04 M' 2004 H GH RECOVERY REVERSE OSMOSI S PROCESS AND APPARATER FIpELD OF
THE I NVENTION This invention is in the field of water purificatien. Mre
particularly, this invention describes a nethod and rel ated apparatus to
desalinate water by a high recovery reverse osnosis process. This novel

hi gh recovery reverse osnpsis process conprises a sequence of unit
operations which permts econom cal operation and high recovery of
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feedwat er contains a substantial amount of silica. BACKGROUND OF THE
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BACKGROUND OF THE INVENTION

There is increasing demand for purified water for various industries such as
semiconductors, pharmaceuticals, and power generation. More frequently, these
industries are located near centers of increasing population. These factors combine to
put increased demands on available water supplies, and sophisticated water
purification systems are needed to process feedwéters of declining quality (increasing
salinity). Additionally, economic factors are demahding that water purification
systems become less expensive to build and operate, and environmental factors are
demanding that these systems utilize available feedwaters with greater efficiency and
generate less waste. These demands can be met by providing improved water
purification technologies and systems which economically process and recover a
substantial fraction of feedwater as a purified product water, even in areas where the
quality of the feedwater is declining,

The present invention provides for economical purification of feedwaters
which contain significant concentrations (typically 30 ppm or greater) of silica by

means of reverse




means of reverse C 4 MAR 2004 2 osnosis (RO, and allows ritoMARy208% up to
90% or nore of feedwaters as purified product w thout deposition of

i nsol ubl e, anorphous silica within the reverse osnosis equipnent. Silica is
ubi quitous in natural waters. The solubility limt of such silica in nost
waters is approximately 125 ppm Howevgr, the chem stry of silicais
conplex; the actual solubility limt Of silicain a particular water is
vari abl e and de&eéldent upon numerous factors infl udi ng temperatqt)%rge, pH,
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concentrated by neans of conventional reverse osnosis and the rel evant
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preci pitate and form "scale" on exposed surfaces of the system RO system
per f or nance i sSilikeis uiguitosin dalyrad weters. dhel solubilily limikofshel slicasmmodi fficult to
renove such scale once it has fornmed. For many natural waters wth native
si|ica corveatens isappromisnagdly 325 pprgOHpwewertihrechemisinnefsiieais complexsiecasiel y of
purified water by conventional ROis |limted to about 35 - 70% Fornmer .
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purified product by neans of RO have relied on extensive and expensive
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met hods t wpitashrk poncegirated batiearstaf ngnveiriongitievdrset dsenobie entiviie eelevanisilitd or
greater in order substantially to ionize silica and thereby maintain silica
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to very low concentrations, however, to prevent a different problem
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with native silica concentrations of 30 — 80 ppm, the maximum practical recovery of purified

water by conventional RO is limited to about 35 — 70%.

Former methods for achieving high recovery of silica-containing feedwaters as
purified product by means of RO have relied on extensive and expensive preireatment
processing of feedwaters prior to RO, or altermatively on the addition of expensive “anti-

. séalant” chemicals. Such former preferred methods typically require adjusting the pH of the
feedwaters to 10 or greater in order substantially to ionize silica and thereby maintain silica in
solution. Levels of hardness in such feedwaters must first be reduced to very low
concentrations, however, to prevent a different problem, namely deposition of mineral scale
when the pH of the feedwaters is increased to relatively high pH levels. It is desirable also in
such former methods to reduce the level of dissolved carbon dioxide in the feedwaters to
reduce chemical usage needed for increasing the pH. Reference may be made to tlie woﬂ: of

Mavrov et al. (Desalination, 123 (1999) 33-43), and to U.S. Pat, No. 5,925,255



reduce chem cal usage needed for increasing the pH Referen W be made to
the work of Mavrov et al. (Desalination, 123 (1999) 33-43;J d-‘)

Pat. No. 5,925,255 0 4 MAR 2004 3 (Mikhopadhyay), which are |ncorporat ed
herein by reference, for further discussions of such former nethods. The
success of addition of "silica anti-sealant” chemicals to RO feedwaters is
generally limted to applications producing RO retentates with not nore
than about 200-300 ppmsilica Thus Rhigh recovery (e.g_, 90%or greater) of
feedwaters contai ning significant concentrations of dissolved silicais

gener al | ible wwth silica anti-seal ants. = Ref rence e made to
o ton (HaLimeeriohich Sie orspyssbormiby aacarr: 1 Sriieh SGRORTE B ef n by
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SUMMARY OF THE INVENTION

A novel process and related apparatus for removal of silica from aqueous solutions is
provided herein. In one aspect of the present invention, the pH of a silica-containing solution
is adjusted to an acidic pH. The acidified solution is then processed through a reverse
osmosis apparatus. In one embodiment, the acidified solution has pH bet‘?veen 1 and 6;
preferably, the pH is between 2 and 5. The pH is adjusted with ejther mineral or organic
acids. Preferably the acid is hydrochlorfc acid, sulfuric acid, gallic acid, ascorbic acid or
combmations thereof.

In another aspect of this invention, silica-containing aqueous solution is subjected to a
pretreatment process prior to the acidification step. The pretreatment process can include
conventional reverse osmosis, softening, ion-exchange, flocculation, precipitation,
absorption, nanofilration, electrodialysis, electrodialysis reversal, microfiliration (memi':;rane
filtration), electrodiaresis, electrodeionization, filled cell electrodialysis, irradiation and

combinations thereof.




filtration), electrodiaresis, electrodeionization, filled gellms -
el ectrodialysis, irradiation and conbinations thereof 0O 4(BI\4AFW%(?QM4 I n
yet anot her aspect of this invention, there is provided a process and
apparatus for renoval of silica from aqueous solutions. The process
i ncludes the steps of (a) passing silica-containing solution through a
pretreatnment process to produce a firgt-treated solution; (b) adjusting
the pH of the first treated solution to an acidic pH to produce an
acid-treated _solution; and (c).passing the acid:treated solutio hrough a
reverse osmosisyegppitesagpsct %f(cﬂg‘BFB'FWbont e{%pwmg%ﬁprchgﬂfla@ggmgﬁf EF
DESCRI PTI ON OF THE DRAW NGS The varius features of inventjon nmay be nore
ful |y undemneyaefisiicadan auepts Jo8tiony ThrduesssHiry eﬂ\fo{h"eﬁ%epfé?gdza&sﬁﬁ er with
t he acconpanying drawings. FIG 1 shows a schematic rgﬁr eseré%lati on of a
process adicacanagingsolupensthrongh apreeatmepf process ipraduceadftiitpatef FOIUL o5 o
sinplified reverse osnosis apparatus for use in__connection with this
i nvent i or(b) Bkivsting b pEESER v yateriioluion toan acidic A 19 HFA %raﬁ]agnﬁﬁ% recovery
of purified water fromfeedwaters which contain significant concentrations
of sili caoltivhcad (Qegsiisthorribireded sabgioadionging RYeELAOsE APPA YTt i on of
colloidal silica by first adjusting the pH of such feedwater into the
aci di ¢ r awgedinganthe prasentdgyenitan ng t he RO process at acidic pH The di scovery
of this invention is surprising in viewof the prior art, particularly the
publ i cations of her which teach that colloidal silicais rapidly forned,
and silica scale is rapidly deposited, fromsilicate solutions when-the pH
is | onerRRINKE BESCBIRBONOIGEHEDRAWINGSK. Her, -Me Chenistry of Silica...
", John Wley &

