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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 feedwaters of declining quality (increasing salinity). Additionally, economic
factors are demanding 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
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(Desal i nation, 123 (1999) 33-43), and to U.S. Pat. No. 5,925, 255
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 pretreatment
processing of feedwaters prior to RO, or alternatively on the addition of expensive “anti-
s¢alant” 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. Iiis 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 the work of

Mavrov et al. (Desalination, 123 (1999) 33-43), and to U.S. Pat. No. 5,925,255
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UMMARY 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 between 1 and 6;
preferably, the pH is between 2 and 5. The pH is adjusted with either mineral or organic
acids. Preferably the acid is hydrochloric acid, sulfuric acid, gallic acid, ascorbic acid or
combinations 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, nanofiltration, electrodialysis, electrodialysis reversal, microfiliration (membrane
filtration), electrodiaresis, electrodeionization, filled cell electrodialysis, irradiation and

combinations thereof.
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FIG. 1 shows a schematic representation of a process according 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. Tler, “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
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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 HIRRO 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, groundwaters found in

volcanic deposits. This invention is also applicable to treatment of partially-purified waters
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irradiation, and the like. The latter techniques are primarily physical in
operations:

Feedwater
\)
“type 1 treatment”™
adjust pH to acid range as appropriate

HIRRO

In the foregoing sequence, the term “type 1 treatment” is understood to encormpass
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, microfiliration, 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 added to the feedwater to adjustthe pHinto a

desirable acidic pH range (acidification) will be determined by the composition of each
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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

y
“type 2 treatment”

\

adjust pH to acid range as appropriate

HIRRO
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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 HIRRO process of this invenﬁoﬁ. Such components could be, by way of example, salts
which would themselves precipitate and scale the system when concentirated 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 optionally be
first subjected to a “pretreatment” as described above. In this embodiment the present

invention would include the following sequence of unit operations:



In yet a further enbodi ment, the present invention may be utilized to
process a silica- containing wastewater. Such a wastewater may be processed
directl ywopn2zmay2 optionally be first subjected to a "prepcrasomeond’ as
descri bed above. In this enbodi ment the present invention would include
the follow ng sequence of unit operations: WO 02/26362 PCT/USO1/ 30407 9
Wastewater 1 adjust pH to aci d I apgkeewrterappropriate 4, HRRO or,
alternatively: Wastewater 4, type and/or type 2 treatnment" 4, adjust

pH to acid range as appropr, & Sd N Fig. 1, "Feedwater" is
wast ewater.) One exanpl e of liﬁ%ﬁglté §§gas m se of the H RRO process to

concentrate retentate from a nanof 'i—ﬂl{l@' on operat lon. A second exanple is
processing of retentate froma conventional RO operation by first treating
such retentate by nmeans of electrodialysis reversal (EDR) to provide a

concentrated waste stream and a proanHct stfeam which is substantially
or, alternative

Wastewater
\:
“type 1 and/or type 2 treatment”
adjust pH to acid range as appropriate

HIRRO

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

One example of this embodiment is use of the HIRRO 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 conceniration as the original RO retentate, can be subsequently
processed by HIRRO according to the present invention to provide a high recovery of water
without deposition of silica in the system. Further examples include use of HIRRO to
recover chemical and mechanical planarization (CMP) wastewater in semiconductor
manufacturing operations, cooling tower wastewater (blowdown), and wastewaters to be
further processed to comply with zero liquid discharge requirements. Additional examples of

this embodiment will be apparent to those skilled in the art.
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silica and electrolytes (such as an accumulated portion of the HIRRO 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 HIRRO 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 limit 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 for the HIRRO process; and, (5) resume HIRRO operation

with the original silica-containing feedwater.



feedwater; (2) add a sufficient ampunt of a base (such as sodi um hydroxi de,
pot assi um hydroxi de, ethanolamne, and the like) to the "clean" feedwater

to rai se waapkbd20 9-11, and soak, circul ate, or recirculpteudoiseo7
basi c- adj usted cl eansi ng water throughjjthe H RRO system for a sufficient
time to achieve equilibriumdissolution of any insoluble silica; (3) flush
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feedwater. In this manner,  silica _concentration in the_reci rculda\tgilleg)g

st r eam mayintipandipedvsEpwprecnitaien fsilise WHR theHIRRA} sysiem wi be pregprie

i nadvertent precipitation of silica within the H RRO systemw || be

pr event ed thidhof thp gecipplating sebrtipr i5i lowarphas A GER D AP is | owered as in step
(4) above. EXAMPLES Exanple 1 In a laboratory batch RO experinment using a
f eedwat er whi ch approxi mates the conposition of feedwater at an RO
facility in Cape May, N.J. (approx. 60 -70 ppmsilica; Table 1 below, we
performed a 7-fold concentration (JEX4MEEEPery) of feed after adjusting

