected by neans 10 of val ves

(not shownjequence bre affeancther Fopthis parpidte, thedineelf istreobnrdeted Byhmamsis in
power saving during injection _of brine 30 tg the feed line 23 of the
v

current Iy ofvalyee(natshows) & ethsr Zroupswiimodules24nthe benfitpf this, schemeds i s
Do G e 1Bl NS B ERLS 1R 2GR IR % e
Leed 51 BhlPpflBkofiaBet o rothod of the present | muent on. For
With reference to Fig. 13, there is shown a cleaning unit 18 for cleaning
semipermeable membranes having a "feed" side and an opposite "permeate” side
15 from foulants located at the feed side by the direct-osmosis method of the present
invention. For example, RO and nanofiltration membranes coming from production
process have 'é salt rejection layer contaminated by residuary monomers and
oligomers. Removal of these residual components improves membrane .salt
rejection. The removal may be performed during .production"of the ﬁembme
20 sheet, before assembly of membrane elements in a RO module. | | '
" The cleaﬁing unit 18 comprises a membrane flushing tank 130, a hollow
'drum 126, supporting and tensioning rollers 128 and 129, powefed drives (not
| showﬁ), purification unit 140, evaporator 141, condenser 144, pipelines and pumps
. "as explained bel.ow.l : ' o ‘ '
s The hollow drum 126 has micro-porous peripheral wall and is mounted
, hoﬁzontally for rotation in the :ﬂusiﬁng tank 130. The supporting rollers 128 and ;
- 129 are mounted for rotation above the drum, with axes parallel to the drum axis.
A vacuﬁm pipe line 132 ébnnects the upper part of the drum cavity to a
" vacuum pump 135. An intake:pipeline 134 connects the drum cavity to the



process have a salt rejection |layer contam nated by residuary nononers and
ol i goners. Renoval of these residual conponents inproves nenbrane. salt
rejection. The renoval may be performed during production-of the menbrane
20 sheet, before assenbly of nenbrane elenents in a RO nodul e. The cl eaning
unit 18 conprises a nenbrane flushing t30k 130, a hollow drum 126, .
supporting and tensioning rollers 128 and 129, powered drives (not shomn)

purificati L4k N

B expl ai nedrifption S HIPRER Ehurdief cofiORRNRhe Mdnorklol Tt "REBREPBET L
and is nmounBetontiéts B \i’égbihtél‘)erﬂitﬁE:'dﬁﬁmld&Vit?e flushing tank 130. The
supporting rollers 128. a are nounted for rotati on above the drum

with axes paral 'Eie ¢vaporatori4ivhasas evaporation chamlpsr donnecttd 20 theocorslehsert he
upper part of the drumcavity to a vacuum punp 135. An intake pipeline 134
connect s tHéWhmha&wm;ectadtoﬁhetmk13|ch)1adls§ﬂatcrp1mﬂ38 140 which is further

connected to th vapor at or ,14 A return 136, connect.s t he evap at or
141 to the dr um e clegning, d aﬂdapteﬂz@ﬁh@ga%mgelp&g ARG 19hRe

et | ot e e 9‘5’%@?&9 eetaéi%“ﬁaf M SRR ke "daﬁ?lopé@“éaﬂaﬁyéng

menbrane shggh Pra% srt@éteﬂ?z{ﬁ r%ﬂs@af@uﬂ&ﬁh@%ﬁ’ér 1273 ieggg rol1&s), ifiderthé f the

drum peri phera rane sheet 142 is pa ar othd the roller 128

(entry rol 1196) andagwiadtthe rotlen 29 26xienoller).olel shéet dophdsefrod?® féeding reell | er) .
The sheet cones froma feeding reel before the entry roller, contacts the

drum 126 albefioretthe ehtoywollgracontadts tﬂltﬂadlplm i1 36 atarlg the lower pala@ﬂ ﬂltspmpmmlo n a

receivin reel3 after the exit roller e reels are tﬁ
rejectid andds &tomﬁ@na@@almtr@ elpthe e 1 &@reamt se‘awmacts