Y The various features of invention may be more fully understood from the following

description when read together with the accompanying drawings.
FIG. 1 shows a schematic representation of a process accc;fding to this invention.
FIG. 2 schematically illustrates a simplified reverse osmosis apparatus for use in

connection with this invention.

DETAILED DESCRIPTION

The present invention permits high recovery of purified water from feedwaters which
contain significant concentrations of silica without deposition of silica-containing scale or
formation of colloidal silica by first adjusting the pH of such feedwater into the acidic range,
and then operating the RO process at acidic pH. The discovery of this invention is surprising
in view of the prior art, particularly the publications of Iler which teach that colloidal silica is
rapidly formed, and silica scale is rapidly deposited, from silicate solutions when the pH is
lowered (reference may be made to R. K. Hler, “The Chemistry of Silica...”, John Wiley &
Sons, 1979, pp 83 ff). Without being limited by theory, we have found, contrary to what one

would be led to believe by prior art teachings, that under acidic conditions (within an




Sons, 1979, pp 83 ft). Wthout being limted by theory, we have found,
contrary to what one would be |led to believe by prior art tadcm%éﬁﬂﬂ hat
under acidic conditions (within an 0 4 MAR 2004 5 approxi mate pH range of
1-6), rates of polynerization and/or precipitation of silica from
supersaturated solutions of silica (which are produced during RO as the
result of concentration of acidic feedwaters which are not initially
saturated in sili ca%I are ufficiently slow so that operation of an RO
process afPHP¥ACRHVERge Pé 1Y aratescel] Poyimerization daleaprecsiaian ofstlisads f or
achi eving high recovery of silica-containing feedwaters as purified
product wivey supetshtoratedssdlitians dé sbisa (whichatd prodeatdelyung REY asuthe resohiofr ai nt s
i nposed on polynerization and precipitation of silica at al kaline pH

Agai n, w theshtrdiiongf htidld égdytethadich awendtehielly idnahted g fliesent
invention instead wutilizes kinetic constraints inposed on polynerization
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therefore believe that the present 1nvention iIs fundanén y distinct

from and 3 . ff em cal. prineipl t han..f or net. . hods
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i nvention,.doges, not consu relatively |arge quantities of base _ which are
necessar y FEVAE & PUA Fadpss Wa?eéé%‘WEgﬁ’é’? ‘%Pgﬁl?%‘hé}f‘t))zeél RRTEm Y
former nethods. Mreover, since the present invention operates under acidic
condi t | on€onsERNtsnENResed rast pelymeiFatiops add pereiniation ofr vliepyat Rkelime . car bon
dioxide, and alkalinity to very lowlevels is also unnecessary. G owth and
vi abi | i t yAgéinyrenthoutrhetnglmgted by iscopy, esebelidva thud ther pdesend traeatiorsinstehd bi t ed
under acidic conditions, and biofouling concerns are thereby reduced. In
an enbodi wilides Kindtidi onbttaiRBtinPBsed HE pblyBlerizEtQBOMRY MrebiBMBIHEOOSIBS b Process

may be operated successfully on feedwaters which
operation of an RO process at acidic pH. We therefore believe that the present
invention is fundamentally distinct from and operates on different chemical principles
than former methods based on comparison of their respective modes of operation.

The present invention does not consume relatively large quantities of base
which are necessary to adjust and maintain feedwater at a strongly alkaline pH in
former methods. Moreover, since the present invention operates under acidic
conditions, extensive pretreatment of feedwater to remove hardness, carbon dioxide,
and alkalinity to very low levels is also unnecessary. Growth and viability of many
microorganisms present in natural waters is inhibited under acidic conditions, and
biofouling concerns are thereby reduced. In an embodiment of this invention, the high
reCOVEry IevVerse OSmosis process may .be operated successfully on feedwaters which
have received relatively minimal pretreatment(s) as compared with conventional
methods. This provides economic advantages in terms of both lower equipment costs
and lower operating costs.

The present invention is applicable to efficient purification of feedwaters

which contain significant levels of natural silica, such as by way of example,



have received relatively mninmal pretreatnent(s) as conpargQ'Mﬂ@hz 4
conventional nethods. This provides econom c advantages in terns %ﬁ bot h
| ower equi pnent costs and |lower operating costs The present invention is
applicable to efficient purification of feedwaters which contain
significant |levels of natural silica, such as by way of exanple, 0 4 MAR
2004 6 groundwaters found in vol canicédeposits. This invention is also
applicable to treatnent of partially-purified waters which still contain
si gni fi caroundwetess fobnd in vadeanicdaphsiss Thi inveagionts absoeappliegblé todmatiaensr
softening, nanofiltration, electrodialysis and other operations well known
in the arof paitiaHy-ipoxified maters s/hadhswiilageltdic 3ighificant leveabieilica,afuch wadyewat er s
whi ch contain significant |evels of silica. such as by way of exanple,

ret ent at esyaybbf RESthple! Grong OR¥ 8N SbRBGhg, REARMrARNO Tl dchrb@hlydR HRETAdrONS.
Figure | is a block diagramrepresenting one enbodi nent of a process
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i nvention e utilTized to process a feedwater direct ni's
Foadvat or "eERysE MEEREErim e ool e s Tnener pehg e aeSEtslf at o
hi gh recovery reverse osnosis In the foregoing sequence, the term"type 1
t r eat ment Tetetatghthaings)Jepm eenventional RO and nanofiltration operations.
Figure 1 is a block diagram representing one embodiment of a process

according to the present invention. In its simplest embodiment, the present invention

may be utilized to process a feedwater directly. In this instance it would include the

following sequence of unit operations:

