e e o N

3 Novenber 2006 WO 03/095076 PCT/ US02/ 35572 METHOD AND APPARATUS FOR FLUI D
TREATMENT BY REVERSE OSMOSI S UNDER ACI DI C CONDI TI ONS  TECHN Bélerhber2D0& Thi s
invention relates to a nethod for the treatnment of acidic waters and
wast ewat er WQ §3/M980Mr ane based water treatnent, purificati onPCHR802/35572
concentration systens, and to apparatus for carrying out the nethod. Mre
particul arly, theMETH@DIAND ABPARATHS FOR IFAAHDI DBREAFMENTBY pr et r eat nent
and for operation of nmenbrane based treatnment systens such as reverse

osnosi s ("RO') and KEVERSE OSMOSE UNDER AGIDICTCONDITIENISNCr eased sol ute
rejection, thereby producing very high purity (Iow solute contai ning)
product water, while significantly increasing on the on-streamavailability
of the water treatnment equi pment. BACKGROUND 15 Naturally occurring acidic

wat er s ang %iwl c vvg.fée ters fromindustrial processes are found in many
geogr aphi = (CAL kHe world. Conventional treatnent methods comonl y
enpl oyed for treatnent of such waters involve neutralization with alkali,

to rai%se the pHhissovention tefateado armethodder thestedatnped of acidiewatersiandl vy
utilized. However, such nmethods are not always desirable, or even 20

f easi bl e Wwas&WERelsArAEMBFans bASS] Gatd} tFRitiveds piaificatish, dri#ghédncentriatigount s
of dissolved solids to the water. And, the cost of the necessary chem cals,

and par Lk 4od e aphhahis 1 Ar e Téthod RPN BERRLIARP e VO

03/ 095076
invention relates to methods for feedwater pretreatment and for operation of

membrane based treatment systems such as reverse osmosis ("RO") and
10  nanofiltration ("NF"), which achieve increased solute rejection, thereby producing
very high purity (low solute containing) product water, while significantly

increasing on the on-stream availability of the water treatment equipment.

BACKGROUND

15 Naturally occurring acidic waters and acidic wastewaters from industrial
processes are found in many geographical areas of the world. Conventional
treatment methods commonly employed for treatment of such waters involve
neutralization with alkali, to raise the pH, so that the water can be discharged or
beneficially utilized. However, such methods are not always desirable, or even

20 feasible in some instances, since such methods can add significant amounts of
dissolved solids to the water. And, the cost of the necessary chemicals, and

particularly the alkali, can be quite high.
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"straight neutralization" treatnment process is not an acceptable option in
a large nunber of water treatment applications. In industrial applications,
treatnment/reclamation of acidic waters is nost often presently based on
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Consequently, the common "straight neutralization" treatment process is not an
acceptable option in a large number of water treatment applications.

In industrial applications, treatment/reclamation of acidic waters is most
often presently based on ion-exchange or on reverse osmosis (RO) systems.

10  Depending upon factors such as the level of hardness (polyvalent cations), total
organic carbon (TOC), and other contaminants present in the water, anion-
exchange can be used for treatment of such acidic feedwaters for the
reduction/removal of acidity. Further, the addition of a cation exchange step
before or after the anion exchange step can indeed produce water that is almost

15 completely demineralized. For this process, a weak base, an intermediate base,
or a strong base anion exchange resin is employed, either singularly or in
combination.

The major advantages of such prior art ion exchange treatment methods
include the following:
20 (1) In industry, the method is considered "passive”, meaning that the
process is not sensitive to changes in the influent characteristics.
(2) Compared to conventional reverse osmosis, the method has lower

capital cost.
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5 that required for straight neutralization, so the cost of the necessary chemicals is

quite high.

(2) A very substantial volume of anion exhange resin is necessary; such
resin is generally quite expensive. Thus, the initial and replacement cost of ion
exchange resin in such systems is quite high compared to a membrane based

10 treatment system.

(3) Depending upon the specific variety of ion exchange resin utilized,
fouling by total organic carbon (TOC) can be quite high. Unfortunately, fouled
anion resin can be difficult and expensive to clean. And, non-ioniizable TOC
components, such as IPA (iso-propyl alcohol) are not removed. Further, TOC

15 components that are cationic in nature are not removed, either. Typically,
removal of TOC, or at least significant reduction of TOC, is often an important
requirement in a number of industrial applications where reuse of treated waters
is desired.

In conventional membrane based systems that are used for treatment of

20  acidic waste waters or of naturally acidic waters, the pH of the RO/NF feed is
commonly adjusted by addition of alkali. Thus, such conventional RO/NF
systems operate at, or reasonably close to, neutral pH conditions. With certain

exceptions, conventional RO/NF systems are operated under such pH conditions
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naturally occurring
5 wisdom in the water treatment industry is to avoid operation of RO/NF

membranes at low pH conditions.

Yet, some of the basic RO/NF process characteristics point to some
particular potential advantages, when compared to ion exchange systems. For
example:

10 (1) RO/NF will simultaneously remove cationic as well as anionic species.

(2) RO/NF wili, in general, remove a larger percentage of the TOC present
before fouling of the media or membrane becomes a major concem. For
instance, RO is capable of removing about 80%, or sometimes more, of non-
ionizable species, such as IPA.

15 (3) The capital, as well as the operating costs of RO/NF systems, unlike those of
ion-exchange systems, are not particularly sensitive to the influent water
chemistry characteristics.

Nonetheless, the conventional RO/NF systems known to me for treatment
of such acidic waters, whether for wastewaters or for naturally occurring waters,

20  still exhibit major shortcomings. Such deficiencies include:

(1) The quantity and cost of alkali needed to neutralize the RO feed remain

comparable to mere neutralization, alone. Consequently, overall treatment costs
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capital and operating costs nust be added to the costs of neutralization.
(2) The conbi nation of pH neutralization followed by ROis fundanentally
inefficient, since the total dissolved solids content is first increased by
the pH 5 neutralization step, but then the total dissolved solids content is
decreased by the RO NF step. (3) RO NF systens are quite susceptible to

bi of ouli ng and/ or particul ate and/or organic fouling when they are operated
at neutral or near neutral pH conditions. Unfortunately, however, the
commonly utilized thin filmconposite nenbranes do 10 not tol erate oxidizing
bi oci des, sathhigh, sinceR@systaynsagitahand operaiting sostst must be @ddeddo itke

probl ematic, especially for treating waters containing organic

cont am nant soststuf heudralizationui ng demand exi sts for a sinple, efficient and
i nexpensi ve process which can reliably treat acidic waters, whether
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| RO/NF step.
(3) RO/NF systems are quite susceptible to biofouling and/or particulate and/or
organic fouling when they are operated at neutral or near neutral pH conditions.
Unfortunately, however, the commonly utilized thin film composite membranes do
10  not tolerate oxidizing biocides, such as chlorine. Consequently, control of
biofouling is problematic, especially for treating waters containing organic
contaminants.
Thus, a continuing demand exists for a simple, efficient and inexpensive
process which can reliably treat acidic waters, whether naturally occurring or a
15  wastewater from another process. It would be desirable to provide water of a
desired purity, in equipment that requires a minimum of maintenance. In
particular, it would be desirable to improve efficiency of feed water usage, and
lower both operating costs and capital costs for water treatment systems, as is
required in various industries, such as semiconductors, chemical production,
20 mining, pharmaceuticals, biotechnology, and electric power plants.
Clearly, if a new water treatment process were developed and made

available that combines the benefits of both conventional RO/NF membrane

treatment and of ion exchange processes, particularly for the treatment of



20 m ni ng, pharnaceuticals, biotechnol ogy, and electric power plants.
Clearly, if a new water treatnent process were devel oped and3 Nadanb&\2806 abl e

that conbi Reg hlssebenefits of both conventional RO NF nenbr?keréyéagg%gtsnt
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and of ion exchange processes, particulgly for the treatne nber
2006 WD 03/095076 PCT/US02/35 72 6 naturally occurring acidic waters as
well as industrial waste waters, it would be of significant benefit.
Additionally, such a process would be even nore attractive if it were

i mmune to the nost vexing problens associated with either of reverse

osnosi s/ nanofiltration or of ion exchange. In summary, an economcally 5

| nportant new acidic water treatnent process would necessarily offer sone
(if not nost) of the benefits of both reverse osnobsis and of ion exchange.