the porou vvaIL f _tthe drum,126 supponRts o

rol lers ar e MK & lfl%erelﬁsaﬁrt% pﬁeg&ts’éﬁrﬁﬁgﬁﬂte Wﬁ%egflé# é:%m%@ﬁe

sheet and C [ t I The

drum 126 may a‘]lls'rs]gv age a ?Eﬁ{c}r %E;e} ]8%1‘%@961%1 gk% g&g‘éﬁft @eeﬁ%bfgﬁgﬁlac}%gh\?\n th

respect of jdagteeiobeminee Prediterniined e6RIGHRY -of the membrane sheet and sealing
contact of the "feed" side 52 with the porous wall. The drum 126 may also have a

15 drive or a brake so as to ensure sliding with respect of the membrane sheet if

‘necessary. ,
_In operation, the tank 130 is filled with distillate 137 to a level not higher'
than the contact zone between the membrane and the drum wall. The drum cavity is
. filled with. super-saline solution 65 to4 about thé same level as the distillate levell in
20. ‘the tank 130. The membrane sheet 142 is then set in motion from the feed reel to
- the recelvmg reel, bringing the drum 126 in rotation.
* With reference to Fig. 14, an area of the membrane 142 while unmersed in
'the; tank 130 and ten51_oned against the porous wall of the drum 126, will be affected |
- by four pressures: low osmotic preésure POd of the distillate 137, high osmotic
'és pressure POs of the super-saline solution 65, distillate gauge pressure PGd, and
solution gauge préssure PGs. The two géuge pressures include hydrostatic pressure
and the air 'pressure above the respective free surfaces in the tank 130 and in thgi
drum 126. The balance of pressures, similarly to the previous embodiment,' is:
NDP = PGs — POs—PGd+POd



In operation, the tank 130 is filled wth distillate 137 to a | evel not

hi gher than the contact zone between the nenbrane and the drumwall. The
drumcavity is filled with. super-saline solution 65 to about the sane

| evel as the distillate level in 20 the tank 130. The nenbrane sheet 142 is
then set in notion fromthe feed reel #®l-the receiving reel, bringing the
drum 126 in rotation. Wth reference to Fig. 14, an area of the nenbrane

142, while imre nlgritvlﬂf% 30 4.an LBgtintiAe the Ur@s Wal |
of the drum 126*11“5%?1'4{:‘[ e a g%‘é& %}}W;ngég%rﬂgg%grgég:&aﬁgévuﬁslﬁgﬁg pressure
PQd of t hepetavké lof ahe piedvailidy obmoHOPréssubPOk afSthe supeBsaline ohtich iis sal i ne

solution 65, distillate gauge pressure PGd, and sol ution gauge pressure
PGs. The t meapsaithpd distidlate:d 3% witlahove througly $heaiembranes 442 dntosthe drivem K26
pressure above the respective free surfaces in the tank 130 and in the drum
126. The ban e@muaf axonpmaers andrpligomeys drom the piesd” side ehhgimegphrang s
NDP:PGs-P,Oi- Gd+PQd -31- The Net Driving Pressure wll be negative, i.e.
directed | ‘de the drum because of the prevailing osnotic pressure PGCs of

th -sal i b ' | St 7 4 hr ough
e e ane. L8 it StREte 0 st ToflEh s Beklpr L& RS ARV R et
fromthe "fgesimaticpresdurt FOBIE1AA6N 65 fAlls.: Méndmers tindl sligodhéts temoved

penetrates through the nmenbrane 142 into the drum 126 the osnotic pressure
PGCs of sol fronpiheGhembtdre. sukface contananate the golutions 66 The distillateclevelna tamobr ane
surface contam nate the solution 65. The distillate level in tank 130 drops

whil e the $30 drapsiwhiks e solutiondeuelimthodrunyd 26 dueseaseyo Todepp theesystem ém i n 1o
T i

evapor at or N 1 .ed. e [ 65 is
W t Iﬁdr awn ?";Ii%ﬁet%g%g rtﬁ%'lﬂ?rgb?%lg aﬁg’ (Eaﬁl? W%C%ﬁgﬁ urigﬁ Z%%a?@é)%gaﬁéﬂlgﬁf %gazzl e