Feedwater
’
“type 1 treatment”

|

adjust pH to acid range as appropriate
high recovery reverse osmosis

In the foregoing sequence, the term “type 1 treatment” is understood to
encompass those standard RO pretreatments prior to conventional RO which would be
deemed appropriate and necessary for the particular feedwater at hand by one skilled
in the art. Such standard RO pretreatments are those that are ordinary, and appropriate
for feedwaters for conventional RO processing. Such standard “type 1” pretreatments
might include, for example, simple media filtration, multimedia filtration,
microfiltration, ultrafiltration dechlorination, irradiation, and the like. The latter
techniques are primarily physical in nature, and typically do not substantially alter the

soluble chemical composition of the feedwater. The nature and amount of acid to be




enconpass those standard RO pretreatnents prior to conventi[pgam;g}R? ich
woul d be deened appropriate and necessary for the particular feedwater at
hand by one skilled in the art. Such standard RO pretreatnents are those
that are ordinary, and appropriate for feedwaters for conventional RO
processing. Such standard "type P pretreatnents mght include, for
exanple, sinple nedia filtration, multinedia filtration, mcro filtration,
ultrafiltration dechlorination, irradiation, and the like. The latter

t echni queddéaddo thq feadwatyr teradisist thie pthinte desirableradidiyphl cardey(addifination)
substantially alter the soluble chem cal conposition of the feedwater. The
nat ur e andvitirbsudeterofineaichyl titeocdmep@itionMiRea2A Qhrtfcul adbetiviter. thedepgdhat er to
adjust the pHinto a desirable acidic pH range (acidification) wll be

det er m negrdashttifier@ioNRpeddsOfcodssRG WIRA' fcb@wital pHSEINAhE fangk HFIRALT al the
present invention operates successfully when feedwater pH 1S in the range
of from ahaut; & 0 0r Ly a far about 2
to about 5. The %frbgggngﬁq ﬁl\%‘%pl%(g%lgggb@éeg&ggeérloé#gg&gﬁzcgoess ltJI5l gﬁpasi ng
both m neral acids (e.g.,,. hydrochloric i.d; sulfuric_acid), ;and organic
aci ds (e. B‘.%Fe“gaﬁf‘?’?% 30&%?; b%?%BPﬁPt@da%ﬁc‘dﬁs-gﬁ‘ Y using, Bpths pripgral Bl ?R"e&-’ pH The
reverse osnpsi s portion of the apparatus used in connection with the
present i AVEATHOHE pddiselars arighiand organisesids - selliy wid;ascobicgsis to n FI G
2, inits si.ngl est form the reverse osnobsis portion of the high recovery
is

rever se osyidish thesdesiredpldonpri ses a reverse osnosis entrance conduit 12, a
reverse osnpsi s system 14 conprising reverse osnpbsis elenents, a reverse

osnosi s ret ent @he reverde cmmshiv pordion hthe HpaRURT $RdOREHInSctRA’ WRALHRe eXi t
conduit 18. By selection of appropriate size and/or nunber of stages for
the revergRsés Madndion s s8R Alcally Rust@teli@ M@ Wea9hedCiFfG PE in its
simplest form, the reverse osmosis portion of the high recovery reverse osmosis
system comprises a reverse osmosis entrance conduit 12, a reverse osmosis system 14
comprising reverse osmosis elements, a reverse osmosis retentate exit conduit 16, and
a reverse osmosis permeate exit conduit 18. By selection of appropriate size and/or
number of stages for the reverse osmosis system relative to the volume of acidic pH-
adjusted feedwater being processed, one of ordinary skill in this art would understand
how to control the concentration of the retentate thereby to adjust the content and
recovery of retentate and permeate from the reverse osmosis system as desired.

In another embodiment, the present invention may be utilized to process
feedwater which has been previously treated by methods which alter the chemical
composition of feedwater, but which do not substantially.reduce the amount of silica.

In this embodiment, the present invention includes the following sequence of unit

operations:

Feedwater

{

“type 2 treatment”

-L



adj usted feedwater being processed, one of ordinary skill Lﬁ this art would
understand how to control the concentration of the retentaté ﬂﬁ@rgﬁg to
adj ust the content and recovery of retentate and perneate fromthe reverse
osnobsi s system as desired. In another enbodi nent, the present invention may
be utilized to process feedwater which has been previously treated by

met hods which alter the chem cal conposition of feedwater, but which do
not. substantiallyreduce the amount of silica. In this enbodinent, the
present invention includes the followgng sequence of unit operations:
Feedwat er "type 2 treatnent,. Oﬁgl AR,204 8 adjust pH to acid range as
appropriate hi gh recovery B5Ep & gddinnee as ap ﬂ@“ﬁ%regoing sequence, the
term"type 2 treatnment” is intended t¢ include those unit operations which
woul d alter the nature and/or the ano¥nts of certain dissolved conponents
in the feedwater wthout ot heighirerevenyiseteasetdsalosis al tering the anmount of

di ssolved silica in the feedwater. Such "type 2" unit operations woul d

i ncl ude by way of exanple, softening (as by neans of zeolite softening;

i on-exchange Lethefofepbin@efi@inclthe fermPaipd altrda@ien®X hafka€ed fol 6kEE at i on,
preci pitattion, absorption, nanofiltr-ation, electrodialysis,
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simlarly process and affect the water w | e apparent to one skilled
8 2 oA E e SR b SRR e L © P
amount of dissolved silica in the feedwater. Such “type 2” unit operations would
include by way of example, softening (as by means of zeolite softening; ion-exchange
resin softening; etc.), partial ion-exchange, flocculation, precipitation, absorption,
nanofiltration, electrodialysis, electrodialysis reversal, and the like. Additional unit
operations which similarly process and affect the feedwater will be apparent to one
skilled in the art. It will be apparent, for example, that a combination of atype 1 and a
type 2 treatment could be used to pretreat a feedwater.
With certain feedwaters, pretreatment may be desirable to adjust
concentrations of certain components of the feedwater which could otherwise
adversely affect performance of the high recovery reverse osmosis process of this
invention. Such components could be, by way of example, salts which would
themselves precipitate and scale the system when concentrated above a certain limit,
such as calcium sulfate; components that can promote or catalyze the precipitation of
silica, such as magnesium, calcium, aluminum, iron, zinc, fluoride, phosphate ions,
boric acid, and the like; and components that can promote precipitation of polymeric
silica such as particulates, certain surfactants, polymers, and the like.
In yet a further embodiment, the present invention may be utilized to process a

silica-containing wastewater. Such a wastewater may be processed directly, or may