At the sane ti any.such. new process st be capable of effectively
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FEATURES Frsighifinant kenajisi Agiditianally] sudbea arasese would de even nepe atteaativand
primary object of the present invention resides in the provision of a novel
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consistently pure water 15 fromacidic waters and wastewaters. Mire

i ficall | om ! nd vast _, "
bhsed var eroTPESsrERBitERbntRIcE iy SkoiBhge) TH Biiflr), Al fhdiofidfy 2 Tenbrane

re-treatnment costs and.the gperatjonal foulin . .
P | 5 m:‘;mportan Rew Bcidic water treatment process wauld necessarily offer some (if

{
| not most) of the benefits of both reverse osmosis and of ion exchange. Atthe
same time, any such new process must be capable of effectively coping with the
problems which beset the reverse osmosis/nanofiltration process or the ion
exchange process.
10
OBJECTS, ADVANTAGES, AND NOVEL FEATURES
From the foregoing, it will be apparent that one important and primary
object of the present invention resides in the provision of a novel method for
treatment of water to reliably and continuously produce consistently pure water
15  from acidic waters and wastewaters. More specifically, an important object of my
invention is to provide a membrane based water treatment method which is
capable of avoiding common pre-treatment costs and the operational fouling
problems, so as to reliably provide a method of producing reliably pure water
when operating at high efficiency. Other important but more specific objects of

20 the invention reside in the provision of a method for water treatment as described

in the preceding paragraph which has the following attributes:



problens, so as to reliably provide a nethod of producing reliably pure

wat er when operating at high efficiency. Qther inportant bus NowéRb&POO6TI C
objects of 20 the invention reside in the provision of a method for water
trieat ment a¥Odd¥¢i%Hed in the precedi ng par agr aph whi ch_has’QIHES®ErI7awi ng
attributes: 3 Novenber 2006 WD 03/095076 PCT/U S02/3.-)572 7 (1) It is an
advant age of nmy new process that on an overall "ownership and operating
cost" basis, a process is provided which is cheaper to own and operate than
conventional reverse osnosis/nanofiltration or ion exchange systens. (2) It
I's an objective of the new process that it not require "close control"”, and
5 accordingly it is easily able to cope with variability of feedwater. (3)
It is an advantage of the new process that it is reliably capable of
producing a consistently high quality product. (4) It is an objective of

t he new pr oflgdbistanaadvaniage of oyhpewrocess that emanmveralbidwnersbipbandir r anged
to as to render them unsusceptible to biological or 10 organic fouling. (5)
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ani oni ¢, and non-1onic contam nants be achieved. (6) It is an objective that
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5 accordingly it is easily able to cope with variability of feedwater.
(3) It is an advantage of the new process that it is reliably capable of producing a
consistently high quality product.
(4) It is an objective of the new process that reverse osmosis/nanofiltration
membranes be arranged to as to render them unsusceptible to biological or
10  organic fouling.
(5) It is an objective of the new process that simultaneous removal of cationic,
anionic, and non-ionic contaminants be achieved.
(6) It is an objective that a very substantial portion of the TOC present be
rejected or removed, independent of the ionic characteristics of the TOC
15 components.
(7) It is an objective of my novel process that the addition of chemicals be
minimized, not only as a matter of cost, but also as a matter of good
environmental stewardship.
(8) It is an advantage that my novel process that it can be practiced utilizing
20 easily available components that are routinely manufactured by various
companies.

(9) It is a novel feature of my process for treating acidic waters and wastewaters

that available components are integrated synergistically, rather than ina



environnmental stewardship. (8) It is an advantage that ny novel process that
It can be practiced utilizing 20 easily avail abl e conponent 3 Nokahb& 206

routinely RpgWkashyy ed by various conpanies. (9) It is an ture of
my process for treating acidic waters agd wastewaters that %&P%‘ég’r’%%

conponents are integrated synergistically, rather than in a 3 Novenber 2006
WO 03/ 095076 PCT/ US02/ 35572 8 contradictory manner, in order to provide the
full est possible benefit of available process equipnent. (10) It is an
advant age that a high recovery rate, or volunetric efficiency, can be

achi eved when treating acidic waters and wastewaters. 5 (11) It is yet

anot her advantage that a nenbrane can achi eve a nmuch higher productivity
(flux) conpared to conventional systenms, and can do so while mnimzing or

elimnatin rane fouling: rtant.l t i | so . uces..capital, and
oper at i ng. dotpaalcars el ptdg e v flibelindesibh Yo HEAvh bl
osnosi s/ nanofiltration pre 10 treatnent operations is also an objective
which is ed¥P¢essRAUPAEIe by the practice of ny novel acidic water
treatment process. Qther inportant objects, features, and additional
advant ages (00) itns an adeahiage thvat & Higic cssvappratendr valutetdeefficidrioydcambehe art
fromthe foregoing, and fromthe detailed description which follows, and
from the appgpied Whéh Fating abrli€ A8 HndARadtelWatée acconpanying draw ng.
5 (11) ltis yet another advantage that a membrane can achieve a much higher
productivity (flux) compared to conventional systems, and can do so while
minimizing or eliminating membrane fouling; importantly, this also reduces capital
and operating costs.
(12) Simplification and cost reduction in reverse osmosis/nanofiltration pre-
10 treatment operations is also an objective which is easily attainable by the practice
of my novel acidic water treatment process.
Other important objects, features, and additional advantages of my
invention will become apparent to those skilled in the art from the foregoing, and

from the detailed description which follows, and from the appended claims, in

15  conjunction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING
In order to enable the reader to attain a more complete appreciation of the
invention, and of the novel features and the advantages thereof, attention is
20 directed to the following detailed description when considered in connection with
the accompanying drawings, wherein:
FIG. 1 illustrates a process flow diagram of the equipment utilized in a field

test of my novel process for treating acid waters and wastewaters.



I

BRI EF DESCRI PTION OF THE DRAWNG In order to enable the reader to attain a
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t he advantaa/gai hh_ereof, attention is 20 directed to the follow ng detailed
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wherein: FIG | illustrates a process f1w di agram of the equi pnment utilized
inafield test of ny novel process for treating acid waters and

wast ewat ers. 3 Novenber 2006 WD 03/095076 PCT/ US02/35572 9 FIG 2
illustrates a generalized process flow diagramfor enploying my novel water
treatment process in a variety of applications and with a variety of
feedwaters. The foregoing figures, being nerely exenplary, contain various
process 5 steps or treatnent elenents that nay be present or omtted from
actual inplenentations depending upon the circunstances. An attenpt has
been made to drBlsihdlusirgtess generalizag procassiflowidiagiamsfonempieidng myose

el ements that are significant for an understandi ng of the various

enbodi ment snevel vageeteatrmént frecesireatatsty dfeippliestionssandwithef fetpopcess
steps or treatnent elenments of an 10 exenplary | ow pH nenbrane treatnent

process, esf%%ﬁin/%kér% as applied for different variations of the functional
conponents illTustrated, may be utilized in order to provide a conplete

wat er or wast evva_[_

emsuit[’;\ble for use.i.n a.particul ar set
of circunstances'’

ﬁé_g&%%%}nréeﬁéur%g,s éemg merely exemplary, contain various process

5 steps or treatment elements that may be present or omitted from actual
implementations depending upon the circumstances. An attempt has been made
to draw the figures in a way that illustrates at least those elements that are
significant for an understanding of the various embodiments and aspects of the
invention. However, various other process steps or treatment elements of an

10 exemplary low pH membrane treatment process, especially as applied for
different variations of the functional components illustrated, may be utilized in
order to provide a complete water or wastewater treatment system suitable for

use in a particular set of circumstances.