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.



the pH wth 4300 ppmgallic acid, and obtained a clear perneate and a
clear, stable retentate supersaturated with silica. The pH of both

per neat e @doei@nt ate was 3.9. The retentate contained 4/ yNiseiohi ca as
determ ned by the phosphonol ybdate net{wd (Hach Series 5000 Silica

Anal yzer). This silica concentration remai ned unchanged after 18 hours,

t her eby qgﬁnqst-atqulth% %gmpr|§|-o Al ty of this supersaturated

sol ution. £ 50 arae aporatory conditions, the silica
concentraHlon in the retentat S st|II as high as 420 ppm and t he

ret ent at e Pemai ned cl ear. 26362 PCT/US01/ 30407 12 Table 1 -

Conposi t| of a well water %g?pe May, NJ) lons ng/L Sodium 387

Cal ci um ™ Magnesi um 6 Pot assium 13.6 Chloride: 438

Bi car bonﬁp(re 286 Sul f at e: %gl lica: 67.4 pH 7.1 Conductivity (uS/cm
i }

2048 Exa W a) The sane s | ated "Cape May, NI' feedwater used in
Exanpl e 1 gbove was first tre d wth a weak acid cation exchange resin,
and t hen s@%ﬁ"@%ﬂl‘nw th nitroge {76 di spl ace

Potassium: 13.6

Chloride: 438

Bicarbonate: 286

Sulfate: 80

Silica: 67.4

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 had a pH of 3.4 and a silica conceniration 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.



carbon dioxide. This treated water, with a pH of 2.7, was then concentrated
15-fold (94% recovery) by RO The perneate had a pH of 2.6 and a silica
concent r afyiPpRi621- 2 ppm The clear retentate had a pH ofp3ydko@Behod Silica
concentration of 1084 ppm (b-e) The ptdcedure of Exanple 2a was repeat ed,
except that the silica concentration of the feed, the %recovery, and the
pH of the jppat ed feedwater imediately prior to concentration by RO were
varied. Results for Exanples 2a - 2e are reported in Table 2 below. WO

02/ 26362 P 0 Tabl F o PR t
retentat e]]%'Si &%%&éﬁzai‘%ﬁmﬁ' %2] © %%tga%ter 3353@%?’%‘?% %3‘%@(%? ga 69.0

94 3.4 1084 1. Zip}%ﬁ) 75. 2..9%e (%)1122 B2 2C )3 92 5.0 84ppdy7 2d* 71.3
92 7.7 278** 2. 2e* 75.2 9 .8 960 1.1 anples 2d and 2e are

consi der edy out ghde the sgppe of thespresent pgagention based ofpH and are
presented here for conparative purposes only. **Exanple 2d retentate

cont ai ned 4 Si??)ljﬁ silicagprecipitatg.y Examphp,3 Retentate frgm a
conventi onal Unit was denineralized by neans of electrodialysis

reversal (£DR gi ve ri ne wast nd a pr ct streamw th-the

conposi ti oér? [ nglﬁgat ed i?\gaTabI e 3 bglogw. The g of this pr odu?'t7 stream was
adj usted t.g.3. ith HCl,, and it wa concent £d to approx. ,95% recovery
by H RRO "Ret eﬁl}%g{e frokzt he HI RRO 312375 cl ear %’ﬁsrj* 24

2e* 752 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 HCl, and it was
concentrated to approx. 95% recovery by HIRRO. Retentate from the HIRRO 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).