Wth certain feedwaters, pretreatnent may be desirable tonzdﬂugt m
concentrations of certain conponents of the feedwater whicC coul%ﬂét herw se
adversely affect performance of the high recovery reverse osnpbsi s process
of this invention.. Such conponents could be, by way of exanple, salts

whi ch woul d thenselves precipitate and scal e the system when concentrated
above a certain [imt, such as calciuwmsulfate; conponents that can
pronote or catalyze the precipitation of silica, such as magnesi um

cal ci um abtieratlynde i fish,subjented fd worpoéreatplensphat desciiesi, abdver i m didsd, and
the |like; and conmponents that can pronote precipitation of polyneric

silica sueimbadinfat the plab@SinvemidnaivduRl ifchieathe SfollBRIngBqGencRNSt Liie | i ke.
In yet a further enbodinment,. the present invention nmay be utilized to

process agpghfidga- contai ning wastewater. Such a wastewater may be processed
directly, or may 0 4 MAR 2001 9 optionally be first subjected to a
"pretreatnent” as described above. ntthi s enbodi nent the present

i nvention would include the follow egvélﬁqﬁence of unit operations:

Wast ewat er adjust pH to acid range asJappropriate 1 high recovery reverse

osnosis or, alternatively: Wastewater "type 1 and/or type 2 treatnent”
adjust pH to acid range as appropriate

high recovery reverse osmosis

or, alternatively:

Wastewater
“type 1 and/or type 2 treatment”

!

adjust pH to acid range as appropriate
high recovery reverse osmosis

(where in Fig. 1, “Feedwater” is wastewater.)

One example of this embodiment is use of the high recovery reverse osmosis
process to concentrate retentate from a nanofiltration operation. A second example is
processing of retentate from a conventional RO operation by first treating such
retentate by means of electrodialysis reversal (EDR) to provide a concentrated waste
stream and a product stream which is substantially depleted of electrolytes. This EDR
product stream, which may contain silica in approximately the same concentration as
the original RO retentate, can be subsequently processed by high recovery reverse
osmosis according to the present invention to provide a high recovery of water

without deposition of silica in the system. Further examples include use of high




adjust pHto acid range as appropriate 4 high recovery reverse 0osnosi s
(where in Fig. 1, "Feedwater" is wastewater.) One exanple 84 MR 2004
enbodi ment is use of the high recovery reverse osnbsis process to
concentrate retentate froma nanofiltration operation. A second exanple is
processing of retentate froma conventional RO operation by first treating
such retentate by neans of el ectrodighysis reversal (EDR) to provide a
concentrated waste stream and a product stream which is substantially

depl et ed odcoetrgabvaby bagosidine sedobR chipirich] Gind Shé@anical\lhgdiizaBon COMPRI N
silica in approximately the same concentration as the original RO
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according to the present invention to provide a high recovery of water f
wi t hout d It | e d I.n.the Funt.her exanples incl ude use o
i gn 0 4 TORRIGLER Y Phethilers o 98 AR Bcolotl' GopBiT TR 2ty *anc
mechani cal,. pl anari zati on ( ), stewat er. .i.n sem.conductor manufacturing
oper at i ongl,sg%%er fer‘FBIrF‘Bﬁgtf' ‘%@%I%W\é\%é?mg@%%%%ﬁﬁ {’g‘g&‘?ﬂt V(/th‘é\?ﬁiaé?fg 0 be
further processed to conply with zero liquid discharge requirements.

Addi t i onafhossskfledis the arthi s enbodi ment will be apparent to those skilled

inthe art. Again, without being limted by theory, we believe that the
present i nvent Again, stithbutzlesnk limeted by dhersy,reae belicvie i Ihel preserp Ghyendon zat i on
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cont i nuougdiyic Ntb fabilide AGER U Rk GRALLASSS €he high recovery reverse
osmosis process while continudﬁsly maintaining a retentate stream that is
supersaturated with respect to silica. Additional high recovery reverse osmosis process
efficiencies, and increased stability of overall high recovery reverse osmosis
operation, may be realized if the high recovery reverse osmosis process is periodically
interrupted, and the high recovery reverse osmosis system is purged and cleaned in
place (CIP) to remove potential silica nucleation sites which may be present. Such
potential nucleation sites may be, By way of example, micro-colloidal silica particles,
and other silica-containing particulates and deposits. A particularly effective CIP
ﬁrocedure for the high recovery reverse osmosis process includes the following
sequence of operat-iéns: (1) switch the feed to the high recovery reverse osmosis
process from the original feedwater to a cleansing water which is substantially
depleted of silica and electrolytes (such as an accumulated portion of the high
recovery reverse osmosis product water), and operate with this “clean” feedwater for a
sufficient time to reduce the concentrations of silica and electrolytes in the retentate to
be approximately the same as those in the “clean” feedwater; (2) add a sufficient
amount of a base (such as sodium hydroxide, potassium hydroxide, ethanolamine, and
the like) to the “clean” feedwater to raise the pH to 9-11, and soak, circulate, or
recirculate this basic-adjusted cleansing water through the high recovery reverse
osmosis system for a sufficient time to achieve equilibrium dissolution of any
-insoluble silica; (3) flush the system with the same basic-adjusted cleansing water
used in step 2 above to reduce the concentration of silica in the retentate below its
saturation Himit at the operational, acidic pH; (4) add a sufficient amount of acid to the

“clean” feedwater to reduce the pH back into the desired acidic pH-operating range



supersaturated with respect to silica. Additional high recqyng Reﬁﬁrse
osnosi s process efficiencies, and increased stability of overall @h
recovery reverse osnosis operation, nmay be realized if the high recovery
reverse osnosis process is periodically interrupted, and the high recovery
reverse osnosis systemis purged and cleaned in place (CIP) to renove
potential silica nucleation sites whiah may be present. Such potenti al

nucl eation sites may be, by way of exanple, mcro-colloidal silica

parti cl es for thedight keeavesy tavee oamnbsis praegsspand, i(S)Ltedliras highdrecleppsiclerse A
particularly effective | re for, the high recovery reverse osnosis
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(4) add a suffi‘cicent1 ga\érmuntmo?é ac?%l tostéf?ghhl%ﬁ,gan" feedwater to reduce the
pH back into the desired acidic pHoperating range 0 4 | AR 2004 11

EXAMPLES
Example 1

In a laboratory batch RO experiment using a feedwater which approximates
the composition of feedwater at an RO facility in Cape May, N. J. (approx. 60-70 ppm
silica; Table 1 below), we performed a 7-fold concentration (85% recovery) of feed
after adjusting the pH with 4300 ppm gallic acid, and obtained a clear permeate and a
clear, stable retentate supersaturated with silica. The pH of both permeate and
retentate was 3.9. The retentate contained 445 ppm silica as determined by the
phosphomolybdate method (Hach Series 5000 Silica Analyzer). This silica
concentration remained unchanged after 18 hours, thereby demonstrating the
surprising stability of this supersaturated solution. After 186 hours under ambient
laboratory conditions, the silica concentration in the retentate was still as high as 420

ppm, and the retentate remained clear.