15
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means of extensive studies and the eval uati on of the weaknes3a®vahbert2066

existing p . | have now devel oped a new water treat £ for
t he pr oces%gﬁ%s%éci dic waters. Inportantly, | have now cgﬁﬁmﬁ%’ B'?:ﬁgt

certain 5 reverse osnosis/nanofiltration systens can be successfully
operated at pH values as low as 2, often without any, or with m ni nal

chemi cal or physical pretreatnent. Currently, the | owest allowable pH Iimt
is determ ned by the characteristics of commercially avail able reverse
osnosi s nenbranes, which is about a pH of 2.0, for continuous operation. In
the future, if better (i.e., lower pH 10 tol erant) nenbranes becone

avai |l abl e, novel process will operate at even |ower pH than the current

ny
limt of p ' f pH operations, and contrary to conventi onal
I ndustry &u‘%ﬁ&lﬁ#ﬁsﬁgggmg’ﬁb&,vgood rejection of cationic solutes, and of
mul tivalent anionic solutes, is achieved. The rejection of sodium and
ammoni um i ons | By Mests ebexiensive Isfjudieés)and dnel evaliuatios ofithewpaknegsdsiafant and
unexpected benefit fromm new acidic water treatnment process. The

rej ection ghe B¥sting froeesyées, ) HivBhow 866slopEE aicie Weiecodsthidr@prosdsstfbr s new
acidic water treatnent process. Also, | have found that the addition of a
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menbrane (or e€ven a or even € ani on exchange step)
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can produce desired | aw TOC . Ac
y operated at p
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values as low as 2, often without any, or with minimal chemical or physical
pretreatment. Currently, the lowest allowable pH limit is determined by the
characteristics of commercially available reverse osmosis membranes, which is
about a pH of 2.0, for continuous operation. In the future, if better (i.e., lower pH

10  tolerant) membranes become available, my novel process will operate at even
lower pH than the current limit of pH 2.0.

In spite of low pH operations, and contrary to conventional industry
guidelines, extremely good rejection of cationic solutes, and of multivalent
anionic solutes, is achieved. The rejection of sodium and ammonium ions is

15 extraordinarily high, and this is a very significant and unexpected benefit from my
new acidic water treatment'process. The rejection of TOC is also very high
under the process conditions of this new acidic water treatment process.

Also, | have found that the addition of a TOC removal step prior to feed of
water to a low pH reverse osmosis membrane (or even after it, or even later after

20 the anion exchange step) can produce desired low TOC levels in the final
product water. Acceptable TOC removal methods include:
(1) bubbling, including the use of microbubles of air or an inert gas, in a storage

tank or any other suitable column of water;



(1) bubbling, including the use of mcrobubles of air or an inert gas, in a
storage tank or any other suitable colum of water; 3 Novenbdiovafib&a 2000

03/ 0951) 76 @%&S\g%/ 35572 11 (2) nechani cal or nenbrane treatnent based
dégasi ficatTon’ 3) ultraviolet radiatign with 185 nm wavel ERFUFOURFZ ght |,

with or without the addition of oxidants such as hydr ogen peroxi de and/ or
ozone; (4) addition of ferrous or ferric iron, along with hydrogen peroxide,
if needed, for 5 in-situe formation of Fenton's reagent, which is known to
be an effective oxidant for renmoving TOC conpounds; or (5) addition of
ozone to feedwater, or to product water. An especially inportant application
I S possi bl e when the hydrogen peroxide present from sem conductor

manuf acturi ng wastewaters is augnmented 10 with ferrous or ferric salts. In
such a case, the oxidation products are typically organic acids, and or

car bon di oXRiimeohanisal eamearabenediatwent baseshdedasification; ani on exchange step.
In contrast, |PA cannot be renpved by the anion exchange step, w thout

prior oxi dqB) amradolet eadihticky @sthni@s hrawaneslergth UVidigh WithcorFwighout thehe t est
setup for one evaluation of ny treatnent 15 process for acidic wastewaters

naving & congnert RS S e BT obhe Te at 1. 45 WP at
to the fird¢Teddlieh of Mindis peBaf rntute By arpira perette i hesded e “sent
to the second stage at 1.4 MPa. Reject fromthe second
(, 5 in-situe formation of Fenton's reagent, which is known to be an effective oxidant
| for removing TOC compounds; or
(5) addition of ozone to feedwater, or to product water.
An especially important application is possible when the hydrogen
peroxide present from semiconductor manufacturing wastewaters is augmented
10  with ferrous or ferric salts. In such a case, the oxidation products are typically
organic acids, and or carbon dioxide, which can be effectively removed by an
anion exchange step. In contrast, IPA cannot be removed by the anion
exchange step, without prior oxidation, since it does not ionize.
Tuming now to FIG. 1, the test setup for one evaluation of my treatment
15  process for acidic wastewaters is shown. A three-stage reverse osmosis system
was utilized. Feedwater having a conductivity of 2700 uS/cm was fed under
pressure at 1.45 MPa at the rate of 2 m%hr and at the pH of 2.6 and a
temperature of 28 degrees C to the first stage of the system. Subsequently, first
stage reject was sent to the second stage at 1.4 MPa. Reject from the second
20 stage was sent to the third stage at 1.35 MPa. Finally, rejected concentrate from
the third stage was discharged at the pressure of 1.25 MPa and a pH of 2.4 at

the rate of 0.5 m%hr. The permeate from all three stages together was produced

at the rate of 1.5 m*h, a pressure of 0.3 MPa, and a conductivity of 28.5 uS/cm.



20 stage was sent to the third stage at 1.35 MPa. Finally, rejected
concentrate from the third stage was di scharged at the presgw@vegfbegz(ﬁ% MPa
and a pH of the rate of 0.5 nB/hr. The perneate fro t hree

st ages toge Wﬁ”ﬁmé\‘?a'gpr oduced at the rat £ of 1.5 nmB/h, a pr &‘2 MP266573. 3
MPa, and a conductivity of 28.5 uS/cm 3% Novenber 2006 WD 03/ 0951176

PCT/ 1JS02/ 35572 12 Overall, considering all three product stages, the
product was produced at an average flux of 22.1 gallons per square foot per
day (0.9 9089n8/ n2/day). This provided an overall recovery ratio of about
75% The RO perneate was then sent to an ani on exchanger at a pressure of
0.02 MPa, and produced a final 5 effluent, after anion exchange, having a
conductivity of 6.7 uS/cm The exenplary results of such testing, and in
particul ar the very h| gh purity of the RO product, as well as the quallty
of the final effQyerall Copsidenagalitbree @MH&EQf@ggsetbe Rfedeeiswas peodused at
efficacy of this novel process. In FIG 2, a generalized flow schematic is

i || ustrat edah aversge Blx Uyzzd\@llonﬂ;(beasqdare foas penday (0.0r90BOmHnm2fdayess in
industry. Raw acidic water 10 is provided, either dlrectly, as shown, to a

| ow pH RO upji; ﬁgv.dea il bréatvery fafld evétgfinw LReRO. neg@?{;@rst

pretreat nent system corrponents nd| cat t he
t f

bor ox de. 2 2NgAdeR & Thapics 6 SeHadBLbd o B o S 0 PréaRed 2 4o

Then, the partially treated water is routed to a degas 30 or other I|iquid-

gas conacteffluentp after enins exchapga hayingecanslustviénokt.7rg/eat. fromthe RO s
sent for further treatnent or discharge as appropri ate. Perneate as
i ndi cat ed by The exemplary results of such testing, and in particular the very high purity

of the RO product, as well as the quality of the final effluent from the anion
exchange step, demonstrate the efficacy of this novel process.
In FIG. 2, a generalized flow schematic is illustrated for use of my novel

