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-1- RO MEMBRANE CLEANI NG METHOD FI ELD OF THE

| NVENTI ON This invention relates to cl eaning of
reverse osnosis (RO nenbranes such as used in sea
and bracki sh water desalination technol ogy, for
muni ci pal and industrial water production, in
particular to cleaning by diregct osnosis. 5 BACKGROUND
OF THE | NVENTI ON The process of reverse osnosis (RO
desal i nation of raw water includes basically the
followi ng: - providing a sem -perneabl e nenbrane (RO
menbr ane) which allows passing of the solvent (water)

“nol ecul es and rejects dissolved salts, and di sposing

1 o the RO meROMEMBRANE (GILEANBS6GeMETH®Ei ng

the raw water to one side of the RO nenbrane ("feed"

si de) "under gauge pressure higher than the osnotic
pressure of the raw water; - collecting perneated

desal i nated water fromthe other side of the nenbrane
("perneate” side); and 1s - renoving concentrated

saline water ("brine") fromthe feed side (also
ME@@FTE%&PEM' de). Raw water used as a source

for desalinatjon by reverse osnosis, besides

di ssolhisdnvestiopgrelatey tosgleaning of seversn esmasie RO) membranes such

Bt o B R o | SHAS 8l o

lgg%té M@E ﬁpngcg‘ééﬁéﬁ%‘gﬂ%ﬁﬁ%& gRGEE, ésﬁ@é;ﬁ% nt”

solids. Pretreatnent systenms renove a significant part

of the suspended solids, but are not able to renopve
BACKGROUNR OF THE, WWVENTION s (spended sol ids pass

the pretreatnent, system reach. the RO nenbrane and

sti ckliGpracssy o Jeverse QSmOss PR% fesglination of Tawewater includes
f oul n&ﬁeeﬁﬁ unul ated on the nmenbrane surface provide
hasieally €ions for growmh of bacteria. This is

refer rﬁpf}‘;&@flgﬁ% _tge?ﬁifﬁé%eggle Hthtrind RO™3EmbRint] Ihich allows

formo
passing of the solvent (water) molecules and rejects dissolved salts, and disposing

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;

- collectiﬁg permeated desalinated water frbm the other side of the
membrane ("permeate" side); and |

o removing concentrated saline water ("brine") ‘ﬁ'o_m the feed side (also
called "feed-brine" side).

Raw. water .'uvsed as a source for desalination by reverse osmosis, besides
dissolved solids (salts), includes suspended particles, orgénic érid - mineral,
collectively called suspended sblids. Standard desalination technology includes a
filtration system called "pretreauilen " 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

pass the pretreatment system,, reach the RO membrane and stick to its feed surface

as "foulants". .
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Sonme di ssolved salts may al so precipitate on the
menbrane surface, forming 5 scale. The RO
desal i nati on process is designed according to the
solubility Iimts of sparingly soluble salts.
Somet i mes super-saturation conditions can occur.
Desalination close to the satyration |imts may cause
formation of mcro-crystals, which serve as

 Cypi cabey Tl SEmUSIE o6 dhe, DRbrai SRriags | oyide favorable

Co - . i .

SRR EORAE O Hadeta TREErIRIELE AEPL Ry Re, atdis the most
qepabrIelifigls My foul the nmenbrane surface.

Consequently, 1h this description, raw water after

pret r SainEadissolvdd sabie mayphlse Précipitaiebh ke fRmbirane suice, forming

will be considered to conprise solvent (water), _
stiades ATheeR Osdesalinatioh prosesscistdesigned abeorting to thefsolwbdlity limits of
menpr ane has_reduced separability of the dissaql ved

sparingly ngolublec r sadise dSpmstimese superssaturghen oeagditianse can  occur.

ESAISTROE o, W i SO LA ey st OGRYRLh, ob Feryerystals,
@Hicaaf%?%s@o Pleeith HeRaE. FASPUR sl BRI el dont
Gl OISl IR BRSSO WEAT S, v scaling of
theahémbraneMor e ef fective nmethods far menbrane cl eani ng

are based on using direct osnosis (DO for creating

per neAs seba flona tie abowe, nbt onlyhsuspended sotidb mame foul She membrane
flowcan lift the fouling fromthe nenbrane surface so |
surface; Cansequentlye i this degeriptioneray i wiates tafies pretreatment will be

callel i saltne aluion, g Wil e CeRNAP 1o RamBHSS polvent (water),
| ing., T t that wh the RO 4
T SR R e TR, ococe of por moat o
dugt ' d : ™Y .
St Iu1‘5&3iadlgplflﬁ'cll ed fg : Eeh?sgg%dl.{sc?geseg?fﬁp i Irr@frbﬁ%r#cg%g()Mdl Salts and
ReRased plesdure WdsBORRd, Rh&RFMEShdsTb bRlcld@egl under

pressure |ower than the osnotic pressure of the -3-

sol ut CommorPeteteadseforscleaning ithel foulahts efrprar theafeed she@brane side

of the menbrane al so without pressure. Patent -

inpplviec sioppimg\iR0 B4 abaalidationg peocess iand r purmping cleaning chemical
auge pressure = '

s%lut(i:]onspalong the feed-brine side to wash the fouled membrane surface. Such

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

More eﬂ'ectivé.methods for membrane cleaning are based on using-diregt
osmosis (DO) for creating permeéte' backwash flow through the RO membrane.
Such flow can lift the foﬂmg from the membrane surface so that jt can be removed
with the brine stream. | . '

. Publications EP0768112 aﬁd JP2000-079328 disclose implementations of -
the diréct os,rlr-losis‘method of membrane‘cleaning. They suggést that when the RO
memeahe 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
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at the perneate side of the nenbrane to a | evel
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 et bal ance of pressures
provi des power for the dlrect osnosi s process and

SOBLAL RSP Rundk e Bl 1R e B BREiggnt RGP withour

he ) process can be eaS|Iy 1o resumed. However, this

t% “requires that high-pressure perneate punp and
expenphatenit applicatRBS WO ENI4/PE2Te g ceas lifcreRANSTRS Sauge pressure
col l ection piping system high préessure valves, é&tc:

at thegpepinegtecside of trdmembrane toaslevel slighitly beluwmblerfeed pressure of
that is wusual I_ﬁmused at the perrreate si de. Hardware

rayp salinmeolutionyThis ds dereby bgek pumping the pammeatesfor of few seconds.

35300 AR i P o opL A e oot
fol | Rev

a%ﬁ%&sa?ﬁﬁzsﬁeﬁ?émﬁsnsggﬁm S rRSrd hravidroedfet the direct

65 ot R A S1cire®) THI BRAET Wbis! Gfifbing of feed
gﬂh@b ¥ind/dk %&reﬁéﬁ'ig 'tl%‘feeti Qe rg'éﬁdihre S0t theRO Mes?sa can be easily
472, are a variéty of nbranes. - Super sal 1 ne
esliedo Howeves, ﬂﬁé whethod weqllnr@ thaik thiglopessstreapemieate pump and
substantially her than the raw saline solution

¢xpensivet &tm‘pletssstb @ermieatal fants; permeatBaollection pipihg system, high
i ncl ude here other m croorgani sps _causi n% bi o- f oul.i ng

prgsFure a‘@l‘éfFSgﬁéc o8 souplgyed Justeats of JoWecqs @i@mpe@gulpment that is
rec S clea esses have a. nunher
il nsfa 20 e oA ok T AG B ACE B g IPsesspignificantly
d I t mb Th
B B R | L e Ty i s e

time, whereas the direct osnobsis process can be
conducted for only a few seconds and only 30
$W¥I@Iﬁ%ﬁ“@ﬂ@ rocess stops. This definite
rel atj onshi p _petween_the -4- verse and djre

os nos/Tsthiy aadg@ggn,. asfemuiseas il lihedise @pn‘(mon@ﬁﬁ as follows:

requir d for er rect OSI’TDSIS s fromthe dlff%ence

in sal Renags e Tty 4 smi-permeable membrane,

spiral, hollow-fiber, flat sheet, etc whlch operates . by rejecting certain ions. For

example, Nano-Filtration (NF) membranes which mainly reject bivalent ions such

'as Ca'?, Mg*?, S04, are a variety of RO membranes.

- Super-sahne solution means solution with a salt concentration substanhally

“higher than the raw saline solution (raw water) used for desalination,;

- Bactena W111 mclude here other microorganisms causmg blo-fouhng, such o

as algae and fungi. ’

The above-preseﬁted.direét 6smqsis cleaning processes have a number of
disadvantages stetr_fming from some peculiarities of the: osmotic processes in -
desalination membranes. . . |

' The RO process can be maintained for virtually unlimited time, whereas the

direct osmosis prc;cess can be conducted for only a few seconds and only

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



10

15

20,

25

t he menbrane, which is provided by the RO process. The

direct osnobsis process wll stop in a few seconds
after the reverse osnpsis process stops, due to two 5
processes taking place sinultaneously: - Salt transfer

t hrough the nenbrane which lasts until equalization of
the concentration at both sides (although the
menbrane is sem -perneable, it does not absolutely

{ | i f - Salt. trati h .
Tengra il plepREmiods piocRRes iIBREE Jndbt SRR the Bawprisguired for
RERERE bSpBES SRt ol e dIRERACE i Syt LoncenfiReidh e teifro sides of
W nferib¥ah8C Whidh iseMRVIdedERPERNRO Provess. RPeTBRE tCosnbsis process
the sane tine, perneate pressure is comng to vacuum
anidl stoprim asfemoseconds gifiepethemraverse @SB provesy IsmgyaJ due to two
areas of nenbrane that remains not cleaned. 15 |

mrocasaesdakingsplpes sipunlianedusly: pressure in the central
perneate col |l ecto

r of RO npdul e, jt is not, able to.
" each -poalt SREREF el e mﬁgwgtﬁwﬁk@ lpste il qualization of the
FOnBARFLop g ek 5158 e ey 15 serbi BB ERFable, i does not
' |t Bpex. tein th tral t
ZBp Bty SOp A PRSI | oo U he. menbr ane.
peri phegatt chavdtRitionSoiP Bhe/ iritdntiah & fperbhte’de Rh@eadds Sue to the

nore than 0.5 bar nmay destroy the frenbranes due to

idirect oghosis prdcescagwater padses teethedded sider e transfer

fromRO to DO process is based on decreasing the feed

si de dRusyto tithat ithe, DQy praseshtakes placsdalang s wholkhsurface of
whol e nmenbr ange mnv&s in the RO nodul ¢ during fqauge . .
SVeEysmembrang ineneoRO medule iprthe samg (4pe pesmeats pressure is coming
i.nt erconnecgtJ ons bet ween., menbr an 25.el enent s; Ever ]
8 SEGET AR] hetR (s Aat EROLR LT A S IR dCa RS AL arcas of membrane
ttﬁﬁ'?éfnﬁin‘g%oftﬁ%gg to DO process causes nenbrane

saggrng.

€ sagging causes | ocal nenbrane elongation

i n- belIf\g&'i‘nédi@ if fl?ﬁﬂﬁd%tﬁdiﬁ gfr&ﬁﬁr il A ceRfaPperitdte collector of

damage of 1ts sa rejection layer. Large saggling can

asROembduke)iin & honabledtodeatiy petiplerak pirteof;the membrane permeate

~Ceaning forces are.limted to raw saline sol utiaon
-channel dup te prassure drop imthe tightlyneotndimembrane (eeFagpl2). At least 4
-for brackish water RO_desalination s%{]sterrs and for

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
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 fyressure have a few more disadvantages: |
" - The whole mf:mbrane moves in the’'RO module during-gauge préssure )

reduction, - which often causes leaks in interconnections between membrane

-elements;

' - Every reduction of raw water pressuré and subsequent transition from RO
to DO process causes membrane sagging. The sagging causes local membrane
elongation in-between the fibers of the feed-brine spacer and darnage of its salt

rejection layer. Large sagging can cause delamination and damage the membrane;
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sewer age water desalination. The nethod where the

per neat e gauge pressure is raised to provide direct s
osnosi s process has a limtation - to prevent menbrane
sagging in the feed direction, the gauge pressure at
t he perneate side nust be kept significantly | ower
than the gauge pressure of thesraw saline solution at
the feed side. This requirenment further limts the

U ivant Reing Rregd aitimieRE o8 M8 S3fin tothfiS Boi G orespure, so that

Qﬁecﬂr@ﬁﬁé oF sEUERIE. ?ﬁo‘é‘%ﬂ&‘ﬁmﬁ t*‘ze RAforERystems and for

gévﬁt&ﬂiﬁsﬂlﬁhdtﬁﬁr RO desal i nation in a whole RO
nDduI does not require special costly equipnent,

does fMhe methivdewhére thegenmamesgauges pressare isyraised toeprowde direct
environnment and has, nunerous ot her advantages as_ wil|
bemesis vpropessohias 6 linpitatinnor danprsvent maembrapeesagging in the feed

i.nventio there is rov ded a dir, ct 0oSnosj S
dixertion, by SaVSSpres t.sﬁeaﬁmﬂy lower
ation no The nme ran has ds.rd
R R e R géﬂwéfﬂasrrwsﬁ@m ititattob T Sigf, Tl rluirement
[ tel and an opposrte rear brine end.
%Jﬁm dﬁfﬂlE éag%g%rr Ses a vessel accommopdating the
menbr gRgs,ahe gﬂﬁy tsﬁﬁbtfﬁ:gé e efivehtior isliotovi@come the above defects

conmmuni cati o d side at the front feed end

of thehdireveoibmass cleaning nethqusrahdito ptovide an @ffective eleaning method

with the feed side at the rear brine end of the

wihidh may, bemrﬁn‘mledawrthoutestpppmgaﬂle ROr desatination in a whole RO

co ni ¢ation vvrththep ate side, of the nmenbrane.
mTﬁ‘e §ﬁ¢s ROt s EQFRHER i SPRCIBF oRsHY ieﬁu’rpﬁ@f%:aré’%a@t edamage the