stable, had a pH of 4.5, and contained 786 ppmsilica. The perneate was
clear and contained 1.3 ppmsilica (pH 3.3). WD 02/26362 PCT/ US01/ 30407
14 Tabl e Woo02028sg0sition of an RO retentate after treat nemctnysoeBio7! ons
mL Calcium25.2 Magnesium 14.3 Sodi yn 83.2 Potassium 6.9 Bicarbonate
84.7 Sulfate 61.0 Chloride 124.0 Fluoride 0.4 Nitrate 3.5 Silica 41.6
TS (mo/ Lir 84% Bco GROIG!dr th RO detbilafi IhePBedlon BlgDIE The present 1 nventi on
may be e Ter Specrfrc for Wt nout-departing fromthe spirit
or essential characteristics tEgreof. The present enbodi nents are therefore
to be con@dered illustrati nd not restrictive, the scope of the
i nvention i.ng described b e appended cl ains rather than by the
e 2135 Thange 4

f or egoi ng ption, and al hanges which cone wthin the nmeani ng and
range of %&%%xg&%ncy of the cffgns are therefore intended to be

Sodium 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) 444.8

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 considered illustrative 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.



enbraced therein. W 02/26362 PCT/USO1/30407 15 CLAIMS 1. A process for
produci ng a clear reverse osnosis retentate having a supersaturated silica
concent r afvigapr/2gsfast anti al |y greater than about 125 m | i gregmudeeBodorter in
a reverse osnosis apparatus froma feetbwater having a silica concentration,
w t hout substantial formation of al kali-soluble silica-containing scale in
sai d appar said process conprising at |least the followi ng steps: (i)
adjusting the pH of said feedwater tq an acidic pH ran to forman acidic
pH adj ust ed féedwa*ﬁé’F‘?ceiSifP‘jPrﬁﬁ%%ﬁ?’éevﬁﬁé’ﬁlg%g%@fﬂ??é’aé{ﬁ]ﬁé‘r atus having a
reverse osnosis feed entrance conduif, a reverse osnpsi g.retentate. exit
condui t, auBPrsptyralod siliea coarendiationbsanially grepter T?‘E‘b‘i"hﬂﬁ lzss ?‘ﬁ]ilgrﬁmi)%% 3?%1 at

| east a portion of said acidic pH adjusted feedwater into said feed
entrance CORERIFOSEYSIpARRMALES rom p fopdwatpe hayinessiisgicenqsaiatiots W1R¢% m sai d
perneate exit conduit, said reverse osnpsis perneate having a silica

concent r atsubsiansialferraation of pirali-galuble siligr-¢onizining scalg in sayharbatatus: J¥hPIgEess ai d
feedwater; and (b) a clear reverse osnosis retentate fromsaid retentate
exit condulompriging af lpast bafellowingsi§nsg a silica concentration substantially
greater than about 125 mlligranms per liter and substantially greater than
said silica cordeadiustng thepdfof said Eefweignian peidicphbrangq toyforpanacidic pld- per meat e
fromsaid reverse osnosis perneate exit conduit and retentate fromsaid
rever se osadinsied feedweist.at e exit conduit. 2. In a process for producing a

reverse osnosis retentate having a supersaturated )
(i) 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 permeate from 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 in an acidic pH range,



silica concentration greater than about 125 mlligrans per liter in a
reverse osnosis apparatus froma feedwater having a silica concentration
and at a pwidoesd2 i s not in an acidic pH range, WO 02/ 263Gt 1RESH B/ 30407
16 said process tending to form al kal itssol ubl e scal e having a substanti al
silica content in said apparatus, an inprovenent to substantially reduce

fsglr ga gbggls%{i Bg | le<s[%t hééldfsxﬂ%u?orﬁl A s%ldﬁi’evécﬁlg thmgSér'Qﬁ)tstﬁﬁﬁdl %hcéédn%e‘ﬁ?m%@iﬁt ent in

Fovenen npri si ng djustlng the pH of said
feedwater to an acidic st sdifiBervat er ;
passi ng at*PPEYLL a0 OISy %%Stg%ghg | c p %tﬁgl{@gg‘# g@%}lwateer i %Itao a

feed entrance ui t f sald reve S f(a) a
rever so. odHpeREATFyEartent F i %ppar@ ek ?@?ﬂﬁ@ﬁ%&?ﬁr@ﬁﬁ ?3122%%% at us,
sai d perneat aving a sili ntratl t aid
silica coﬁé‘é%‘?ﬁr‘}&’?ﬁ% ana"‘él’é’lp rglran aﬁﬁcf p?‘ggéu&é#fggdr&&fe v@é Schtleé %?r%%zi s
retentate froma ) t it of .sgid a IS tentate
havi ng a saIHOi"'&ilocféﬂ B‘Fé’hg usteéil}%gi]@ﬁegpg? F%ege '5?“2; c?rhan Og teqilrfg
mlligranms per. liter and substanti al | reater t

