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METHCD AND SYSTEM FOR MONI TORI NG REVERSE CSMOSI S
MEMBRANES CROSS- REFERENCE TO RELATED APPLI CATI ONS

WO 0®00375Thi s application clainms priority underPGBUR087/060999

C . 119(e) (I) fromUS Provisional Application Nunmber
60/ 761, 447, filed January 24, 2006, entitled "Ex-Situ
Scal e Cbservation Detector (EXSOD) for Reverse Osnosis

it log SERC e A S el e D D
Not Applicabl e BACKGR(lJND (]: THE I NVENTI (]\I [ 0002] This
di sclosure relates to a d for real

time nonitoritg” BFFE%%II]%& ﬁ&LﬁSEPu%‘gPJoTrF%Té\?@rse

0900315 iFEEBpanes: i of Q003}sMenbs aneg, tiechrokegy. & s used
for filtration of various |Itlild8 Thi s technol o

Sgart Pedt artyriudet GFoF o Wit -er rard “Ras pevidiEe ﬁ&gr ﬁénwr

andqwakenha fesal i nabiconeas: i fed SrslAPLE 0. QPNALeyation
requi res mni mal chemical use, and produces consi stent

DeigCcreri AbF e Matier §aEFFts . OT0004] UMb 't é¢kinol ogy

dray1dserdidf enent, types-ofpodmmsanes £oLr.-diddration.
Menbranes are classified according to the size of the

particle that can pass through the nenbranes.

Di fferentpdptpes 19f spEADEANE LeehneLogy & egeri zed

as m crof |Itrat|on ultrafiltration, nano tration
and reverse osnosis. MigkoRopblicatlcon rem)ves
parricles down to 0.1 mcron, i.e. mcroorgani snms such
as Cryptosporidiumand Gardia, Utrafiltration (UF)
removes particl eSACKGROQID DR GHB. INVEETOM  Nanof

[BOBE?H&S%%%Ngzlg%gﬁg%%ﬂggég grggn Qﬁ%%pggﬁn%gthg@ % r real

enoves di Ss ts an
tiiorsmopO0O5Ind wir ecentnyearsd,falieng hasrdesrsea ogmomag
dcntecest in the application of |ow pressure reverse
osnDSI S an

[0003] Membrane technology is used for filtration of wvarious
liquids. This technology is particularly useful for water and
wastewater treatment and water desalination as it is simple to
operate, requires minimal chemical use, and produces

consistent and reliable water quality.

[0004] Membrane technology may use different types of membranes
for filtration. Membranes are classified according to the size
of the particle that can pass through the membranes. Different
types of membrane technology are categorized as
microfiltration, ultrafiltration, nanofiltration and reverse
osmosis. Microfiltration removes particles down to 0.1 micron,
i.e. microorganisms such as Cryptosporidium and Giardia.
Ultrafiltration (UF} removes particles from 0.01 to 0.1
micron. Nanofiltration (NF) removes most organic compounds,
while Reverse Osmosis (RO) removes dissolved salts and metal

ions.
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nanofiltraton nenbranes to the desalination of
bracki sh water. In reverse osnosis and nanof
WO baormsisesr, a solution is passed through a PCT/US2007/060999
sem - per neabl e nenbrane that rejects the solute and
other inpurities on one side (the "feed side") and
allows the pure solvent to perneate through the
(08691 anertgebhe df:etat@ nedefrom s he ot hegrsidey (@ rest in
" perneate") si 0006] Such menbranes can prOV|de
th?gﬁPEﬁﬂanQﬂneéﬁléﬁWaRquﬁqfﬁ éﬁvﬁéﬁﬁcﬁﬁQQﬂﬁsn@P
?5§§§i%fg%onH%@%¥§5ﬂeguidrﬂ%odggégiﬂﬁéﬁfgh o gRbfbkcantyater.
evel s of cations (e.g., calciumand bariunm and
Ianiensr{carbonateaafdiawl Fidtteptany, cormcantiarel peissed
tgﬁgugﬁ.glg%ﬁpeggEﬁQ f%”ﬁ angh@h§0n§§¥géﬁg't9@ Of1ute and
ese i ons near nenbrane surface nay exceed
othersbmubﬁhhﬁy bnnvms @ﬂkyaﬁhﬁuéfs©®r$h§$v sotubl &ows the
m_nera Its | r gmg{ Jdcal git i
Pea c?%ﬁ$§l fatg%%g§%§%ﬁ§gi) ggg? R sué%étgg(%gr?%% ?ed
fThasehdan agreal ssakt shem\pdhremtprecepit¢ate in bul k near
t he nenbrane surface or crystallize directly onto the
ne surface. [0007] The_.accu ion_of these
l5§§§5%g§P CRACR ﬁ%ﬁﬁ?ﬁ éogﬁ??ac or%s geJectiofand flux
a@omeen@wémaﬂmmgb@MIdanyeéayEﬁwmhat ﬁSrmajekﬁ@dlnetasn,
the. " concent ion polarlzatlon
"7 BE BT QGHEaRt PALT BN POl afi-Pat 833%‘“9/ ook Fa¥ e pnc
aasbhﬂat@&kuuﬁau@ angi apl eadd)l ﬁm@heeﬁyeﬁmmaﬂqnmeam amheae the
is the concentration near the
RBPHBRT o COiEnt FHE! BT 1 OHe b ke Torksant Fae o 2t
thel Sehbeaperdmateef hbyx antkdd itsct belsiol e, MAsSts of
transfer coefficient. Wien the CP |evel hi gh, _the
VESHAYF ofPFedld tthé OhBRBF dhk it ééétﬁay%éwﬁe caledum
Supehsat urated ot hcrespeets igatbe (gopeent rald 8aroukh
various mneral salts. These supersaturaged condi tions

Sty 2 F8adPtor SUr-f AC85Ery5tHd Zation " néar dhd&CPRES S in

penrbrane sid faeerah0008} rdhe &r ystakhizaid onrerttheonto

menbrane surface is referred
the membrane surface.

[0007] The accumulation of these ions next to the membrane
surface forms a concentration boundary layer that is referred
to as the “concentration polarization” (CP) layer. The degree
of concentration polarization (or CP) is often estimated using

a simple film theory assumption:

Ca — Cp J

where C, 1is the concentration near the membrane, Cp is the
permeate concentration, C, is the bulk concentration, J is the

permeate flux and k is the solute mass transfer coefficient.
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to as "scaling." The deposition of organic matter on
the nmenbrane surface is called "fouling." Scaling and
w0 oui7osi§78may | ead to perneate flux decline, naRCT/US2007/060999
adversely affect salt passage, and nmay cause the
eventual decrease in the useful life of the menbrane.
[0009] To increase the life of a nenbrane, it is
whBROfL antp tl%ve&eygnﬂai@, SURPLes st $6ale f:0rMBt hefbrane
Suppression of scale tformati on may be achieved to sone
sdegree iRy pHcadpustpeniatfiortednti B | Terpecal ¢t &he
nggé|{¥%é%¥% %%.EQ%iH&%]ﬁgnéyy&l?gﬁkgntﬁhg§g’Qg¥g§y§%urated
Barite and silica scal e control. wever, for the
cpheventi omagndesdppr essi Grreotrgeaki higatdam yedet eed ian the
of scaliqgfjs desirable, as it would provide for the
"SPPT it 0f 6f scale mtigation strategies.
Simlarly, early detection of foul ant deposition (e.g.
Lofilns) helps in prevention and m.tigati o f
bR R e e P o R S T D010 TR e enerboaye fs referzed
theak - t el imni“t ahkengepet hads: afdodexyitcesyatseal pngtios

da e due to scalin rofouling) Ls noticeable on
GRRTT ioe B ne aR0 A&T 1 PRasage nont Lo fg Couehd may
1Avai tabberscalee rand fioulimg deteetivensaeret hdds car eahot
capabl e of real tine earl scalg getectjon unger ful
PPEVErSe YshokiYs CGHEF atihg Cadrt i OhstSTHerdf or'e, “o°H
ineki gbl endeihedsnto predi ct nmenbrane scal i ng and

fouling are inportant tools in the control of scaling
and fouling. It is also desirable to have a device

fodeb] AeNiiheks, sembiane rscaki Adnddb ¥l - titNBsXHpdrdang to
pl aced ex-situ. This enabl es the external applicati?n
6 VaRbveF seUETsSi §CpFantoMiAtHOGr aRyPhaj oot of scale

AdhUst PENLS, it theisteyctireandetunetherpofadinetment for
pl ant. SUMVARY OF THE_ | NVENTI ON [0011] To_achieve the

APOTBIBRTY OTfedIG5] BEE VRS, A the™i APEntT B diREIi65e4ants for

NeLehh 8adid srequiivakent saherginralt eiowdhe, for the
invention") provide a systemand a nethod for
pﬁ@ﬁﬁpégp%gN§££Q§presSLQn of scaling, early detection of

scaling is desirable, as it would provide for the optimization
of scale mitigation strategies. Similarly, early detection of
foulant deposition (e.g. biofilms) helps in prevention and

mitigation of damage due to fouling.

[0010] In conventional real-time monitoring methods and
devices, scaling or damage due to scaling {(or fouling) is
noticeable only via flux decline and salt passage monitoring.
Available scale and fouling detection methods are not capable
of real time early scale detection under reverse osmosis
operating conditions. Therefore, reliable methods to predict
membrane scaling and fouling are important tools in the
control of scaling and fouling. It is also desirable to have a
device that monitors membrane scaling in real-time while

placed ex-situ. This enables the external application to a
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deposition, particularly the deposition of m neral
salt crystals, on the reverse osnosis nenbrane (s) in
W@2002087153% 0osnDsSi s system wherein the detectiPCI/U§2007/060999
scal e deposits may be perforned at the initial stages
of their formation. In accordance with an aspect of
the invention, the gromh of salt crystals at specific
rLOcAtd oS R st Peasriace of aayr evesseOsBsks tFembrane
in a reverse osnosis (RO nonitoring cell nmay be
ST SHatisy 2oKs éPVEH ahdP r é06r @éd tinder nagni fi cati on
(preferably at different sel ectable nmagnification
| evel s) . The crystallization induction tinme, growth
rate, and surfaceSHEMBRY yCofTHEhé WANTIE i on sites may

[ﬁﬁlgﬁ%‘éf gined £ rom dispech. ferdyane ssurf aces ohser vatkan; on

e RO nmonitoring cell, and the visual data thereby
dobt&brell heans tbeandedt cﬁ@é{v@ﬁﬁﬂﬁé e imiaitati o of
ing8 {E%an E%@iggngr e§§knﬁnatﬂgtﬁg33ﬂ§;ﬁﬂ%iggﬁing scale
I'nst ant anedus state of nenbrane scal | ng, and the
dgpowt ti arat @acftithéastal iy dep00i2] oBrofadiiyperehesalt
monjtorin stem ¢ rises .an | tari.ng.c
Aaoraiah S A R R Y T
osyst em stk datae pn odes siengcoiogompui@riesystepi tThey be
RO_nmonitoring cell receives a sanmple o lLut.ion om
p@ir?ﬁgpe(% e fo6d’8 F%‘%‘\jr‘:n 16 % to%eg}g%h%egr}?rﬁn%ttggét’ r eg{ln
agenefiat €d firromant hepaenbranéechannet iof, aheROrpwdul @ salt
or unit in a reverse osnosis system The nonitoring .
CEéF’Fa%I%fai‘tneséjegl%IlSW‘%%%%lnoe S acr gég %%}:epascuer foglcg SFO?’E@@
oBROBE anecrihaine ecebvesvé e sanpked $BbUthon,towhegecall may
the.fl ow channel and the nenbrane . are observabl.e
b?h?’bﬁ@ﬁﬂaﬁh O%p?elrgg W%d%%or&?da}l?g%ﬁeﬁﬁae%*e% r%?‘rl%rs is
(pracedabnside diecfkow ehanmelbitonaght €ctdtngnonevels) . The
more |ight beams froma source (preferably a X
S RoehH i SO EEE o s CARVE Dy o PO € FF°
Jeerbraner suHd ace randibnt ©i tde mapageNge sySiierad Them direct
i magi ng system coggri sing a m croscogrg and a canpera

TEBROEDGr Aphi 10 FiFA80) *O7 i '9 dfi £al Ty toring Gt Tand

the visual data thereby obtained can be used to determine the
initiation of scaling on the membrane(s) in the RO system, the
instantaneous state of membrane scaling, and the growth rate

of the scaling.