for the high recovery reverse osnosis process; and, (5) @Zn@ R gdbh
recovery reverse osnpbsis operation with the original sili é\ i ng

feedwater. During recirculation of the basic CIP solution in step (2)

above, silica concentration in the retentate stream nmay beneficially be
monitored. If silica concentration in this recirculation stream exceeds
the relevant silica solubility limt L?n "natural waters" - typically about
125 ppm at anbient conditions - then portion of this retentate stream
shoul d be di verted and this di verted vol une replaced with "clean”

f eedwat erLabled ORI 263 anedda. N} i on in the recircul ating stream
may be kept bel ow the rel evant nat ural solubility limt, and inadvertent
preci pitdomson of silica witmgh the high recovery reverse osnosis system
will be prevented when the pH of the recirculating solution is | owered as
in step (Stimabove. EXAMPLES3EXanple | In a | aboratory batch RO experi nent
using a feedwater which approximates the conposition of feedwater at an RO
facility Gaciidape May, N. J. X&pprox. 60-70 ppm silica; Table 1 below), we
performed a 7-fold concentration (85%recovery) of feed after adjusting

t he pH wNipnd8@8: ppm gal | i c a&&ld, and obtained a clear perneate and a
clear, stable retentate supersaturated with silica. The pH of both perneate
and ret agutatiemwas 3.9. The rxdentate contained 445 ppmsilica as

determ ned by the phosphonol ybdate net hod (Hach Series 5000 Silica

Anal yzer )Chldidles silica condgsgtration remai ned unchanged after 18 hours,

t hereby denonstrating the surprising stability of this supersaturated

sol uti on.pifkbdatel186 hours unger anbient |aboratory conditions, the silica
concentration in the retentate was still as high as 420 ppm and the

r et ent at egyiggai ned cl ear. 80

Silica: 674

pH: 7.1

Conductivity (uS/cm) 2048

Example 2
(a) The same simulated “Cape May, NJ* feedwater used in Example 1 above was first

treated with a weak acid cation exchange resin, and then sparged with nitrogen to displace
carbon dioxide. This treated water, with a pH of 2.7, was then concentrated 15-fold (94%
recovery) by RO. The permeate had a pH of 2.6 and a silica concentration of 1.2 ppm. The
clear retentate hz:}d a pH of 3.4 and a silica concentration of 1084 ppm.

(b-e) The procedure of Example 2a was repeated, except that the silica concentration
of the feed, the % recovery, and the pH of the treated feedwater immediately prior to
concentration by RO were varied. Results for Examples 2a — 2e are reported in Table 2

below.




0 4 MAR 2004 12 lonsnl FJIL Sodi um 387 Cal cium 18.9 I\/a%gshﬁ@§ 17
Pot assi um 13. 6 Chl ori de: 438 Bi carbonate: 286 Sul fate: 8 i 2ty 4 pH 7.1
Conductivity (uS/cn 2048 Exanple 2 (a) The sane sinmulated "Cape May, NT'
feedwater used in Exanple | above was first treated with a weak acid
cation exchange resin, and then sparged wth nitrogen to displace carbon
di oxi de- This treated water, with a pH of 2.7, was then concentrated
15-fold (raz}gcz recovery) by RO The perneate had a pH of 2.6 and a silica
concentr of 1.2 ppm The clear retentate had a pH of 3.4 and a silica
concent r Bki orFeed {308} ppprox( b-e) Tdientieoc agdiettate pSiOEX anpur@eata [31@5]  epeat ed,
except that the silica concentration__of the feed, the %recovery, and the
pH of the t r eat @8 e e dWERO¥ETYi(Fitedi atPél y prior(PP®) concent (BRMbn by RO were

varied. Resultsgher Exanpl gg 2a - 2 gare repojgged in Table 2, below 0 4
MAR 20N ' '

2b 75.2 94 33 1122 2.2
2c 71.3 92 5.0 845 1.7
24* 713 - 92 7.7 278%* 24
2e* 75.2 92 10.8 960 1.1

*Examples 2d and 2e are considered outside the scope of the present invention based
on pH and are presented here for comparative purposes only.

**Example 2d retentate contained visible silica precipitate.

Example 3
Retentate from a conventional RO unit was demineralized by means of

electrodialysis reversal (EDR) to give a brine waste and a product stream with the
composition indicated in Table 3 below. The pH of this product stream was adjusted
to 3.4 with HCI, and it was concentrated to approx. 95% recovery by high recovery
TEVEerse OSmosis. Retentate from the high recovery reverse osmosis was clear and ;
stable, had a pH of 4.5, and contained 786 ppm silica. The permeate was clear and

contained 1.3 ppm silica (pH 3.3).




13 Table 2 Ex.Feed [S102] approx. retentate retentate [Si Q2] perneate

[Si Q2] (ppmrecovery (% pH(ppm (ppm) 2a69.0943.410841. 2 PhH7BARIAR;:311222. 2
2c71.3925. 08451. 7 2d*71. 3927. 7278**2. 4 2e*75.29210. 89601. 1 *Exanpl es 2d and
2e are considered outside the scope of the present invention based on pH
and are presented here for conparative purposes only. **Exanple 2d
retentate contained visible silica precipitate. Exanple 3 Retentate from a
conventional . RO unit was dem neralized by nmeans of electrodialysis
reversal (EDR) to give a brine waste %nd a product streamw th the
conposition indicated in Table 3 bel ot. The pH of this product stream was
adjusted to 3.4 with HCI and it was concentrated to approx. 95% recovery
by hi gh deblod sifion of amBOrreientateRAeIFRaY PR he high recovery reverse
osnosi s was cl ear and stable had a pH of 4 5 and contai ned 786 ppm
silica. Hme perneate was clﬁuﬂiand contained 1.3 ppmsilica (pH 3.3).

Calcium 252
Magnesium .- 14.3
Sodivm 83.2
Potassium 6.9
Bicarbonate 84.7
Sulfate 61.0
Chloride 124.0
Fluoride 0.4
Nitrate 3.5
Silica 41.6
TDS (mg/l) 4448
Conductivity (uS/cm) 683.8
pH 5.6

The present invention may be embodied in other specific forms without departing
from the spirit or essential characteristics thereof. The present embodiments are therefore to
be conéidered iilush'atiy‘e and not restrictive, the scope of the invention being described by
the appended claims rather than by the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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Cal ci un5. 2 Magnesi uni4. 3 Sodi unB3. 2 Pot assi un6. 9 Bi car bo
Sul fate61.0 Chloridel24.0 Fluoride0.4 Nitrate3.5 Silica4l

Conmposition of an ROretentate after treatnment by EDR | ons>l

Conductivity (uS/cn)683.8 pH5.6 The present invention may be enbodied in
ot her specific fornms without departing fromthe spirit or essenti al
characteristics thereof The present enbodi nents are therefore to be
considered-illustrative and not restrictive, the scope of the invention
bei ng described by the appended clajisns rat her than by the foregoing
description, and all changes which come w thin the nmeaning and range of

equi val &rieAIVY
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the clains are therefore intended to be enbraced therein.