RS, rqrtireﬁﬂr% b SRR o BB ner o B adyantages o

&z‘?ill!)e vpg osnotic pressure PO, to the feed
er to the nenbrane feed si de; -
col | egf hé&)r@ﬁ{c@%ftﬁ thepte3entanvBitich, BiGE S8 pPoVie¥d b d¥ct-osmosis

the perneate side via the permeaté port, under gauge

(DO} metleodar;cleaning e semi-permezbleiembrane in & ROnsépeeation module.
rear- brine end of the nmenbrane feed side 30 via the

- The maembrane has a GeedrisideD@ithe fowantolocatad thareom | andnam pposite

20

is characteri n_t hat er sal,ine :
permeate gide a éont eed en du gn opposite rear brine end. The RO module

comprises a vessel accommodating the membrane and having a feed port in fluid
communication with the feed side at the front feed end of the membrane, a brine
port in fluid communication 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 membrane The normal RO separatlon process in the same module mcludes

25

- feedmg, under gauge pressure PGr, raw saline solutlon comprising solvent '

and dlssolved salt, and having osmotic pressure POr, to the feed port and further to

' the membrane feed side;

- collectmg permeate having osmotic pressure POp from the permeate side

_ via the permeate port, under gauge pressure PGp, and

30

- removing re31dual brine from the rear brine end of the membrane feed side

via the brine port.



sol ution having osnotic pressure PCs > PO is fed for
a predetermned 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 provided at |east through a 5 portion of the
menmbrane so as to lift the foupant fromthe feed side.
The osnotic pressure POs of the super saline solution

enst T BEHRRLes RN B EY Rl 8 g per sl

1 o eﬁ . t i P . . . .
Sl SKAARE iR SO PERCS N0t el HpredBtimined ifection
tieteetoribieefded sideusihthe knetnbranedhstead of e gvpeiliasolntion, such that
solution wth osnotic pressure PCs = 2PG via the feed

backwatdaflowhef permedte tpwerdsuthe feedisidecis providesl bt least through a
port reaches 1. 8PG at |east for a second. The

periian of the anembranpeg as o ifidhe fpantdsomithe &adgiden may

Do S B OR eSS A e

10

15

20

25

30

i t4i 2 q t i . . . .

T Bl e Pt b TR RE R0 il o P ¥ipsti Al infection it

?}gﬁ b A 3 1Q7 : he menbrane surface, or
gié ectmﬁ&%&ggcﬁé&&d@hﬁo@egggﬁ pur poses. Feedi ng of
t he sOpberinfeetion ginse® bf theosupepyaliee feedfio prefdrably defegmined as such
brine port and wthdrawing via the feed port and
tinweof/feeding sBpeihsatine golutivnswithreymbtic prdssured®©sl=i3PGr2¢a the feed
one cl eani ng session. The osnotic pressure PGCs of the
papdhatsthe iosmotiolpuessure meagsured atithedntingparhreaches 1.8PGr at least for
cl eani ng session, for exanple from substantially above
peecandl. substantial ly below PG . For achieving osnotic

ek B BRI R PR T sl o e
A T T R
W% dabinB! OISt i be setéeted 1HhavBIKIgH PhidSrEh@RNARE osmotic

urther 1 nclud€e change of one or both gauge
pressurerBOs BGitakls dfoP@issdivihg gniche cpystals toar thenm@nibrame surface, or
In one enbodi nent of the nmethod, the gauge pressure
setection imay beasade. fovboth p@posdsort ti ne before feeding

t he super.-saline solutjion, for exanple “thraottlin
the - 1Jz“geding of the super saline SOllItcl)OH mayrg% pe o%med via the br%ne port and-

withdrawing via the -féed port and vice-versa. Both directions may be alternated in

one cleaning session.

The osmotic pressure POs of the super saline solution may be varied during ‘ '

a cleaning session, for example from substantially above PGr to substantially below

PGr. For achieving osmotic pressures of the super saline solution higher than 2PGr
without rﬁembrahe sagging, two or more contiguous ‘injections of super-saline
solution may be used, ‘of which the first one injects super-éaline_ solution with.
osmotic pressure POs < 2PGr. | .
| The method of DO clcam'ng may ﬁ.lrther 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 |

| short time before feeding the super-saline solution, for example by ﬂnbttlirig the
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pernmeate port. In this case, the osnotic pressure PGCs
of the super-saline solution may be substantially
equal to the osnotic pressure of the residual brine,
so that the residual brine may be used as
super-sal i ne solution. The super saline solution may
be one of the following: 5 --fater solution of
techni cal grade NaCl; - residual brine supplied from

BREbage At TR e IR SR BBl PR 3G ShbPspline solution

%}{J% Qﬁ‘bd%n(}iﬁ@i S t@fﬂerk?sng(ftéczj#@@éuré RS Rl beiRe, so that the

ecte urr'ng’ previ ous I ng sessi on,
eevidedltbritieatlapbe hed asdupendaless solfkion,sol ution from
natural source or waste product or solution of organic
subst dfeesupehsalingsetution may be onaof tre followingpr i se one
or nore of the additives or features |ike: cleaning

addi t i-weater solutiom ofteghuicekgrade Nagilo-  oul i ng renoval
o222 i b B Gk 504 B2 B BN normal RO
| ' uper - sal i |
SRR B B Bom P meBERO B ABLTTL Suchanger for
exanpl.ght Bayalihe 'sbﬂ#gﬂioﬁ’ﬁ!ﬂhat biifié BF shp& dalline %{fb!}gidﬁf collected

the residual brine a booster punp; - using

uging previofis tlaningessivrlicopdehttatédard/of sghtiadded?0 -

using the pressure of the feed punp and throttlin

sai d gasajutipn efsemr patRal saurcd @rowasteopraduchan sdhetion of organic
pressure of the super-saline solution comng fromthe
§F@§@Mﬁb exchanger. The nethod of DO cl eani ng may be

appl i to a plurality. of RO nodul.e arranged i.n, a o
oot i dihe,Site s solufioRoma SrapTises pag 4 BT of thé additives or

TP otk Pl 'y SRR RIS 20, (PRl removal,
EpBuAds RvO S BAEALTRyARIRNAIBLING REL BAGHE ot higher

e“installation an e partia I'SC

ta@npetufire uri abseiifl ox§gen.n the stage where the DO
cleaning is perforned. Agcordi ng to anot her -aspect of

t he prlhsefeeding eft super-salinms solutiqnr mdydbdd perf@romed by a pressure
direct-osnosis nethod for cleaning a sem perneabl e
aeforexamplein the dellowing ways: -

- using thepressure of the residual brine and a booster pump;

- using the pressure of the feed pump and a booster pump; _
- using the pressure of the feed pump and throttling said gauge pressure PGr
to bécome lower than the pressuré’ of the super-sé;line.soluﬁon coming from the |
preésufg 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 |
stage is used as raW saline éolution in a next stage of said installation. The DO -
cleaning may be performed separately in each stage of the installation and may -
include pﬁrtial diséhérge of residual _brine obtained in the stage where the DO
cleaning is performed. . |
According to another aspect of the present invention, there is pfovided a

direct-osmosis method for cleaning a semipermeable membrane having a "feed" -
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-8- side and an opposite "perneate" side, from

foul ants | ocated at the feed side. The nethod

i ncl udes: exposing a portion of the perneate side to a

weak solution (perneate) of |ow osnotic pressure POp

and a corresponding portion of the feed side to a

super 5 saline solution of h&h osnotic pressure PGCs,

POp < PCs, so as to create a flow of perneate towards
. r' . .

PIOR, S PRl fidale” SidF TR M RERE Rl ot 1 feed side. The

Hethd®inelis: sal i ne sol ution together with the
foulants fromthe feed side; and 10 - displacenent of

t he nerdxpesiagwpasiohwftthp peemsatbside tnh weakt ssloiom{permeate) of
the nenbrane to_the |ow and high osnotic Fressure
e

b wsmotis. pressuire PEmand) a eotresponding pagianer thenfeed sidgrto a super
the foylants_ fromthe,stream er i ne
§§msa$ wtion gf lghsesraptic,pregsge é’iﬁﬁﬁ’. ﬁriémoeasﬁ@acrﬁﬂe a flow of

bifFucl AP 08 e R0 S0 By i BBl hpBadpiine gptants from

3 fmeate may be maintai ned by adding new
%afr?tg?tsf&;é of perneate and/or by desalination. The

per meagdtlRitgwvinge Sitided of el sipessilitiel solutivretop s wihl the foulants
separated by a  porous wall and the exposed portion of

fiom therfeedmidej anchel d i n seal ed contact with' the

porous wall. The feed side of the nenbrane may be hel d
i n ot displpcenrent of thy membrane 80 a8iito gxposet subsequent porfions of the

RES ML o RSB SO e 101
gauge-qrLe {hsr- 8@%?;?% the {18 ﬁ ﬁ{gwer tg?'r']fil:l:;

ur tndReietide fpeth @l mad GoBRAERGxal 6F e flflale? frofn the stream
B Sfbed i s NRDE e sirafin? BF ik odin ¢ b BSREIADY o the stream and
feb@rnisl dor clealjh'gfoﬂhélﬁwsgi{{d&ﬁp@ﬁﬁﬂfs?d for filling

wi th weak solution (perneate) of low osnotic
pr essilhe 18@p;osmoticspressute ROp cofnthe peancatel thay He maimtgined by
W t h super-saline solution of hi 8halosm)ti C pressure

es

mdting pey quaptigies of permeate and/or by ination.
' 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 with

. the porous wall. The feed side of the membrane may be held in rolling contact or in

sliding contact with the porous wall.

The super-saline solutiqﬁ is preferably held under gauge pressure PGr which
is lower than the gauge pressure PGp of the pErmeate. S

According to-a further aSpact of the present invention, there 'is provided a

system for cleaning a semi-permeable membrane by the above direct-osmo_sis

.method, including: .

- a first container adapted for filling with weak solution (permeate) of loW

 osmotic pressure POp;

- a second container adapted fc;r filling with supgr—salir‘ie solution of high

osmotic pressure POs, POp < POs;
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-9- the two containers being forned such as to all ow
pl acing a portion of the nenbrane between them so that
the feed side of the nmenbrane is exposed to the
super-saline solution while the perneate side of the
menbrane i s exposed to the perneate; s - the system
further has neans for displacegent of the nenbrane so
as to expose consecutive portions of the nenbrane to

e S50 APPSR e o BB pion of e
Bt A5 0 0 0 O P st e
Sl Mk e bt SET b Wt o e

BEméREUrning it in the second container. The cleaning
Systemmay i nclude neans for maintaining the

super - h¢ systemsfilrthier dvas inmeank or displatenent af ke memlsrane so as to
gauge pressure PG which is |ower than the gauge |
EXpesehoBsErgivepartiensoef: the membrane e the super-salinesalution and to the
for exanple a vacuum 15 punp connected by a vacuum

PPReal® t he second container. . The cleaning system

o o e A S5 PR A ok SYRB AP  srcam of the

r . . ' i
PRSP sCRUBA TG MRS oBlalils (OB OBy for removal
of tfulaBBNFofr0 thaTeirddrai 6 Bper Nvalihe welutivin, trestobstiore of ¢he osmotic
20 therein while the second container is a cylinder
pressureiR(s incthe stradmlandretirning ipinrthe seqoad qontainér. wal |
mounted for rotation in said tank. The systemfurther .
has hharsieaning systenb mayginchidepaieans for ninintaining dhe super-saline

ik s Wl e S
N e
piifip 3 nhectl B9 3 ol B B e T por € ons

of t hFheelé 8ysteml nayRacludBahedrsofor bintsifingeeieSlow osmotic

tank is filled wth perireate and the cylinder drumis
pressurd PO of thepermsateiin ¢heshist comtainepr ef erably to a

- level not higher than the sealing contact between the

bel t Aseonding ]g;bemq)pmbgdimgn lof the cleaning system, the first container is a
flushing tank, preferably with means for maintaining the level of the permedte .
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 tensioning the belt around at least a portion' of the lower part of the

peripheral wall so as to provide a'sealing contact between the feed side of the
membrane and the portion of the peripherél wall; and means for rotating the drum:

and advancing the belt, preserving the sealing contact between consecutive portions

 of the belt and lower portions of the peripheral wall.