[0012] Broadly, the monitoring system comprises an RO
monitoring cell having a visually-observable RO membrane, an
imaging system, and a data processing or computer system. The
RO monitoring cell receives a sample of solution from either
the feed stream to or the concentrate stream generated from,
the membrane channel of an RO module or unit in a reverse
osmosis system. The monitoring cell defines a flow channel
across the surface of the membrane that receives the sampled
solution, wherein the flow channel and the membrane are

observable through an optical window. An arrangement of
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WO Rdoassz8 ed by the |ight beam(s)

linked to the cell so that it creates and collects
i mges of the nenbrane of the nonitoring RO cell, as
The i magi NRCHYS108T1060999
is linked to and updates the data processing system
with a signal containing digitized collected i mges
(visual data) that reveal the formation of scaling on
m&??o?@“ﬁ!%H%C%Hrgﬁgﬁd@Ldk;%lbﬁ|Eh@&n@jagﬁSdigggﬁiﬁb one or
trans-nenbrane flux is appreciably affected. The ,
mpi s ubl gldateamay Themvi eviett den (P&afe ¥ or M"ePeFRECTH-1C
SSSQBQ}QQMﬁP%%rX foEp | atgr QW B0nerlh shevissyabcdal &y into
I'ndrcating the Formation of scale on the menbr ane of
thheimamnitorsysgenel The coradngt éssten, ardwirs siipdi eati ve

m?%fo%?%$%gggeaogaig?%gggﬁﬂgﬁﬁé Ai ”oifU%d@3>UE€QV ically

e system ot her aspect, a method
1fiokedond tidrd nglfiheof onaatitorrebtseatidhgradicatpeverses of
snosi s _( RO rane.in_.an nit o nﬂq%ﬁg of _.an,RQy
tgysftﬂ rPr?%%nnepﬂfggggtIﬁ%nﬁ%%rplglgoggpggglghgg% sampl e of e
1sohtut bedm f)omTeiet heegthe feedrstieedimite] tor apdeupdates the
concentrate streamfro

) t he .nenbrape_channel,.of . th
9IRS URT £- Ot Mo e Tt ﬂr%ﬁg}h an g?nogﬁl@lt?oarjimn‘&%cgllgg% ﬁ‘é%d
conckutdes amagesuakliyuebsertmablteaROraeadl artes foohkectn ngt

vi syal dat frombt he nonitoring cell.that lin i_cat €S, _rore
SCRE PP eSencl AFACA8YT eR 0 Scalb fg° oh 't he memBrane;
rGaRveybmigrite okl est ey siuall ydafaetoed data visual data
processi ng system _and using the data processin

Teys PBNY 87§ htér pret tHES ol Igsé:@FSS vi'sT p%ramFg‘ory for
1deter piogithe extient:ohascalda)g iaHi danbge wWie fh@mation of
scaling on the RO nmenmbrane in the RO system Th

SRORFL B HeP SYREBRTGH OF heprissent o RYert | on (CARC12tes to.

a0t henahdy-be equirppede W tdr cappr epriat £oSeNSemS oar the RO
instrunments to neasure, in real-tine, the flow rate,
TSHPTEBRATICtI Vit aHa EBnperature of the feed and
perneate flows. | nformation obtained fromthese types

of nonitoring can be useful in_interpreting the inpact

[B01PAe s GrPAEET se ¥ as i fEGetT byt e bl e~ Surfdde =+on

JfMRGENGn§YSE @Mreverse osmosis (RO) membrane in an RO unit or
module of an RO system comprises the steps of passing a sample
of scolution from either the feed stream to, or the concentrate
stream from, the membrane channel of the RO unit or module
through an RO monitoring cell that includes a visually
observable RO membrane; collecting visual data from the
monitoring cell that indicates the presence and degree of
scaling on the membrane; conveying the collected visual data
to a data processing system; and using the data processing
system to interpret the collected visual data to determine the
extent of scaling or damage due to scaling on the RO membrane
in the RO system. The monitoring system of the present
invention can optionally be eqguipped with appropriate sensors
or instruments to measure, in real-time, the flow rate, pH,

conductivity and temperature of the feed and permeate flows.
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[0014] In still another aspect, a reverse osnosis cel
for use in nonitoring scaling in a reverse osnosi s
WG y®UesIsrs provi ded. The reverse osnosi s noni t BCT/H§R007/060999
cell conmprises a reverse osnosis (RO nenbrane having
an active feed side with a visually observabl e
surface; a flow channel configured and arranged to
tHEE BRI @ symRkenel salutdrencf ropreidthefortikerfieg@decan be
streamto, or the concentrate streamfrom the
uFeABE atie CHEAREPt Y A ROTPACE BF HoiilE Frcaf R @S
i8ystem{ ahacsurt acesof r dhe 1 argbrang;s dd-ght - di recting
el enent’s (such as a mrror arrangenent) for directing
a light beamfroma |ight source across at |east a
aﬁrtion of .the surface of the menbrane, and. an optica
[RPHEbW t RF DL RAITEE £RBEShr fAde Vo SEnd Hetbt acnegL j $OF use
i¥i bl €1 0QLE] 1A sn by i efvesyBMBENO hias Heeanptovpded ded.
so that the nature of the invention nay be understood
THAI ERTSESA GTHE 18 ofipl Bt & drd ERSt andTing: UF° £héSverse
osR¥EeNt i o MeLrBeabt gl neds by, weterenee-d gitthewith a
follow ng detailed description of the preferred
v ABoHI YETSS TREF E0F UT PR enie cEPEN IR FH 4 e 4t PAE RSP
=dr.aw. 0gs; , BRLEEDESCRL T Q¥ QF 1 THE DRAWNGS +/8016} e Theeq
present 1 nvention wll now be described with reference
stoctheter & igs, CPRACWhT eH- & e rsafref EFimporiEnt'§™Raves t he
SanE-{ ef erence nuner gl s,odhe iihl Ust rat o enbedi FBAt sk Sface
intended to illustrate, but not to limt, the scope of
ofhehe nvertiaore; Thehdraw sgsinoneladenthe( TN G®i AgMLILOT
L AHEER L 0L faueend d s afunchiopaln by aakydi agiam
of an exenplary reverse osnosis water desalination
sfcackbi ¢y Lsiaig sarpevérsecosirsiserpatt of i My sygPenish and

ag,fggwégf%m&o% ttﬂ%?hgy%ji&ﬁ&h@%ﬁhﬂ&%@ 2e Seflbrane is

rammati c view O noni toring systemin accordance
wiistthlan exenpl ary enbodi nent of the invention; [0019]
Figure 3 is an expl oded perspective view of an
exenplary RO nonitoring cell, as enployed in an
[©vanpl Ty embedi semamf has been provided so that the nature

of the invention may be understood guickly. A more complete
understanding of the invention may be obtained by reference to
the following detailed description of the preferred

embodiments thereof in connection with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The present invention will now be described with
reference to the drawings, in which the same components have
the same reference numerals. The illustrated embodiment is
intended to illustrate, but not to limit, the scope of the

invention. The drawings include the following Figures:

[0017] Figure 1 is a functional block diagram of an exemplary
reverse osmosis water desalination facility using a reverse

osmosis monitoring system in accordance with the invention;
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the invention; [0020] Figure 4 is a sem -schematic
view of an RO nonitoring cell and inmagi ng systemin
waewongamee with a first enbodi nent of the i nvREE/USNY7/060999
[0021] Figure 5 is a sem-schematic view of an RO
nmonitoring cell and imagi ng systemin accordance with
a second enbodi nent of the invention; [0022] Figure 6
is a block diagramillustrating the steps of a reverse
osnosi s nmenbrane nonitoring nmethod, in accordance with
[0l &k Peatrof2 tife 3 AVeAt FBIA {028 Ff gured™ fog igg system
§C£%%G¥&éié%'%%%HfaﬁfE%éHEibEQVéﬁ@oéﬁﬁgﬂ%ﬂo@ftBQelﬁwéﬁﬂyah
i nvention series” "arrangement with a reverse
osm)5| S system [0024] Figure 8 is a schematic view of
nltorl S t r.a
e o
RE it e @ iingy ae$mheaimtan@ld>|yagr am sihesang lehe fhlowligfent of
{Jeeflmseol ution for evaluating an operational node of
FRventi'én for mtigating scaling formation in
accordance with an aspect of the i nventl on. DETAI LED
PTI.ON THE | NVENTI ON [.0026 neo
[Pﬁggﬁ%ﬁgﬁf? £ %2 % &VBFs&°0Shvsi's oni ?or?ﬁgﬁi&gﬁgﬁ??lm
caDNi 4104 mmgagi@al eviosmuti arcondreverseosndsirst embodiment
ranes in a reverse osnosis (RO systemis
ge oVF d8H =" Fri€ foni t or i ng system as described herein
conprises a reverse osnosis (RO m)nltorl ng cell
~ havi n% a flow head confi gured to recei a | e of .
(8B4 FSRUFF o the 1680~ 6F P COCEn T &t ki 8 151 'THE -RO™
csYst ena andidelyi ni;pgera i owcchannet m:m%s s@cnsam t@sddighent
reverse osnosis (RO nenbrane, wherein the nenbrane is
°¥i 87l € tH'dGgh an optical window in the flow head. An
i magi ng system conprising, for exanple, a mcroscope

[0022] Figure 6 is a block diagram illustrating the steps of a
reverse osmosis membrane monitoring method, in accordance with

an aspect of the invention;

[0023] Figure 7 is a schematic view of the monitoring system of
the present invention in a “series” arrangement with a reverse

osmosis system;

[0024] Figure 8 is a schematic view of the monitoring system of
the invention in a “parallel” arrangement with a reverse

osmosis system; and

[0025] Figure 9 is a schematic diagram showing the flow of feed
solution for evaluating an operational mode of the invention
for mitigating scaling formation in accordance with an aspect

of the invention.
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and a canera, is optically coupled to the nonitoring
cell so as to capture imges of the RO nenbrane in the
w@eioz/081srough the optical w ndow, and to conveP€T/UR®07/060999
captured imges into a digitized visual data signal
for transm ssion or conveyance to a data processing or
computing systemto which the inmaging systemis
operativel ypki ket DE@eR@ﬁf@@ﬁ esr ofzrdatk@espro6essi ng
systemis configured to display the visual data and/or
[00261 drecnhexterca oA Aldatabdsedcrand FEVESSprogramed
mggl 5¥fﬂdar?%tgmef¥£§ﬁ5H14$%Eﬁ SQCQ@etfbﬂ%atQ@%aBn reverse
ana ysis of the scaling on tﬁ nbrane (s) in the RO
osyss eMngn@G27Fs The formtegsieng 5@9%1 emRGhensEon né%t ed
ed |d revers IS
P R S A et e ol abe o omeriees
aChﬂW@&&EKﬁﬁbhesnéﬁ©rHMHUSMHﬂaGeCQIldﬁwﬁ®guﬁlfl©W head
C 91 U 4]Lo Te elégsgen] §E§|kngoﬂ9ﬂu§PE&%g %ﬂgb£5§5 or
the Czj‘;\drop i'on of preéenptive nmeasures prior
cbhtéﬂ%ﬂ&ﬂdﬂsadHEHﬁrBMEESE&megmth@h@eﬁﬁﬂﬂH@fﬁ flow channel
unchecked, .ma in a _reducti r ct
ABERT G HARRGE 1Y e HBHDF ah e SRAE  yperein the
mBRY T £18S Ul <t vllmbmerem@mbrsalnt opassage:ur[cﬁﬁﬂab Ahe flow
noni torin stem jn accordance wi qventl ON__ccope
DSAF o™ QPn eSYPgats o 6 1CHBYKi euean% “§cal & b
ahar aatdenc0n iROcpembs ENES=fuphed tange: foorﬂmelrahgncgell so
condi ti ons. Al though_t heensui nﬁ desch tion rﬁg h
23 FeverRia s 8PS s pantor AETPTE9 The Wofit %ng
t8¥Sbem 41 aceapdaneed wd hodrie ricnyeat ¢t urmyl alhsgebeinto a
used.in connetlon Wi th n]anof iltratjon NF, i
daEH%&W tFati7on 4¢ UF) S it mitCrof TR PP LT 0 F)r@FfOn"eYance e

ap6@@@3§ﬁ§Xﬁkﬁg%9brT@oﬁ@@iUki@&@taﬁ undetristrandengnedigy
reverse osnosi s nonitorin S ten1|n accordance with

SYREST nte EFR - T4 genet & e i 6RPBY Y rBvErSE BENDRTE "I

sfy@%bzlnl 1y Wddighecdess r&ﬂ%ﬂtav“ﬁ@eﬂ@@@uil Gla8tar uetiwbal to
nponents of the nonitoring systemwl|l then be

5&@§€r?%%od%at RlspetpFiieai%ef éFenée 0 PHEGEHE Al
iSEEUSELF ecif <A sKeVeRses OIS SoUBllow an analysis of the

scaling on the membrane(s) in the RO system.