ext endin ‘Wﬁ [ urface of the drum (not 15 shown). The stream
is fl ommgv?%ﬂtﬁﬁgéﬁi)lnt a S"gieg%eéiu into the purifi c((alt ion unit 140)where
nononers and ol Agtreatsofsctuti@ey édwlhikiddaint franl the drimy ferexamipte threugh an

elongated suction nozzle extending close to the inner surface of the drum (not

15 shown). The stream is flown via the intake pipe 134 into the purification unit 140
where monomers and oligomers are removed by filtration, for example via
 activated carbon or another sorbent. From the purification unit, solution 65 moves
into the evaporator 141 where the solution is concentrated by. evaporation to the
- original supef-saline osmotic. pressure. Then the superQsa]ine. solution is pumped
20 through the return pipe 136 back to the cavity of the drum 126. Vapor from the
' evaporafor- 141 is moved into the condenser 144 and condensed back into distillate.
The distillate is pumped back into the tank 130 via the distillate pipe 138.
. The vacuum pump 135 may be ofaerated to lower the air pressure in the
. drum 126, thereby preventing leakage of the solution 65 into the tank 130 and |
25 tighter contact of the membrane 142 to the drum peripherallwéll. |
| Thé merhbrane sheef motion expoées successive parts qf the méinbré.ne 142
fo the .cleaning action of the Net Driving Pressure. For better cleaning, the |
membrane sheet may be passed'a"few_ fimes forward and backward between the
 reels. Depending on the membrane type,' different variations of contact between the
30 membrane 142 and the drum 126 can be implemented. The contact may be also at



activated carbon or another sorbent. Fromthe purification unit, solution 65
noves into the evaporator 141 where the solution is concentrated by.
evaporation to the original super-saline osnotic, pressure. Then the
super-saline. solution is punped 20 through the return pipe 136 back to the
cavity of the drum 126. Vapor fromthe_sgyaporator 141 is noved into the
condenser 144 and condensed back into distillate. The distillate is punped

be. oper at eI PTSHE IR i B 'S“é icenind Gar e G R AEE PR B i ng.
| eakage of E&eht oﬁ@ u'tf SR bR Ouél llglchBOal%n(g m%@ﬁalt %ﬁ?{v&@”ﬁf‘% of the

menbr ane 1 um per i pher ABrane shee i Oh exposes

successi vVenjpibran®{s fdienowited ang HG%lodlfPe)t The GhéAbrane ni bOPasetd tiduplet

Driving Pressure. For better cleaning, the nenbrane shéet hay be passed a
few times the olearning uditiwitk aguppdreiayersinilae to theespaceDingersd tor 40hdedeeibednbr ane
type, different variations of caontact between the 30 nenbrane 142 and the

drum 1265 ca‘ﬁﬂb@ ¢rnmeeﬁ¢eﬁgéd2 angh 3. &%ﬁh@mmh@peb@ dth isdess thagthe widthpfitheat e
id f th hat ted that
The tor m. ruEgeED p%ﬁpﬁﬁeﬁq@ﬁ Thar b %1?%‘ ehsdbnastiaRBROVRL 1 ot the

menbrane i s not rough
t he cl eani ng unﬁ?ﬁgﬂéﬁddésgn port ggu'ecrﬁcél m alilhg’ spaceﬁregélyers ég or 40
described goNfefpldted BHatRvafolPdc S c8ul@r‘tfé lﬁadé fmﬂfbﬁt Ht@ﬂgﬁlﬁggﬁom ﬂfe%cb%e' ess

than the wdth of the drumpelp eral wall, part of tter

screened byfatheuipresdnt Goxemtion. AFdhoesgimples anindéronss cofmbimtions | ofetﬂm@ll ment s
have been presented, it is contenplated that various changes coul d be nade
wi t hout 1¢legbmpbnents, naturah sobitigns, veste: productss @tgamcnsehmom cafiobe asednio e,
nunmer ous confj nations of main 10 conponents, tural solutions, ste
product s, '%amlcﬂseomm@ﬁ%necaﬂeg@naseepqe&s p@ﬂf mPresenke HpyeRken.c| ng