For operation, the permeate tank is filled with permeafe and the cylinder

. drum is filled with super-saline solution, preferably to a level not higher than the .

sealing coﬂtac't between the belt and the peripheral wall.
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-10- The neans for rotating the drum and advanci ng the
belt may include a nechani zed drive for rotation of
the drum and/ or brakes. The neans for tensioning the
belt may include an entry roller and an exit roller
with axes parallel to the drum axis di sposed hi gher
than the drumaxis so that shhe belt can be w apped
around part of the peri phery of each roller. The

rollers may ve i ndepende driyes, or brakes. The
pr eserithe] W?}m %f@ﬁﬂégsthﬁ (ﬂ’BV’eF'n‘X Asvareing: thenbekh mase include a

tre%gr]g]:elisa dglvgzst e ‘ﬁﬁltﬁﬁu n aéqg@?\%gke%ngo be foul ed
envi T qEERbald HorRERBDAITR e BARART! MofilE/ah LAWY FBM nd an exit

the présent i nvent ep ng me

SOy Wifla ke HAr8RE] t8)the arif 2K Gispdsed B fer tﬁéi*?ﬂiéd&ﬁm axis so that
and short, ‘several -second, sinple bac shing -

tlesbelvoan bd neappbdoarvagé attfoftmepemphm tof oaclarcdleral“he rollers may
Transfer fromRO to DOand back to RO process is

hev¢ independent drivesior brakes.y for the nenbrane; 15 b)
Trans&&r fromRO to .DO a dbacktfRO|s per f or ned
w t ho esP’E?ﬁ%‘iltngwePH@nf €S ptiPVE aﬁpgﬁhr@ diakelFL treatment

b%sf‘%f’ b I S BEL ko BeORATS hE R CE1cHER R (BB b Dearessive

| ncr ease E@aﬁﬁg%l%ﬁﬁﬁgkﬁéﬁl 34 rfg‘é/glrjl?flffzhguﬂlt%g)r{e%ent invention
BfferEldepiriPmefbratits demtintally c}éhﬁo? s evﬁ%qué‘ﬁt, Bvstiday, and

saggi ng and danage to nenbrane; entli ve

shergniseeeralsseebhdc tsimpleartackiflushingt essiens. t The nadvantages of the
continuously clean; 25 g) The nenbranes are not noving

inventien ates ROrroduIe during transfer from RO to DO

) e ARt gomoRBeic B aid Bt B DERPEB & PRtrined fst and

sal i n lutign osnotic, pressure; and can be
g Eﬁ’i@e Ciﬁ@nes’alt concentration of the injected

SUper py fﬁdﬂ%fer SEMHROYS DO and back to RO is performed wr[hout stoppmg

the feed pump or pressure decrease;

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
increase; ' '

¢) The membrane remains pressurized ;co the peﬁneate spacer during DO .
cleamng process, without sagging and damage to membrane;

- f) The preventlve cleamng is cﬂ'ectlve and allows to keep the membrarie
contmuously clean; ’

g) The membranes are not movmg m31de the. RO module durmg transfer
ﬁ'om RO to DO and again to RO as they do during feed pump stoppage

h) The cleanmg force is not dependent on the raw saline solutlon osmotic -

‘pressure, and can be regulated by the salt concentration of the injected super saline .

solution;

i) High cleaning force can be achieved without membranes sagging;
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30 i) Hi gh cleaning force can be achi eved w t hout
menbr anes sagging; -11- j) The DO cl eaning of the
invention is a process that rolls over the |l ength of
the RO nodul e so that while a nmenbrane perforns RO
process at the rear brine end, inthe mddle it may
perform DO cl eaning and at thgifront feed end - again
RO process. The RO process in the front and the rear

S o SRR3Rt atiin§ hECRs Bl 5% i nan o
TR ORI Ypiehey SR SRR pEIBARS O Bl B thPrear brin
g&;@gﬁg lﬁlggpf_eggﬁ rfdify DEPELeRIAE And AP HR HHBORBThi - again RO

solution can be prepare

peddess.SHid ROpreesipin the frdm anduhe @emﬂdn%fmp?ﬁbi peimasae for the DO

of cleaning reagents is not required; ere is no.
cheadingpnoeéast bi sh exi sting RO desalination plants with ,
expensive stainless still perneate collectors; n) The L
i nvent) dnetnsuskingpp ipstmede dsiag thad?@ pregess, the flow velocity in

IR A A8 AT 0t o
b o AT BB R 1 0

the sypgheSabbRgIRR! $O1Poh CaR M géﬁ?ﬂegag%ﬁ;%%i &lf Which can be

sane-way as 1t sucks up water fr rane,

gdubed 50 thditidisoierge efidedning rdagehts ighotd@qaredue to its

hi gh ionic strength, the super-saline solution is able

to di sspolThere o mooneed 40 atefurbishd existing R Ondesalination plants with
scaling. The present invention uses the natural

expansive fiaialess sl permaeate gellecarsi ne  sol ution for

menbr a cl.eaning.' Super-saline solytion.ma e. .
pr epapgj‘.hf’rlg‘fﬁqt‘é’g‘l %anﬁgépgph% ?tﬁ%@%ﬂ“r‘gﬁ ]ioé%' S"’g'BPG'V\PraCIGSh and
tion. Water produced with 25
?ﬁ@&é‘ﬁéﬁaﬁrﬁon of this invention is cleaner and
heal t @) q?le Ghferition! 28 BePs aplié@latb dléarﬁ'@g of nER' mEMBIME] during their
traces’ of aggressive cleaning reagents. BRI EF
161 lopéstihg Stdge BhadbNieréasing thersalt eejeotien;st and t he '

I nvention and to see how it nmay be carried out. in o
p) Osmotic pressure of the super-saline solution dehydrates bacteria in the

ot

)

same way as it sucks up water from the RO membrane, and prevents membrane bio
fouling; - - .
| 'q) Due to its ﬁigh ionic strén'gth, the sup.er-salinésolution is able to dissolve
micro-crystals, and prevent membrane scaling. | _

* The present invention uses-the natural osmotic pressure of a suﬁer—sdljn&
~soiution for membrane cleaning.” Super-saline solution may be prepared from table -
salt. . with concentration -below super saturation. Water produced with
implemehfation of this-invention is cleaner and healthier due to the fact that it does

not include traces of aggressive cleaning reagents.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand 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

example only, with reference to the accompanying drawingé, in which:
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practice, a nunber of enbodinments will now be

descri bed, by way of non-limting so exanple only,
with reference to the acconpanying draw ngs, in which:
-12- Fig. 1 is a schenme of a ROinstallation
performng a normal RO separation process; Fig. 2is
a schematic cross-section of .g2RO nodule; Fig. 3 shows
a detailed schematic cross-section of a menbrane

el ement, Jdllustratin he 0Gess reverse 0s | S .
desal Mign i sehghe ofioRD BsRURRSE peflhmnfaea Sortial RO Separation
' Llation of Fig. 1 adapted for direct osmosis
:QEP% ! . . N
enbidne cl eaning according to the present invention;
Fi g. Ti%.@%séleﬁﬁ&i@dr@é%-s%‘éﬁ%@th{@hﬂfcﬁrlé;e‘:t' on of a
menbrane elenment illustrating the process of DO
menbr #ig. 3| stowng déthiteds yelmmatil crds-sedtidn off a ntembrane element
according to the present invention, Fig. 6 is a

g the puxessefreverse osmokisalesaltnationyt i ve menbr ane
el enents , showi_ng the devel opneni of | eani . L
pr oceﬁag«d& iy seheras g RO ing .tlomofaﬁg ¥ adapieddor direct osmosis
charlg_e ofl Net Darcl Vi n Prglssureﬁngon .2 RO nodul e at
et cleaning aqegtdiny fothe presenl ibientibn, o) | e

-

eCl10
sol ut T?QI 5;%‘&’5?52 3 ééife%sﬁe%@ngfos%?@cu%ﬁ of S ﬁ{érﬁérhgé‘ clement

of FigQ. eani ng accord

ilfustrafin® " @ieePfodesy T DO m¥fnbfane &léRANS! YA Gliper saline solution
purification, concentration, and reuse of the super

sedordingstolthi¢ presentingentfori;s a scheme of the RO
installation of Fig, 1 adapted for DO nenbrane
cl eanifig Giscoschemptia eroshecqtionsyithréerconsedudivewnembrane elements

SHBcs0 hBiot FDT 5e Buhl SRBLSSHE

ol cant I A g T i RbeE Pl B N Riiving Bieie along a RO
exc gen%gd}lﬂ?mfetrﬁ %?&g&gtgg ? % o%ﬁiﬁp%bgllci%ﬂ%f %0?‘% a g cr: ﬁe me of

the Rpig isal dchbhebfthe RWinstalRddR 0EFig A addptedfor DO membrane

menbr ane cl eaning according to the present invention
vleaniagoaeropdingetoothe peesBl imvetitibe, wathuaeshbsystenpdor purification,
saline solution, and throttling. of the perneate line
tenceptrption.cud reuse of the super saline solution;

| Fig. 9 is a scheme of the RO installation of Fig. 1 adapted for DO membrane

cleaning according to the present invention where super saline solution is injected
by a pressure exchanger and a boost pump; |

Fig. 10 is a scheme of a multistage RO installation adapted for DO -
membrane cleaning according 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
membrane cleaning according to the present invention where own brine of the RO -
mpdule 1s used as super saline solution, and throttling.'of fhe’ permeate line is
employed; _ | |

Fig. 12 shows a variation of the RO installation of Fig. 11. where own brine .

is inj éctec_i by a pump sequentially in the feed port lines of groups of modules;
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Fig. 12 shows a variation of the RO installation of
Fig. 11 . where own brine. is injected by a punp
sequentially in the feed port |ines of groups of

nodul es; -13- Fig. 13 is a schenme of a systemfor

cl eani ng of separate nenbrane sheets according to the
present invention. Fig. 14 shd®s a detailed schenmatic
cross-section of a nmenbrane el ement and the drum of

&Eﬁ%ﬁ%ﬁ%@ﬁﬁféﬁ%@fgs ﬁ?é[ﬁ' ae%ﬁg%}f %%#tgzm%brane sheets

hé&ﬁ-&ih?%lﬂ%]%&geﬁﬁhvmkﬁf desal i nation conprising a

raw sali ne solution tank 20, a high-pressure feed punp

22, aFRy 14sbHowe 2 detatled sch@aitic crusedection ofnknidtntaage element
a brine drain 35. Wth reference al so to Fig. 2, the

anl thedirim efitheaystem il Biggdl.ed cylinder io housi ng 29
accommodat i ng a nunber of menbranée el enents 26, a

central perneate collector 48, a feed port 19, a

PETEAIED DESCRIPTRON OF EXEMPIARY EMBODIMENTESICh

menbr ane el enent 26 has a front end 43 facing the feed

port Efy andh@ws edrscheie46f af RO rifisthigtidi i10e fpowaterd desalination
The nenbrane el enments 26 are arranged in series on the

pemprsing & chwesalime stutiors tanks 20, cadtigh-pressass Seeck pumpaol2, a RO
the RO nodul e 24 and a merrbrane el emrent 26 |s shown
medule4, 2. permsatecproduss)

P kR B R b b i
ST R D A e pm
s el 9 st e e 1. B

frehibrad elefirenfR6itiag faeﬁ'ﬁi‘ﬂleﬁldsﬁl faciige tifeeford Poed1P¥nd a rear end 45

perneate spacers 40 and together with the perneate

famirigethie chrintBpoit {3 1n d heemembtranecdlements RBancharcdnged inrseties on the
fluid cormunl cation with the inside of the perneate
p@me@tq@ legtprA8a openings 50 in the wall thereof and

Lo hB st erR SR B B2 140 Tho TR 2l A SRR cloment 26

el %iend: TRE flnhfiel A6t 26 ot Ndrh sl G membrane

R\ bRAREP U2 Hirdlly FlRed BRI R pEHAGHE! cotboE 48, Outer

folds of the membrane sheets are separated by raw watet spacers 36 and together

w1th the housing 29 deﬁne feed-brine channel 34 whlch is in fluid communication
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 which is in
ﬂuid eemmunicaﬁen with the inside of the permeate collector 48 via openings 50 in
the wall thereof and further with the permeate port. 25 |

With reference to the enlarged view in Fig. 3, the membrane 42 has feed side .
52 facing the feed-brine channel 34, and permeate side 54 facing the permeate -
channel 38. The raw water spacers 36 in the feed-brine channel 34 are miade of a
plasﬁc net with a reletively large distance of a few ﬁﬁllhneters between its fibers-

The permeate specers 40 are made of a dense net with several fibers per millimeter.
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plastic net with a relatively large distance of a few
mllimeters between its fibers.- The perneate spacers
40 are made of a dense net with several fibers per
millimeter. -14- In the normal RO separation process,
the feed punp 22 supplies raw saline solution 21 from
the tank 20 to the RO nodule._34.via feed pipe line 23
and the feed port 19. Raw saline solution 21 m)ves

{1 r ot TrhbROHBACRO, et Sign et fhe 5hg ot 22 siipplisiraw saline
%51@'39 A% e{)ﬁﬁﬂ@ Etgﬂm% RO %d\ﬂ? %4 Y gée télﬁ?re ﬁﬁg 93 and the feed

rane passi ng roug rane

POEEN tReavk §aﬁﬂ‘€?so?ﬁ10ﬂ2‘]! lih@ves%xh the e Phb®' 9t 1BKAE front end 43 of
place in the nmenbrane el enents 26. Product water

e first ahebihel clemetic26 eekitsuthroughoits hearcsiilt 451land continues to the
pernmeate collector 48 and | eaves the RO nodule 24 via ‘

tﬁro:mt sod d3anfchpmext aBmbrape glemant éhaghy passing throngh all membrane
rreat e to tank .32. Raw _sal jne solu
Slements %@5@@3%419 gaftosepwetlee dalfesplesom §aedeeeivrane elements

| ?ﬁ'teﬁrﬁvﬂeaﬁ (e AR Gl e@%ﬁe el Seimiafe collector

483 lééves':thg RE thdduie t2r4a&§1§3h a?e gs& Z\ ?ﬁfe lme 27 conveys -

process of reverse 0Snosis
FRpérmiitd i tHeNSermbat: taAW ezalw s&]ﬂiéigélﬁﬁoﬁlzlf@ﬁoehﬂaed during
osnotic pressure PO and is fed under high gauge
(rendesatihation processinte biifie 307Tib dischanged fieor2 $hdRO frfodule 24 via the
negligi bl e osnotic pressure PQOp and is w thdrawn under
brine gattgd andesbrine lined3 mtortbehmpdméé is driven by
thebLa of all, theaovF essures herein calle .
up‘rg@wpgnqrg[g%}m SNBP DIRRSSs £ of peyerse pgnosis wiggalination

Net
e BFran? g S s BONEOR 21 AR T, SIS pressure

Pm%tdtlg fé@ﬁfg&éij l"lilgﬁ r%lﬁgg ;;hﬁﬂ%%g&%ﬁr?@%ﬁg%?ght T’ﬁ%ermeate 28 has

er neat

DB liopsli P S iy ATy g, e P

Thd R@ precésb ds driveR (F3Ghébadanck+6f 8l thelalsawe piessuresy hdrem called
be appreciated that along the RO nodul e, the NDP
Nebbywing Bressure (DR . pressure PG of the raw sal i ne-

bressure. Eoi’“éré\?e?&ﬁg? hEr s RO pehibndin. oa™ ' ©

grow o, & ONENISP ¢ Som{we, reverse osmosis takes place across the membrane -
and penneate'(solvent) from the raw saline solution ie squeezed to the permeate
side. Exemplary values for a working : RO mstallatlon are PGr="75 bar,