[0027] The monitoring system, when connected to a feed side
stream of a reverse osmosis system, enables the monitoring and
recording, on-line, of changes in the membrane surface of an
RO unit or module in the RO system. On-line monitoring enables
the adoption of preemptive measures prior to irreversible
membrane scaling which, if left unchecked, may result in a
reduction in product recovery and damage to the membrane

which, in-turn, may result in increased salt passage.

[0028] A monitoring system in accordance with the invention
allows the investigation of the kinetics of scale formation on

RO membranes for a range of operating conditions. Although the
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[0030] As shown in Figure 1, in a reverse 0osSnosis
plant or facility 100, a feed solution or feed stream
waw70g75e , saltwater or brackish water) is fiPGI/US2007/060999
pretreated in a pretreatnent system 102 to renove
particul ate matter that could interfere with the
desal i nati on process. The pretreatnent system 102 may
oL YPI gl L GOnpE i se. 0N O jMor 8. pardd clhatesf bl ier s,.0or
appropriate filtration nenbranes (not shown), as is
fael litknowmei motheoayny Sikére mayeatwoldpecunits tor the
.additiaon to feed [ i.cak L] ;
B LSt o dk &1 Fraetron " and ngl oy dal - F1¥ESion
(SFrapidltzatiianraf 0631]UThenpr et ceaf ek fagedns oM | prrdesses.
punped, by a high pressure punp 104, to the feed side
of an RO system 106, conprising one or nore reverse
[0osp@Birs €RO) 1S a0r unedud emdieachfofk whivetschasmasis
mepbrane channel  across the actjve feed side of an RO .
MHBABT EHE ST CEhon] SO FFRE FeBd ottt i 0 St F88m T s et
odibrecdedh i nt ectrbest esthsiide ratit hey neibr are debanhiedd atThe
high Pressure,Aa d the nenbrage separqtes.solgte 11
SPROELC dieLtTvEA  nT BT HI 44l £8) “Fr ORILHG WkPer ¥ THE HO
tpERCES Sdeerdioeaediby $he-imanbranerés)e idv tthe Rehsyst em
results in a concentrate solution stream being drawn
s6FUaF'SEhat’géd “EFV6AT T et “oncelf'rat e side of the
menbr ane channel of each RO nodule in the RO system
106,with a desalted |liquid being drawn or dischar%gd
[PPBR PResperiest & 1SUd6 of &ach ROSHSGuPETOThe PLant or
sgoneent rate soldtion, contal ni-ngethessepar ated (sakts is
renmoved fromthe RO system 106 to a concentrate
shandfFag TodIeekio8. vOptlondl Iy rSHeR%E Hirated (fresh
owater) fdamdhe per prat e sinde 0bathec RQ sy sieme 106n sy
further be treated in a perneate post-treatnent nodul e

cppdd Thiee sl oy tof thheddTediararer P pretiifced "By the RO
p%%@g%&& depends10n the Nressune appbied tothe RQe

mbrane (s) therein, the concentration of salts in
relel febatsolivttican, candPR e Hippe 6f Lhedbrahe&cfryransedort

shown), as 1s well-known in the art. There may also be units

for the addition to the feed solution of chemical additives

for pH control, disinfection, and colloidal stabilization.

[0031] The pretreated feed solution is pumped, by a high
pressure pump 104, to the feed side of an RO system 106,
comprising one or more reverse osmosis (RO) units or modules,
each of which has a membrane channel across the active feed
side of an RO membrane (not shown). The feed solution stream
is directed into the feed side of the membrane channel at high
pressure, and the membrane separates solutes (e.g., dissolved
mineral salts) from the water. The RO process performed by the
nmembrane (s) in the RO system results in a concentrate solution
stream being drawn or discharged from the concentrate side of

the membrane channel of each RO module in the RO system 106,
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[0032] A nonitoring system 200, in accordance with an
aspect of the invention disclosed herein and its
we@ouiresiseht s, is coupled to the RO system 106 BOGI/HS200T060999
take a sanple streamfromeither the feed streamto,
or the concentrate streamfrom the nenbrane channel
of one or nore RO units or nodules in the RO system
w108 o JEhe 1$aAPL €qStd 8aMgS ApUREs: t0i ddne rFeai tosh Nge
system 200, as expl ai ned bel ow, _and the flow of the
peangpl e stifeamtt Aroudgh e dsni t BFF P SFSt e 200° F& 1o

Opni f.oned cih tegh didme.sivages elnamy sabk deposd tdy@iten
or crystal fornmation and possibly various types of

1fputant chepesttribn omd imenieorihgl RO MEFBPAAEIY N t he

dQQer 2ring system, 200, are phehographed andqeepert@d Hon

real tinme. Through the conbi nation of optical
spraen f 1 Carieon fandhappropricat-eéd] Lgyht i FRFMSar6ngoHk Threatment

mgﬁgié & .”H%ﬁecgggﬂaf and .anakysis prQ6essbndee8ubf I8 ro
C e d

anges 1nt rystallization boundaries are
spenét orEd.deBased on thre rorepstak forhetd 6, thReRC

m238£§8£%59t%%§%§ﬁ‘ZQQEQQHméﬁﬁkéEiéﬁ 6@Q¥h§%‘99 the feed
pre-enpti've neasufes to prevent scale formation or
sgiowt dn ofarsuchectyst ab & memitrheerrehbesare (s) in the RO
system 106. [0033] In one enbodi nent, the nonitoring
system 200 may provide an alarmor alert about the

(bospat ronoof coi ner alyssaht 28¢al & GredohdaRG: nenthir ame afgect

). in the system 106 before anysignificantl ‘
Oﬁeﬁg%rjarbYeg‘gfﬁ%x d&l@%f?%%dbﬁ? répo F‘%(%dgt%aeﬂuf g é‘tggcc:?i on
cefipmeabr @anees gal spgtenabl @someasuvesalt® dheatrgkenstoeam

save aﬁg/or exte% a_nenbr.ane' s Ithe I n nol;rger

EE B0 et , “thé Sont Ebr i hg Ky Stem may  provide data

firehat t g dandraner ahascal e f arrabironoanRd hevikisnetigsdules

.of scal e devel o nt._[0034] .Figure 2 diagranmatical]

Y Itﬁgt]?%tsé’sstfﬁﬁ?t orrim%% % “k}leemggﬁﬁa%c%sor |mﬁ%% t l(%oajﬁhé/
rexerplary enhedi menf of 4:hedimeenbedow, Thel nbri fobwngt the
system 200 includes an RO nonitori ng cell 21Q with. a
SFBLEl PYEOHs rVABPE RO etbraié 9127 Sy A itwafrig-ored

iSY$EEM time. Images of any salt deposition or crystal
formation and possibly various types of foulant deposition on
a monitoring RO membrane in the monitoring system 200 are
photographed and reported in real time. Through the
combination of optical magnification and appropriate lighting,
along with digital image capture and analysis processing,
subtle changes in the crystallization boundaries are
monitored. Based on the crystal formation, the monitoring
system 200 can assist in regulating pre-emptive measures to
prevent scale formation or growth of such crystals on the

membrane (s) in the RO system 106.

[0033] In one embodiment, the monitoring system 200 may provide
an alarm or alert about the formation of mineral salt scale on

the RO membrane(s) in the RO system 106 before any
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220, conprising an optical imging device 222 and an

i mage capturing device 224. The i nmagi ng device 222 nmay
whego70grs7exanpl e, a mcroscope with variable PCT/US2007/060999

magni fication, and the inmage capturing device 224 may

be, for exanple, a digital photographic (still) canera

and/or a video CCD canmera. The imaging system 220
s{ERNsiMdns 19T meQBYeMS) & digl takl shgnal eept-akdl Ngzarly

visual data to a data acquisition or data processing
deystiefror fcBAPAT RIS sy end230 b hat Teicliddeste e Faren to
SPLOCESEINg URLE § 232e@ indeQ di 8Pl ayh QhoRBBEt Ofb@Bdent,

and, advantageously, a nmenory (not shown) in which a
tUatebEseiiagstoredl [00IBPVIHE RO NEifdraned2i2 hdsal
sEListrar . aqtive,fegd side. and.a secondi.ot)pghapal e

Si de. e 1 magli ng device 222 is focused on the surface

of the active feed-side of the RO nenbrane 212, as

| e _descri bed hel ity ] Lcal L L

R N e o e e
2andacecotichat he ept ¢eatpisimgnaibbdomittheof agi Agveevice The
nggt ;}§a|§n%%%% ?55 EﬁéﬂﬁﬁystgngSr SONVEYED: L1 & 10 with

argirtiZet Visual “data signal . to the conputer system
a230sfarl r-edlsetrivably i BWirrgicarnehaldi spidyr23saghdd ovystem

for storage in _menory for. further_ anal ysi-s. Thus,.
4?§ag?%8“§ysn&nﬁﬁzap%%ﬁ?%6F?géﬁ %?%ﬁ%%ééFig‘gt?§El$ig%
capthtingrages cer 29 debhofintshe noedbr are 212 negr be, for
transm ssiaon to the computin stem 230, .Hi gh
eF@@Bfﬁtﬁ%HPﬁﬁﬁSgoﬁ%ywﬁgpﬁﬁgﬁégién%a%&ﬁﬂ%ﬁﬁ&iogh g the
ihkge, cOst caplourediat prepiogbanmedr téendlnt envel gieand
automatically s ed in conmputer nmenpr r further
pﬁﬁﬁ?%%?%@”{d6§6%9%h%am%ﬁbéﬂ§%85u?iﬁb ee6{cecf§irﬁhng§
igkgesd | yyoouplced toaashocalorcopputes sysitEma230 90411t
may be‘adapted for direct connection to a netmgrk
COREF 42T et OP W PER €5%)2 FHPoagR WAt chl figEs "2an be
pciplkoadedy sthe dnmagesofmy:al s shemdownl gaded neiladthea
network to a renote co ut%{ sXstenl In .

processing unit 232, a video display or monitor 234, and,
advantageously, a memory {(not shown) in which a database is

stored.