A process for producing a clear reverse osmosis refentate having a

supersaturated silica concentration substantially greater than about 125 milligrams per liter in

a reverse osmosis apparatus from a feedwater having a silica concentration, without

substantial formation of alkali-soluble silica-containing scale in said apparatus, said process

comprising at least the following steps:

(1) adjusting the pH of said feedwater to an acidic pH range to form an acidic pH-

adjusted feedwater;

(il) providing a reverse osmosis apparatus having a reverse osmosis feed entrance

conduit, a reverse osmosis retentate exit conduit, and a reverse osmosis permeate exit

conduit;

(iii) passing at least a portion of said acidic pH-adjusted feedwater into said feed

entrance conduit to produce: (a) a reverse osmosis permeate from said permeate exit conduit,
said reverse osmosis permeate having a silica concentration substantially less than the silica
concentration of said feedwater; and (b) a clear reverse osmosis retentate from said retentate
exit conduit, said retentate having a silica concentration substantially greater than about 125
milligrams per liter and substantially greater than said silica concentration of said feedwater;
and,

(iv) recovering penﬁeate frofn said reverse osmosis permeate exit conduit and

retentate from said reverse osmosis retentate exit conduit.

2. In a process for producing a reverse osmosis retentate having a supersaturated
silica concentration greater than about 125 milligrams per liter in a reverse osmosis apparatus

from a feedwater having a silica concentration and at a pH which is not int an acidic pH range,

?@E%R(??@M )444. 8

Q




CLAIMS 1. A process for producing a clear reverse osnosi@ir #i&nggile having
a supersaturated silica concentration substantially greater than about 125
mlligranms per liter in a reverse osnosis apparatus froma feedwater having
a silica concentration, w thout substantial formation of alkali-soluble
silica-containing scale in said apparatus, said process conprising at |east
the following steps: (i) adjusting the pH of said feedwater to an acidic pH
range to forman acidic pH adjusted fgedwater; (ii) providing a reverse
osnosi s apparatus having a reverse osnosis feed entrance conduit, a

conau t; SRPTOAGHIAE ‘oPLakt-Y b A0 € RHEEAGuge PR Bl Rt © o1
osmos s BR8P SR S PRBSLy Bt lhi Mg PR ABVERST,
Concant | SbPURIBSTCaPerPLAtARY evorbiit Brao e rore e AR T o ol
concent r BeH drPARaIRSIoAREP IO e St R RSP OYEA T Rr PR s 1 o
nd, (s PEENRESH R go PROHUS vl 51 & et SO B e PR 1

conduit and retentate from sajd reverse osnosis rﬁtent ate exit cltl)cp uit. 2.

In a procsEmesis apapstusdo pradyce (b EvetEe Sunasisiperpeateiem A PCHURAG FTL0
supersaturated silica_concentration_greater than abou 25 m | ligranms per
liter in ofs3iéepnasaus, s peeagharing asilicy ?W@“F%Wéﬁiw%néﬁ@i lica

concentration and at a pH which is not in an acidic pH rang% 0 4 MAR 2004
silica concentration of said feedwater; and (b) a clear reverse osmosis retentate from a

retentate exit conduit of said apparatus, said retentate having a silica concentration
substantially greater than about 125 milligrams per liter and substantially greater than said
silica concentration of said feedwater; and, recovering permeate from said permeate exit

conduit and retentate from said retentate exit conduit.

3. The process of claim 2 whereby the pH of said feedwater is adjusted such that
there is substantially no formation of alkali-soluble scale having a substantial silica content in

said apparatus.

4. A process according to any of claims 1, 2 or 3 in which the reverse osmosis
step is operated such that said clear reverse osmosis retentate has a silica concentration

greater than about 273} milfigrams per liter.

5. A process according to any of claims 1, 2 or 3 in which the reverse osmosis
step is operated such that said permeate has a silica concentration not greater than about 2.4

milligrams per liter.




16 said process tending to form al kali-sol uble scale h@\sljt mfzﬁﬁ%ﬂ anti al
silica content in said apparatus, an inprovenent to su reduce
formati on of al kali-soluble scale having a substantial silica content in
sai d apparatus, the inprovenent conprising: adjusting the pH of said
feedwater to an acidic pHrange to forman acidic pH adjusted feedwater,
passing at least a portion of said acidic pH adjusted feedwater into a
feed entrance conduit of said reverse osnpbsis apparatus to produce: (a) a
reverse osnobsis perneate froma pernfate exit conduit of said apparatus,
said perneate having a silica concentration substantially |less than said
silica concentration of said feedwater, and (b) a clear reverse osnosis
retentate froma retentate exit conduit of said apparatus, said retentate
having a siléca coprres:skadording tosdithst daitn 2bi Jaigr3ea twhichtthareveisoesmoiid 5
mlligranms per liter and substantially greater than said silica

concent g@p istipertedsatitthitesid painisate rafuvered oavsach pgnpate pria tandit Bmotlaisd
perneate exit conduit and retentate fromsaid retentate exit conduit. 3.
The progessbedht 86/peicehiby WORIMRINE shid @ofiidn of saidididit pHddhised féedwait] pessedd such
that.--there is substantially no formation of al kali-soluble scale having a
subst antiiakai8 fdell etrmeOtMabiti N said apparatus. 4. A process according to
any of clainms 1, 2 or 3 in which the reverse osnbsis step is operated such
that said clear reverse osnpbsis retentate has a silica concentration
greater than about 278 mlligranms per liter. 5. A process according to any

of clainms 1,72 orp 3rdclssWhldillink Rfary@Y Slaid%s 102782 31 vherdi @i piFofeer at ed such
that said perneate f1as a silica concentration not greater than about 2.4

m 11T 9r QIWRRE is'aifulibd td bl B bdiween about 1 and about 6.

8. A process according to claim 7 wherein the pH of said feedwater is adjusted to

an acidic pH range between about 2 and about 3.