process of .esent nven ese onbi nat i onsycan b | i.ed in

Gi 11 or ent séwﬁgﬁilpa% P D8 pBlipd i Ao A %m?rnﬂawftgilg% S in
di fferent ls O?ﬂ? n@g?u, d
before ne ane trégif&ﬂ;{egélgs'aien%rfzﬁ'ﬁ%és a ‘ftler hat uring rfég?%} gﬁgaﬁ%ss enent
testing i nbmd%émfﬁlhf&ﬁbt&ﬁe fedéméntt ¥ssembly or after that, during membrane

15 element testing in membrane manufacture facility.




-33- CLAIMS: 1. Direct-osnosis (DO nethod for cleaning a sem -perneabl e
menbrane in a reverse osnosis (RO separation nodul e, said nenbrane havi ng
a feed side wth foulant |ocated thereon and an opposite perneate side, a
normal RO 5 separation process in the same nodule including - feeding by a
feed punp, under gauge pressure PG, rgw.saline solution conprising solvent
and di ssol ved salts and having osnotic pressure PO to said nenbrane feed
side; - CS#G‘S& ng perneate having osnotic pressure POp from said perneate
to side, Eauge pressure PGp; and - renoving residual brine fromsaid
menbrane fleed sifsigectidighdsis F]ﬂ@?rrﬁéth@ﬂ fopichhniiig Wedeniypénitabld méetnbighe dri vi ng
pressure defined by the balance of the pressures PG, PO, POy and PGp;
wher ei n sdn @ rdvemse tosasiss(RO)e¢paration nmuehbe, sard nlessbrang havimgra feed sidd
feeding to said feed side of the nmenbrane, for a predeterm ned injection
time, w tidutfovlamploggtednthereen andnpn epipsites peimpeate oside,i 8nn¢iwsd) R€Jvi ng an
osnotic_pressure POs > POr chosen s t the net driving pressure

ch
becomes S nS§RARYAN Progess im{he samemogdu ‘6‘\9f a backward flow of perneate

towards the fee | | f i f | e .de. 20 2.
The met hod of Dgegél{égnl?}?\s fggd éﬁgﬁm"%{‘d gﬁﬁglﬁ%e?#et%ﬁéreolgﬁgt@@ ;g)larl];@s%}@ﬁ&g@ of
the super c‘éﬂiﬂr&%gs%l%hpﬂndjﬂ%%owéﬂ QKSR Raving bERdtceSWePOT BSRHIde PG .
25 3. The nmethod ©of DO cleaning of Claim1, wherein the osnotic pressure

PCs of thenaupmnedatd siesol ution is higher than said gauge pressure PG at

| east at a portion of said nmenbrane. 4. The nmethod of DO cleaning of Claim
1, wherein sai d ¢allgstiageparmeate havingr oymotie pacssnee BRYp fiompspisk perangader bri ne
end, and sajd nodul e furth %(r)lgpri ses a vessel accomopdating said

r
renbr arl8 SHE HAJET gAUgerIEsUSE POR;

- removing residual brine from said membrane feed side,
the RO separation being driven by a positive net driving pressure defined
by the balance of the pressures PGr, POr, POp and PGp;
wherein said direct osmosis method of membrane cleaning comprises
15 feeding to said feed side of the membrane, for a predetermined injection time,
without stopping the feed pump, super saline solution (SSS) having an osmotic
pressure POs > POr chosen such that the net driving pressure becomes negative,
whereby there is provided a backward flow of permeate towards the feed side so

as to lift said foulant from said feed side.

20
2. The method of DO cleaning of Claim 1, wherein the osmotic pressure
POs of the super saline solution does not exceed two times the gauge pressure
PGr.

25 3. The method of DO cleaning of Claim 1, wherein the osmotic pressure

POs of the super saline solution is higher than said gauge pressure PGr at least at

a portion of said membrane.