[{0035] The RO membrane 212 has a first or active feed side, and
a second or permeate side. The imaging device 222 is focused
on the surface of the active feed-side of the RO membrane 212,
as will be described below, and it is optically linked to the
image capturing device 224, configured to digitize and record
the optical signal from the imaging device 222. The images
are transmitted or conveyed, in a digitized visual data
signal, to the computer system 230 for real-time viewing on
the display 234 and/or for storage in memory for further
analysis. Thus, the imaging system 220 monitors and creates
real time still images or video of the membrane 212 for

transmission to the computing system 230. High resolution
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ei ther case, the conputer system 230 includes software
t hat enabl es detail ed i mrage anal ysi s, using any of
W@ 2007087 78reasur enent s that can indicate the deRCBESWNT060999
menbr ane surface scaling, such as, for exanple, the
percent age of scal ed surface area, mneral salt
crystal nunber density (nunber of crystals per unit of
1 {EODL g %@rgggﬁeénﬁﬁ}amaﬁ?%e@eﬁﬁeﬂ&ﬁg%jﬂé,SHffégﬁ%ured at
area covered by crystals, and the size distribution of
psep facencreystains . 11Suctyadoef ewdr eutgnad tdsdl vavgabTabl e or
readily create and .i.s t . w thin the nornal
C%@?TTegﬁm?ﬁ%yng iﬁ%%lxﬁ&ggéfQE%%Velop and enpl oy in
the context of the present invention. [0037] Figures 2

ow. t he nmoni toring,cell , LN accor ' -
[gﬁggﬁeﬁg?a?@@iﬁﬂﬁﬁﬁt 9 of S THe %#3e%?¥on?(§s q%@ﬁhg%gglVd
tbaselplat ec2d2thavi ng:-an EAEUS T pot tian bepraberabl Foi n
the form of aﬁgorous ng;aLliﬁhin ert 244, a %ET§§5)
IWhFeh THESErfBate i'te "6 't NBShEnbHane 217758ats: and
thhatglacts s iaagesbtanes uppobtiewhi | Eralilmawengmay also be
per neat e fLOM/hhrough the nenbrane 212 fromthe active
dPERYCITHE H6 HE Pe &%Pdé P Rer eof P UFTE BA3e~ D1 at'e
c24Beshaudd beccapaple: ofswirkhstanding ddwe eperationalat
pressures in the nmonitoring RO cell 210, and it is
SREVART dYEGUSIEY RBRTGOTTOSIVE, PRTEY ptief ggqrrovs

neAbediBNs thhe base:phate 242.mMyqbe: maxdecabrane surface
acetal copol ymer such as that marketed by Ticona
SEAGLRGeridy P6lyAeF sSXFEi coRaPebry  itdertt Realed

shradesas ke CELCONCE) 9L1amt krawnnequd valenticy (number of
or,alternatively, stainless steel. The insert 244 nm

pEshade BT porous TsTERITBI® I IREGS bRt ¥ ehdritePeSpaetd® OF
sthhezbase-pl ate <242 Bl serjncliudesnancoutdele 273ctoputhen ot
per meate that passes through the insert 244. £0038] A
SeRARRR| CBEdI2 1252 SURAVING TS Afefi brcbpeitiing 25407
r@@&ﬁ@?scﬁgﬁ%éﬁgpgﬂda@g shape,afi aithow channeh.detined in
over the surface of the active feed side of the

thenbe AR arfgeto develop and employ in the context of the

present invention.

[0037] Figures 2 and 3 show the monitoring cell 210, in
accordance with an exemplary embodiment of the invention, as
having a base plate 242 having a porous portion, preferably in
the form of a porous metallic insert 244, against which the
permeate side of the membrane 212 seats, and that acts as a
membrane support while allowing permeate flow through the
membrane 212 from the active feed side to the permeate side
thereof. The base plate 242 should be capable of withstanding
the operational pressures in the monitoring RO cell 210, and
it is advantageously non-corrosive. In a preferred embodiment,
the base plate 242 may be made of an acetal copolymer such as

that marketed by Ticona Engineering Polymers (www.bicona.com)

under the trademark CELCON® or any known eguivalent, or,

o
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peri phery of the flow channel is defined by the

configuration of the interior opening 254, while the
waeleprssis t he fl ow channel is defined by the tPCTKR®8%060999

of the channel seal 252. The channel seal 252 nust be

sel ected such that nmenbrane distortion does not occur

when a flow head 272 is fixed to the base plate 242

a2 8d-1dghteneds dowm agaisist 1t henaemyane 2212na Fhus mdde of
channel seal 252 is preferably nade of a material that

PPEOHS ryRdsdt OFea8oREDIRE A ekprBlel TAITTas, ThorPexamies
oo 1 el ativehyqbar gh siildcenessubber: materiabec 0039 pdeks
fl ow channel s nore than about 2 nm deep, extra support
thagudle tieedederd ehsure that the channel seal 252 is

not distorted. The extra support may be provided by a
rigid support plate 256, preferably nade of a suitable
[pOB§her ohaplasticaleXhPbitinigd ke Fegarset eomstiaagths
rigidit an u ity t i 3 '
theite e o e Lupbort Bt b Sbo- Gvant ageodsl v ide
sartent ral thpenichgv258dchati deecéi vies ranvd raceoimddaties

t he chann eal.. 252., [ 0040]. _ Q :
pﬁ%%%ﬁ?ﬁl’ﬁ§i§%§661?§ %ﬁ%ﬁﬁﬁi 6ﬁA§?§%%%gg§ﬂ$%%o gﬁgﬁ§h£§£10n
osutfiacentafritthecaetive Feodwsiide ofie tdmturemiir ahe 21D

cghgne.rfénae Eraﬁggye&E %ggfgkr§Ct§fléégncﬂgﬁgghasééngBZ.
$0UPTe, Fas Wit “be exﬁfalne below, across at | east a
Tpher thomef sthe sofface: dfe tshéecacti veudreadhasi dembfatde

mepbrane 212 to all ow | ow angl dark field. .

I T O it | ﬁgopoghgc?ﬁﬁﬂﬂﬁﬁ?e%sg% 52%§a4r$?§nés fixed to the
pregbogdi ament242asndl kusttated domnt hedtaw ngs, reworahe rors.
260 are placed on opposite sides of.the flow channel.
TRHE" nf¥T ore 260 ﬁ?ﬁgpgéééﬁb@F§%§ﬁﬁ?{%H“%%$Iﬁg ght = than
thhe depthrofoutheckkomaichamelisoel hatcit hey dornetample, a
hi nder proper sealing by the channel_ seal 252 and do
rRoe L LBt Acta T S&&%F%‘g? %%&Mi??lt%scri bed bel ow) .

To optim ze the reflectance, front surface mrrors 260

nag be used, in which the rgflectinq{gurfa&e i s
[9P3Pbded AL oEn tYlE Sof OF8sE PhatP Ut 2 mm deep, extra

support may be needed to ensure that the channel seal 252 is
not distorted. The extra support may be provided by a rigid
support plate 256, preferably made of a suitable polymer or
plastic exhibiting the requisite strength, rigidity, and
durability to withstand the pressures in the cell 210. The
support plate 256 advantageously has a central opening 258

that receives and accommodates the channel seal 252.

[0040] An arrangement of one or more mirrors 260 is placed on
or adjacent to the surface of the active feed side of the
membrane 212, The mirror arrangement 260 directs light from a
light source, as will be explained below, across at least a
portion of the surface of the active feed side of the membrane
212 to allow low-angle, dark field illumination of the

membrane surface. In one embodiment, as illustrated in the

13
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15

90 , with a 45 angle with respect to the nenbrane
surface being the generally preferred mrror geonetry.
wab@708715rrs 260 al so have a fiat bottom surf aP€l/US200EH060999
preferred enbodi nent, so that they can rest on the
menbrane surface. The mrrors 260 are placed such that
they reflect light froma |ight source, as discussed
dP§w1 :LIQw%hﬁlpf§%£egﬂg|&%CEEQQedQ&?Qﬁﬁ%@hiepéiﬁ&iQk the
rl'y para to the menbrane surface. [0041]
fibmvﬂtﬁ&&ﬁmmhe hzawlrrgrsat” t0east prefasdadiivnghapest urie height
and a Ie s t] \Y 7 d
*GhS U e or R 1T oW Gal T Fead 272 TaY RSEthiRfer
pf@}gébﬁtst‘e’nﬂ]]l@j@ iyt hhdé hﬁlaﬂr@ﬂn ngaaperi Lﬁr*ei (@) n2¥4¢ontact an

o the b 42 define t
OBFbCFae Wd&%’eda}?l i% anne bggr ogs the E%rl 228 %t he
ract ¢veafeed fsode sﬁrfettae merrbbaae2 24 2uayThe fikew, headvhich

advant ageoqusl . teri aI such,
%?af%fle %tlﬁgeégrL?ﬁ%t lbs’é)tﬁ go‘??om on g}les%st‘a% S ang™
ocapablen of it hsgaadwngq thepeper at | ﬁmlmembessar esrfao:e
whi ch the noni rlng%?elléglo i s sub ectted 'FF
PReRd 272 WYSHAtet B {HEFT oW riHe el
28anpl ed 1soldlUti @nat anek @ cutdfete271h £ rmfteheeﬂl ow
channel, and it su 1;]Jorts the optical ng) Th
SRPPAOTRD § nter FEPT ng Wt H@Sﬁyaf}oaﬁlﬂﬁ rI‘aln&/\/sE)}éﬁ Trn T

mkRrbhe meihrane1bbew shannelar [0042}-fo-dwehiigve sterss
on the optical w ndow 276, it is advant ageousl y spaced
1 pBin £ He- F9,0WShEaA<2T22 Dy Wi ndBw Gasket 278 I FRet Lo
ofrkb QW ?553 #h21is1f bxeged.00 he rbasel pl & e-1242bynreans
such as bolts and nuts (not shown) or any suitable
seglifvat ent, thereby fixing the window 276 between the
W ndow gasket 278 and the channel seal 252, and fixing
t he channel seal 252 between the wi ndow 276 and the
[RQADI dnéLlovoherd (312 plegéRe) 2t nee&Uppart VpFutes s rture
:ggg@ﬁndﬂats wdde Becexptained;ibelew, 7t hei 9pidcabnwt ndow

underside of the flow cell head 272 in registration with the

IEOIS

viewing aperture({s) 274, is fixed to the base Z42 so as to
define the aforementioned flow channel across the surface of
the active feed side of the membrane 212. The flow head 272
is advantageously made of a material, such as stainless steel,
that is both corrcosion-resistant and capable of withstanding
the operational pressures to which the monitoring cell 210 1is
subjected. The flow head 272 an inlet 27la to the flow channel
for the sampled solution, and an outlet 271b from the flow
channel, and it supports the optical window 276 without
interfering with the hydrodynamic flow pattern in the membrane

flow channel.

[0042] To relieve stress on the optical window 276, it is
advantageously spaced from the flow head 272 by a window

gasket 278. The flow head 272 is fixed to the base plate 242
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passes incident light fromone or nore |ight sources

280 (Figs. 4 and 5 ) to the mrrors 260, while
w@e@viogisme) an optical path fromthe surface of PETES2007/060999

active feed side of the nmenbrane to the imagi ng device

(m croscope) 222. An optical w ndow 276 that can

transmt |ight over a wi de spectral range is

bﬁrrﬁgcﬁ{sa@u%h as bs1@an Lpt heak Y\ﬁ@*@'%cﬁv@@t oirsalqyrﬁm&ble
as high strength and is sufficiently robust to ‘
eqittesteartd lhghelpy eSisure appl éatewns © PRTHePR etlet regdow

gaeg}PQéjiZn/%mandt leﬁe optdGal; \g!eg?o%azﬁaﬂcﬁ f@qggoéh@%ﬂaﬁﬁﬂel
quéflty t ranspar ent sapphire, which neets the _
saf brafitenteitoned cne tweimicey R0044%d Ashqmevwbeasky212 or (if
di scussed, the i I-ng system 220 conprises the

pf%%ﬁ%%g%%ﬁVF%Epaggq%ggﬁif%g’nicroscope) and t he i mage
capturing device 224 (e.g., a digital photographic or

' caner .. The_ imagin evi c 22 recej 5
hEEE oRTTHELk i AR ot T e U blia e ShserPatigah 276
pAESDs ane-itdeneughghher opt ictal owi ndow 2t tokotiheeseld0

210, anpd t i mage capturin vice 224 is.qgpticall .
(b oh v Phe TP aBt n a8 To Capt TAAT! e e
péﬁthﬁﬁi aeHheuviFstal oflatra sicghak that disiecomveyedndnorane
the conputer system 230. |If the jpaging device 222 is
3 Fher DREHPE, TRELTR THE REABFAr 3 enBti eS¢ R3O 276
tﬁ@@%@mctxi[armg@]ti s,ih@hﬂ&gna'ﬁf izeehiieage: of rdaiheaneabi ane
surface. [0045] The inmmgi.ng system 220 al so includes . .
péﬁéeﬁﬁbh%réslPﬁhﬁ“s%%?%%g'%@ﬁéoﬁstgﬁbW§iq¥rﬁﬁgﬁfe 3 high
S@B@néth dhats o khuri pade theobever & wsimsiasidcal bh 230sssure
specifically, the surface of the active feed. side of
aPRéL fbiine 1212, PTHES TiGht"S6H M BEs" 280! WhiPEh “fray " B "
28kt herpidsigte ok 1 obt skl ithe teehkp2d8h+ pglpenabl ywhich
produce nmonochromatic |ight beans, which are nore
mgg5F| Yhe crifsederhaf™at e nditdnochr omat i ¢ beans. To
this end, light emtting diodes (LEDs) are preferably
used for the |light sources 280. A |ight beam from each
[PP4AT S6uPEev2BOS % ddiscected atht HEeSiPPages o™ t4d

c@&EEY§e£Q§Qa%kQ%iQE Lbeice 222 {(e.g., a microscope) and the
image capturing device 224 (e.g., a digital photographic or
video camera). The imaging device 222 receives an image of
the surface of the visually-observable membrane through the
optical window 276 of the cell 210, and the image capturing
device 224 is optically coupled to the imaging device to
capture the image and to create the visual data signal that is
conveyed to the computer system 230. If the imaging device
222 is a microscope, as in the exemplary embodiment, the

captured image is a magnified image of the membrane surface.