9. A process according to any of claims 1, 2 or 3 further comprising a perodic
reverse osmosis apparatus cleansing treatment comprising seriatim the steps of:

(2) stopping said passing of at least a portion of said acidic pEF-adjusted feedwater into
said entrance conduit;

(b) passing cleansing water having a substantially depleted silica concentration into
said entrance conduit thereby producing retentate from said retentate exit conduit for a period
until silica in said retentate has a concentration substantially equal to said silica concentration
in said cleansing water;

.. (c) subsequently passing basic-adjusted cleansing water haviﬁg a pH in the range of
from about 9 to about 11 into said entrance conduit at a temperature and for a time sufficient
1o effect substantial removal of alkali-soluble scale having a substantial silica content from

said apparatus;,



6. A process according to either claim2 or claim3 in i e,k everse
osnosis step is operated such that said perneate recov@e@%é@ﬁp@bch
perneate exit conduit is not |ess than about 85 percent by volune of said
portion of said acidic pH adjusted feedwator passed into said feed
entrance conduit. 7. A process according to any of clainms 1, 2 or 3 wherein
the pH of said feedwater is adjusted to an acidic pH range between about 1
and about 6. 8. A process according t® claim 7 wherein the pH of said
feedwater is adjusted to an acidic pH range between about 2 and about 5. 9.
A process acc@) thergftérpassing ddansing wager havidy osubSastislly Repletedsiea si ng a
periodic reverse osnosis apparatus cleansing treatnent conprising seriatim
t he stepsombnttAibn &ir@ 5 Bgrated condas sientdy @fodating edatiatafrporseidoctenthtessit d aci di ¢
pH adjusted feedwater into said entrance conduit; (b) passing cleansing
wat er haghiihitForseabd ikt ailiby indaid refep@tediab & cancanntentubatniinlly eqiabto ssidi d
entrance conduit thereby producing retentate fromsaid retentate exit
condui t £k eone&Hidafsh inléRildicleatidihg Gatet;n said retentate has a concentration
substantially equal to said silica concentration in said cleansing water,
(c)~ subsequentd xasﬁﬁgane&t P psition 3€k4is hadlc phiamfisicd fesdmimer nfrssid@htran@H i n t he
range of fromabout 9 to about 11 into said entrance conduit at a

t enper at uplsqblﬂwpio%c@ (hiaTByeddf Ishiohi8 Pbrmehf M £ pérniehil $kid brdatt of en@val of

al kal i -so | e scal e having a substantial silica content from said

appar at U%g?e%ﬁd%MeMQ%ﬂi%@%rﬁ:@ﬁﬁﬁbnﬁ?o%ﬁhﬁﬂly%@ﬂﬁﬁisﬁgsﬂi@é er having a

subst ant i ted silica concentration into said entrance conduit

thereby producidadof SRRl Rert SRUTP AL IarTE AR baNEsiSrélehtate from a retentate exit

conduit, said retentate having a silica concentration substantially greater than about 125
milligrams per liter and substantially greater than said silica concentration of said feed water;
and,

(f) recovering permeate from said permeate exit conduit and retentate from said

retentate exit conduit.

10. A process according to any of claims 1, 2, or 3 further comprising the step of
recycling at least a portion of said retentate recovered from said retentate exit conduit to said

feedwater or to said acidic pH-adjusted feedwater.

11.  Reverse osmosis apparatus for producing a clear reverse osmosis retentate
having a supersaturated silica concentration substantially greater than about 125 milligrams
per liter from a feedwater having a silica concentration, without substantial formation of
alkali-soluble scale comprising substantially silica in said apparatus, said apparatus

comprising at least:




conduit for a period until silica in said retentate has a concentration
substantially equal to said silica concentration in sai c@l‘clméﬁﬂﬂig wat er ;
(e) passing at least a portion of said acidic pH adjusted feedwater into
said entrance conduit to produce: (i) a reverse osnpsis perneate froma
perneate exit conduit of said apparatus, said perneate having a silica
concentration substantially less than said silica concentration of said
feedwater, and (ii) a clear reverse osnosis retentate froma retentate exit
conduit, said retentate having a silLjca concentration substantially greater
than about 125 mlligrans per liter and substantially greater than said
silica concentration of said feed water; and, (t) recovering perneate from
sai d per meatadCEsEHe OSEYNE DPHHOR FAPRETRER ¥V &ST 95 SP‘EPHF%P%%WE‘?F% condui t .
10. A process according to any of clainms 1, 2, or 3 further conprising the
step of osmosisyystem TaYeriecsBIosia Teiefiate gt eomdubang a1eY &ic0fIes’ BEBFRCEH f r om sai d
retentate exit conduit to said feedwater or to said acidic pH adjusted

f eedwat emduitl. Reverse osnpbsis apparatus for producing a clear reverse
osnosis‘retentate having a supersaturated silica concentration .
subst ant i al |afegivedtrai conapl siemtfor@isting thi pHaket legses peiipR L faibm a f eedwat er
having a silica concentration, wthout substantial fornation of

al kal i - fedwdsbreto sp adidicpBimgngesi ng substantially silica in said apparatus,
said apparatus conprising at least: 0 4.- MAR 2004 19 a reverse 0osnosis
portion conpréamiduifon passing mtleasi gpoion of theragidicetEadivkind feedwatainte sdd osnosi s
system a reverse osnosis retentate exit conduit and a reverse osnpsis

per neat fevensé bsmasireditirice conduit and through said reverse osmosis system to produce:

(2) reverse osmosis permeate from said permeate exit conduit having a silica concentration
substantially less than said silica concentration of said feedwater, and (b) a clear reverse
osmosis retentate from said retentate exit conduit having a supersaturated silica concentration
greater than about 125 mﬂhgrams per liter and substantially greater than said silica
concentration of said feedwater; and,

a recovery system to recover permeate from said pfermeate exit conduit and retentate

from said retentate exit conduit.

12.  Apparatus according to claim 11 wherein said recovery system includes a
recycle conduit for recycling at least a portion of said retentate recovered from said retentate

exit conduit to said acidic pH-adjusted feedwater.

13.  Apparatus according to claim 11 wherein said reverse osmosis system is of
appropriate size and numbers of stages relative to the volume of said portion of acidic pH-
adjusted feedwater to enable permeate recovery from said permeate exit conduit of not less

than about 85 percent by volume of said portion of said acidic pH-adjusted feedwater.