10  acidic wastewater treatment process in industry. Raw acidic water 10 is
provided, either directly, as shown, to a low pH RO unit 12, or alternately, is
routed through one or more pretreatment system components, as indicated in
broken lines. First, the raw water 10 can be sent to a UV unit 20, in which
preferably hydrogen peroxide 22 and/or a source of ferrous or ferric iron 24 is

15  provided. Then, the partially treated water is routed to a degas 30 or other liquid-
gas contactor, for further removal of TOC components. Reject from the RO is
sent for further treatment or discharge as appropriate. Permeate as indicated by
line 32 is sent to an anion ion exchange ("I-X") unit 34. Then, the product from
the‘ion exchange treatment is ready for use as makeup to an ultrapure water

20  system 40, or alternately, can be sent to primary mixed bed I-X units 42 and/or
secondary mixed bed I-X units 44. Then, the high purity water can be used, or
further treated as appropriate, such as in a filter unit 50 or a second UV treatment

apparatus 52, before being sent to an ultrapure water (UPW) system 54.



line 32 is sent to an anion ion exchange ("I1-X") unit 34. Then, the product

from the ion exchange treatnent is ready for use as nakeup t re
wat er 20 system 40, or alternately, can be sent to primary négg%%gg%}?agy
units 42 anWOdiB/09¥€eondary m xed bed |-X units 44. Then, thePtii/ghoysssizty

wat er can be used, or further treated d8 appropriate, such as in a filter
unit 50 or a second WV treatnent apparatus 52, before being sent to an
ultrapure water (UPW system 54. 3 Novenber 2006 WO 03/095076

PCT/ US02/ 35572 13 The process described herein can be practiced in nenbrane
separation equi pnment which includes at | east one separation unit having a
menbrane separator, to produce a | ow solute containing product streamand a
hi gh solute containing reject stream In the process, a feedwater stream
containing solutes 5 therein is provided for processing. In sone cases, the

sol utes may i ncl WHe procedsedescribed ot cdrlive pradiiced do nigmbranessdparatorpr ane
fouling when the feedwater does not contain free mneral acidity. Before

br ocessi ng LAGRIRAAWHES incllcs JRUBLAEIE SRALALEnit HAGIrRYS Rlorhiarkeedvat er

I s adj ust ed, necessary, to assure east so ree m neral
acidity is present in the feedwater, as input to the 10 nmenbrane, separator.
The pH ad SRRk clavRioafics & PRt ertRtAifl hdsbREsEsa B el Al Saate prent
in which the menbrane substantially resists passage of at |east some

di ssol ved spadaiging riectsiiequyhin the Rrosessa tragvwaier steramgosatainingzsolutes

presel ected concentration factor, to produce (i) a high solute containing
rej ect strehereiaigplovidedifdr prosedsivice osdrae tiasgs pthedohites htasincRai® atdf t en,

in(this process, the pH of the feedwater is adjusted to a pH of
least one constituent that contributes to membrane fouling when the feedwater
does not contain free mineral acidity. Before processing the feedwater in a
membrane separator, the pH of the feedwater is adjusted, if necessary, to assure
that at least some free mineral acidity is present in the feedwater as input to the
10 membrane separator. The pH adjusted feedwater is fed through the membrane
separation equipment, in which the membrane substantially resists passage of at
least some dissolved species therethrough, to concentrate the feedwater to a
preselected concentration factor, to produce
(i) a high solute containing reject stream, and (ii) a low solute containing product
15 stream. Often, in this process, the pH of the feedwater is adjusted to a pH of
about 4.3 or lower. Importantly, the process can be applied in applications
where the membrane separator is a reverse osmosis membrane, or a
nanofiliration membrane, or a loose reverse osmosis membrane.
For many important applications, the feedwater includes a total organic
20 carbon (TOC) constituent, and the total organic carbon (TOC) is effectively
removed from the product stream. For many applications, treatment objectives

include removal of the TOC so that the TOC present in the product stream is

approximately 10 percent or less of the concentration of such constituent in the



about 4.3 or lower. Inportantly, the process can be applled in appllcatlons
where the nenbrane separator is a reverse osnosis nenbrane, Qﬁmﬁmnﬁmr2006
nanofiltratj oJRIRrane, or a | oose reverse osnosi s nenbrane, "¥

i nportant applications, the feedwater ingludes a total organFETﬂ§ﬂy§h bon
(TOC) constituent, and the total organic carbon (TOC) is effectively

renmoved fromthe product stream For many applications, treatnment objectives
i nclude renoval of the TOC so that the TOC present in the product streamis
approximately 10 percent or less of the concentration of such constituent in
the 3 Novenber 2006 WD 0310954176 PCT/US02/ 35572 14 feedwater. The process
can be advantageously utilized when the TOC conponents include one or nore
substantially non-i oni zabl e species such as isopropyl alcohol, and

acet one. ?er const| uent renova re al so of inportance, _Pr exanpl e,

when 5 t he [SRBURNEE - NE REPERRSsCaD ? V?B@eoﬂﬁl¥é{t#ﬂﬁﬁ@ whendbge @Qpl i cations
be can be achieved to the degree where the product stream contains

appr oxi mat ecgmponeqt) inchiclecmre oomare sabsiantially sottianizable speniesnsuch asn
present in the feedwater. And, when the feedwater includes amoni umions,

t r eat ment ifgowggymmjﬁdpaénd)ggetoﬁ@n be achieved to the degree where the
product stream contains approxinately lo eight (8) percent or less of the

anmmoni um i on con wat er

i ncl udes chlori dgﬁﬂ‘% &HS? e‘ﬂ{tﬁéﬁ{&a# anlgn@so éﬁﬁ#@eﬁc@n ‘grr%(adﬂ&gcﬁ’%%ved to
t he degree tha{ﬁ t he roduct stream contains approximtely twenty five (25)
per cent or fhes e@’f"’aﬁ dnelidspisediurg ipnss Aeatment ingipme applications be Can be

achieved to the degree where the product stream contains approximately two (2)
percent or less of the sodium ion concentration present in the feedwater. And,
when the feedwater includes ammonium ions, treatment in some applications
can be achieved to the degree where the product stream contains approximately

10  eight (8) percent or less of the ammonium ion concentration present in the
feedwater. Where the feedwater includes chloride ions, treatment in some
applications can be achieved to the degree that the product stream contains
approximately twenty five (25) percent or less of the chloride ion concentration
present in the feedwater. Where suifate ions are present in the feedwater,

15 treatment can be achieved to the degree that the product stream contains
approximately one-half of one percent (0.5%) or less of the sulfate ion
concentration present in the feedwater. However, with fluoride ions, it is common
that the concentration of fluoride ions present in the product stream is
approximately the same as the concentration of fluoride ions present in the

20 feedwater stream.