[0045] The imaging system 220 also includes one or more light
sources 280, as shown in Figures 4 and 5, that illuminate the
reverse osmosis cell 210, specifically, the surface of the

active feed side of the membrane 212. The light sources 280,
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menbrane 212, preferably perpendicularly, and it is
refl ected by one of the mrrors 260. The resulting

wo edo7eg1se’l beam propagating parallel to the nReD82087/060999
surface, is capable of generating clear inmges of
m neral salt sealants (or foulants) as they devel op
(grow) on the nenbrane 212. [0046] As shown in Figures

whi @GR, et B8 AL ET OSCORE 222, hasqan mabjecti veo) ens- 28201y
that 1s placed just above the optical w ndow 27 6 .

pBetaus excrehepyst of sl iohtc SRABA, niheTal> EcBPF Ag>as i1y
fgggggﬂqg%glggghngﬁﬂg¥gﬁﬂﬁkm§E§ctH&&&Qll%otEﬁﬂ§Q§&§nuﬁght

m croscopy technique is preferably used
ehbrt Miewlingleer ystads dor med fonabhe wrmthriane tsear f ute
.Jhe_ arrangement . for dark £field p crosGopy i-8.shown dn
SBIYCCS 2 O et ?%b“l‘(s‘é‘ﬁg‘rg?g}ﬁl A 280,
deach:af arhittk diréets o Séparatéeveiiggud lsedm vd ome of

the mrraors 260. The mrrors 260, in turn, .ceflect -t
MERGRE beaie FROBRROLH & Eratr s ohe! Dur Ay bE b0 pher iR ed
bsusfiacer afhet he raenbrafe. 212, rebel el tdeyr Miekkedncoumnt er

any i nperfections,on the nenbrane surface, .su c
PEP§§$%$§K@§>Fa$ﬂ§lca9§igigﬁggéén?nb %fﬁ%”mfflgg?$$%%é%
gandrsefdectl cairghhayonas O rtive rail cso5c ope lehjtect bvef delmts)

282 to create an inmage that is nmagnifjed by the
2R EFBScEpE 222 (dha" capt J?‘eedmﬁﬁ}‘bfﬁ ec‘;airr%ee'ra 224. [0047]

The dark field mcroscopy techni que can be effectively

used to study crystal growth kinetics, as it provides

(3881 Pas st off o eSS ADETS bhaGes FRoTHET detl (TRg™
obBges of 1 Giyskal tgrowmh.pTHdS, ey siddvdheinghbpeanabe

(eadllg observed and neasured, and the crystalsﬁZQQ.
vdBROBe” bbs&irédsentiRef it Sfage¥ It Hormati onc
cbhbsuMay, sudd ghl yypeah) stdc tepticabt ¢ Ofardhe rdegr ee @frk

scal ing can be obtained, even in the ear%% st ages of
fdeari RGBT B FEOR" T SuTress draBry “at ¥ ettt .fO[lo%&%Tm@
gL €5 5r Shaws an cakt esmatde soptkeal aid angemgbdhent for

using a single Iight source 280 that directs a |ight
dgE ANt L ovaArd Girecory is shown in Fig. 4, which uses Two

separate light sources 280, each of which directs a separate
light beam to one of the mirrors 260. The mirrors 260, in
turn, reflect the light beams in opposite directions parallel
to the surface of the membrane 212, where they will encounter
any imperfections on the membrane surface, such as crystals
290. The crystals 290, in turn, will diffract and reflect
light toward the microscope objective lens 282 to create an
image that is magnified by the microscope 222 and captured by

the camera 224.

[0047] The dark field microscopy technique can be effectively
used to study crystal growth kinetics, as 1t provides good
resolution of the subtle changes in the resulting images of
crystal growth. Thus, crystal height can be readily observed

and measured, and the crystals 290 can be observed in the
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of the mrrors 260. This |ight beam propagates

parallel to the surface of the active feed side of the
WOoreenosases 212 to il lum nate a cross-section of PETESIND060999

channel just above the nenbrane surface, passing

t hrough any objects 292 that are transparent on the

menbr ane surface before being reflected by the

. 0sSi t Lrr into th ] e ohj; Ve ;
(SRR LS O LORLENE 0B TLR PSR BRe UL gF e e
eat irmngenEnt-hpr dvides <fi deavipuscof murtaeénedystals,in the

and, along w.th the arr nt_s i [ 4 '

Bt P T R Bbr Tho Gl or SEShatT GBtor pfy “rrediSd.

t hree- di nensi onal i mages of surface crystals. This

enment al so useful far. determ. ning fl o ,
[SQ%QQ?fgggeb%§%ﬁmgntha£g AP gﬁté?ai éﬁgﬁzgngSF' using

e observati particles
adyengld gaksti Botihee f1ow tehannekec{H049]i gAlct heaght¢vrecd one
present invention specifies the use of at |east
OB Fror ISP Rct | N Drie 07 RGPS 1 BEANE T oo b
tﬁﬁ OBF £ SOWTCescagt 055 thedmenbeane S freeerand 11 oo
‘the imaging system it is within the sco of th
| BIRSERRCY SRPRPOR-tE" L¥E OF SPgh b RO on 3 r RRYThg e
mbREOM NG Jirght , paratiel or-ocnear byy pasaldel 2ba the: are
menbr ane surface. Thus, for exanple, a single nm.rror
CE AN Bt e dt'ed AnESBYT Ut G0 "G OERE L Her el o bbt Scith PY
@t btPeodightniscatt erediby the scabbages ystiaksion 1des
menbrane is directed parallel to all or part of the
zﬁﬁan%ﬁékguﬁﬁﬁcépjF@B%d%”TH@“CSﬁpﬁ?%@r%ﬁgteﬁpééo t hat

aheseh Mgt e Aiigbti zed Wislal odatarsignal:s sithor) t hed,
canera 224 is operable to correlate the data in_the
a}PEHalt datd sicgRan Ittt tHeeEndint Fon- of thesret 10

MBADE Ane {$)t 1N rthen RO systeMoE06n redhei nGompUhel images of
system 230 nay al so be operated as a data acquisition
sgyseem forstedal-- fhae #eeorditgtand ebit roiefof for

aeperat i onal s par aEeter s; sUch A% bhapss Bihrane iphessur e
and perneate flow rate. Thus, the nonitoring system

p@@@iﬁﬁgsb@:@ﬁ@igﬁ@@aﬁptiptqﬂg flow channel.

[0049] Although the present invention specifies the use of at
least two mirrors for directing one or more light beams from
one or more sources across the membrane surface and into the
imaging system, it is within the scope of the present
invention to use a single mirror for directing incoming light
parallel or nearly parallel to the membrane surface. Thus,
for example, a single mirror can be located and oriented so
that there will be some of the light scattered by the scaling
crystals on the membrane is directed parallel tc all or part

of the membrane surface.

[0050] The computer system 230 that receives the digitized
visual data signals from the camera 224 is operable to

correlate the data in the visual data signal with the
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appropriate val ves and pressure regul ators (not shown)

for the adjustnent of the desired trans-nmenbrane
WEe@3o8nses and crossflow velocity through the neEi/US200TIEH0999

cell 210. Such control devices are advantageously

operated under the control of the conputer system 230.

[ 0051] For exanple, as shown in Fig. 2 , a digital
cbh i & low  pet 86 302, mBy: (knt e face Wi thskbe conputer

system 230 for the nonitoring of perneate flow Feed |
ceopwtd o vandmno? 3 perreatle cc BAdOBE TR 24nd PRFPeyCPE S1tLOn

r Shipe wi eRdugti v r obe 304, @nchAa
Sg%@%§f§$f3%§? ?ggbé%?¥%§§§5 %ﬁ%r%?gﬁfg’%raﬁggucer 306
paBynATNist ouchhes pressurerdyrhagrthes Wesabidnatrampte flow
ocess. The pressure t e fl.0 ,
e R
apptesfiaced wilths datd meguiusit regu hardwari@oandhown) for the
of t war e, e readin are recorded at desi r _

a‘?‘?‘ﬁ%tr?efﬂterov\?m;f%g‘e( %?ng]fecgitpﬁa@gl P?/I%%%nrﬁ gﬁréeestsg%ri %?f% eé:‘l;jooS °
fopgevarbdiayr takroageetipemadyprindAncanal2dg-t osdrlgi ¢@ltrol

converter ot shown) rmay be needed. if .the e r
TR R PBRET R T S Rrer T conqeeREoTE it the
cprhebesr preMicge 2anal og signal s. [0052] |nages of the

scal ed nenbrane surface in the nonitoring cell 210 may

be processed with conmercially avail abl e i nage

(808l ysisr sofdnpace, asuchoas,inf etLgexanpd ejictie 1sof gwad eflow

mar ket ed under the trade nanme "Fovea Pro

Ver si,on
"% " by R AAGEF T aphi b f CASHRVTT 15/SRE. JThe! ™ Mo
mbABE6r Bnal ¥Siss rABY t & Nel ddle raral ¥5i 6t 0dn oiLl/0 poreeate
crystal paraneters, such as crystal area, .equival ent
c@naRBt 871 GUNARESETY sYmTTY 2and T elftit Ht0' i dt h
Habher i ¥ Nepddidiconpst beg sunfrage taunbes, dengetyively. A
of crystal s and/or the nmenbrane surface area covered QY
PEEAPRT Py W W' BE deb ePni it as Ta Funct o6t i agY te
drthe1kgsordeddomges MRy @tsobe anahyzeskdf oneatlyy meter

signs of crystal formation to provide e%&gy detectign
3852t RengnSetV i SaPPace’ scaihg alehn® 305 ’are interfaced

with data acquisition hardware and software, where readings
are recorded at the desired time intervals (e.g., typically
from once a minute to once an hour or once per day). An
analog-to~digital converter (not shown) may be needed if the
pressure transducer, flow meter, pH meter, and conductivity

probes provide analog signals.