a feedwater pH control systemfor adjusting the pH of at.le ft %' ortion of
said feedwater to an acidic pH range; a conduit for pasgﬁngaﬁ P ast a
portion of the acidic pH adjusted feedwater into said reverse 0sSnosis
entrance conduit and through said reverse osnosis systemto produce: (a)
reverse osnosis perneate fromsaid perneate exit conduit having a silica
concentration substantially less than said silica concentration of said
feedwater, and (b) a clear reverse o%0Dsis retentate fromsaid retentate
exit conduit having a supersaturated silica concentration greater than

about 125 mi | lyisgr ARt hd doBling¥aE1 AR08 titabdiddid/ re98:886 RhoslsRARenS Bicd Si | i ca

concentration of sard feedwater, and, a recovery systemto recover perneate

from said ,ﬁ%&t : b dia AD IR FHE Y Slumb LPBiE Fbitlof 6 RIHIE. €Xi t
condui t. ﬁp%% pasrgzgsaégﬁ%lg@%gg{érﬁaﬁgo C a?drqulglll V\uﬁero'ei n g%igl recov@%y system
includes 2; LOCHG r ¥ fdai Rohd B hathegai d

ret ent at egdﬁ%sgoverdé‘gﬁe??d;%ﬂgfgir%gé% egg%log%{g%em td I%%?]l%ltj% to sal cal1 agi dic pH
adj ust ed {.g er...13 r qgﬁ@] .claim 11l wherein said
reverse o %ﬁg&ggg?oég?@gﬁn%%gﬁr%rl a eﬁgil;zegh%%d nunbers of stages
relative to the volunme of said portion of acidic pH adjusted feedwater to
enabl e perneate recovery fromsaid perneate exit conduit of not less than
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a water rinse system for passing cleansing water having a substantially depleted silica

concentration into said entrance conduit instead of said acidic pH-adjusted feedwater to
produce retentate from said retent'c;te exit conduit, and,

a scale-removal system for passing cleansing water having a pH in the range of from
about 9 to about 11 into said enirance conduit at a temperature and for a time sufficient to
effect substantial removal of alkali-soluble scale having a substantial silica content from said

apparatus.

16.  Apparatus according to claim 11 wherein said reverse osmosis system is of
appropriate size and numbers of stages relative to the volume of said portion of acidic pH-
adjusted feedwater to enable recovery from said permeate exit conduit of permeate having a

silica concentration not greater than about 2.4 milligrams per liter.

17.  Apparatus according to claim 11 wherein said feedwater pH control system
operates to adjust the pH of said portion of said feedwaier to a pH range between about 1 and

about 6.




15. Apparatus according to claim 11 further conprising. a -ffg{jﬁ\/@tzﬁ 4 fl ow
control system for stopping and subsequently restarting tﬁe assi g of at

| east a portion of said acidic pH adjusted feedwater into said entrance
conduit, a water rinse systemfor passing cleansing water having a
substantially depleted silica concentration into said entrance conduit
instead of said acidic pH adjusted feedwater to produce retentate from
said retentate exit conduit, and, a scal e-renoval system for passing

cl eansing water having a pH in the range of from about 9 to about 11 into
said entrance conduit at a tenperatute and for a tinme sufficient to effect
substanti al renoval of alkali soluble scale having a substantial silica
content from&ai dAprammsagearding teclainpbawhereis said &esdRrtegP SORIOASYHI wher ei n
said reverse osnosis systemis of appropriate size and nunbers of stages
rel ati veperates toeadyust thepHof Swwﬁmoﬁﬂﬁdﬁe@&ﬁwﬂ%ﬁirﬂﬂgt" baipeenabguiZ@dwat er to
enabl e recovery fromsaid perneate exit conduit of perneate having a
silica abmgéntrati on not greater than about 2 4 milligrans per liter. 17.
Apparatus according to claim 1l wherein said feedwater -pH control system
operates to adjust the pH of said portion of said feedwater to a pH range
bet ween about 1 and about 6. 0 4 MAR 2004 21 18. Apparatus according to
claim1 | whes.ei nA paiceks hemtding fr clgh Wortpoising yatatm thpaepstods t o adj ust the
pH of said portion of said feedwater to a pH range between about 2 and

about 5. 19. (A pé&eligssbsatalyalhef sail refeatate rétovered ivissaidge®ataiestiim t he st eps
of (a) recycling substantially all of said retentate recovered fromsaid

r et ent atcBndtith said feedwater or to said acidic pH-adjusted feedwater uniil said retentate has a
predetermined supersaturated silica concentration greater than about 125 milligrams per liter
and substantially greater. than said silica concentration of said feedwater;

(b) thereafter recycling at most a minor portion of said retentate recovered from said
retentate exit conduit lmtil said retentate has a predetermined silica concenitration not
substantially greater than said silica concentration of said feedwater; and,

(c) thereafier repeating steps (z) and (b) seriatim.

20. A process according to claim 19 in which said retentate is operated on a batch
basis, each batch terminated when said retentate has a predetermined silica concentration
greater than about 125 milligrams per liter and substantially greater than said silica

concentration of said feedwater.

21.  Apparatus according to claim 12 wherein said recovery system compn'ées a
flow control and monitoring system: (a) to recycle substantially all of said retentate
recovered from said retentate exit conduit to said feedwater or to said acidic pH-adjusted
feedwater until said retentate has a predetermined silica concentration greater than about 125

milligrams per liter and substantially greater than said silica conceniration of said feedwater;




conduit to said feedwater or to said acidic pH adjusted'fggdﬁgRegagnti
said retentate has a predeterm ned supersaturated silica concen q tion
greater than about 125 milligranms per liter and substantially greater than
said silica concentration of said feedwater, (b) thereafter recycling at
nost a mnor portion of said retentate recovered fromsaid retentate exit
conduit until said retentate has a predetermned silica concentration not
substantially greater than said silica concentration of said feedwater,

and, (c) thereafter repeating steps (& and (b) seriatim 20. A process
according to claim19 in which said retentate is operated on a batch

basi's, eafthabatseid rétentai had saidl whdateradned sitieh emtcatteatihg o eecpelesatest amired si |l i ca
concentration greater than about 125 mlligrans per liter and

subst ant i pd:tiyn of sardiretentiieaccosaied fivinl saidretebfcedit doaduimubiai betaitatedednwat er .

21. Apparatus according to claim 12 wherein said recovery system conprises
a flow cpmiseiminddilite Bbdcefitcitidniysiudiantalty oteater thay sdi@sibcthahodiitatndd of al | of

- said retentate recovered fromsaid retentate exit conduit to said

f eedwat er s#d febdwaet shd(d) HieeaBler AMlief{aRbieps 6 \Wad @) setitibd  sai d retentate has -
a predetermned silica concentration greater than about 125 mlligrans per

liter and substantially greater than said silica concentration of said
feedwater; 0 4 MAR 2004 22 (b) after said retentate has said predeterm ned

silica concentyat i Apparais 28&YAhE tcAUaiPBI in3HEH A1 foRAckiréln@imddbing et ent at e
recovered fromsaid retentate exit conduit until said retentate has a

pr edet er myBRh BhlA6Phe RRFAObE id RRnBRS orsABatiARdsisal | y greater than said
silica concentration of "“said feedwater, and, (c) thereafter to alternate
steps (a) and (b) seriatim 22. Apparatus according to claim21l in which
said flow control and nonitoring systemregul ates the recycle of said
retentate on a batch basis.