POr =33 bar, PGp—- 1 bar, POp = 0.3 bar. The NDP at the ﬁ'ont end of the RO

" module is then

25

NDP (RO)=75-33-1+03=413bar ‘
It will be appreciated that along the RO medule, the NDP changes as the
gauge.pressure PGr of the raw saline water falls due to hydraulic 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.
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port (see also Figs. 7A and 7B). In the cited exanpl e,
the osnotic pressure at the brine port POb nay reach
about 60' bar. -15- Fouling 53 accumul ates on the
menbrane feed side 52 and on the spacer 36. As

menti oned above, the fouling may conprise suspended
solids including organic natt@r, scale, -

m crocrystals, etc. Also bacteria and ot her

ey PEBE SRS R Mﬁ?@%?@?%ﬁm Anghe spacer 36.
Aot oS e RRIRE o FRBAIE aysbeRRHL iflids npluding organic

schles hﬁc%o‘érysﬁli etﬁm BHtRrid dnd Vth&GuhRFoBYAISAS may attach
and detalf's that” are the sane as I n previous frgures

tieenstddsoiirl @dwbon theemembeanelsiefage.s. The RO

installation 60, in addition to the equipnent shown

i n Fi d\ stherme afoaR@tiastallation $0sadepyed ¢don direétoosmosis membrane
injection of to concentrated solution into the feed _,
tlegningrageosding o rthenmethod of the present; igyrntgon ipshown in Fig. 4. The

R S 54 o BS54 SR vions e
T bl 3 ol RO TABHRARF B 3 o e
LomipRaT eyt TR UITORS wi Ao ition o

tordentrated wltitiod intd the feedafldve dTherdublsy<tbay 11 ev@pribéied tank 62 for

the raw saline solutjon level in tank 20. The

comeeniriatest solutioh 64, wonfigctediso dhersuctionptine ofrthe Aigh-pressure feed
hi gher or at || east egual to the desired super-saljne .
pumpt 22 vig aipe dinpcwith phefop yakvest6. Tl rast tsalige solution tank 20 is

BRSO R o SEEaeY oLl LS sOmELESHA Shesk ye . I
Pl S5 b T 018 P50 S R Y A 2 sho

s nat a o el ,
R 81 ghatlovep e BLTphr lifePRILARETICNLL tn tapk 20. The
taidentratddcsohiiion 64rHasi sbgtotic pressige POL Hiphéeor abledst Sl to the -
system can be used for injpection of the concentrate :

dediredi supesdaling esmotiphpressre BOshows one nodul e 24 for
sinmplicity, in practice nmultiple 25 RO nodul es can be

i nst allhedank 6areompesting prskioee and wive §osmaycee madssef pléstic
Retasial Yike: polwRngetss DREtior poliproRElenc BR) @t Ramforest Fiberglass

ﬁro%%}, they can be made from different corrosion-resistive materials. Almost all

desalination plants are equipped with Cleaning In Place (CIP) systems that include -
suitable, tanks,. ipicronic cartridge filters and valves. Such CIP system can be used .
for injection of the concentrated solution 64. '

Although Fig. 4 shows one module 24 for sﬁnplicity, in practice multiple

RO modules can be installed in parallel to module 24 or in series. These'modules

~ canbe .arrangéd in groups.

To perﬁ')nn' membrane cléam'ng procedure by the method of the present

invention, the raw saline solution 21 has to be substituted for a predetermined time

by super-saline solution with osmotic pressure POs éubstantially higher than POr.
For this purpoée,_ the operator opens the valve 66 for a few seconds. Opening and
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invention, the raw saline solution 21 has to be
substituted for a predetermned tinme by super-saline
solution with osnotic pressure PGCs substantially

hi gher than POr. 30 For this purpose, the operator
opens the valve 66 for a few seconds. Opening and -16-
closing the valve 66 when the gguction line to tank 20
i's open all ow snooth operation of the hi gh- pressure

(B0 B e S, wtien Rk sOGicit Hipf B, RS 20 hisoBen allqy smooth
FRRGARE B 8, BRlbcRnE ol bhmpofl o6 Y B2 SRR o higher

q@@el Tha® s fiw 3bBAe SGlutibh 9A ﬂ@élta\fml 20,3hé @oﬁb@ﬁﬁt&&‘ §olut10n 64 will
check valve 67. For m xing of sol utions 21 and 64,

teltervinty ehé Gubticn linehsf theefeed puipm Ry ThEhleydreslﬂuo pressure of the
22 sucks up m xed feed solution 65 fromthe suction

Idoneentrated polmtioniGd wilbalsoelgse the chack vatveabd Kdrembxargof solutions
port 19 to the RO nodule 24. In this way, a portion
Al @%Wﬁl’?’@@ﬁ%ﬁp@ﬁo@gﬂm]&smtl C pressure POs

:mf; dL |e glﬁ of SH %gg na(rs?}ﬂf%%lfeggtgg@ ﬁ%lﬁgppgﬁ tkllomF%l?e suction line and
;;Eﬁ@fs it %F% ﬂhg'blgé ifle 23 'EBH"’tH@ dﬁi&‘?ﬁi% d h{eLﬁU ﬁb{iﬁl@ 2‘4h I this way,

ocess oShosi's nenprane ean ng "W
%a bﬂﬁm o8| s gbﬁﬁalﬁfec §6l‘ﬁt18ﬁ 63 vitte o@ih%ﬁ%n rdsé\)i@nPOQ nis fed to the
As” opposed t0 the normal RO operation own in Fig.

Inembeanetehements 26 ifithé ROomedulet he super - sal i ne
solution 65 with 1s osnotic pressure POs flows through

t he f ddg- Brshows aadetailed schamatic drass-seetion of a sn¢mbrane element
ution 1 The Net IVI n Pressure is now, NDP =
rﬂ&l fhe prggess 15 meghrane cleaning jwith super saline

#P%&Ofaﬁa?c@gf% ﬂm?%@ ?&?‘?%ﬁ S oPoEL bt Bfip RO operation
sﬁéfﬁﬁsfti‘lei?%@' whén th0 VAR 86 Slsp(S gﬁe SFIE Jéﬂl‘é’ 951ut10n 65 with

¢hanges direction a

%@fﬁoﬁ& Preésuge ﬂ?@sﬂﬂaiév@ thrsh3Be tt@ed-Bﬁn@ %hamélesm ﬁ@waal of the raw

38. A nunerical non-lim.ting exanple will be used to

silve solation 2dsThe Net DrivimpPressure éypowe osnnsu s (RO
desal i nati on process to direct osnosis cleaning (DO

_process. .The raw saNDPe-?Qru’cP@S\—i’ﬁp\hROpsnotl C

Super s 5&%@0@%3&?@% 3165 sleeisuch g e NDP becomes negative
cO ntgati on oSNt | ressure
SR EE A5y Srout e meRRAS A2CEARER GiselionIom, Bakise to direct

osmosis process. The ﬂow of permeate 28 changes direction accordmgly 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
substitited by super-saline solution made of NaCl, 17% concentration, With

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 0SMOSiS process at the front énd of the RO module will be:
NDP (DO)=75-130~1+0.3 =-55.7 bar
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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 will 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 nenfrane feed side 52 and
the accunul ated foul ants 53, 'thereby separating the
foul ants fromthe menbrane surface. The backwash

sol verl?treVlPB Vnﬁla{délfefénﬁpﬁrﬁatea%snﬂwxpmﬁwt% dack, and enters the

Bt Rebvige e hisdorate 3864 S8, 7 o) ettt tulants 53,
pr ocQg éﬁf}gs&g’rﬁ%ﬁfo tganl chet H’I%feff?ﬁ‘f“ﬁéég‘“f%?ﬁ% ackwash solvent

tp&picatt) nd fo(11-“&!%1%’3@1@?}@i vxﬁ%e‘éﬁb&%dlhe%ﬁlﬁtﬁﬁl 69 'aﬂ& lafd\chrpied away

novi ng through the feed-brine channel his is caused
Imitlt the betheti30.onal wat er which is not passed to the

perneate side; onh io the contraré g%rreate I s sucked ]
back iThetprsmeater 38 entsringhbackethisrfaed-brinerchannel 34 due to the direct

sol utj on 65 ves. The increased velocit ps, t he

stri
PSBOR IOCSHY 18 GRS ey aeleaning o pifeftc é’lfhl% aiSoptsated by

fizﬁ eREA T %L%ﬁwﬂ&"@re%a?@?%@?%n&vﬁﬁs rgﬁﬁa ife-brine channel.
¥ SRS P90 SR B Wi R RATHO Bt Bmeate side; on

es to pass fro

il% ééhtl'd}? ﬁéﬂnﬁ&t@‘i’i L‘uéi(bd DdlSin thbsd arcas RﬁTﬂllb%eﬁfbréﬂéewhere the

super-saline solution 65 passes through the RO nodul e

gdlutibheonatoves. Rak (increasesd veloeity stripssthe pfonbdng rfeoranttie membrane
after the super-saline portion. Fig. 6 shows schematic

sunface S%and foed spacerndbe different fragments of

Eggﬁr ngm et ?(Pfgﬁ?atiggq gllaz%rr] afmhé 5@ ”ggg'fgq%gx g jpelatively
NP, B ot e lS? B e dfar 188 50 ROl G BY sdtne solution
HE 5 s SORTBE LA 1985 e e 15 TRl File 8 pgton of the
%ﬁér@ﬁhﬁé 'sé‘lﬁtl@ﬁ 165 paddes BRGEIH The RO hédule24, %l‘i’é HbHAM RO process

suppl i ed before injection of the super-saline

do¢satstopSbeforeared aftertthe supks-salineportien. i s stil |
carried out, as signified by the NDP (RO arrow. At
the | Eig. 6sushe W f Sﬁhmm@mtsecmse@ three f digferentaftagments of

g%mb%fanet: e eme e% ?oca?e& 51'082 ‘the f{Oa }ﬂo\a%ig 24? . ]%ac}h g'agment shows the
feed-brine channel 34 with the raw water spacer 36, and the permeate channel 38
with the permeate spacer 40, as well as regions of different concentrations and _
directions of Net Drlvmg Pressures |

- Fragment 55 is located at the side of the brme port and contains raw saline
solution 21" supplied before injection of the super-saline solution 65. Here, the
normal RO is still carried out, as signified by the NDP (RO) arrow. At the left side
of the ﬁagment enters ﬂthe front part 65' of the injected 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 Figs. 7A and 7B).

30

Fragment 56 is behind the fragment 55 and shows the main part 65" of the
injected portion with highly ‘concentrated super-saline solution. Here the NDP has
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where the super-saline solution is fully mxed with
-perneate 28 and is not able to suck up nore perneate
28 (see also Figs. 7A and 7B). Fragnment 56 is behind
the fragnent 55 and shows the main part 65" of the 30
injected portion with highly' concentrated super-saline
solution. Here the NDP has -*88-changed its sign
(direction) and DO cl eaning is performed, whereby

RS fs §{ﬁ1 {%i%éctiﬁ%%ﬁ@@@hﬁeé&ﬁ@g ri?@@{%iéﬁxa%(ggﬁhé&bﬂgﬁlﬂams are

carrted w ragnmen at t

$ifed fdmithe reffitan® Qirface 8D Al éa1i88 with'the Fowne

solution 21 supplied after the injection of the )
super Fragmert $blisiidcatedest. theiside, of the febd ort aed contairerdw saline
its sign once nore and the normal RO is resuned, as

solytioni 24 supplisdeaftmrtherijecion o, that supeesalinghsolytian 65¢ Here, the

ISR e e e snoq okt aac el RV meatmgh Sisignifiod by
{8 ®H9- by. t;h X .

T RS OROT . DS 1 ey S WE00Y Bty G5y AT iR part 65

j ‘S‘?ﬂﬁ : [ s. 10 The change of
g?ﬁ%irngér%té sgy}ggﬂa ong&tgﬁéeﬁ%%ﬁr?rlbdul e is shown in
Fi 9. A% carfBeél§€erPire PR 6¢ peiimédie 283woéﬁéddnl§3y f! HoirRdl RO process
PG falls towards the brine port due to hydraulic

- befowre and @fepthepartiers sfisuperfsalinesolatiors feds ithecleaning process.

gradual ly rises as the raw water is concentrated into_,
br i. ne Theshangze pEdiffrentnressugsialeng thesROrmoduletis shown in Fig. 7A.

RRlyER mrowsare of ot SEBS S0UHBR At s dppants et Bge bort due to
ﬁg@%’i@?ﬂp@_e&”%@ﬁﬁ r@@%u:%‘@ﬁ (Igli%%z{l’gts:o@#og); P{)ﬁ e;g'radually rises as the

2 ki : S vi :

B0 Bl S SRl Sl bl ki pressure of the
eeasate PO indthet Gsindtiypresauire vF the peimeite POps aret itishown as the
he process will be redirected. fromreversé osnosis

farmetiis epprozimatelyscansthnp alongdrembramej while yheelatter is negligible.

back-fl ow of perneate. 20. On the other hand, the back )

f1 ow dhepisititd aeencentiationf thendinersaling gohyion A5thas to provide

St pems eSO sUpRa ARG ot e ROxiof the raw
AR Songid 2 e 6 BrodeSE Ml ket BAEk Ry, osmosis to

e e S i e

i niti @n hersthérchand? thePbR&ksHow dTFerMbateRansAubé nféinrane sagging

ought not to exceed the.double value of the raw.
in the direction of the feed-brine spacer 36 which has relatively large spaces of a

few -rrlillimetcrs between fibers (showh in broken lines in Fig. 5). Sagging takes

. place during ﬁormal stoppage of the feed pump but can also occur if the osmotic

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

25

30

pressure POs of the solution 65 ought not to exceed the double value of the raw
sgliné solution gauge pressure PGr. -

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

. gfaph). As PQs falls during its movement along the'membranes, closely to the brine
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saline solution gauge pressure PG. Fig. |IA shows also
the osnotic pressure POs 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 the18Q . graph). As PGCs
falls during its novenent al ong the menbranes, closely

et by R s St BT 9B et Rince e
AR LBl DU 0 Sypuline BB 85 i PO vae a
bin gf_érpmafyqfedf d 5y BRUi R aﬁaﬁomﬁ%f&ﬁeeﬁ%éadaliﬁs solution, i.e.

solution, T.e. Dby i'ncreasing the tinme. of Injection

Bz. inBreasing theetirhadf ihjeetion M¥T.0BmEtO therfastsihat tie H§hotdé pressure

the raw saline solution 21, the feed punp 22 gauge

PQysefithe e salinedsadnigon 2y pthecfeedpumma? gaugepmessuasPGr, and the
nt of concentrated

can be different, the_exact a .

tmeyef membrane £ eéﬁwgwaarheré{%%r%emr@aﬁbmanbef concentrated

found experd mental |l y. accordin t he xi_mal .