[0052] Images of the scaled membrane surface in the monitoring
cell 210 may be processed with commercially available image
analysis software, such as, for example, the software marketed
under the trade name “Fovea Pro, Version 3.0,” by Reindeer
Graphics, of Asheville, NC. The image analysis may include
analysis of one or more crystal parameters, such as crystal
area, equivalent diameter, roundness, symmetry, and length to

width ratio. In addition, the surface number density of
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early warning system [0053] Figure 6 outlines the

process steps for use of a nonitoring systemin
wWaewongEmee with the present invention. Sol utiRCI/USAT/060999

the either the feed streamto, or the concentrate

streamfrom the feed side of an RO systemis tapped

or sanpl ed (step S400) and passed, at a predeterm ned

??&!%n%ﬂgrfLQ&H&Q&%mn%E%%H?Qc@iﬁﬁﬁikg%%99d08|'gé%ﬂ% may

nonitoring system ste 02) . In
aEék@4be tdeeelrnmgeﬂgaey@tfemczzenvoéV\Blmehe Togr Facerdfd tiggges
active feed Sh t he L. 2 t rdng
MR8 LG an C%F? Osr é\eﬁ1 Cg$§3 Cg/%sdulns s ?Qn%%& :
pda‘tfﬁie IenaﬂtyeﬂeSé@&,ort het d:lh@l bphzed @ﬁragefaaEasaeﬁ?eirsqerﬂS an
to, the caonputer or data processing system 230, where

Sthey ey '5¢ d¥8pFayed on a displ ay device such as a

noni t or, and/or used to update a database in the

t stem Lln ste S408 [ a
[gggﬁu o reet eaugﬁ“ﬁl Fi lﬂjer System %%6 "@gt(#%
mah dr &f 1 ispfdaaee, isushcasidrhat wilescrlidbedcaboveintention.
determine the extent and (agpti.onall t he k| tlcs of
SRefbt ahet Sl RgS T St ep %ﬁoépgﬁsatﬁ ’% s-9'n “det e?m ni ng
cbhes Mt td-gatdren ast E&Bﬁgltﬁﬁa ﬂefedaeydéh:aft aﬁﬁ)ROb@yBlSﬁd 10
prevent or m._nim ze scalincj %5120 stem W q
YREPRR he FdHiEtor FhgP s%%%oémaﬁl@opﬁfs? ‘e ariér/@séjﬁte Li8mine
k@¥§@£éQﬁxi%1%%egateOqﬁﬁkwﬁmgﬁrﬁo§1t§rﬂx§Qﬁﬁﬁatﬁc of the
d| agram of one type of systemfor nonitoring an

mﬁﬁ%?%%@lfﬁf%ef“eé Ps&Soamodi’s ) unit drethotil‘e ib%a“?ﬁqmg

S?@tgﬁ)?y@t$¥@w%0@heTB§r§£&§ng%ﬁ@ta@fl&@Efeea is$da of the
series arran%lbnent that receives a sanple _stream

mﬁ%ﬁ?%%e]c?oﬁé‘e Fal@n &t EediA £dm an’ R@%rﬁctlifﬁéﬁ 1

LBErRO $¥s1MA06shoW i Fingstdp. shte t hire digitized
arrangenent, feed solution F is punped into the feed

igpge OFt1 (R ROSHHI 01082 BYHTEARS Obf Japuiy 647188 Systen

2@@t egh PEEVI QS Y i Be CQNANSLEION oW BNy Fl devPEENBALE as a
exits fromtheypeererreate SB}I deoof t%e lgln&:% 1867 6a. The

rr@@ﬁéem rand st peam €0, uhda g WPiFeRTEhel Tt dice ACFREEST
§§Eggmoﬁe$£¥§. In step S408, the image data are interpreted

in the computer system 230, with the aid of software, such as
that described above, to determine the extent and (optionally)
the kinetics of membrane scaling. Step $408 also helps in
determining the mitigation strategies, if any that may be used
to prevent or minimize scaling in the RO system with which the

monitoring system 200 of the present invention is used.

[0054] Figure 7 is a schematic diagram of one type of system
for monitoring an RO membrane in a reverse osmosis unit or
module 106a of an RO system 106. The arrangement of Fig. 7 1is
a “series” arrangement that receives a sample stream from the
concentrate stream from an RO unit 106a in the RO system 106
shown in Fig. 1. In this arrangement, feed solution F is

pumped into the feed side of the RO unit 106a by means of a

19



10

15

20

menbr ane channel of the RO unit 106a through a

concentrate conduit 410 having a main flow contro
W@ 200008412, is tapped or sanpled upstream fronP€TES2087/6060999

val ve 412 by a bypass conduit 414 having a bypass

val ve 416. The bypass conduit 414 conducts the sanpl ed

concentrate to the nonitoring cell 210 of the

itori : urp £ ; - ptorin

B 0 o YR Concent T at e pondurt 430 downstrbam’
PérorRitch@® mmilhsvatee 412 pesmehtougiiarrfoGbretntonkilfia- The
418 controlled by.an.outl et ve 4 d o The
v%%ﬁ%%%fﬁféftii%g %2 }ﬁgén efﬁgtdgﬁéaggh%ggﬁé%ﬁéQ?FBﬁf £he
mé@b eartdhathangaedi v &ctled RCo unhe hook tigriavghcel FoRADM CIHYe

concentration.polarizatign in i-tari cel | | .
SRRyt 3401%b aﬁaF%s? ed el ‘atoiwvgo{‘g%ﬂgv%cltg%cégtg § at% otna%]p%d or
spobBsd Zatsitarahevedm i thd he iROvsyst et 2106 by bpepans ofnduit

t he bypass val ve 416, and .t he_out] et val ve .420. .Thi s -
i
tﬁ@nfﬁﬁﬂlre&i iconcpotastzatd amel eveltatitdeodmnbianef the

surface in the itoring ceil 210 to tch or exceed
mPREC TRV SeRpaBt et on Aot et e 18 TR FRE RO L
28yst emilO6.onFunt heraor@,ddly exposings themmeErbnanes 2d2n

of the RO monitoring cell to the mneral-rich
vaoheehtT ate [E6PUET o ?qﬁ§%ﬁDﬁPP§P?ﬁg4%@§F§ﬁf§ﬁ%ﬁ% i an
oftQet 7w Prvisdes the earliest possible indication of

seal ant deposition or growh on the nenbrane (s) of

the ROunit 106a. [0056] In an alternate nonitoring

(9455 £Mnshawrescheratical 14 ol Raki Be &sed the covptbOrimg
RO cell 210 is set in parallel with the reverse
fosiosi s Uniat 16681pyCabtta IHRgMPhet ori% GFithg2 et | The

Rh0cs0r-dhaty ido1bakes: aosanpl@skhgamfondche beednay also
stream F entéring the feed side of the RO unit 106a.

PFhadsanpte SUPEAREI 5° cOICIed thrbhigh RO Bypgesion level

16ondui £ 430 haviiRg BbyRass al vee488.adhe nercentrat@ the
streamC is directed fromthe concentrate side of the
OHEABE arel Chamtel THf St her ROt enables the adjustment of

the concentration polarization level at the membrane surface
in the monitoring cell 210 to match or exceed the level
expected on the RO membrane(s) in the RO system 106.
Furthermore, by exposing the membrane 212 of the RO monitoring
cell to the mineral-rich concentrate solution, the monitoring
system shown in Fig.7 provides the earliest possible
indication of scalant deposition or growth on the membrane (s)

of the RO unit 106a.

[0056] In an alternate monitoring system, shown schematically
in Fig. 8, the monitoring RO cell 210 is set in parallel with
the reverse osmosis unit 106a by installing the monitoring
cell 210 so that it takes a sample stream from the feed stream
F entering the feed side of the RO unit 106a. The sample

stream is conducted through a bypass conduit 430 having a
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106a through a concentrate conduit 434, controlled by

a main control valve 436. Return flow fromthe RO
worRmwrogisisg cel | 210 to the concentrate condui PCEBZ2007/060999

downstream fromthe main flow control valve 436 is

t hrough an outlet conduit 432 controlled by an outl et

val ve 440. The val ves 436, 438, 440 may be used to

%ﬂg Qzlaltvlae4g{3 ow f@é e*oth@Bt!r§t&“ é"@vfeta@rg ct9st @?Iected from

nitoring ce 10. The concentration polarization
theveindemtirhee R@@@Idf 10 maybabzo deradiusteth datinve

the co centrat | ar 0 evel i
L e R e R R e e
cMat[JX/cEl %Ovel n35 h| SRmngénEnf*”om hehes &l inng i ppopengsictly

e . feed strean1to t he it 10 tore
2?@ t%ﬁﬁfi&??ﬁa 53t e 00 v 4ﬁ9 %mﬂlQQFﬁgy@?g&a JugEQ%
fihe &dﬂﬁﬂolohamﬁﬁceNin&im@mopohaamzaﬁﬂ&ﬂ icantthet 432

noni tor i cel | LO 57] oni tori n te 0
Cﬁﬁgr%ﬂ%ﬁﬁq & ageaufﬁié '$edSi A g the 5@3?%Wi%g§§§hd?%$o%4o
nb OroPresentiongont r&i niHd zung thEedﬁpﬂsuEIdmre@t@takethe

and f th I f
oRen Sl e ReTRYSL e Sesle, oLy cxarmles Upon, AN s

+RE e @rantl a'l'“)’mﬁ@&ﬁlich&aeeéldtjuéegdi OfleIEftlaf@ R@ umt will
re-di ssolve for a period _of tine, since the

CP%@?%ﬁF%@%Q%oﬁPﬁﬁéi%ﬁﬁ%9ﬂ1&§vﬁégFBnth%Wﬁﬁ @“&Fyi?gfsbxmﬁﬁans

obeghd i HOWaabet hes exid thegboni{t heslent nance IﬁgﬁKMB
in the previous operational cycle) 0058] ure

a3 E ARG Hal I:Ss ABAS &h RECEITPFary Sbtidfe fioro e%?%%&l.fn the

rbl QW f eMer=sals fehi Pbidgaty Rgessaherdontmptsyenen! not hisch
system once the conputln system 230 detects and

tPép‘%}?%%lttﬁhéooﬁgéP Sbf iy fﬁ“ﬁlll P at PRTeHT A HE "nBith? A t1on

igurfacgnihe ieedeflomd s reversed such that the water
feed source is now fed to the RO cell 210 of the

nmoni toring system 200 from what was previously the
[8¥5Y 1 IBg Ofbn ikB+SHENs A BPPIoaghy e NeYghRRS in assessing

the operating conditions for preventing or minimizing the
deposition of scale, and for the removal of scale. For
example, upon flow reversal, mineral salt crystals that have
grown preferentially near the exit region of an RO unit will
re-dissolve for a period of time, since the exit region is now
the entrance region, while crystals will begin to grow at the
exit region (the entrance region in the previous operational

cycle).

[0058] Figure 9 schematically shows an exemplary setup for
evaluating flow reversal for mitigating scale formation. In
this system, once the computing system 230 detects and reports
the onset of crystallization on the membrane surface, the feed
flow is reversed such that the water feed source is now fed to
the RO cell 210 of the monitoring system 200 from what was

previously the exit region. In such an approach, the regions
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| of high concentration near the nenbrane surface
(resulting fromconcentration polarization) are then
W@ e@ne8srsred into | ower concentrations, and coPUEDSEDY060999
the | ow concentrations are transfornmed into high
concentrations. [0059] As shown in Fig. 9 , during
normal operating conditions the ROcell inlet 271a is
o@ﬂﬁﬂﬁgcQ%c@HtEQ%ﬁ@n%ﬁkMetﬁéomeﬁ@ﬂmkh%uB@h§§|kré&ﬂﬂﬁﬂhg
271b is opened by an outlet valve 512. A first bg/p_ass
feghdiincentaa teRp effetfi Hg ZPro ATt her upstsedrPsr der st thd©
1 etealove raldot 9, the %B%%é@@@l%'iﬂ% afut Beneetd eitions
val ve 512, is closed by a first bypass val ve 516.
ar¢ Keyrsgoraeseedne by paseeondndt1B18, extending from
t he downstream side of the inlet valve 510 to the
downstream side of the outlet valve 512, is closed by
[805%k dvrd shypassnvalve H520urTodrevErsle dEERT L PHeCBypassns
l.ves 516, a ne nd. once that i 1
i ned ot ne Thist JaToa B10 and The "ouT et ValVe
tbd R@reels] owkyecl 06Ed. isTheesuilt eh 4 ditdwtdireéct i ot - A
fexgg%gﬁmg%y%gggaipn5f4“3é%gegﬁg$§aﬂgmg%%eiﬂ %p§e£%3§§§é of
210 to' & 1ower ~saf urat’i on sol utt on, partiafj y
tdéssolad nglser bacetcryst alps tirpat hel @ntafantce peglon valve
hat. wa reviously. the. exit region...The [ of
5§rbm%%f$%%?§%%¥ ﬁsyﬁ%niéQEﬁsﬁyvgh%?C%ﬁiiggﬁggﬁﬁgg%ﬁ%mn
senokd guresd cocdnibesper feortrediper fodi dalel yowhsougdm side
ppropriate ayto ion (not sho t her eb abl i
Q%&%%e%%‘aitoﬁfafﬁg?? m) ni i 285 dr%mﬁég%?ér%c%dee aévg %p?r%t%%t
vE0060}11t icanlbeeseen 4 hatccadndnpd ot ivig veystem 200 dgaverse

ccordance with the i nventi enabl es djrect, visual .
R TS Er B TR O nePar err e s et fhTaanar is
abeyver5essDshs NEDDr ands.e The system enabkesvihes 512 are
detection of scali ng%(:a‘% ver earl%?sta es of

={OF Rt 161,25 n T 4GV AREE of Tary CHedSUF abl @ FIEx>88cFTHE 1S
oNDPh Od REndfrageystal 1 grow RooBel hexTE LS $€ 1058DSi S
sggg?%£¥1§§:ggf%%igg?b£§§%JJYin%Eggofgiggugé¥ég%eogrgé%g%gwin
the entrance region that was previously the exit region. The
reversal of flow direction, as achieved by the configuration
shown in Figure 9, can be performed periodically through
appropriate automation {(not shown), thereby enabling RO

operation that minimizes mineral scale development.