concent r atoSBASIHAPDIEA 10 BROGHER" a?ﬂﬁrsg?sg%é\?é’fe%eﬁ% gtem #eoer)ﬁft ggnd i
perneate exit  conduit and ret tate romsaid.re conduit. 3.
The proces s@f apnagivs, saidATFISE? ﬁ‘@gf}ﬂLEﬁ coélﬁ?ngaF%téﬁ&ét?‘gtLaﬁ?'iess%l L ed such
that there is substanti aII no for on, of al kali-sol ybl cal e having a
subst ant i lica ICPIPCG%F?@@HP@W egdwalgr; E{?k%l&fu’t}gve@? OSROF B‘%‘E@% %8’8‘031“ ding to
any of clains 1, 2 or 3 in which the reverse osnosis s _operated such
that sai d refepigte oxib ey of s3ié apRArgaY, &7id %?E%‘t%%}éa"glgﬁ ﬁ‘lfcééoﬁﬁn}ggf‘?f’r ation
greater than about 278 mlligrans per liter. A process accgordi n&; to any

of cl ai ms shibstantighy Freqter than dwut hed ‘Fﬂ]\%%%?‘%élf;?ﬁ%‘i‘%s“bé §refse such

that said perneate has a silica concentration not eater than about 2.4
silica concentration of said feedwater; and, recovering permeate om 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 0smosis
step is operated such that said clear reverse osmosis retentate has a silica conceniration

greater than about 278 milligrams 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 conceniration not greater than about 2.4

milligrams per liter.



mlligranms per liter. WO 02/26362 PCT/USO1/30407 17 6. A process according

to either claim2 or claim3 in which the reverse osnbsis step is operated

such t hat weai2depr neat e recovered from such perneate exit pgangieiBodos not

| ess than about 85 percent by volune gf said portion of said acidic

pH adj usted feedwater passed into said feed entrance conduit. 7. A process

according to any of clains 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 to claimy wherein t.he, pH. of i Y J an
B astrong St £or SRR ShidanERuS, Shck®

acidic pH rang@ bet rocess according to any
f clai 1, .2 3 f her, i Si i Odi - '
appar at Us SEP SIS HHLUPEHESBHS eer S e Seb ferple RS Bt RA s ;g
id i f at | t tion. of i i di. H-.adj t
Thto "aai duBOPUSEeEsdY T Perhy raEhaR g ARSI TP €

substantially depleted silica concentration into said entrance conduit

t her eby prgasef fedcaEaise SOy om 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

passi ng basi c-adj usted cl eansi ng wat er, havi a_pHin the of from
about 9 to abodt 11AiPECESSAEFFABELe AL CE’HH%ﬂi%torgtw refuéhﬁ&}g‘?%g@ and for a
time sufficient to effect substantial renoval g%ﬂglkali-soluble scal e

havi ng a dJetsatanis adjusterlio emacidip pHTangebstreen eyt L spdoauhs- \wWo 02/ 26362
PCT/ US01/ 30407

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 5.

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

(a) stopping said passing of at least a portion of said acidic pH-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 conceniration
in said cleansing water;

(c) subsequently passing basic-adjusted cleansing water having a pH in the range of
from about 9 to about 11 into said entrance 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;



18 (d) thereafter passing cleansing water having a substantially depleted
silica concentration into said entrance conduit thereby producing
retent at ewig@mes@ai d retentate exit conduit for a period yetigsosizbdoca i n
said retentate has a concentration subgtantially equal to said silica
concentration in said cleansing water; (e) passing at |east a portion of

id i di H ad] d feed | ' jids t d ;
() " reverse. (0 HstROSar L Bfhg WalP s EBLABRRS crfaRiGs 1 0 Pl o0 e
t us, i d ; t. 1V L) - ' t bally |
R T T e
i teptate fry Jretfentat I I .S Al M
i1 oa coeuRia 4 BOLHBLEE Papi oG alsaf PRt SRt Bys AP RPN 1D B
liter and substanti all re?t er, thatn said silica concentration of said feed
wat er ; aﬁﬂ‘,"a("?‘)ce‘i‘t@@%é‘rsgﬂgc PBBINERFE f r om sai d perneate exit conduit and