P TEBEFPERRe Serrling PRkt Hesfothe KR pRRmntaliy, pocording
. i . ity of

Fi e xinkd AT ekt o st il PO AT,

concefflor @kbl%glé,’ fto ldBRriind e Hhrafon DT ﬁﬁ?ﬁﬁﬁ:ﬁﬂ% JF thd'8oncentrated

brine port 31. It is recommended to adjust the

solutibh dnjection ngabic¢onwentrdtior ofi tHehlating B6 mays botmheasured at the brine

pressure neasured after injection at the port 31, for

port| Bastlt émeccopunertledotecadivst heduratior oftinjoetiond Gaugh that the
bEmeiie Prpwsuse Reaseied e R GH0G @t JBF (1o L bt J3ett gne second

h N .FLg. 7B, . 1s Osnoti b .
BesTRapels highth b3 fuf Eaage PirsSul HGE B fherferd éiemp 22 (given that
ﬁ;&s b&ﬁﬁﬁ{: L drbddife PGt %ﬁe@f&ﬁ%olﬁﬂ&f I&pf)uf: bea), "k §idvettin Fig.7B.
of” I'hj ecti'ng the supér Y saline sol Ut oh hay”’be

@sﬁﬁﬂc%r&@ﬁr@ha@&r&i&ﬂété& dhhe G8d€bPHHesalf@oncentration.

desal i nation pfocess is designed according to the

sol ubBlesidgs Ilifting sheffoslaatsi agothes eledbigg sffetisof injecting the super
Somet i mes super saturation conditions occur in L
saling- $olutien ahay rhel dissolution mfcmicro@rystglst &enerallynRO desalination
can be_ seen. Unhder certain conditions these

PiCSESs. i flssigned ageordipgip thel selubiity wits | ofgsparinghy soluble salts.

-~
-

1

G oo R A4l i m i

20

3Pl IR, G S OREF 5PR! KOMaGhe AP riryprstals can
Slow afid 'cpstib Bealing of the feed-brine channel 34. Solution 65, due to its high

- ionic strength, is able to dissolve micro-crystals and therefore prevent systejn

25

scaling. - , _ -
Cleaning by super-saline solution may also achieve inhibition of bio-fouling .

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 'ce.:ll wall and a cell.

" membrane. The cell wall on the outside of the bacteria is composed of cellulose and

is ngld The cell membrane is a thin, flexible and elastic layer around the
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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 cel
menbrane. The cell wall on the outside of the bacteria
I's conposed of cellulose and.2gs rigid. The cel
menbrane is a thin, flexible and elastic |ayer around

A < A ATt 5 Sl EBRARRe S siir g osmotic

b

I .
TRehpAEP TR Celf chilfnahe i Xighd] e 1, & wolt®
Menbr g tedteriScdl fehittandact@B e Ifa‘l‘mlal RO metfbrang4Ad i s pressed to
the sane as the RO nenbrane 42 is pressed agai nst th
heoeclimadlbveryanrich4lie sifnerast the ROpaenbrane142 39 Ipuégsed agamst the
comes in contact with bacteria, the high osnotic
per:mw«sepm .up water fromthe cytoplasmin the same

way a t he ermeate channel 38 of the
24. T rﬁsasngaﬂslesm Intion; cgmfs BeroRtAes “fleogg ifa, the high

cel | i.S rl%dﬁ_ ﬂ% ot shrlenk from th
g@lagrlgtnr af Sicks' o, Wallr Df4S I S e Wy 35 from the
Bénﬁ@dté" cﬂaﬁhef e B?%@ Hg@ nﬁjoﬂ?ee 2ANArdd G- m gﬁgﬁane shrinks and

rocess 1s sirnilar rané saggi ng an
Eefacﬁésﬂﬁﬁh?mezgeI?Wéll NeHith @@ﬁgﬂ]&i@ﬁb@s‘nbﬂ shirfdgk. Separation of the
solution iI's enough t'0 dehydrafe nost aquatic
oeld anérabrane Froms thieecdll evdlloisl fated foorthes batteeiag atge &el fungi. This
contradiction between high osnoti.c pressure PQb
prapgss ésd singidarf tos RS imembiiang saggmgeandO damager Ber example, 20-25%

m@@%%éxi%#@%aﬁn é’%&l‘é&ééxspr iEh 16 QERERISBORavesHG OFganisms.
nmb
"emov FAG SO Hie Ty frr s gﬁerﬁ?%&xﬁa&”?i%?rﬁf%%ﬁ%he%en high

8%?%2@0%?%2% | ncrea3| ng c ncfg%]t rg@ﬁgﬁmb %ne and the

lifis" ol bSabliY preseard PO%a% that Rah @38 R nidAsbrane sagglng What is
concentration continuousty or in small steps.

anwhatedeforathevRO tthembianectsaggingsamd paotgsy may be necessary for
short-lived due to increase 1n perneate salinity
m@@sgtolﬁdleh@bfoaheg A few seconds after the first

"shot " furt r i ncrease of .th tic pressur

of t h&hisgtaniragiction ¢an be ovsrcome by o pRueHS feading;) shs ' of super-

SRS Rubacds Chavnand iy csﬁgsfu%%sn?ﬁqgasacavaeﬁsssm to increase

the concentration continuously or in small steps.
As explamed above, the d1rect 0SMOSis process is short-hved due to increase
in permeate salinity across the membrane A few seconds after the first "shot"

further increase of the osmotic pressure POs of the solution 65 will not cause

increase in direct osmosis back-flow and in membrane sagging whereas bacteria

cell membrane will shrink and will be damaged

Further increase of the osmotic pressure POs may be beneficial for -

‘dlssolvmg the m1cro-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 main

component, alternatives, additives, and auxiliaries.
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25 cell nmenbrane will shrink and will be damaged.
Further increase of the osnotic pressure PGCs may be
beneficial for dissolving the mcro-crystals. The
conposition of the concentrated solution 64 used for
produci ng of the super saline solution 65 of the
present invention can be descritbed as main 30
conponent alternatives, additives, and auxiliaries.

raw Safﬁ%g?%‘& %BQEP fna LS gﬁgﬁo&gﬁﬁﬁgﬁg(ﬁ%ﬂsaﬁjﬂg solution, in
xﬁ{eeéli}‘;@ Oﬁenﬂela’ces Pl%féﬁﬁign Hadks @k gﬁi%al{\%‘%lew &rhidi8he salt used

I'n water treadtment in

rageater ﬁrbatﬁibrmﬁnd regRfBionNsiiof eRhaiRians. dﬂ@ﬂl-supersaturated
25% sol ution of has osnotic pressure of 191 bar.

A5 selutionl ofﬁﬁﬁ@bhmmotuapreﬁsﬂne ofii@il binr Ahpinatural salty water can
application. Brine of the sane desalination pI ant can

wsedforthin apﬁhcamlh (Bnn%@ﬁﬂv@rﬁam desalingtiomplant ¢an be used with
ot her, Iants can

B Wéth Po fPBC B @pﬁﬁggarg 2 L <ﬁ a§ puper saline

RDUREE B i %3%%*’12@993%@9&%2% ity oh&%ﬁﬁs super saline

%bﬁﬁiﬂnsf’(‘)r o ﬁﬂWﬁg 3ta) ‘#@& eSeQ%?ér'c@ﬁ“onﬁe ov eﬁéﬁg O§Q§ﬁ9 solution for

ea wat er t at has tic 1o pressure a

drticltish b8 @éwefageup@ter deddlination pldnton Dead Skeswhidrahitoias osmotic
plants that operate on Meditefrranean or Red Sea

vaessure bdvey3 Qhbarecar belustdas supeb salineesolutibr dof desalination plants
purpose. As an alternative to the super-saline

dhatiapesate oo Meditsrraneasoen Red Sea water. Saliyj avaste, arodustsecan be used
%h oagotl ressure can be used. 15 Exanples of
§PH+T§§ Sfagnesi um i on that hel ps in bacteria
dehydrat i_gn S
has bl‘%§ aﬁh?]%er tcl)’?}eeg g%ﬁ%&-%%@%e?&gﬁm’? ﬁ%r an eSOITg)%%mons like

added; for
g@%@m o?ﬁﬂl He r t| on of Sa scal e. The
s uper Bahiples §9h@dmves mm@gxdaﬁm &sh thadhelpxs &ﬁ”bla@teh@ dehydration,
80C for better. 20 renoval of the fouling,

oeohsayynatetal fans sudh kst sibverothatdras bbm-inhmmon aeffect on bacteria
grow h: An exanple of auxiliaries may be a tracing
braggz;mra@trblgms@m vefl, gasses meyybeadded for gxample COz, for

cont raneters such as flow
[%’21"!“ t‘%ﬁaﬂﬁ& ‘%@"ess duration, etc.

The super-saline solution may be heated, for example to 80°C for better .

;-.

Cg)

removal of the fouling, or deoxygenated for 'ihhibition of aerobic bacteria growth.

An example of aux111ar1es may be a tracing agent such as fluorescent dye. It

‘may be used to control cleamng parameters such as flow, concentcai:lon process

duratlon, etc.
The super-saline solution 65 has a mechanical effect on the foulants in lifting
them fr_om the membrane surface and transporting out of the RO module. As the

main cémpone‘nt of the concentrated solution 64 is NaCl or similar salts which do

| no't-ente_i' into any chemical reaction with the foulant components, the concentrated

30

solution can be recovered and used repeatedly. | ‘
- A very small volume of the solution 64 is fequired for each cleaning cycle.

For example, three liter of the solution 64 are required for cleaning one RO module.
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The super-saline solution 65 has.a nechanical effect

on the foulants in lifting 25 them fromthe nmenbrane
surface and transporting out of the RO nodule. As the
mai n conponent of the concentrated solution 64 is NaCl
or simlar salts which do not enter into any chem ca
reaction with the foul ant comaments, the concentrated
sol ution can be recovered and used repeatedly. A very

O, AR B 58] ) Rl Gl S84 05 B luion ot
SSUHISIRE LR AR B AoRaE D B i o s o

HBRAE thnds P& &y ddiRnaRIgUsN sulig ihahe réRTBed (AR} Mhe same solution
cycl e whith y be perfornmed preventively once in two
ddycandre uselrmanyt times ipecladed legpendi ng on fouling in

the raw feed water. The same solution 64 can be used .

5 many tHige§ shows zisckeme lofdpe ROANgallationh ofidig. b adepied for direct
of the RO nstald atj on of

SSmosissmembsang,

- g. adapt ed. for .direcg
eap@grﬁqqgrcggg &0 ﬁ“h grﬁgsnft pyeptaRcyith a subsystem

88 RO R BRI o Xel 0B Mg oBRbBleg sgfption. The

bri

SRt GRS, O RO e V33 it sop

VARl I recaivier Shk 94, Eirdiaati s pamipPo6) Emultithiedid 61éva sand filter 98,

slow sand filter 98, 1o evapor at or 101 and return line
10 ®9aporator Klloand retamy 1ilg8 102 cThelslowt fittet 9§ éncludés svolayers of slow
sand filter and one |l ayer of granul ated activated

sand ilter andhone lyer pEgrantlptediaqtivatedsarben.al | ati on of
Fi g. i

S5 sec

g&l%%ﬁ%%eég%%ﬁgi gg{;ﬁ% r}gstgﬁq;g)qrgg . iEgS \fgéh\igesest%e ffgllrlowing:

Zf’”‘:qidtn{ (b ERing a8 Jop, L 2P Tot B Ffgbind” %"#é!ﬁfibééf? of the
col ut 1 orc A FHARONioH Ty e RO Blothe? e

28 wi bl
C osi ng

?geﬁﬁ@ the valve 92 Wien'thé ShNisity bﬁBﬁng 40 e"xcggds its ordinary

e valve 92 when the salinity of brine

fall's bavalue.Abowst 2 ardniduse ofitheesol#oni65 ittt brine G0, feulant 53,
circulation punp 96 to send the 2 nB mxture into the
mul t i - neahdpermsates2hwill becoleced imthemereiver fank Mne 2

n8

for

i

3! UEfosing the vaive 82 When the salinity of biine 30" Bl8 back to its

ordinary value;

. Operating the circulation pump 96 to send the 2 m’® mixture into the

multi-media slow sand filtér 98;

. Filtrating the 2 m® mixture collected in one-minute cleaning session for_

- the next 8 hours in the multi-media slow sand filter 98;

. ‘Sending filtrated mixture to evaporator 101 for concentration so as to

reach the original parameters of the concentrated solution 64. Filtrated

. and concentrated mixture is delivered via the line 102 to the tank 62.

7. Every few months, dry filtration media including foulants. are dumped

' into a trailer 104 and removed as-dry compost.