[0060] It can be seen that a monitoring system 200 in
accordance with the invention enables direct visual real-time
monitoring of mineral surface scaling on reverse 0osmosis
membranes. The system enables the detection of scaling at very
early stages of formation, in advance of any measurable flux
decline. Monitoring of crystal growth on the reverse osmosis
membranes also enables the study of patterns of growth of the

crystals on the membrane surface. Based on the study of
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crystals on the nenbrane surface. Based on the study
of crystal growth on the nenbrane surface, strategies
wo 2007081579 at i ng crystal growth nmay be pl anned. PEDOSD)7/$60999
noni toring systemin accordance with the invention may
be interfaced with an RO or NF facility such that a
smal|l side streamof feed solution is diverted to the

cw&%lordr%gztﬁyghe%em b%%gj EtPEa&é)”‘yttﬂa% l*!%g f%

noni toring system may usted such that the Ievel
nofigonicentraticeh pobwert zatvi oa pamdhd4chus m neral salt
saturation | evel at the nenbrane surface), as
experienced in the RO nodule, is equivalent to or set
[hbghpr2¥ekﬁmkmelh@ $hecepondi tronsddrhat wexihstheninhmtion

| ant RO modul e bej ng tor bove ca
B P AT AEEt Tt G P For A Oeno B BuaE o, small
sand %@%&a fdroweyel o€idtyidmn ﬂshﬂl%lmlﬁcmthﬁgmﬁﬁiiorﬁ@’
exanp | ower pressure in the. RO wonltorlnggcel

210
smermré*gm £PPRAF ONErCPEFRAPPoh™ f Fow Sid TORGRY | SRS meY

HEORS AN AL isRRnhPehat | Zad 110Re IWBE| €odcdromelt i6h0ss14 i tion
veI00|ty will result in a higher concentration

(pbf aFiTatiier tRevert [TO6T “WAPI 2% hot t-0Fi RgRey3iem

spresent | ng aceerdaness Wit hntheoi Aventd Oﬁsléqulvalent to or
part|cularly wel | -suited for monitoring mneral salt

S8 E al | FIRE 01T SAR TREF neNbr dh & O TRy OBy peE off *grgani cthe plant

rbodb@nts a@xgakéglbgrg@nlﬁ%r edovBr oy dad Jdhatvtheyy can
be visualized by the imaging system 220 that is used

CPRtEREL TV Rl GA2DTHIRIO TAFe PARS§AFe 1Y STT&FI 242V on

vand-1 e ﬁP%@Ub@t hon: of - gthek 1t ypes, ofe foiant sopa.- t he
menbr ane 212 may be observed through the optical

PREREOVE 276 T RRemAdhitorichgeeel P1210 L IByesidh &P reeier

peRSEL VAL ONost NEql PNENtI QN MY detect - MNeiak$aktion,
scale formation and certain types of foulant

whéstinul BRion peiser flev el éttecti bh BFsyltuxndéchiaeer

cBPé&n{’\Péléz%rﬂ?oﬁ%&h)fa@:‘?o@tﬂédeﬁm ed to scaling and/or
foul i ng he nonitoring system 200 may al so be

used as a t ool

[0062] While a monitoring system presenting accordance with
the invention is particularly well-suited for monitoring
mineral salt scaling on an RO membrane, many types of organic
foulants may also be monitored, provided that they can be
visualized by the imaging system 220 that is used in the
invention. Thus, mineral salt crystallization and the
accumulation of other types of foulants on the membrane 212
may be observed through the optical window 276 of the
monitoring cell 210. By such direct observation, the invention
may detect mineral salt scale formation and certain types of
foulant accumulation prior to the detection of flux decline

that would normally be attributed to scaling and/or fouling.

[0063] The monitoring system 200 may also be used as a tool

for optimizing membrane cleaning protocels. In this
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for optim zing nenbrane cl eaning protocols. In
t hi sapplication, the inpact of cleaning procedures on

w0 b@7/087158 ane surface nmay be observed in real PCTES2007/060999
showi ng any residual scale on the nenbrane surface, as
wel|l as the dynamcs of the cleaning process. In this
manner, one nay be able to determ ne precisely when

aphe smibranent sigonpl %Eebie§£§§?e§ko&é@Q§éb bR ON€ membrane
aspect of the invention, multiple nonitoring systens
s Jre Mggedei ALES Wtk Nt FEAL nBHES pl B iNgs 2 Henbt aire L

s8SAl 10 tIRY negsHinats didferent ratesd rndi bfEeMs of the
parts of the plant. Simlarly, nmultiple nonitorin

chystiens prayebe- i hstdledarocronPromadi fFrerBht Sectdtongine
pg%%ég%} w%%ahEhglﬁgﬁbrAH%OQQ]cgﬁﬁlé%EM§‘yl%Q9e§ySten1nay

used as a research tool to study nenbrane and
anti scal ant performance. Colloidal fouling, the

[8§§IPFHPQ$% Qg ?épfgyhﬁﬂgiﬂ@gh§f@A?Q&§iQQQetH@nito:ing
effectiveness o cl eani ng agents may be Studi ed using
st hesmpmiayobengssysirem ofatehetpeevesitt imvent i of. nTHe ane
mopi toring system may.-al so. b d. as .a ar D
°to H%%&P"RSXFﬁea&?%é?g%gg“s?%gggaﬁgCﬁuﬁ%§§g eé%?%?q%}the
pseat e Tmistalls, growi ngld moneéabringesyJBO66jnaA be installed
signi ficant. l[ication of the nonitori systemis
t?h%O%QFFyd&éggg??bns%$”§€§lgrg?%m§ %ﬁﬁ%?pf%n%he
observation of any significant flux decline.
ernmore, .the nonitoring system 200 is capable of _
[ggééﬂfﬁﬁanﬁé%FF?S? SR %Pyc?%§?5F7f§%f%8ﬁ,aeV%§$%ﬁTh
tabeaso oft daweemnt once iidatdnan spel ant zatid fanmanfO06F¢11oidal
Real -ti direct observatiaons of.the nenbrane surfac
TR gar FEATArTS e el kRt T AL ST oAbt g
coperal g condi tioansion Lethsseal endenelaparentiand-he
surface crystal dissolution. For exa Iew%visual+ ,
TEBSET VA oW 6Tt Re WETERE PSur PRt prigvitget 5or g
susefdlmd ndilcat benuedd the efikeehirveness: ofo merbrane: the

cl eani ng strategies by enabling theconparison gf t he |
kSFFhcy bef6re2Ndul PREET alfdeafter thigr e crystals growing

in real time.

[0066] A significant application of the monitoring system is
the early detection of scale growth prior to the observation
of any significant flux decline. Furthermore, the monitoring
system 200 is capable of detecting the first signs of
crystallization, even in areas of lower concentration

polarization.

[0067] Real-time direct observations of the membrane surface
may be particularly useful in assessing the impact of
operating conditions on both scale development and surface
crystal dissolution. For example, visual observation of the
membrane surface can provide a useful indication of the

effectiveness of membrane cleaning strategies by enabling the

24



10

15

20

cl eani ng process. [0068] A nonitoring systemin
accordance with the invention is also suitable for
waleaelogpsrg f undanmental data on the kinetics oPCHURS0AT@0999
crystallization, the extent of surface scal e coverage,
and the evolution of the nunber density of surface
crystals. Such data should be useful in guiding the
~Hdevel.q p i Gt el f_ sc tdn.
T ok, Sl P TR e uPEn el ehbohi nan s
cbfartihe ipmeentEon suggests that the visual nonitoring
of scale formation and renoval under actual RO
operating conditions is useful as a | aboratory
[00 @EIN TS trioe 1t 00k nd o v A bihi shiogdand: werthf yhagithtion is
range of operating conditiaons.that will mninze .scal
2} 8% rRTOR St f 67 B SeLSi %ana%ft“%?ta?o&raés 8%2%‘?%9}‘51%%&“
opropensid yrapdat hezefifegt itvenesseof dfeedrpretreatinent
strategies in reducjng or mnjmzi scaling and _ .
CPHTF %y, FG060F TIOW O%s@aﬁb?e%?‘ﬂ%efd dFPSﬁng%"h%g surtace
ctosegol ngudesartptioniitchat tberdi sol asedingventi on and
its equivalents can be inplgnenéed in % varietX of
de v Hefrie Pt BF 8 Whi 1% THE Fnient forr Has BeeR™
adeserdbed 4oa rcenReCctian ddkh i panti T uWdodexanpkess dihe
true scope of the invention should be limted no

. : t by
iphen et Tide cahbotitent’s déSErT bBe et e, Chbuf i 4t her

f9¥m£{$bﬁ”é¥dn§ehgaélf&ﬁdé¥Na@@Qa§nyOe@@ﬂﬂéﬂi@@t&pﬁ@ﬁiﬁﬂﬂs is
that may suggest thenselves to those skilled in the

upefel nenta dePe IWHATY | B aCDRSVED &Pl 159 ASiaRitt 8k g 2nd

vé¥§%§f%&cghé“%ﬁkhgr5Pgoﬂgﬂgyl%ggf§§§iifﬂh§ Rhdtl QYEI SRinimize
osnosis (RO unit having an RO nenbrane, wherein the
sROLaNf erdceinvesnd feed Stranyandtof stha-gescal 1nd

pCOpER I Ate Stheany rihe yMRIskobiENge 8y St.@MCaRRELSI NY:
a nmonitoring cell having a visually-observable RO
sBERBPAIRS Hh& ABALEGr Phg g 2bBP ng-Ebrtd giredCantd-
arranged relative to the ROunit so as to receive a

sanpl e stream from _ o
[0069] It will be appreciated from the foregoing description

that the disclosed invention and its equivalents can be
implemented in a variety of forms. Therefore, while the
invention has been described in connection with particular
examples, the true scope of the invention should be limited
not by the specific embodiments described herein, but rather
by the claims that follow and any equivalents thereof that may

suggest themselves to those skilled in the pertinent arts.
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either the feed streamor the concentrate stream of
the ROunit and to pass the sanple stream across a
wanfags7of t he visual | y- observabl e RO nmenbr aneCT/US2007/060999
whereby solutes in the sanple stream are deposited on
the nenbrane surface; an inmaging systemconfigured to
(a) capture an image o f the surface of the
' | y- rvabl e RO nmenbrane, and (b) create a
W%@Fiﬂg %éﬁg&gl é%al i ndicative of the captured i mage;
1and acdatarprgcessiag syst eonoperatd vednbildrkettalarphein a
i magi ng system sg as to receive the visual data_ signal
TtHerst r%?ﬁostlﬁe Tt a ProcdEeitng §¥s é)mnk%ri%ﬁﬁn%p&@ e the
rbOuPLOVirdec et MagE el SGakkfg a0a tdiecsurtaceaofconhentrate
vi sual | yobservabl e RO nenbrane, the i mage being
st Rt tatinfe "6 Lt Aol Y givee <8 CSERF1Td'Gn the RO nenbr ane
in the RQuniting2 .ccihe monitering sysdemigfoekaimidls RO
wherein the data‘gr ocessi ng systemis operable t
me@pFElat etEihemd@at a0 H'E hes vt s}éﬁP“@aFﬁnsF%‘ﬁ%\?d V\FPﬁ frganged
condidd on, ofpd he) RQiwerbranetbn £hei RO UNddnp12 stthem from
nonitoring systemof either of clains 1 or 2 , wherein
et HeewohleoficRg Gélteals Confliguf ¥erdiid 2afr aifgeg™ of the RO
uﬁgjc atlye .0 ﬁg&% R,Qléjnéigmpc’l% ast Lnf ECEI L ti‘_es§§f@ee of the
streamfromthe feed stream4 . The nonitoring system
vobuel bierbsefrvebae nBO 1merbane  WiBesPRY t el Hohi tior ithg Semple

sg%%miéreccaé lgyred and.arranged.relatiye to the RO

nit so as to receive sanple streamfromthe ' .
concent iat@irst rearherd corfigumeni torilayg sypstentofinappage of