As an additional step in the process of treatment of a feedwater at low pH
in a membrane separation system, the free mineral acidity present in the product

stream can be removed, at least to some desirable degree, if not substantially



present in the feedwater. Wiere sulfate ions are present in the feedwater,

15 treatnment can be achieved to the degree that the product SINRemMbeOZI0s NS
approxi mately one-half of one percent (0.5% or less of the sulfate ion
concent r at Vo0 0pPEYENt in the feedwater. However, with fl uoriPdd/G9H3ST2t is
common that the concentration of fluorlde ions present in the product
streamis approximately the sane as the concentration of fluoride ions
present in the 20 feedwater stream As an additional step in the process of
treatment of a feedwater at low pH in a nmenbrane separation system the
free mneral acidity present in the product streamcan be renoved, at | east
to sone desirable degree, if not substantially 3 Novenber 2006 WO 03/095076

PCT/ US02/ 35572 15 conpletely, by treatnment in an ani on exchange system An
appropriate anion exchange systemcould be (a) a weak base ani on exchange

system ( b) camplételyerbyete atmeeriias @enaaniom exgldrayesystesi ekm apprdpriateasionong
base ani on exchange system |f desired, the anion exchange system can be

set up to p gﬁ'asn? [ ni ons
cont ai ned tﬁgr el éél}%tép &ﬁd‘er%t(?eg??éféan% Baﬁ%@?ft\?‘éﬁgégég ?tﬁmgpgaﬁy for
renoval of [T ddi ti onal edwater t r eat rior to treatnent
nthe. membiiErnedatsdidie 400 e eRands systeiRdT tarans HasBaritn fiehdkiont
step includes the addition of either ferrous or ferric ions to the

f eedwat er. $ystaadi if desired,the @niprexchangsceysiemioaarkey set yetoriagessdie d be
further added, for exanple to create a Fenton's reagent for treatnent of
TCC. In & hi prommhetrreamdbzdffe@tlgelylrerrmeb(aﬂ anions contained therein.

For further treatment effectiveness, particularly for removal of TOC, an
additional feedwater treatment step, prior to treatment in the membrane
separation unit, can be added. On suitable such treatment step includes the
addition of either ferrous or ferric ions to the feedwater. In addition, in such a

10  process, hydrogen peroxide could be further added, for example to create a
Fenton’s reagent for treatment of TOC. In this manner, total organic carbon
constituents can be effectively eliminated the said product stream. Alternately, or
additionally, the feedwater stream can be further treated prior to membrane
separation by adding the step of irradiation of the feedwater stream with a UV

15  light source, and in such a manner, the total organic carbon constituents can be
effectively eliminated from the product stream. For yet further treatment to
achieve high purity water effluent from the overall treatment process, the
additional step of irradiation of the product water stream with a UV light source,
so that the total organic carbon constituent is effectively eliminated from the

20  product stream.

In yet another embodiment, the process further includes the step of
ozonation of the feedwater stream with an ozone containing gas, and wherein the

total organic carbon constituents are effectively eliminated from the product



constituents can be effectively elimnated the said product stream
Alternately, or additionally, the feedwater stream can be famMNdvwembtr2@ibed

prior to nagbhreaneseréeparati on by adding the step of irradiaty
feedwater streamwith a UV 15 |ight soupge, and in such a nal!}lér)liehr]gz{g'%gelﬁt ot al

organi ¢ carbon constituents can be effectively elimnated fromthe product
stream For yet further treatnent to achieve high purity water effl uent
fromthe overall treatnment process, the additional step of irradiation of
the product water streamwith a UV light source, so that the total organic
carbon constituent is effectively elimnated fromthe 20 product stream In
yet anot her enbodi nent, the process further includes the step of o0zonation
of the feedwater stream w th an ozone containing gas, and wherein the total

organi c car o] i S offective | 1] f.r am,t duct 3
Novenber *sobteedin ey bY B r A fiasS e rrbades Gl Blffer i Sk e P Y
additionally, the process can further include the step of ozonation of the
product wat @fongticaghthetnioductoyaise skeamavih A Fese wwtainkd 92% se thaiithe
organi ¢ carbon constituent is effectively elimnated fromthe product

stream | n fotdl crganibexareomednstitoenbis dffeetipalp @listnatbdifraratthepreddctstheater i n
|l ow 5 pH nenbrane separation operation, in those cases where the feedwater

contai ns hydrogep ﬁra%tﬁ@perﬁbba@ﬁeﬁtrdm@arddé@wrtﬂe%kipﬁaoga%g%vtaﬁéér iMiiGwa prior

treatment step, the process can be set up to further step of

aronst oh bR RO SRR Bk BB TR e a0, 11
contains hydrogen peroxide, either from an industrial process or via a prior
treatment step, the process can be set up to further include the step of treatment
of the feedwater stream in an activated carbon system, so that the hydrogen
peroxide is effectively eliminated from the product stream.

10 Production of permeate product water at a production rate (flux) of at least
15 gallons per square foot per day is normally easily achievable. Importantly,
the recovery is normally at least sufficient so that the ratio of the quantity of the
product stream produced to the quantity of the feedwater stream provided is
about seventy five (75) percent or more. In other embodiments, the recovery is

15 sufficient so that the ratio of the quantity of the product stream produced to the
quantity of the feedwater stream provided is about eighty (80) percent or more.
In yet other embodiments, the recovery is sufficient so that the ratio of the
quantity of said product stream produced to the quantity of said feedwater stream
provided is about eighty five (85) percent or more. In still further embodiments,

20 the recovery is sufficient so that the ratio of the quantity of the product stream
produced to the quantity of said feedwater stream provided is about ninety (90)
percent or more. In certain applications, it is anticipated that the recovery will be

sufficient so that the ratio of the quantity of the product stream produced to the
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10 Production of perneate product water at a production rate (flux) of at

| east 15 gallons per square foot per day is nornally easily3adhicaibab@6

| nportantly he_recovery is normally at |east sufficient so that the ratio
of "the quan}"iqv@?(wghe product stream produced to the quant¥¢UYREH
feedwat er stream provided is about sevéﬁty five (75) percent or nore. In

ot her enbodi nents, the recovery is 15 sufficient so that the ratio of the
gquantity of the product stream produced to the quantity of the feedwater
stream provi ded is about eighty (80) percent or nore. |In yet other

enbodi nents, the recovery is sufficient so that the ratio of the quantity
of said product stream produced to the quantity of said feedwater stream
provi ded is about eighty five (85) percent or nore. In still further

enbodi ments, 20 the recovery is sufficient so that the ratio of the quantity
of the prodgeantdycéthe fendwaleeatreamtpieviged it abquidtingtyiftyer(O8ynatcent f r eam
provided is about ninety (90) percent or nore. In certain applications, it
is anti ci patrefiet hat the recovery will be sufficient so that the ratio of
the quantity of the product stream produced to the 3 Novenber 2006 WO

03/ 095076 PCT/ Usﬁgé%F%%réfre‘é%@H incdtibinifor! GARYRE BasiR16RN ReAbARE | S

about ninety five (95) percent or nore. For sti nore tr ment i n

conbi nati on_wi th,. si.c; | ow, pH r separation process descriped
her el - ot nesbaspiby Bt oastEipl AR BB o et ieBs SEE B PR | on
of the feedwater. Such pretreatnment processes can include (a) nedia
filtratidon, Pra5toasditicafipn of thefaedwater. Qychprstreatmentpiogassgsigan include
narﬁlofiltration, (e) oxidant renmoval, (f) softening, (g) cation exchange,
(h) degasi f(a¢atedia filteation, b) cartridge filtration, (c) ultrafiltration, (d) nanofiltration, (e)

oxidant removal, (f) softening, (g) cation exchange, (h) degasification, or (i)
oxygen removal. In some embodiments, the pretreatment step of cation
exchange is accomplished by weak acid cation exchange. In other

10 embodiments, the pretreatment step of cation exchange is accomplished by the
step of strong acid cation exchange. Also, the pretreatment step of oxidant
removal can include the addition of sodium meta-bisulfite to said feedwater.
More generally, the process provided herein can be fundamentally described as
the treatment of a feedwater stream in membrane separation equipment,

15 wherein the membrane separation equipment has at [east one unit having a
membrane separator, to produce'a low solute containing product stream and a
high solute containing reject stream. In the process, a feedwater stream
containing solutes therein is provided, and the pH of the feedwater stream is
adjusted, if necessary, to assure at least some free mineral acidity presence, to