4. The method of DO cleaning of Claim 1, wherein said membrane has a
30 front feed end and an opposite rear brine end, and said RO module further

comprises a vessel accommodating said membrane and having a feed port in



-34- fluid communication with said feed side at the front feed end of the
menbrane, a brine port in fluid communication with said feed side at the
rear brine end of the nenbrane, the normal RO separation process including
feeding said raw saline solution to said feed port and renoving said
residual brine fromsaid brine port. 53%. The nethod of DO cleaning of Claim
4, wherein said injection tinme is determned as being the tinme of feeding

super sal i i ith: 14 G i i d port
such ¢ nat TGS AG A BidihaRg PR e BY SR fECR AR ipfocbeing 387 POI
second. 1@rfe pbeinHuiPeoAMUAR #lopaRith Gakf féelidide 4t thehrealbfing 8hd oftigani ng i's
performed either by feeding of said super saline solution via said brine
port and meérhbdineythegnermali ROssepdrdteadproceds, inctuding ffeeding gatd raamisdlisaiper
saline solution via  said feed port and withdrawing it via sajd brine port.
15 7. The sphttisndospidfoed | poshandyresnoving sadgesidual baine fiom said dring pore sai d
brine port and feeding via said feed port are alternated. 8. The nethod of
DO cl eahing of Claim1, wherein, during a cleaning 20 session defined

wi thin saigd inj [ t] [ ' S . . .sal i ne
sol ution isg var ielgl rﬁgtl}()ldrrrrgg D?c%?glﬁ%bﬁcg%f aog&'gﬁrgﬁ?aﬁg I%%Eﬁgﬁﬁnﬁ%,lssv\her ein
a maxi MumdethRiinéd aP bRtk filne B¢ feddifg ,sﬁFéﬂ SAir0s1htion Wit MXostn@tRGT 1S
achieved by at least two 25 contiguous injections of super-saline solution
of whi ch tphesstiter BOsen2PGinjvix saidsfepd rport aidinthas @kniotienpresdute @s saidi brims essur e
PGs < 2PG. 10. The nethod of DO cleaning of Claim8, wherein the variation
of said @onoehchesrb8BUr ot lR@st fos asecordn substantially above PG and
substantially below 30 PG . -35- 11. The method of DO cleaning of Claim]1,
wher ei A%sai d super saline

6. The method of DO cleaning of Claim 4, wherein said cleaning is
performed either by feeding of said super saline solution via said brine port and
withdrawing it via said feed port, or by feeding of said super saline solution via
said feed port and withdrawing it via said brine port.

15
7. The method of DO cleaning of Claim 6, wherein the feeding via said

brine port and feeding via said feed port are alternated.

8. The method of DO cleaning of Claim 1, wherein, during a cleaning
20 session defined within said injection time, said osmotic pressure POs of the super

saline solution is varied in time.

9. The method of DO cleaning of Claim 8, wherein a maximum osmotic
pressure of the super saline solution POsmax > 2PGr is achieved by at least two
25 contiguous injections of super-saline solution of which the first one injects super-

saline solution with osmotic pressure POs < 2PGr.

10. The method of DO cleaning of Claim 8, wherein the variation of said
osmotic pressure POs is between substantially above PGr and substantially below
30 PGr.



solution is one of the following: - water solution of NaC, 5 - residual
brine supplied from another RO nodule perform ng normal RO separation
process, - residual brine supplied fromthe same RO nodul e perform ng nornal
RO separation process; - said raw saline solution or said brine or said
pernmeate wi th added salt; 10 - residualgshrine collected during previous

cl eani ng session, concentrated and/or salt added; - solution from natural
source or waste product; and - solution of organic substance. 15 12. The
met hod of DO cleaning of Claim1, wherein said super saline solution

conprises pne OrriPiffibd | &€ B! LIeMiAg SF @ihinf °F, Whel AR $4il Ssuper Sofife! NG