retentate fromsaid retentate exit .conduif. .10 ro ing to any
of claims 1, 2(©@rssinspijiepshaPorionof F%ﬁ?ﬁ‘@&f Hfé['ag{ué%dﬁﬁeaw?tgeg%?ﬁ ?"ﬁ%&g[t% east a
portion of said retentate recovered fromsaid retentate. exi%fmtcggaq&it to

said feedRRfuEtto groduee: &) A RRISSMOSEPERReg e IO # REGRAP & © eVer se
osnosi s apparatus for producjng a. clear reverse, 0s is. reteptate having a
super sat urdpEaus; swﬂdoan%%@ﬂwsaﬁﬁ% cFuragqp F‘i%swﬂ?ggiﬁf gnrants?.}g ﬁﬁgﬂbo ut 125

mlligranms per liter froma feedwater havin??a silica, c ncent%rﬁtion

wi t hout s eBeaatetion of said fesd e and (i) p Rlgprrewrie ppesISIsten e LR A TLeHige Xt

bstanti al | il i id t id t i Sj t
fgazt ?nV\Ioaqggél/lg'tsg Ig@clk ?q%&q}%@gy%sﬁ]%%%%&éﬁﬁaﬁso%l subs?a%%gliyagrlejaster tﬁa%n}g)ults f igg a

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:



a reverse osnosis portion conprising a reverse osnpbsis entrance conduit, a
reverse o0sSnbsis system a reverse osnosis retehtate exit conduit and a
reverse O@iNRIB3REr Neate exit conduit; a feedwater pH comdgmisossedoem f or
adjusting the pH of at |east a portiongef said feedwater to an acidic pH
range; a conduit for passing at |least a portion of the acidic pH adjusted

feedwater into, sald  LSuR" Sr?t(i)oosc%& h?ig?gﬁév%ﬁggsrﬁ&%déﬂhﬁn&QGn&ﬁﬁ Qrgrssal d

reverse 0SnDSI greé'ﬁrﬁ? 8%“%55%) uce: everse osnosi s perneate from said

te exit .conduit hayi Sil] ' ' -
T L S s L R e

osnosis retentate fromsaid retentate exit conduit having a supersaturated
silica cofe¥t ation greater than about 125 milligrans per liter and

substantially greater than said silic concentrati on .aof i .eedwat er ;
and, a recover § fRegupisrp Borft@i@(?%ep‘%’éF%ﬁ?’g%Terp%fga;?eﬁsqﬁé}orﬁéog)togségit condui t
and retentate fromsajid retentate exit conduit. 12. Apparatus according to
claim 11 Viprdmarer tosal (dGRIGTANES: system i ncludes a recycle conduit for

recycling at least_a portion of said.retentate recqver f.romsaid.
retentate exi ﬁceﬁﬁ%’&ﬁi’ftpaﬁ%"%ﬂég‘ﬁ‘sbﬂcﬁ’%ﬁ‘@‘ fﬁ%‘éﬁ“ﬁ%?@ﬁ%‘“@tﬁgﬁgw@r %Sa}g\ppar at us
according to claim1ll wherein said reverai(f 0SNDSI S systtem IS ﬁ)f )

appr opr i atrevesjesmasisieniianesesoadyt and thrpugh sald wevprseoSPSISREIAY FURRYYF sai d

portion of acidic pH adjusted feedwater to engbl erneate recovery from
sai d per neaeversd esmosip germeatsfirony faid pargeatp ﬁé‘ﬁ“ﬁ%ﬂﬁga‘g% ?:)@E‘&ae‘?ﬁ’flcaﬁ&a@ ume of

said portion of said acidic _pH adjusted feedwater. V\D(%%ng%z
PCT/ USOL/ 30ksgantiatholessqhansgidsiliee ganceataioniofgpid tedyapr,an (WAL VY d rever se
osnosi s systemis of ) ] . . .

osmosis retentate from said retentate exit conduit having a supersaturated silica concentration

greater than about 125 milligrams per liter and substantially greater than said silica
concentration of said feedwater; and,

a recovery system to recover permeate from said permeate 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.