20 produce a pretreated feedwater stream. The pretreated feedwater stream,
having a preselected pH, is passed through the membrane separation
equipment, wherein the membrane substantially resists the passage of at least

some dissolved species therethrough, to concentrate the pretreated feedwater to



oxygen renoval . In some enbodi nents, the pretreatnment step of cation
exchange is acconplished by weak acid cation exchange. |n ot Be¥ovetber 2006

enbodi nment swd dsgoprgt reat nent step of cation exchange is accpggli§?§g7py t he
step of strong acid cation exchange. Al g, the pretreatnment step of 0xi dant
removal can include the addition of sodiummneta-bisulfite to said feedwater.
More generally, the process provided herein can be fundanentally descri bed
as the treatnment of a feedwater streamin nenbrane separation equi prment, 15
wherei n the nmenbrane separation equi pnent has at |east one unit having a
menbr ane separator, to produce a | ow solute containing product streamand a
hi gh sol ute cont ai ni ng reject stream In the process, a feedwater stream
containing solutes therein is provided, and the pH of the feedwater stream

Is adjusted, if n l,.e st SQ free r.al I.dit
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feedwater stream having a preselected pH, is passed through the nenbrane
separ ati on a@hliop@sihan W\%PéﬁtFﬁQtﬂ@f@ﬁdﬁfbﬁtahétf%mslﬁ@rﬁ@dme@x A%@L gtlewselute
passage of at |east sone dissolved species therethrough, to concentrate the
pretreated taddinirtgepraducs shieasmbering@Qe- hiDed A9 hedpetiraiéd/BEvEEe72 18 a
presel ected concentration factor. A high solute containing reject stream
having a pérdes ptdtitedhe pretreated feedwater streamis produced. Also, a
| ow solute contai n| ng product stream having a pH higher than the pretreated

fecdwatey  streamd Bnpachitedss Biskio Heteh BLPSRs b hashiagholsy = n oo

also be “advant age

practiced by further including the step of utilizing the reject stream from the
membrane separation step in the regeneration of a cation exchange system. For
example, such a process could include the step of utilizing the reject stream as
an acid source for regeneration of a weak acid cation exchange system. Or,

10  such a process could include the step of utilizing the reject stream as an acid
source for regeneration of said strong acid cation exchange system.

The method and apparatus for processing acidic waters via membrane
separation equipment, and in particular, via the combination of reverse
osmosis/nandfiltration and ion exchange equipment, by the process design as

15 described herein, provides a revolutionary, paradoxical result, namely,
simultaneous decrease in total dissolved solids in the water to be treated, and
reliable, high purity in the purified RO permeate. This method of operating
membrane separation systems, and in particular, for operating reverse osmosis
systems, represents a significant option for treating acidic waters, while

20 simultaneously reducing capital and operating costs of the water treatment
system. Further, given the efficiencies, dramatically less usage of chemical
reagents, whether for neutralization, or for ion exchange regenerant or for RO

cleaning, will be achieved per gallon of product water produced.



practiced by further including the step of utilizing the reject streamfrom
the nmenbrane separatlon step in the regeneration of a cation gxeEhaRESN06
system For exanP such a process could include the step of ut|I|2|ng t he
reject stre¥@®95:h acid source for regeneration of a weak BCTASeZtsSTI
exchange system O, 10 such a process ¥ould include the step of utilizing
the reject strean1as an acid source for regeneration of said strong acid
cation exchange system The nethod and apparatus for processing acidic

wat ers via nenbrane separation equipnent, and in particular, via the

conmbi nation of reverse osnosis/nanofiltration and ion exchange equi pnent,
by the process design as 15 described herein, provides a revol utionary,

par adoxi cal result, nanmely, sinultaneous decrease in total dissolved solids
in the water to be treated, and reliable, high purity in the purified RO
perneat e. This rewnilbthusfbepeerathatidhe objettsaset forthabaviepncluding tiroseamndden
particular, for operating reverse osnbpsis systens, represents a significant
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and operati osts of t wat er treatnent system °Further, gi'ven the
eff|C|enC|e c r et her for
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03/ 0951) 76 SPOFINULRN 953 #pitable @ﬁpaxiﬂwﬁ 'E‘ C'bt,o peagtice ihe mqteod)@néda gvhieh
forth above, including those nmade apparent fromthe proceedi ng description,
ar? ef fbci émprqdunetthierrmsireahnr,odﬂcmsefderthahmemha'atrigém beaydeestoad ¢hatrthe
arrying out the above nmethod and in

invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. For example, while | have set forth an

exemplary design for treatment of acidic waters, other embodiments are also

feasible to attain the result of the principles of the method disclosed herein.

10  Therefore, it will be understood that the foregoing description of representative
embodiments of the invention have been presented only for purposes of
illustration and for providing an understanding of the invention, and it is not
intended to be exhaustive or restrictive, or to limit the invention to the precise
forms disclosed. On the contrary, the intention is to cover ail modifications,

15  equivalents, and alternatives falling within the spirit and scope of the invention as
expressed in the appended claims. As such, the claims are intended to cover the
methods and structures described therein, and not only the equivalents or
structural equivalents thereof, but also equivalent structures or methods. Thus,
the scope of the invention, as indicated by the appended claims, is intended to

20 include variations from the embodiments provided which are nevertheless

described by the broad meaning and range properly afforded to the language of

the claims, or to the equivalents thereof.



construction of a suitable apparatus in which to practice the nethod and in
which 5 to produce the desired product as set forth herein, i}XNoeniber Be06
understood that the invention nay be enbodied in other specific forns

wi t hout departing fromthe spirit or esmential characteristics thereof. For
exanple, while | have set forth an exenplary design for treatnent of acidic
wat ers, other enbodinents are also feasible to attain the result of the

princi ples of the nethod disclosed herein. 10 Therefore, it will be
understood that the foregoing description of representative enbodinents of
the invention have been presented only for purposes of illustration and for

provi di ng an understanding of the invention, and it is not intended to be
exhaustive or restrictive, or tolimt the invention to the precise forns
dj scl osed. & h@g contrary, the intention is to cover all nodifications, 15
equi val ent s7 '% alternatives falling within the spirit and scope of the
invention as expressed in the appended clainms. As such, the clains are
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only the equivalents or structur equi va ere equi val ent
structures _or nethads, Thys the scope of the invention, as . indicated by
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enbodi nents provided which are neverthel ess described by the broad neaning
and rangehpyrioged menabrageRaparator, e pradyeegdowfsoluta costaining, productstigam
equi val ents thereof. 3 Novenber 2006 20 CLAIMS 1. A process for treatnent

of a feedgnterhighrsohutei containibgaefect efreant, isaitl pregesd eBRiprisiry:d nenbr ane
separation equi pnent conprising at |east one unit
(a) providing a feedwater stream containing solutes therein;
(b) destroying sufficient alkalinity, if alkalinity is present in said feedwater stream,
to assure at least some free mineral acidity presence in a resultant pretreated
feedwater, without removal of all cations present in said feedwater stream;
(c) passing the resultant pretreated feedwater from step (b) above through said
membrane separation equipment, said membrane separation equipment
substantially resisting passage of at least some dissolved species therethrough,
to concentrate said pretreated feedwater to said preselected concentration factor,
to produce
(i) a high solute containing reject stream, and
(i) a low solute containing product stream.
2. The process as set forth in claim 1, wherein in step (b), the pH of said

pretreated feedwater is at, or is adjusted to a pH of about 4.3, or lower.