The above-presentéd technology is essential for environmentally sensitive

areas where discharge of brine with even slightly increased salinity is unwanted.
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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 |ine 102
to the tank 62. 7. Every few-M3nths, .dry filtration
medi a i ncluding foulants. are dunped into a trailer

104 agﬁ Wiy ﬁgpﬁéfage’cb’ }h‘é?ﬁféoéénceﬁﬁﬁteﬁbﬂﬁﬁ&i RER 'Heeﬁﬁé/éected in the

technol ogy 1s ‘essentia or environnentally sensiti
Secanhesbraw edlénelsolatian de different Waggd Fig. dvshows argdthéryvariation of

increased salinity .is unwanted. - It will be

dppmeny dhatccantbet implementedebhe swhsysten 12 ivarrangeddor the case when
injected jn the streamof raw saline solution in L.
the seetion lingje therfegd punam ddgs presswazed By iadpgastergrump §d. As it is

many that can, be.i npl enented. .The system 12 is .

HOF BAtble 16 e RE e oGRS bolbtion ot Y, Biaviy b ijpstion pump 68

fee 22+1_S: ur s aed S . AS .

i SRR 2 e AR AR e BRRC O T B 8%one at the
Wy [ [ ; :

S8l Ol O (Y Redairh 22t afboal RGO (P discharge side (shown

o beokenlineone at the suction side of the feed punp

22 but al so can be done at the discharge side (shown

i n br dijention o the ¢orjoentrated solutioneb4 atrthe suctioreside is most practical

solution 64 at the suction side is, m)]it practjcal_ i

adu@ tlp_oﬂ"Fh@Cf ab«'lst theat IR paog plwung 8 bltdeﬁ?lmatwﬁq plants s usually
S5 o o Rt Rl Bl Bt e
Pleblige, BB 7 10RPk. GETHE LS0hpOBRY el concentat

EGﬂuﬁgh%h W liyjeéted Q)d%tﬂriﬁto_ art R 176 ROMMbLERles Vonpeéted thne feed
22. d the

one feed pu ' [

is ihjection schene an

?uﬁ@nm.s hihig injectiow sChdred and ahe seh&mne Shosmi inaBige9 betuan are also
arge size feed punp is supplying raw saline solution
suitable evlagn large dhizad feedopumpoisssuppdyiog 1@ salind selution to several

boiout & Feosapol o 5"l a2 et et v
N et
by - ' . il

2, B SRR AL 1 ey et
tRaRgAvhére the RoREdrtReFsiEHGH i‘%‘f'inﬁéctEd’B?ra' PréSsure exchanger and a

a. pressure exchange vessel 72 equf pped’
boost pump. Multiple RO modules 24 of the installation are-shown connected in

parallel. Injection subsystem 14 comprises a.pressure exchange vessel 72 equipped -

'. with piston 74 separating the brine 30 at the right side of the exchanger from the

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

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

" line with check valve 82, and to the suction side of a boost pﬁmp 68 via check valve
~ 78. The discharge line of the boost pump 68 is connected to the feed ports of the
RO :modules.

An operation cycle of the injection subsystem 14 combrises:



10

15

20 .

Wi th piston 74 separating the brine 30 at the right
side of the exchanger fromthe concentrated sol ution
64 at the left side. The right side of the exchanger
72 is connected to the brine discharge |ine 33 and
has a drain valve 75 connected to the 25 brine drain
35. The left side of exchanger242 is connected to the
tank 62 via plpe line with check valve 82, and to the

sucti on, i g ﬂl ot te%“V@vé@Wis%le%%K/aY@é Y5 is & ened and the.

The dlscharg oost punp 'S connec
tisodsh puines Rohbs wokkinbe ThEXchegid vhles . 787k ﬂb@é@hﬂ@ﬁ‘ the prevailing

cycl e of the injection subsystem 14 conpri ses: a
ffiebd iprepsarnateiced pontsrl®. Gdncentréied sohitionestt ﬂma#svhy g‘ﬁvntatmn from

C‘?‘ened and .t he boost pun'p 68 i s not working.
edank 62 wia the check| valee 82 iaterthe pachangeniT2i pgshmgébp piston 74 to

PSS 2 e B b0 RERE Al A vave 1 1
95 5 O AT SR 1 P s

ehitfes; i s discharged via valve 75 to the brine
drain 35°(to the atnosphere). The exchanger is filled

with C-Oa[rpsﬂéd‘tﬁiiﬂéquemmhm valve 75 #closgd; 6/alve76 is opened and the
sequence ere valve 75 is closed, valve 76 is opened

dropst pempbib i operateds Fhe sight sidet @cdthe'qnsiom This eipgsedto the brine

t he pi st 74 is exposed to the bripe_ 1io0 pressure,
IRPENIG W qlhﬁstf@smects t9 theconesnieaied selution @t the lg# side. The boost

R e sl o s oatray Toidort 837}, i, 1 papty; 19, raising its
Byl BV e300 freite SFEfe RES T2 THEENCANAITY BB is olosed

Rinldes (Y §e§! HﬂﬁlgflfrﬁiB PrieSsuRy G 8RS exthang éﬁp'ms%ﬁ 74 moves to

noves to th eft and the exchanger iS,fil

tthe teft andsthetexchangeetis filled oithbriiown in Fig. 9 is
espeC| ally cost-effective in_seawater desalination
wher e Theginjgotionsseheme shgwndh Fag.i®iscespeciglly rosteaftective dn seawater
\gﬁ .only art 0 housa ds of dyles 24 has to
o Wh gsure %rgswsaz@s RmpY, 22 reesede Mhen only

%ﬁ&‘n"hg sC ﬁ‘ﬂgﬁ %rzlba%%t % élgétteldg #%ﬁéfaﬁgously,ttﬁe pressure of
I
Iqﬂnaln?(% g’ggclgégr &fttg de@ %@8 ;5)}) eseﬁé&ﬁﬁn{nﬁ n ?IEGT( g Bﬁcenu'ated

isBRitidnl ati on, reS| dual brine

Fig. 10 shows a muitistage RO installation 100 adapted for DO membrane o
cleaning according to th'e present invention. In this installation, residual brine

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

- stage. Multxstage RO systems are widely used in brackish and sewerage water

25

plants with high ratio of permeate flow to raw feed ﬂow
In the example of Fig. 10, the mstallatlon compnses three stages'I, I and I.
Brine discharge line 33' of the first 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 is open to .

30

- the brine drain 35. Lmes 33'and 33" are also called mterstage lines in the multistage

mstallatlon
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obtained in an earlier stage is used as raw water (raw
saline solution) in a next stage. Miltistage RO
systens are widely used in brackish and sewerage wat er
plants with high ratio of perneate flowto raw feed
flow 25 In the exanple of Fig. 10, the installation
conprises three stages I,.1l &g 111: Brine discharge
line 33" of the first stage is connected to the feed

port [

o ippS T abfdeS SpE RT3, ST OGBS HBut itiisles 24, and
JSiaf.rze o ihRdediwed mbagies 240 qhérm&ﬁbéi" SEhRdeges itﬁﬁw%@sswe stages
of The third stage is open to the brine drain .

Ideoeeasé&3 beeasbe 3fkSiduak brireo flowd |dédlinisiesr ﬁbﬁgestatgmas stage since a
the rrultlstage 30 installation. . -25- Stage |
|s|‘tgm ficand park ofdhelrew waterstlayeleaves the systemf anipermeate. This RO

TRl Tosaras dbat ar%esfi&fw gé%cti@@n%%@ Todilcs bt withn certain
?f?é%eusgtnt?id@ VsoBldlf 4 R Ob8 ol 328! Ygmage the

khe system as perneate. This RO 5 technol ogy
reqwres that the flow rate through each nodule is
kept VA njBctict Sishsystern D8 €or ReARQ the IsMpexadied solution comprises a
recomended nmexi mal rate may danmage the menbr ane. An
iprgssate exchanps wessein72eduippedewith pistoh €45 spmilarstal theeone in Fig. 9.
sol ution conprises a pressure exchange vessel 72
Staweyssd imithis paser e pewesifor the injectibe isnwipphiedi fomothe outlet
lo Howev

mgessuepp?etaeft%s P o M apli8€ ol 6opReati 1B lstnpide of the

858 Ag%gg,bk ﬁgg Jﬁ'pjé%n&gﬁf}agedlcg qtagf thg%)m %ngger as:qqio a drain valve

75° THE Rt AR 6f SRIANGETD 8 Blntfectelto thaohbeifttajBd Siution 64 in

er 72 1s connected e concentr af

$iee k062 84a ipipe lihe vt khéck Val&e AR andi toethel febd geegkof the three
valve 82, and to the feed ports of the three 15 stages

Istages byl plpellﬁ'es 7 Bmwiﬁh chedk vabzlev’ZS ‘Hpeliriepé3 ihas brandhes 73' 73".and
branches 73' and, 73"' that are connected to eac

785 haftarg éosme@g@ 0] %cmrweotew@/ stage via stepvalygs 689 69" amd 69".
h | | ve, 63 | f |
o L R At oo

-

: %)?@%e Ellt’é Use Eﬁéfr?gée Pﬁe@%ﬁ%ﬁ%ﬁ 8¥ %ﬁ %ﬁg%lgg%‘f (f_g%q}htgrﬁaom the pressure

"eﬁaﬁﬁg’ef‘%o” 100 is conpl emented wi th discharge

The - multtstage RO mstallatlon 100 is complemented Wlth d1scharge

- branches 93 with backpressure-valves 70 (relief valves) connected to brine

25

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 cleamng
Stage I comprises:

- a filling sequence where valve 76 is closed, valve 75 is opened. The check .

~ valve 78 is closed under the prevailing pressure in line 73 (line 73 may be under the

30

feed pressure or under the brine pressure of stages I or II, or totally shut off).
Concentrated solution 64 flows by gravitation from the tank 62 via the check valve
82 into the exchanger 72, pushing the piston 74 to the left. Raw solution 21 from
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branches 93 wi th backpressure-valves 70 (relief
val ves) connected to brine discharge |ines 33" .and
33" between the stages. Direct osnpsis cleaning
sequence may be performed separately in any of the
stages. For exanple, an operation cycle of the
i njection subsystem 15 for clewvng 25 Stage |
conprises: a filling sequence where valve 76 is

Ip& 386 <ide of Sod B anBr Y RischitEel 10 Sad 7o e i, 35 (o the

I I. ne
SO0 1R Cachlfzer (299 lleq WAt Grfbu Al solfin v4;

Concentdrpingettival s&uam&#héﬂem@%@%vwahn@ r69f"ra&mcldsed valves
tank 62 via the check valve 30 82 into the exchanger

7]5 amhé%‘ iarg apieneqhi Eheotef7side oftthe pistén 74 Ra\exposad viarlir171 to the
er i.s dischar

the |eft side aof the exchan?
%G{n peg swemhxcb 1§ fréngleried toghe coneenirates salutior bd)at ﬂ%wght side.
efhg“t%rﬁfl‘ [ alye st fsetienti oS et Bigpresguren dien 73 is stightly
@(Z\yer fhiafy ¢ i ?é%re&@r%( %é%sﬁﬂg dﬁ?ereﬂ‘ﬁﬁ %rgth;-{ﬁi e line 71 and

'S exXposed

glé)'_e Iﬁﬁ‘ee Hh@clé%l%‘ 78%&%@%%&@&&& sbﬁﬁon 64 is injected
con trate Iutlon 64 at the right side.

tifitootiel ifergl p@i‘tv ¢9'63f ithe Sfiristystdge. @m&dvﬂt)etgﬁms tdlesed under the
pressure in line 73 is slightly |lower than the feed

premhng feeﬂwprepweéfmm thi¢ exchanget L. Dhe weston {Mempiveseto the right

t he i ne 73 opens check valve 78 and
3 ?’P@%ﬁpgﬁlt]ééﬂ I‘M@W@Qluﬁ@nl jected into the
f eed t.he .f rst Check val ve 8
ol osed %npée%tes <hifShn PheHfon SOl Tn sy, LB tter stages

the excﬁﬁlnger |s |1Iﬁ5rgﬂhﬁéhtﬁ?\alli§v§%gq%n§$2%r g%?t% |63 will be

i b n " (d
g8 a5 1 RS IOIASIGRIp 9 S (pendig

wwidcH o€ tﬂhewailveﬁ B9byund l69"Vvisl opened) sl lolveb ehammeefeedqnesswe in the
as anﬁ of the pressures in the interstage pipes 33 or
pipe Hehisada bgosisr phmphindhetline T maysbé asedinsted of thgottling the
%P ed) is lower than the feed pressure in the pipe

a booster punp in the line 73" .nmay be used

e 07 e i anC o B, 5B the supecsalne
BiRCHGrP A" Bl R @ I B4rR VBBt 96 ihl h B 20 Sucks up

emen suc
permeate and thus the ﬂow rate in the feed-brine channel increases towards the end

of module. As explamed earlier with reference to-Fig. 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 recommended meximal_ rate per

" module and damage the membranes. This -contradiction is resolved here by

25

30

dischai'ging the excess brine via discha}ge branches 93. The backpressure valves 70 -
are adjusted to opén when the 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 irivention for the

multistage RO systems are:
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20 perneate and thus the flowrate in the feed-brine
channel increases towards the end of nodule. As

expl ained earlier with reference to Fig. 5, the flow
rate increase provides desirable stripping effect on
the fouling. Hovwever, in the nultistage system the
feed flow rate increase may exgeed the recommended
maxi mal rate per nodule and danage the nenbranes.’