QL claims 1-4, whereln, t“ﬁ%—@BEEE%‘ 9 £81 L LOPPId S€S1g (1)
a“f I°"6w head “defi ni ng a f1ow channel across the surface
cotatheavisuatl ydotrs erivablle imdibeaies and Wavi prptaryed image;
ain let to the flow channel configured to receive the
sanpl e stream and an

a data processing system operatively linked to the

imaging system so as to receilve the visual data signal
therefrom, the data processing system being operable to
provide an image of scaling on the surface of the visually-
observable RO membrane, the image Dbeing indicative of the

degree of scaling on the RO membrane in the RO unit.

2. The monitoring system of c¢laim 1, wherein the data
processing system 1is operable to correlate the data in the
visual data signal with the condition of the RO membrane in

the RO unit.

3. The monitoring system of either of claims 1 or 2, wherein
the monitoring cell is configured and arranged relative to the

RO unit so as to receive the sample stream from the feed

stream.
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outlet fromthe flow channel for the sanple streanm an
optical windowin the flow head through which the

waeags7of the visual | y- observabl e wi ndow i s REBURI087/060999

a light source arranged to direct light toward the
surface of the visually-observabl e nenbrane; and a
mrror arrangenment configured to direct light fromthe
source across the surface of the visually-observable

4 e aReNBIRE it GHSHEN RagithgheysPentihtBligh Phess wherein

QP GRl M RdOWe 1 6 5 5 Then Mpitar bRE sysiefmofral-aid Bo the
, wherein the inmaging system conprises: a mcroscope

RPovatedspekat itve taretie fI96W Read 's6™as 08 ﬁé@eﬁ@@cﬁﬁtfate
s H%%§'Of the surface of the visually-observable
rane through the optical wi ndow and to create a
magni fied i mage therefrom and a canera optically

scouplh dma;%lka&ggcgggg&pegfoaﬂg e rc@Lg%gelt@e wherein the

magni oper a create the visual data
memgmahxmﬁce Iheompwniq&ing systemof claim6 , wherein
the C%%?raﬂe%da dlgltal Stf%$w %ngﬁgi § sgu%he surface of
moni ¢ ori Mg systen1o? o erein the canera is a
tuedeﬁscahﬁyfpﬁbermébﬁetm@ﬁkﬁanenandtdmwnggnEHbr%nk?t to the
cal i on a erse o nosi s nenbr ne_in a rever
fggﬁngﬂgn% tb? IV ECeiVed T &6 t% r 8 gﬁds°r“§§’ and an
od¥5@baﬁgﬁst&aC@mﬁenémﬁﬁeﬂsﬁbeaﬂhethﬁmﬂﬁihmdeemnprising
provi di a reverse Qsnosi s n|t %g el | haV|

;lsuﬁPI?pBES%}VQ%PQOﬁKPﬁbn5?%n &8 %ékh the

saethye 5@&%e3haguapﬁ§s¢mraras>agp¢qen@iw a&mvfll%QH]l@} t her
t he feed stream or the concentrate streanhof th
0

uni t= acr’deY t REUETT f &t BFthet Vi stidiNy- %%?Baﬁfamﬁé the

sepbEane; the visually-observable membrane; and
a mirror arrangement configured to direct light from the
source across the surface of the visually-observable membrane

and into the imaging system through the optical window.

6. The monitoring system of claims 5, wherein the imaging
system comprises:

a microscope located relative to the flow head so as to
receive an image of the surface of the visually-observable
membrane through the optical window and to create a magnified
image therefrom; and

a camera optically coupled to the microscope so as to
receive the magnified image and operable to create the visual

data signal.

7. The monitoring system of claim 6, wherein the camera is a

digital still camera.

3. The monitoring system of claim 6, wherein the camera 1is a

video camera.
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collecting visual data fromthe surface of the
vi sual | yobservabl e nenbrane that indicates the

w@e@sesnses and degree of scaling on the surfaceP@f/Us19e7/060999
vi sual | y- observabl e RO nenbr ane; conveying the
coll ected visual data to a data processing system and
interpreting the collected visual data with the data

o Proacessings syst-emd o wdgtiggM pendhecextentif ssald ngeverse
on the reverse osnosis nenbrane in the reverse osnosis
osgis 10T et hod G VEFE&PMTPMOSwWRerdiy tHe st Ep-ofres 2

f&&élg?%égg ghéu@h"gﬁgg%%§og]kﬁ%c§H££§@§ QEréﬂﬁ the method

vi sual T y-observabl e nmenbrane i ncludes the steps of (a)

coneatdimg :an optical imge of the surface, and (b)
converti.ng the optical i e 1.q a digitized visval, i,

dat ap%()lvjr?gfl? 11. “Fﬁ%qrsr%t ho ‘o%l ei t her of ?ﬁai’ms 9 grvmg. ;

vifyaMhetogisertrhelst @p oferbmteepmeting therfcolel evt egn active

fvi uailded.ata i ncludes the display of a real tine inmage

of “the Surface of the visually-observabl e menbrane .

12. Jdweinet hodsafplanysofeant af nen Qe llilhemhigrei hetthesstepn or
f interpreting_the collected, yisu L N des, the. o

tg%r Fgfl%??%rnatoef Leeaénol?tlecfe% \Rugsé%i?{dgt@%aé%% ?h% Saridfe o

tpendi 4ua0n yohbshevRO ersitbmamgrenet he RO unit. 13. The

met hod of any of cl ai 9-12 erein.the ste O,\f/_- _
passiag $He™ aﬁﬁ)?‘éagt%‘ztﬁméiiﬁanl SLé]\‘g%ss’lﬁ)rafsasc]ené)%aJ[s?%\rrp][Seually
obsemdte freatbraheeamt lidhdiTheenethodoofscanmy efidcliajnee of

9-12, wherein the step_of passing,the sanple stream )
SFﬁ&%%%é§1ﬁ§§éPH§%3C%a ﬁgmgﬁﬁﬁF?%%yﬁ%E%%ﬁ%%é?eﬁét$%£ﬁﬁane’
15. AKRMEnrSse t8sMBst Sedi takag eetd dfora dseai processing
noni t ori ng nenbrane scaling on a reverse 0sSnosi s
SHehBfar®dn a reverse osnobsis unit that receives a

f eedi stegammand dhscharpes<a cancentdate wSttheahy ddiea
nmonitoring cell conprisi n% .
processing system to determihe the extent of scaling on the

reverse osmosis membrane in the reverse osmosis unit.

10. The method of claim 9, wherein the step of collecting
visual data from the surface of the visually-observable
membrane includes the steps of (a) creating an optical image
of the surface, and (b) converting the optical image to a

digitized visual data signal.

11. The method of either of claims 9 or 10, wherein the step
of interpreting the collected visual data includes the display
of a real time image of the surface of the visually-observable

membrane.

12. The method of any of claims 9-11, wherein the step of
interpreting the collected visual data includes the
correlation of the collected visual data to the condition of

the RO membrane in the RO unit.
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a visually-observable reverse osnosis (RO nenbrane
having a first surface on an active feed-side; a flow
whewdogsms | gured and arranged to direct a sanpPE&I/E8200HMG0999
fromeither the feed streamor the concentrate stream
of the ROunit across the first surface of the
vi sual | yobservabl e nenbrane; an optical w ndow in the
fl ow head through which the first surface of the
vi sual | y-observabl e menbrane is visible; and a mrror
1arraﬁgemﬁnm0donfi@myeﬂfaﬁ@im@c%té@,r%ﬂaﬂﬁiveth@ e of
first rface Vi I b n
Pas t'y’ |rec€mF h?t %%%ﬁgéﬁpgﬁ? é%%%c acros e §<§§§#e
faepogtiicaim.of the first surface of the
vi sual | y- observabl e menbrane and through the w ndow.
16. The nonitoring cell of claim15, wherein the flow
1headrihasicamcknbet agcpnfi gunedsandl ay nangednt eheeseivet
the,saqfle str an1fron1the fged stream 17. Th N
RO tr g SGEPLSof LET A P8 M IRRer &1 7 Thé. PRBR RieBthad'e
~8Rciid eirconfgyr ed and arranged to receive the sanple
stream fromthe concentrate stream 18. The nonitoring
cell of any of clainms 15-17, wherein the
19i syakdynchsekyabl e membranejhas: ans ©ppesednpebAead €ing
side with a second surface, the nonitaoring cel
MEUPEMRT TOHIFTsPRE BEBASE RATPAGS AVPOIGES por £i braverse
o8R9agL NG, the seconds sud ace-ah Ehgeé/rh spal lysehsesvabl e
menbrane; and a perneate outlet |ocated in the base so
casctot et TERE, ot flwvi tof- ipar ekt e THOMSLRE °
per neat g, u£kﬁ§ﬁoﬂé%§v¥b§éa|E¥9Q§§£Va$%ﬁ%éﬂ%”br@@ﬂ membrane
t hrough t he porous portion. . The nonjtoring cel |l of
heianm qsﬁm«teﬁéﬁﬁat:ﬁeozpo%@s:%é’ﬁt f o ToIff’i ses a
por ous 'i@&,alhlo'fae 'ea%%gguwdtgﬁdb%@an@d The gapoLt oLi NGmp1e
cell any of clains 15-19, whereinthe
stream from either the feed stream or the concentrate stream

of the RO unit across the first surface of the visually-
observable membrane;

an optical window in the flow head through which the
first surface of the visually-observable membrane is visible;
and

a mirror arrangement configured and located relative to
the first surface of the visually-observable membrane so as to
direct light from a light source across at least a portion of
the first surface of the visually-observable membrane and

through the window.

16. The monitoring cell of claim 15, wherein the flow head has
an inlet configured and arranged to receive the sample stream

from the feed stream.
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fl ow head defines a fl ow channel across the first

surface, and wherein the mrror arrangenent conprises
worReor 08274 ocat ed on opposite sides of the flowCHEHIWET/060999

adj acent the first surface.

17. The monitoring cell of claim 15, wherein the flow head
has an inlet configured and arranged to receive the sample

stream from the concentrate stream.

18. The monitoring cell of any of claims 15-17, wherein the
visually-observable membrane has an opposed permeate side with
a second surface, the monitoring cell further comprising:

a base having a porous portion engaging the second
surface of the visually-observable membrane; and

a permeate outlet located in the base so as to permit the
outlflow of permeate from the permeate side of the visually-

observable membrane through the porous portion.

19. The monitoring cell of claim 18, wherein the porous

portion comprises a porous metallic insert in the base,

20. The monitoring cell of any of claims 15-19, wherein the
flow head defines a flow channel across the first surface, and
wherein the mirror arrangement comprises mirrors located on

opposite sides of the flow channel adjacent the first surface.
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