3. The process as set forth in claim 1, wherein said membrane separator

comprises a reverse osmosis membrane.



havi ng a nenbrane separator, to produce a | ow sol ute containing product
stream and a high solute containing reject stream said progggSemBEAI0H§I NA:
(a) providing a feedwater stream containing solutes therein; (b) destroying
sufficient alkalinity, if alkalinity is present in said feedwater stream to
assure at |east sonme free mneral aci ditly presence in a resultant pretreated
feedwater, w thout renoval of all cations present in said feedwater stream
(c) passing the resultant pretreated feedwater fromstep (b) above through
said nenbrane separation equi pnment, said nmenbrane separation equi pnent
subst ant i 4l [Therprocess ag sphfstgia adinat, Wweersin saidemdmbsane sdpsnadarn es
therethrough, to concentrate said pretreated feedwater to said presel ected

concent r agh@Rrik8s bHanofilt@atibhQAbfBrang. @ high solute cont ai ning reject
stream and (i1) a | ow solute containing product stream 2. The process as

set forth in claiml, wherein in step (b), the pH of said pretreated
feedwater is at, or is adjusted to a pH of about 4.3, or lower. 3. The
process as set forth in clfai m. 1, wherein said menbrane separator conprises
a rever se2-0d REAECERSBS Rk iNGlaifbbrwherem said membrane,separatoras set forth
in claiml, wherein said nenbrane separator conprises a nanofiltration
menbr ane. cdinpii$es plaasesrevasesesmosistrheinbrarieai m 1, wherei n sai d nenbrane
separator conprises a | oose reverse osnosis nenbrane. 6. The process as set
forth in claim3, or inclaim4, or in claim5, wherein said

6. The process as set forth in claim 3, or in claim 4, or in claim 5, wherein said
feedwater stream comprises a total organic carbon (TOC) constituent, and
wherein said total organic carbon (TOC) is effectively removed from said product

stream.

7. The process as set forth in claim 6, wherein said total organic carbon (TOC)
constituent in said product stream is approximately 10 percent or less of the

concentration of such constituent in said feedwater stream.

8. The process as set forth in claim 6, wherein said TOC comprises one or more
non-ionizable species, and wherein said one or more non-ionizable species are
selected from the group consisting of (a) isopropy! alcohol, and (b) acetone.

9. The proces~ as set forth in claim 7, wherein said TOC comprises one or more
non-ionizable species, and wherein said one or more non-ionizable species are

selected from the group consisting of (a) isopropyl alcohol, and (b) acetone.



feedwat er stream conprises a total organic carbon (TOC) constituent, and
wherein said total organic carbon (TOC) is effectively renovédNdveorbes20ah
product stream 7. The process as set forth in claim®6, wherein said total
organi c carbon (TOC) constituent in sakz product streamis approximately 10
percent or less of the concentration of such constituent in said feedwater
stream 8. The process as set forth in claim6, wherein said TOC conpri ses
one or nore non-ionizable species, and wherein said one or nore

non-ioni zabl e species are selected fromthe group consisting of (a)

i sopropy! 18l ciifeoprocass ashiet dorth imelairf .3, Wherginaais fecatwatet streairnh in claim 7,
wherein said TOC conprises one or nore non-ionizable species, and wherein

sai d one eargpﬁ?es @,earurﬁ%ﬁsatan% veﬁ&@ma.arp%?é&ls%féa%ﬁcaﬁf%éa rBiRiely

consi sting i sopropyl’ al cohol, and (b) acetone Nove 200

compr i ses e PNESr IR Sfans sbuPhllon oEhfiefed %eiwimﬁhﬁée&m?m

appr oxi rratel y two (2) percent or less of the sodiumion concentration
present iflf@#Md feedwater stream 11. The process as set forth in claim3,
wherein said feedwater stream conprises amoni umions, and wherein said
product stream contains approximtely eight (8) percent or |ess of the
anmoni um i on concentration present in said feedwater stream 12. The

process asq sghelfbtdsd Bs %bﬁfdﬁrsm 4Rt 81 Wheadin shrRerdBavaterdtfezn  conpri ses
chloride ions, and wherein said product stream contai ns

comprises ammonium ions, and wherein said product stream contains

approximately eight (8) percent or less of the ammonium ion concentration

present in said feedwater stream.

12. The process as set forth in claim 3, wherein said feedwater stream
comprises chloride ions, and whérein said product stream contains
approximately twenty five (25) percent or less of the chloride ion concentration

present in said feedwater stream.

13. The process as set forth in claim 3, wherein said feedwater stream
comprises sulfate ions, and wherein said product stream contains approximately
one-half of one percent (0.5%) or less of the sulfate ion concentration present in

T

said feedwater stream.

14. The process as set forth in claim 3, or in claim 4, wherein said feedwater

stream comprises fluoride ions, and the concentration of fluoride ions in said



approximately twenty five (25) percent or less of the chloride ion
concentration present in said feedwater stream 13. The proddsSeveases2d06
forth in claim3, wherein said feedwater stream conprises sulfate ions, and
wherein said product stream contains apppoxi mately one-half of one percent
(0.5% or less of the sulfate ion concentration present in said feedwater
stream 14. The process as set forth in claim3, or in claim4, wherein said
feedwater stream conprises fluoride ions, and the concentration of fluoride
ions in said 3 Novenber 2006 23 product streamis approxi mately the sane as
t he conceptaduct siream is|approximatelyidshe samesasitifeceaneentnation of Anoride ionmnie
process as set forth in claim3, or inclaim4, or inclaim5, wherein said
product staidfeedwateristesani.r ee mneral acidity, and wherein said process
further conprises the additional step of treating said product streamin an
ani on exchange system said additional treatnment step effectively renoving
free mmneral acidity fromsaid product stream 16. The process as set forth

in claim]pb, erein said i on_exchange .syst.emis . sel.ected, as.one. or nore
system T 14 T8 1ypbess 25 56l Brfrip M A0 G besln Saifoh WoBRIAGELy st om
(b) an internedi ate base anion exchange system (c) a strong base anion
exchange Bfpsiughstraam cpmaphisasciees mirerabacitiy tand wherein saitbprogess éuntherai d

ani on exchange system effectively renoves all anions contained in said
product stompriseslthe ddditional ctes obivestirig $aittprodoctadt@am in ah@nidrer conpri si ng
the step, prior to step

exchange system, said additional treatment step effectively removing free

mineral acidity from said product stream.

16. The process as set forth in claim 15, wherein said anion exchange system is
selected as one or more system from the group consisting of (a) a weak base
anion exchange system, (b) an intermediate base anion exchange system, (c) a

strong base anion exchange system.

17. The process as set forth in claim 15, wherein said anion exchange system

effectively removes all anions contained in said product stream.

18. The process as set forth in claim 1, further comprising the step, prior to step
(c) of claim 1, of adding either ferrous or férric ions to said feedwater stream to

facilitate removal of TOC.

19. The process as set forth in claim 18, further comprising the step, prior to step

(c) of claim1, of adding hydrogen peroxide to said feedwater stream.



(c) of claiml1, of adding either ferrous or ferric ions to said feedwater
streamto facilitate renoval of TOC. 19. The process as set 3fielhbef26]cai M
18, further conprising the step, prior to step (c) of clainml, of adding
hydrogen peroxide to said feedwater strgam 3 Novenber 2006 u 20. The
process as set forth in claim18, or in claim19, wherein said feedwater
stream conprises a total organic carbon constituent, and wherein said total
organi ¢ carbon constituent is effectively elimnated from said product
stream 21. The process as set forth in claiml1l, wherein said feedwater
stream c¢ rises a total qrganic carban constjtyent., and sajd process
Furthor oo TR Broteng adves] TR i eI oh Punain 18, whetasel GePudi th a
W light source, and wherein said total organic carbon constituent is

ef f ect i velsiresim eomartises artotal seganic carhamuannsituesbrand®hemir spidolodals as set
forth in claiml, wherein said feedwater stream conprises a total organic

car bon congrdariyeatboredhstitishtis efestvely elipiaté@ oM §&i8 prodectsteainef
irradiation of said product water streamwith a UV |ight source, and

wherein said total organic carbon constituent is effectively elimnated from
said product stream 23. The process as set forth in claiml, wherein said
feedwat er ,str.eam conprises, a, total. orgapic.carpon constituent, and said
process f 8?t B@ﬁﬁg$§§§e§fq{g‘ E‘t@ﬁ'"@)ﬂ' WBGF%‘E said %deéf%' §e3Mat er st ream
with an ozone containing gas, and wherein said total organic carbon

const i t uep@Mipsises adotal veganie carhomeetstituent ard gaidprogess fusthes gemprises

the step of irradiation of said feedwater stream with a UV light source, and
wherein said total organic carbon constituent is effectively eliminated from said

product stream.