appropriate size and nunbers of stages relative to the volune of said
portion of acidic pH adjusted feedwater to enable retentate recovery from
sai d retewigai@espgit conduit having a silica concentrati orpcgreatgisot han
about 278 mlligranms per liter. 15. Apmaratus according to claim 11l further
conprising: a feedwater flow control system for stopping and subsequently

fooduat er i nt o Ea dBArr S psRrusaT e EPhHEN R kg B e e
cai d ent T ACEOUUR AL PO RETERT SRR e R b o pAE SR 0T 1 1 O
produce retentate . fromsai.d retentate exit I 2. renpval
system fO@Ei}agggg%%w%tpretgﬁgzﬁ(ﬂ%re%&aé? reﬁ%w(/el?yn%org%%w#%&t%tﬁgﬂ?%or%gﬁ g?‘,uf%%m about
9 to about 11 intg said entrance ui.l at a tenperature and for a tine
suf fi ci enﬁﬂl%co@ﬁt@@?ngﬁﬁtgféﬁ?fg%qu%?ma@? p%rll%arl i -solubl e scale having a
substantial silica content fromsaid apparatus. 16. Apparatus according to

claim 1l wherein said reverse osnosis systemis of appropriate size and
nunber s of st\e,:ges relative to the V%Flljﬁrfg}%‘rllgsai d portion of acidic pH

adj ust ed feedwdfer ABPAEHUIACOIMEIOE PP ePReat e exit conduit of
pernmeate having a_ silica concentration not han

reater | az%bout&1 2.4
milligranms per aif¢edwater fomvc Pygteny oééteB?‘ﬂgf‘fglsP SeqpentirSITHIEPR PR o
feedwat er pH control system _gperates djust the pH of said portion of
sai d f eedwirkleast g partigpiof %ﬁffb@l%?ﬁ@éﬂlsféég‘i??“}?%‘ﬁﬂ’ Saﬁ‘tﬁ%f‘“%.c"véb“’@z/ 26362
PCT/ USO1/ 30407 21 18. Apparatus according to claim]11 vmaﬁr in.s i.g
feedwat er pH c@rtatesringssystemmorgsying geansigs ﬁ’ﬁ}eﬂgﬁvqg"?es“éﬁa‘lﬁ ¥§Pfgetﬁ‘gfl f%on of

said feedwater to a pH range between abqut 2 andc} )
concentration into said enfrance conduit instead of said acidic pH-adjusted feedwater to

produce retentate from said retentate 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 entrance 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 feedwater to a pH range between about 1 and

about 6.



about 5. 19. A process according to claim 10 conprising seriatimthe steps
of (a) recycling substantially all of said retentate recovered fromsaid
ret ent at gv@xi/heze£onduit to said feedwater or to said aci dperikbi@sjerst ed
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concentration greater than about 125 mlligrans per liter and
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thereafter recycli ﬁxé) nor portion of said retentate recovered
fromsaid retent Xi U (X sedeher m ned
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concentratjon_of said feedwater; and, (c) thereafter repeating steps (a)
and (b) s&EFi m 20, A process accor di ng to claim19 in which said
retentate is operated on a batch basis, each batch term nated when said
retentate has a predeterm ned silica concentrati on great er t han about 125

mlligranms per_l|iter and subs antr rea |l ca
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wherein said recover system 0
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system (a) to®@dey "iqg?ﬁsﬁl JFtFntS‘iergcgvgegtﬁ? ?ﬁr}gteﬁ?ecoger ed from
said retentate exit condur t to i.d adj ust ed
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retentate exit conduit until said retentate has a predetermined silica concentration not

substantially greater than said silica concentration of said feedwater; and,

(c) thereafter repeating steps (a) 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 comprises 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 concentration of said feedwater;



said feedwater; and, (c) thereafter to alternate steps (a) and (b)
seriatim 22. Apparatus according to claim21 in which said flow control

ggd_ noni t g @e3edyst em regul ates the recycle of said retenic@gigso®Bom7bat ch
Si s.
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(b) after said retentate has said predetermined silica concentration, to recycle at most a minor
portion of said retentate recovered from said retentate exit conduit until said retentate has a
predetermined silica concentration not substantially greater than said silica concentration of

said feedwater, and, (c) thereafter to alternate steps (a) and (b) seriatim.

22.  Apparatus according to claim 21 in which said flow control and monitoring

system regulates the recycle of said retentate on a batch basis.