additives; - enzyne additives oul 1 ng renoval ; onpounds active

i n bact erigltediydrorel ¢fithe faﬂowir%':ossm ved gases; - tracing agent; - higher
tenperature; 13. The nethod of cleaning of Caim1, further including
changi ng of 25 water solution bof dalde pressures PG and PGp during said
predeterm ned tine, 14, The neth of DO cleaning of Caim13, wherein the
gauge pr5essure'llf’§1§1u?1§bIIH€|SBBB gr@m anafher RQ madu P%frf@nfl’é’édi‘q{&f’izﬂ
super-saline solution. -36- 15. The nethod of DO cl eaning of O aim 14,

wher ei n saﬁeaa’iﬁgoﬁd’dﬁ?eesshas at |east one perneate port in communication with

sai d_permeat e i i) Wi SRMIAGFOMd BineNOGHITR HlriFfFEHomeand

i ncreasi ng of sald gauge pressure I's per rottlPng said
permeat e [ROtsephratidn ptb€esdet hod of DO cl eaning of O aim 15, including
accunul ati ng and

- said raw saline solution or said brine or said permeate with added salt;

10 - residual brine collected during previous cleaning session, concentrated
and/or salt added;
- solution from natural source or waste product; and

- solution of organic substance.

15 12, The method of DO cleaning of Claim 1, wherein said super saline
solution comprises one or more of the following additives or features:
- cleaning additives;
- enzyme additives for bio-fouling removal,
- compounds active in bacteria dehydration;
20 - dissolved gases;
- tracing agent;

- higher temperature;

13. The method of DO cleaning of Claim 1, further including changing of

25 one or both gauge pressures PGr and PGp during said predetermined time.

14. The method of DO cleaning of Claim 13, wherein the gauge pressure

PGp is increased for a short time before feeding said super-saline solution.



keepi ng pressurized perneate in fluid conmunication with said perneate port.
17. The method of DO cleaning of Claim1l, wherein said feeding of super io
saline solution to the feed side of the nmenbrane is perforned by a pressure
exchanger in one of the follow ng ways: - using the pressure of said
residual brine and a booster punp; - ugigng the pressure of a feed punp
supplying said raw saline solution and a booster punp; 15 - using the
pressure af ' Sal _ | | Ytq tling
Cai a gaugel pr essTEEREYPROLLENRE & CRt 1R, Witril sild RO, dRue Rk
super - sal i [@gstSehé!t p@thea®MpHtt fih OfdhhfinkéARRU WatEXalP HemeattS sidehef niaghod of
DO cleaning of Caiml, applied to a plurality of RO" 20 nodul es arranged in
a mul ti st agemBeanenfirathkatolleotivt ef permsatdy ahd incrogsing todisagt gauge pressael i er
stage is used as raw saline solution in a next stage of said installation,
sai d DO clR@niinpefermed pxthuotihing seippermests poi. each stage of said
installation, wherein said nethod includes partial discharge of residual
brine obtained in the stage where the DO cleaning is performed. 25 19. A
met hod accpg di ”grlgé’ n?étﬂb(ﬁnoé“’ Dﬂ‘gfeﬁhﬁﬁt@ffdé’iﬂfﬁ SS%élpﬁi[ng%&tuhﬂnatiﬁQ%HH' Ses a
ed wmt ut Fon.

concentrated sol ution n x sal @ raw sal i né 'so
keeping pressurized permeate in fluid communication with said permeate port.

17. The method of DO cleaning of Claim 1, wherein said feeding of super-
10 saline solution to the feed side of the membrane is performed by a pressure
exchanger in one of the following ways:
- using the pressure of said residual brine and a booster pump;
- using the pressure of a feed pump supplying said raw saline solution and a
booster pump;
15 - using the pressure of a feed pump supplying said raw saline solution and
throttling said gauge pressure PGr to become lower than the pressure of the

super-saline solution coming from the pressure exchanger.

18. The method of DO cleaning of Claim 1, applied to a plurality of RO
20 modules arranged in a multistage RO installation where residual brine obtained
in an earlier stage is used as raw saline solution in a next stage of said
installation, said DO cleaning being performed separately in each stage of said
installation, wherein said method includes partial discharge of residual brine
obtained in the stage where the DO cleaning is performed.
25
19. A method according to claim 1, wherein the super saline solution

comprises a concentrated solution mixed with said raw saline solution.