The ercoeha iaRfriof |pECTintEReIR, Sollfisio 4 $5EF " S4dY improves
B %flégclyﬁdaggaegﬂm&are adj usted to open when the .
.in. the

pressur rine scharge pipes 33" or 33"
exceedsPgtial dstiie ﬂ@éah@rgeﬁ@rﬁliﬁt@fe@ﬁ@?z'ﬁé ilfies "@Yowe independent
coll ected and recycl ed as described for exanple with
trefmentoef ¢achFRE. stdge Aadtdontrbhoverexcessiye strippingeflow rate which
nmet hod of the_ present_invention for the 30 nultistage
nEyssause distuption in last RO stagesr at e i nj ection of

one oSS0 s BT SR B fop vt osmosis

MRS 1Pt RoBHahE3P Hdfer et EPABRERTE i, opsent invention

Niete BWaCHI 6f Hd REPHdAuld BWiskalas sﬁ?éﬁ%ﬁn’é s!ﬁ)‘ti'cﬁﬁ 4@ throttling
I RO stages. Fig. 11 shows a schene

di sruption 1n |ast

of tie Rmieasd he &t draployddpTiesinkmllation écsindBirs itlat of Fig. 4 but has
menbrane cl eani ng accordi ng to anot her enbodi nent of

th énjpctéare subsysteem 1 6 comprisingeadditionallyreepipe litee]l ROWith a stop valve
nmodul e i s, used_as super-sal.ine solution, and

170 sonneqiing the brine disshasea ling 33 do the tamk| @4 @nd artheottling valve 84
AL 57 e b % BB pRble ok 25 and e
Bl A 0, a0 B i 58 99" NARR B8hre made of
{ﬂl’téﬁéli ishifapla! t Swittstahd g&é&kﬁl‘%decﬁﬁl 4Hehe %\W‘%’i‘ﬂ]ﬁﬁ(ﬂi BRuge pressure

Ine 27 connecting the perneate port 25 and the
P&irneate tank 32. Perneate port 25, pipe line 27 and

valve 84 are made of materials suitable to wthstand ]
pr es s Optioaglin| the subsystena b6 sudyuinchudegapermaate scmmnaulaios 86 which
PG . Optionally, the subsystem 16 may include a
15e& Wessekcommegtad tQttgF’ pgEeiie dige 27beiwpen the peraate parg 25 and the

-

RV T T WA S BE DA 2B e

hRsEREPED RRIME A16wR CmRflaii P plaﬁné’eﬂg ressure more stable during
cleaning. ' o o S
. Throttling (gradually closﬁlg) the permeate fine 27 by the valve 84 allows

increasing the permeate gauge pressure PG_p in the permeate channel 38 (sée Fig. §)
without a pump or any other special atrangement for this. purpose. This simple
pérme'atgvalve closing has significant effect on changing pressure forces on the
fnembraxié. In the first few seconds after the pénnéa_te valve 84 is closed, the gaugé

pressure PGp increases rapidly whereas permeate osmotic pressure POp increases

‘slowly. 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.
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pressure PG which allows maintaining perneate
pressure nore stable during 20 cleaning. Throttling
(gradually closing) the perneate .line 27 by the val ve
84 allows increasing the perneate gauge pressure PG
in the perneate channel 38 (see Fig. 5 wthout a
punp or any other special arragenent for this.
purpose. This sinple perneate valve closing has

25 bt A PEIT Sk e JFOREP IRAT IR M Erled s SorbS Side s the

%ﬁg&eﬁlﬁe\@hﬁﬁeé EPOREH is tre 1&@%@&d&5?ﬁé8§rﬁoﬁ@ﬁressure POs

reases rapil ereas perheate osnotiC pressur
RPnhé Roltioneds and stillvio proeiddi NéteDeRlg Prisvaertfot fige d1rect 0SMOSis
pressure increnments wl'l disappear. in five mnutes,
kwlﬂanmg proeess. For ekempde dDpermaate gmgeqmsswe@l(iplsamcn‘eased by ten
redl recti.ng the perneate back to the_ feed channel
dag the osmoticrressse K Qs of tiespyr-salinetrolufionsean bgdecreased by ten

%ggo I an| nmm requires those few seconds.
h gauge pressure PG is directed to
e s
POs, ) t‘é@siﬁ s 4k S BEDkAY B daBithiedeg that the

%Enfo’ﬁ@ ésa&é %@ﬁm?gget: $owered 46 tHé Qé‘\l'éi eoﬂ\ﬁiine%{)vds'ﬁﬂ)tlc  pressure,

Pressu for the di osSnosi s | eani ng process.

emurab)eﬁxel Brinee3 0eelybedmed as I@bﬂ@eii&fa&d%fa)uﬂlén o Cllnethis&ﬂse solution

by ten 5 bar, the osmotic pressure PGCs of the

$dphas- taisithstitatel tha oaw csatinbesoligione 23 eahdopot de miixed with it. The

ielding the sane NDP. In fact, the perneate gauge

i‘l@@;ﬂﬂne @Q@%)ﬁh%@ei‘lﬁéﬁéag%%esﬂeﬁﬂHG RGp isomesbrane sagging as

gg squre POs nmay be lowered to the | evel of brine 30
¥§sure whereby the brine 30 may be used as

oot orehty Grité 0B il {0 b baling dn Be Yk 62 as
eenéBnt@tbdsdltitibh 64 WEen tHeWdlvd B9%s het firsitled. (s allows obtaining

per meat e gauge pressure PG is nmenbrane saggi ng a

desre rdoneentedted corire @leviednly,, using beindlas supepishling edhftmn is most
menbrane cleaning in the tank 62 as concentrated
suitahle for ssawaterdesaliatiohve 84 is not throttled. This

all ows_obtaining 15 myre .con entrat br.i ne.
Covi odbeymembrangS, te 1 Pithethe dpisciion sabsystem 15 are

st ﬁUIt {@0 f.or seawat er desallnatlon The
 RlARedpE g &ESPIMICET | ation with the injection

subsygt %Be]ﬁng?"{/&lve 120 and filling up tank 62 with brine 30;

2. Throttling the permeate line by Valve 84 to build permeate back pressure

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 pr'essure minus half of the super-saline osmotic pressure
POs  which in this case is the brirle osmotic pressure POb at the brine discharge .
port: PGp PGr - POb/2 = 75~ 60/2 = 45 bar. The NDP of the d1rect 0SmMOsis
cleaning-process will be:

NDP(DO) PGr - POb -PGp+POp= 75 60 - 45+ O 3=29.7 bar

~ Fig. 12 shows a variation of the RO installation of Fig: 11 where brine is
in_]ected by a pump in turns to the feed -port lines of groups of modules. Injection
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cl eaned by the follow ng sequence: 1. Opening val ve
120 and filling up tank 62 with brine 30; 20 2.
Throttling the perneate line by valve 84 to build
perneat e back pressure; 3. Opening valve 66 for a few
second and closing it, and 4. Opening valve 84 to

rel ease perneate back pressurgg The nmaxi num perneate
pressure PG during the throttling is preferably not

noye than, the {eed gauge, pressure mnus hal f of the . a
sSHb@fSI%Tﬁﬁﬂtn’@ thisease COpIITSE AdoosEpnR Yhheonnected; iy ds suction line

35 36 gk s 1BR P e SO, BIeBh 1471 Pfnected 1o the
86 iRt f o R fddfe 225 Te) Shedk A0 90P B @ valve 84

Pelongs 18 the RO moldale 24'9. 12 shows a variation of the

RO installation of Fig: 11 where brine is 30 injected

by a pErpROnmodoles24' synibwlizes ong grdup amenag whargr groups of modules
nmodul es. Injectiogn -29- subsystem 17 in this -case .
24npannsstedainoparstlelp dygicalofar Jargecdesalingtion plangcHess high pressure

recid Beolfeslrd Bamts Jiee edton of ewattle L8 aBd 38 vt Brsmembrane
PlsDir S fhofe of Pl inlf CBbS o il drdeleaned in

e s A R PP TR0 Sz PEURRRed by means

&f valve’ ThbOshawE)e- othier groups e nidRss 24 THe berrfiB Of kisis scheme is

collected froma |arge group of nodules 24 and is used ,
fiw pomeertzaxing dutieg imnjegtiom of rbeingr 3 po die feeduline 23t ofathe currently
time. Goups of nodules are cleaned in sequence one

sleased madule groupad4't hi s purpose, the line 124 is

o copSiih BTl Sae ok bR TCRLEk o P! ceanin
ol lcabghples i, B ot B ARt S e ffrmeate” sice
B 90 B 2 ol i b B b i of e presen:
haxentionaFof @efiple] RO aithaibiieais irembpeheeemingskéia production
15 fromfoul ant's |1 ocated at the feed side by the

process -lavevai saltmesjbctibmflayerecqontaminated rbye mesiduaryForonomers and

exanpl e, RO and nanofiltratjon nmenbranes com ng from
phigomets. onRemoval of these residual components improves membrane . salt

rejection. The removal may be performed during ‘production-'of the membrane
sheet, before assembly of membrane elements in a RO module. ‘
* The: cleaning unit 18 comprises a membrane flushing tank 130, a hollow

drum 126, supporting and tensioning rollers 128 and 129, poweréd drives (not:

' showﬁ), purification unit 140, evaporator 141, condenser 144, pipelines and pumps

25

“as explained below. -

The hollow drum 126 has micrb-porous peripheral .wall ahd is mounted

, hoﬁzonta_lly for rotation in the .flushing tank 130. The supporting rollers 128 and ;

129 are mounted for rotation above the drum, with axes parallel to the drum axis.
A vacuum pipe line 132 connects the upper part of the drum cavity to a

* vacuum pump 135. An intake pipeline 134 connects the drum cavity to the
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15

process have a salt rejection |ayer contam nated by
residuary nononers and oligonmers. Renoval of these
resi dual conponents inproves nenbrane. salt
rejection. The renoval may be perfornmed during
production of the nenbrane 20 sheet, before assenbly

‘of menbrane elenents in a ROMmgdul e. The cl eani ng unit

18 conprises a nenbrane flushing tank 130, a hol |l ow

S T S AR B o A i

' I pH‘% edru%'fl 1 pel i nes and :
gléﬁpcsﬁgggg%ﬁ{é? ne 0{)2?2?\(?&1265 T eﬁvcl)tﬁll ow drum 126 has
M cr o-Tigy evtipapgtot PAEhas anevhp@ation ehambet eshnected to the condenser
hori zontally for rotation in the flushing tank 130.

44 whichds tommected foethe taiksl 30abyda distidlate giped38t ed f or
rotati on above the drum w th axes to the

dr um ks cleaning: wnih b8 g8 adapted: for @m gngq saphrane sheets of

f the d [ 135. An,
oedeBg VAT S50 o SR, et wal.
TRCREAE HeEC LADTS Bsed el e Roficr 124 NGl PP EhAL: the drum
q9BPP AR Nl the LRIIER EZd (it Q@Hérgy Thé @Ee&vﬁd?ﬂésaﬂghl 4%teding reel
has an evaporati on chanber connécted to the condenser

béforetthé kniry rene) eitacts the HAtn t126kaldrtheylowves baiti dflthé peripheral
pi pe 138. 5 The cleaning unit 18 i's adapted for

ovalhmndds Monmdrend recetvisg eeel aftef thepexitivoller (the eeelsiark ot shown).
equal ,or, I ess than the width of the drum peripheral

h
e rejetiondayeraiscat dhe efeed sides5d of dhaimemhrane LA and contacts the
RouRviedloof e ahumoba Drives G Fypport s s et ad rollers are

CHEFG PSR e Ut el G K st
Whact B he el liide 52 With T bt WARI T bt 16 i} biso have a

e reels are not e rejection er

idgivet ot Aebrake " asstolenhieadli withripespeet &f Zh@membrane sheet if
contacts the porous wall of the drum 126. Drives and '

-iepgssatys of the reels and rollers are adapted to
. ensure predeterm ned_tensionin

] % of the nmenbrane sheet . g
and sdBlapstptione iedankot3Q Kefiled svith distillater1 3 {1 atlgeel not higher

0

iy OBioh 20mE DEEER S meRT IR ach B e welly T gftm cavity is

, IR A sﬁggrggali}é soﬂﬁ%ﬁsﬁaﬁ’ about the same level as the distillate lev_'eli in

20

the tank 130. The membrane sheet 142 is then set in motion from the feed reel to

. the réceiving reel, bringing the drum 126 in rotation.

- With reference to Fig. 14, an area of the membrane 142, while immers'ed n -
the tank 130 and tensioned against the porous wall of the drum 126, will be affected

- by four pressures: low osmotic preésure POd of the distillate 137, high osmotic

25

pressure POs of the super-saline solution 65, distillate gauge pressure PGd, and

solution gauge pfessure PGs. The two géuge pressures include hydrostatic pressure

and the air .pressure above the respective free surfaces in the tank 130 and in thc_e'

drum 126. The balance Qf pressures, similarly to the'previous embodﬁnent,’ is:
NDP=PGs - POs—PGd+POd
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In operation, the tank 130 is- filled with distillate
137 to a level not higher than the contact zone

bet ween the nmenbrane and the drumwall. The drum
cavity is filled with. super-saline solution 65 to
about the sane level as the distillate level in 20 the
tank 130, The nenbrane sheet 2 is then set in notion
fromthe feed reel to the rece|V|ng reel , br|ng|ng

the drum 126 jn rotation. W.t referenceto Fig
an ar deheoNet ﬂ%nweeb?wqmﬂ ar«meeatmwes edirected rrrréie the drum,

8 S RSt o B 0 Bk i,

SR D S0ME ) FNpIndyR s tShenk e Dl i arum 126
aid 1 sbiihal ORGHAR M@ SEHOMCR HorRRtk "ok P —

pressure PGs. The two gaug€ pressures iInclude

"Nydrostatic pressure and the air pressure above the

respective free surfaces in the tank 130 and in the

dr um Yesthethstiliade 43¢ pemtrqmethmu@sthesmmbmnml%antmhe drum 126
previ ous enbodi - PGs- PGd+PQd - 31- The
mq OfPle @5easuesn§§ﬁ @frspfutl i Monomegs apdl pligpmgrs removed
nsi the ,dru ecause of h vai | 0S
00 8 BBt St inate ﬁsp ofiii 6 Tty ARt Level in tank

S O AR 38 s
‘Blalaﬁ@émés peérﬁﬂ?‘tﬁé‘ﬂef DeRAng Pt&@u&fbétﬁéerﬁféﬁdr%ce 32 ¥hd permeate

As the distillate 137 penetrates t hrough t he nenbrane
SdFacentd ofhthedmemblafe 14Dethespmtificationessitrid0pP@vapdrator 141, and
solution 65 falls. Mnoners and ol igonmers renoved
tondenskhe 14 ater epezateds f ace cont am nate the sol ution 65.