22. The process as set forth in claim 1, wherein said feedwater stream
comprises a total organic carbon constituent, and said process further comprises
the step of irradiation of said product water stream with a UV light source, and
wherein said total organic carbon constituent is effectively eliminated from said

product stream.

23. The process as set forth in claim 1, wherein said feedwater stream
comprises a total organic carbon constituent, and said process further comprises
the step of ozonation of said feedwater st:eam with an ozone containing gas, and
wherein said total organic carbon constituent is effectively eliminated from said

product stream.
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3 Novenber 2006 25 24. The process as set forth in claim1l, wherein said
feedwater stream conprises a total organic carbon constituestNoveR®esSZ0d
process further conprises the step of ozonation of said product water
streamw th an ozone containing gas, apd wherein said total organic carbon
constituent is effectively elininated ffom said product stream 25. The
process as set forth in claiml1l, wherein said feedwater stream conprises
hydr ogen peroxi de, and wherein said process further conprises the step of

t r eat ment , pf I L Val: r m and

whor el n <2 TR RrBSEY B S REL Rt Tovelei SataPRell ST o & br ouct
stream 26. The process as.set forth in claim3, wherein said reverse

osnmosi s nEMBPH ag‘?@i@fﬁa@"‘sﬁ?@oﬂr%ﬁgtu%‘tﬁr%’ﬁﬁ@g PLOGRSUEtes SOPHISes 1 | ux)
of at least 15 gallons per square foot per day. 27. Thé process as set
forth in theastep 8f ompratidmof $aid paoduct sfatehstreararwitht an okzosaicdntainingugas, st r eam
produced to the quantity of said feedwater stream provided is about seventy

live (75)amewperdin %imwt@l-orggmcﬂaeb@m RERSIRUAH! i§ RffebAVAIY dlifmifhlMeim wherein
the ratio of the quantity of said product stream produced to the quantity

of said f provided is about eighty (80) percent or nore. 3
Novenber %@W%@%Swe process as set forth in claim3, wherein the ratio
of the quantity of said

25. The process as set forth in claim 1, wherein said feedwater stream

comprises hydrogen peroxide, and wherein said process further comprises the

step of treatment of the feedwater stream in an activated carbon system, and

wherein said hydrogen peroxide is effectively eliminated from said product

stream.

26. The process as set forth in claim 3, wherein said reverse osmosis membrane
produces said product stream at a production rate (flux) of at least 15 gallons per

square foot per day.

27. The process as set forth in claim 3, wherein the ratio of the quantity of said
product stream produced to the quantity of said feedwater stream provided is

about seventy five (75) percent or more. =

28. The process as set forth in claim 3, wherein the ratio of the quantity of said
product stream produced to the quantity of said feedwater stream provided is

about eighty (80) percent or more.



product stream produced to the quantity of said feedwater stream provided is
about ‘eighty five (85) percent or nore. 30. The process as setNdvembbr 2006
claim 3, wherein the ratio of the quantity of said product stream produced
to the quantity of said feedwater stread$provided is about ninety (90)
percent or nore. 31. The process as set forth in claim3, wherein the ratio
of the quantity of said product stream produced to the quantity of said
feedwater stream provided is about ninety five (95) percent or nore. 32.
The process as set forth in claiml1, further conprising one or nore

pr et r eat nRAt Theqpecess asset tortht iawldio) 3,0fhexein thelratiarod thd quantityafisaid
pretreatnment steps are selected fromthe group consisting of (a) nedia

filtrati oprodull steedrnrprédaced td ﬂfeadué?ﬂlty 6P§a|§ k&l atet éﬁéhﬁf‘pro(/@ed is

nanofiltration, (e) oxidant renoval degasi fication, and (g) oxygen
renoval . !Hfh I [ n claim 32, wherein said pretreatnent
step of %i?uc}a t?é@gggﬁ) @%rr?%ﬁ Q{Oﬁ"%e addi tion of sodium neta-bisulfite to
said feedwater. 3 Novenber 2006 27 34. A process for treatment of a
feedwater streamin nenbrane separation equipnent, said nenbrane separation
equi pnent conprising at |east one unit having a nenbrane separator, to

produce a30.0Whe protasscamseti forthdn plaimid; twhereindtive ratiol ofithe gbanstdl wf saidont ai ni ng
reject stream said process conprising: 15 (a) providing a feedwater stream

cont ai ni ngrodabtétRsarh 6 @UdEd 10thedRBINTIRYOMGIE Fddwidtenstréamadrolided.isi f

alkalinity is present in said feedwatéer stream
about ninety (90) percent or more.

31. The process as set forth in claim 3, wherein the ratio of the quantity of said
product stream produced to the quantity of said feedwater stream provided is

about ninety five (95) percent or more.

32. The process as set forth in claim 1, further comprising one or more
pretreatment steps, prior to step (a) of claim 1, and wherein said pretreatment
steps are selected from the group consisting of (a) media filtration, (b) cartridge
filtration, (c) ultrafiltration, (d) nanofiltration, (e) oxidant removal, (f)

degasification, and (g) oxygen removal.

33. The process as set forth in claim 32, wherein said pretreatment step of
oxidant removal comprises the addition of sodium meta-bisulfite to said

feedwater.
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to assure at |east sone free mneral acidity presence in a pretreated

feedwater, w thout renoval of all cations present in said fgadwahbér Xpeam
(c) passing said pretreated feedwater from step (b) above through said 20

menbr ane separation equi pnment, said pretyeated feedwater having a

presel ected pH, said nenbrane separation equi pnment substantially resisting

passage of at |east sone dissolved species therethrough, to concentrate said

pretreated feedwater to said presel ected concentration factor, to produce

(i) a hi g sAlprbeesofdrdigatment of @ féediwatensiréami ingnembraneseparation sai d
pretreated feedwater, and (ii) a |low solute containing product stream

having a él{t‘}ﬁ‘r'n@ﬁ?rsalid‘ﬁibrﬁ&'aﬁe SR At %mhﬁ%ﬂ%bﬁf Ir%iﬁma%nemﬁtpr ocess

as set fo inclaiml or inclaim3 erein s es In said
et ot S AThGARPS SoBmh GBS MBS Rl LK oGPPG Bk
and a high solute containing reject stream, said process comprising:
15 (a) providing a feedwater stream containing solutes therein;
(b) destroying sufficient alkalinity, if aikalinity is present in said feedwater stream,
to assure at least some free mineral acidity presence in a pretreated feedwater,
without removal of all cations present in said feedwater stream ;
(c) passing sai pretreated feedwater from step (b) above through said
20 membrane separation equipment, said pretreated feedwater having a
preselected pH, said membrane separation equipment substantially resisting
passage of at least some dissolved species therethrough, to concentrate said
pretreated feedwater to said preselected concentration factor, to produce
(i) a high solute containing reject stream having a pH lower than said pretreated
feedwater, and
(i) a low solute containing product stream having a pH higher than said

pretreated feedwater stream.

35. The process as set forth in claim 1 or.in claim 34, wherein said solutes in
said feedwater stream comprise at least one constituent that contributes to

membrane fouling in the absence of free mineral acidity.