The distillate |evel |r]tan Qps. whil e the
sol ut osreasy of splytipnssds Mﬁ#h %&%H@é&méowamlﬁéhrough an

Bl erﬂé”tr'éf%@ﬁ%ﬁ%&&t SO cloos Yoo Ber Surteded B the drom (oot

o, i SEH HAghivia né}@%rﬁ girje‘f) they ?‘é‘% piftfigation unit 140
%ﬂfe?@'fh@ﬁoﬁr@is“tahﬁnoﬁ orhérs""'ai'é" FERed I By ﬁHﬁm@h,U Yor f@ample via

exanpl e through [ ongat ed suction nozzl e extendi ng

attated carboa orrmmtherlseﬂme Briont tiee putificdtivnt unit,ssolution 65 moves
shown). The streamis flown via the intake pipe 134
into dhe revapomaidr b4k where the salationtis rcenmntcateri byeavaporation to the

oligonmers are renoved by filtration, for exanple via

- original super-salme osmotic pressure. Then the super-saline. solution is pumped

through the retum pipe 136 back to the cavity of the drum 126. Vapor from the
evaporator 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 operated to lower the air pressure in the

| drum 126, thereby preventing leakage of the solution 65 into the tank 130 and |

trghter contact of the membrane 142 to the drum peripheral wall
The membrane sheet motion exposes successive parts qf the meinbrhne 142
to the .cleaning action of the Net Driving Pressure. For befter 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

10

15

evaporation to the original super-saline osnotic.

pressure. Then the super-saline solution is punped 20
t hrough the return pipe 136 hagk to the cavity of the
drum 126. Vapor fromthe evaporator 141 is noved into

VEpRERR Rt of fie GRRL B, S antas fhat Sids (& abbe fipteciated that
e tgx'txﬁ§ "'féé’q SiflPe gﬁmﬁk%té’ %@&W&@{%ﬁ&@;ﬁ@@@mﬁc if the

opera ed to Tower pressure 1 n

hivenisdare & fyeRbini@d!if akROSnEduIE) The thenbfhedRay ibegﬁssed through
the tank 130 and 25 tighter contact of the nenbrane

fHecleaning endtrwith psupport layfer sihilar toithe spades dayershe ot 40 described
noti on exposes successive parts of the menbrane 142

wath teferehemtn Rigsa2tandr3. &f thermembrarerwidthds kase tham the width of the
For better cleaning, .the nenbrane sheet_ nay be, passed
drumm periphessl wall et of hrclab R g sm@ By A sitaplegoyer.
Dependi e.npnbrape tvpe, diff.erent,variations .o
or Do MiiuEh IREREOR BESphRE crthodis RN hAPE bB) PRRented, it is

SGefifiBE tdlYafEES ek WOnKPEE e WGl Ry pfing from the scope
bhathesiplesdritt iertioAe BBPT 8gdndpled mbRbroush&ohfifiBtions of main

"feed side" and "perneate side" are sonewhat

Cempohstits hatutdl $ohetiomse st productstorganiot sodutionsacdRObe used to

modul e). The nenbrane may be passed through the i

perfemi nhesninembirane acleamipgr proceger of i thel apresentt fevention. These
spager,layers 36 or, éQ descri bed s wth refgfence &é
epigbinaions gan be|applig prsRkcoRcentrationy ax Howmate the anembrane
Wi of the dr eripher.al..wall . part the latter
H.giEect o nns i cteerenl kgl otanes” Wy gt et oienttancs may
9@%‘?&:@3' E’éiﬁ%ré)h E'éi?r'ﬁﬁtogés T )i &?Xﬁetbﬂﬁ during membrane
presented, 1t i's contenplated that wvarious changes
E@Hkﬁiﬂﬁﬁﬂ@%?nﬂhﬂﬁﬂﬂénﬁ&Mﬁﬁhh@%ﬂﬁﬁﬂﬁ‘the scope of the
present 1 nvention. For exanple, nurrerous conbi nations

of main 10 .conponents, natural solutions, waste

products, organic solutions can be used to performthe

menbr ane cl eani ng process of the present invention.

These conbinations can be applied in different
concentrations or flown to the nmenbrane in different
reginmes in different desalination plants. New fl at

sheet nmenbranes nmay be cl eaned bef ore nenbrane

el enent assenbly or after that, during nenbrane 15

el ement testing in nmenbrane manufacture facility.




33 CLAIMS : 1. Direct-osnosis (DO nethod for

cl eaning a sem -perneabl e__nenbrane in a reverse

osnosi s (RO separation mddul e, said menbrane havi ng

a feed side with foul ant | ocated thereon and an

opposite perneate side, a normal RO separation

process in the sanme nodul e including: - feeding by a
CLATMS :punp, under gauge pressure (PG), raw saline

sol ution conprising solvent and di ssol ved salts and

having osnotic pressure (PO) to said nenbrane feed

g T Al ad
menBB5fist HLnsruiet oaibsis ROTSHuiREoBapdiile Erﬁifﬂm%brane
haviria 1564 SHSWER"RLAT, 155@&93&@66@% A5 SpPesfiy pipeisitng
side, & BornfloR el et rdtss 15 1B Sad ol o HEABE" o

el 86 AME by Hifeld BB ‘@@E Eatlge PRESUP [P E), Fav BlA
WE TR e AN -

(POI@&SEEM@E??&%HE%Q@QR{ .ve, whereby there is provided a
war

ow Of perneate towards the feed side so as

e oUlebung dertedsReyin G OA: Preite AIPEpIORT o
said QPHR A R R ERE (O DS el et ng of
cl. %fﬁo]vmg‘r?léﬁlﬁhﬁl bAfle FEdthishtd RicARANRe feEPSIR], the

super saltne sol ution does not exceed two tines the

the %%Pard@i’cﬁﬁﬁéih diten By a positlVéenBB&HOthLpresshird &é’i’i‘hétﬂby

aim1, whérein the osnotic pressure PGCs of

et SRkt 5 POIIETY) POMapaRLise

wherein said direct osmosis method of membrane cleaning comprlses
feeding to said feed side of the membrane, for a predetermined injection
time, without releasing the gauge pressure PGr of the RO process, 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,

wherein at the same time instance, both an RO separation process and

a DO separation process take place simultaneously within the module.

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.



4. The nmethod of DO cl eaning of claim1l, wherein said
menbrane has a front feed end and an opposite rear
brine end, and said RO nodthl e further conprises a
vessel accomodati ng sai d nenbrane and having a feed
port in fluid communication wth said feed side at
the front feed end of the nenbrane, a brine port in
fluid conmunication with said feed side at the rear
bri ne end of the nmenbrane, the normal RO separation
3. PTeeafAstHocH IO ﬁleaﬁnﬁﬁgj bfelaim B WhetciRlth® esaRitid preRsire
said feed port and renbving said residual brine from
POs &fil fupersaliae isohftion ehighthtithnodai®@Qaobe presure PGt & m
1, wherein said injection tinme is eterm ned as bei ng
least ahe portien of sabdeiergbswmeer saline solution with an
osnotic pressure POs = 2PG via said feed port such
that osnotic pressure at said brine port reaches
1.8PG at |least for a second. 6. The nethod of DO
4, clléenmethod o£ DO clcaning ef elaims i wheteinsaidniesnbrane has a
perfornmed either by feeding of said super saline
frontfeediendrand an eppdsite rear byiret endgradveai ¢ R@whadulet further
said feed {)ort, or by feeding of said super saline .
comprisesta vessel acemmmddagimgpraid neembraneatrdahavigg a feddaport in
. said brine port. 7. The nmethod of DO cleaning of claim
fluid gomwmunigationheithesadd fieeds sidesaithie fiont fecond oditbie
feeding via said feed port are alternated., 35 8. The
membeaney @qmn@pom ipaftuidcamnmimagation withesadd deed gidenaf the
cl.eaning . session defined within said injection tinme,,
rear krine esd efithe mersbrane thewpognal RO sepasation rpaess including
solution is wvaried,in tinme., 9. The t hod of DQ .
feedipeesatd v saline épfntg?n wwéar}gifﬁe@pﬁﬁtxa FeTBENHg said residual
. pressur,e of the super saline solution POsnax > 2P&G is
brinerancsaid biineporteast two conti guous i njections of
super-saline solution of which the first one injects
super-saline solution with osnotic pressure PCs <

2 ..1Q9. Th t hod. of | [ f claim 8, .
5. deanattiotol G slcaning orclaim ouherste saidubes domeims s
oA LAT AL MBS B o
osmoct%ceﬁlrne'sglgreolgog|=a2ﬁbrlvia\gglecf féed pso"iut Su'Bt osmotic pressure at

said brine port reaches 1.8PGr at least for a second.

6.  The method of DO cleaning of claim 5, 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.

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

brine port and feeding via said feed port are alternated.



saline solution is selected fromthe group consisting
of - - water solution of Nad; - residual brine

suppl i ed from anot her RO #ddul e performing normal RO
separation process; - residual brine supplied fromthe
same RO nodul e performng nornmal RO separation
process; - said raw saline solution or said brine or

8. S BRIHRAGEDD) fclba@fﬂﬂ% gg cigflh{ 1, wheR§ihddatinB'd éleaning

col l ected during previ eani ng sessi on,

sessi6AMefimedal RHiposiddhjetion RAeeshidoambti®prédsare POsusfthe

source or waste product; and solution of organic
supes sdliegsiatiohlis vhdnntthd, of DO cleaning of claim 1,

wherei n said super saline 36 solution conprises one

or nore additive or feature selected fromthe group

consisting of: - cleaning additives; - enzyne )
9. adtiemetirod of DO eidamihg of ciainp§awhereineomasiumdm asmiotie
in bacteria dehydration; - dissolved gases; - tracing

pressage of thasdper salgieesoluton®Csmax > 2PGr Thachievbd dyodt 1Baxt

cleaning of claim1, further including increasing of
two corgiguousdnfecrngeo fisupessakine Betutiono P@hichu the firstaome
.. predeternmined tinme. 13. The nethod of DO cl eani ng of
injectd superisalinetsadefion swthl oRAotwpressuraPORK 2RGst one
perneate port in comunication with said perneate side
of the nmenbrane for the collection of perneate, and
I ncreasi ng of said gauge g.essur e PG is perfornmed b
10. t Arhst methad DO sleaning of ptaim 8,1whemin thetvasiation oiai
cl eaning of claim 13, including accunulating and
osmadeeprasguis ROs s ibgbueen subﬁa@tlalgv abavel P€amandpebstantially
with said perneate port. ) i
below PGr. 52. (Previously presented) The method of DO cleaning of claim
1, wherein said super
saline solution is selected from the group consisting of:
- water solution of NaCl;
- residual brine supplied from another RO module performing normal
RO separation process;
- residual brine supplied from the same RO module performing
normal RO separation process;
- said raw saline solution or said brine or said permeate with added
salt;
- residual brine collected during previous cleaning session,
concentrated and/or salt added;
- solution from natural source or waste product; and

- solution of organic substance.

11. The method of DO cleaning of claim 1, wherein said super saline



15. The nmethod of DO cleaning of claim1, wherein said
feedi ng of super- saline solution to the feed side of
the menmbrane is performed®y a pressure exchanger in
one of the follow ng ways: - using the pressure of
said residual brine and a booster punp; - using the
pressure of a feed punp supplying said raw saline

solutﬁﬁ' éﬂmpﬂses?lﬁﬁe @rb@@@ﬁdlﬂvm feardre selectedl froen feegrupe
feed punp supplying said raw saline solution 37

cons@ﬁﬂgtdfroudahmgaddmmuge pressure PG to becone | ower
than the pressure of the super-saline solution com ng

f v enzyine addditises for wosfoulgg renidvalThe net hod of DO
cleaning of claim1, applied to a plurality of RO

o dotgpounds actied inrbagsterid delsydrgdoRD i nstal | ati on where
residual brine obtained in an earlier stage is used
as dissolwal gasessol ution in a next stage of said

instal lation, said DO cleaning being performed
sehacmgeagemtnandch stage of said installation,

wherein said nmethod includes partial discharge of
rehnmltempem@twm ained in the stage where the DO
cleaning is perfornmed. 17. The nethod of DO cl eani ng
of claiml1, wherein said foulant is deposited at the

feed side of t he menbr an yring nbr,ane producti gn.
12. 14 hemethes %EQ@W&Q? pfalm hi er\m&h@mg inereasipgof

e sol ution ris oncentrate sol uti
one qﬁa@ﬁ aiigR assres RCs-ANhE Gocluring seidaredefrmpaed sime.
according to claiml, wherein the injection tine of
said super saline solution is shorter than the tine

13. ridamethadof B klsaboe GEELE 1 whbRiR s B edie hes
SRR AR5 SN R R
e BEGEE LSRR e SR LRSS0 gh s
pressﬁr@@@pe%aﬁé"r%ﬁﬂeg B ﬁf‘gttﬁr?g ggldp}ge%ﬁleate port.

14.  The method of DO cleaning of claim 13, including accumulating and
keeping pressurized permeate in fluid communication with said permeate

port.

15.  The method of DO cleaning of claim 1, wherein said feeding of super-
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; and

- using the pressure of a feed pump supplying said raw saline solution
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and throttling said gauge pressure PGr to become lower than the
pressure of the super-saline solution coming from the pressure

exchanger.

16.  The method of DO cleaning of claim 1, applied to a plurality of RO
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.

17.  The method of DO cleaning of claim 1, wherein said foulant is

deposited at the feed side of the membrane during membrane production.

18.  The method according to claim 1, wherein the super saline solution

comprises a concentrated solution mixed with said raw saline solution.

19.  The method according to claim 1, wherein the injection time of said
super saline solution is shorter than the time required for said raw solution to

pass through the module.

20.  The method according to claim 19, wherein during said injection time,
said module has a front zone and a rear zone in which an RO separation
process takes place, and an intermediate zone disposed between said front

zone and said rear zone, in which a DO separation process takes place.



