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(57) Abstract

High purity water is produced by providing a feed stream (2) and adjusting its pH to a basic condition. The basic solution is introduced
to a high pressure side (12) of a first reverse osmosis membrane module (10) to produce 2 first permeate and a first retentate. The pH of
the first permeate is adjusted to an acidic condition and the permeate is then introduced to the high pressure side (30) of a second reverse
osmosis membrane (40) which produces a second retentate and a second permeate which has a resistivity in the range of 1 to greater than
10 megohm-cm. :
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true as the total dissolved solid |level increases. For river water
and ground wat er supplies, the bicarbonate ion is generally a
sizgni ficant percentage of the total 25 ani ons. The anount of carbon
dioxide related to the bi carbonate ion is a direct function of the

pH val ue woldegawse | ower pH values are associated W th achipdsabsi2
concentration of the hydroniumion, with resulting hi gher

concentrations of carbon dioxide. WO §7/05945

PCT/ US96/ 12812 -2-

Car bon di oxi de or amoni a and weakly ionized material are difficult
to renove fromwater. For exanpl e, carbon di oxi de or ammoni a, as a
gas, pass directly through a conventional brackish water reverse

5 osnosi s nenbrane used in conventional double pass, pr oduct
staged reverse osnosis units. There is insufficient time while
passi ng through the nmenbrane for equilibriumto re-establish. Unlike
the relatively sl ow i on exchange process which will renove carbon
10 dioxide as the bicarbonate ion, reverse osnosis menbr anes wi | |
not. As a result, the product water purity froma doubl e pass
product stage reverse 0sSnosi s unit is dependent on the carbon

di oxi de and anmoni a concentration in the feedwater. That is, the
car bon 15  dioxide, afRODUECHNG HIGHAURIEXMVATERNUIING REMERSE OPMOSIS

through the reverse osmosis sSyshf Q{Ehiﬂqeﬁﬁiﬁét@ﬁdé& % water phfitddd¥idH"

I n the product water, decreasing SiI st
Attenpts at renovi ng ¥wd eRreliRaatdeulariKe it mla%tt%mi&hpytmemf

partially successful. pige®léereitre materiaDs fatidials @arbali Adbkide ! he

water. For exanpke amé%n;a and other weakly ionized material using reverse

osmosis membranes.

The presence of carbon dioxide and/or ammonia
gas in water greatly limits the ability to produce high
purity water, for example, having a resistivity greater

10 than 4 megohm-cm. Even the ability of a double pass
reverge osmosis unit to produce high purity water
(greater than 1 megohm-cm resistivity) is greatly
limited by the presence of carbon dioxide or ammonia
and other weakly ionized material.

15 Carbon dioxide reacts with water in an
equilibrium reaction with associated ionization
constant, producing hydronium ions and bicarbonate
ions. For many water supplies, the percentage of
bicarbonate (generally measured and expressed as

20 'methyl orange” alkalinity) is a relatively high
percentage of the anions present. This is particularly
true as the total dissolved solid level increases. For
river water and ground water supplies, the bicarbonate
ion is generally a significant percentage.- of the total

25 . anions. The amount of carbon dioxide related to the
bicarbonate ion is a direct function of the pH value
because lower pH values are associated with a higher
concentration of the hydronium ion, with resulting
higher concentrations of carbon dioxide.
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Patent 4,574,049 discloses a process for renoving car bon di oxi de and
other inpurities froma water supply usi ng doubl e pass reverse
osnosi s nenbranes. The 25 process includes providing a first reverse
osnosi s unit having an inlet, a product outlet and a brine outlet;
providing a seg@y\gksxer se osnosis unit having an I Nl epgT/BsdefigEibCt
outlet and a brine outlet; l|ocating the second reverse osnosis unit
downstream of the first 30 reverse osnosis ynit with the product outlet
of the first reverse osnosis unit being coupled to the inlet

of second reverse osnDsis uni t ;carrsd dikxide! 6 hfmbria and welliyf Ledikea

the inlet of first m&aégigf@:gﬂqfcm to rwatffa?m%e&rod%& from

the reverse osnosis unit ocatl on upstream second reverse

OoSnDSi S unit with a ©XamPlenceR nPraQEHPn & 9382 PBPEti on
gr;t}/b 2842 PH t hairesEbedehrough ac ddhentlbAal dbradkish water reVékse

o4 concefit r 2PFBRPHE BEbTARS, BRSE In_ RERVRAFLOHAL SERRIS RAES-

to ionize certain ot hprodsetdétigesd ireviersecosmesis unitx.heMhexlesisand
directing the prOdUCtiﬁEQ&;@é%&M time whi&%vgaﬁﬁiﬂér%&glﬂ"the thaﬁe

poi nt of use or stora pur i f

this process which nogﬁﬁlF?“%%&EFi“m to ’?b&?ﬁﬁ?ﬁ?ﬂPOX|QR§Hﬁﬁ'tPﬁcF§é§Fh§e%he
pH results in the slowatioh t exrhaoiges paioresehwbhech ekl sampivel tarbonl |

i oni ¢ radapgs, aﬁoﬁiéé'ﬁé“éhé DilcaTBEBaY §Hﬂseﬂ@é¥sm§%5 10

Further, the addition of, sodi um hydroxi de has anot di sadvant age
in that the series of FERERReR MY thg R& a reﬁ‘é}'bOnu{‘ﬂ Sroguct, water
relatively sl ow when ponptyefirdm a doubler passsproduvtsistage treversacbsmosts

Thus, the ef f eghi ¥ e)SSEefiinddlt QRCLBL! BRrbon ! diBifl Bha! BEmSAZLUM
concentration in the feedwater. That is, the carbon
15 dioxide, ammonia and other weakly ionized material pass
through the reverse osmosis system and re-establish an
equilibrium in the product water, decreasing thé
resistivity.
Attempts at removing carbon dioxide in the
20 past have only been partially successful and often end
up further contaminating the water. For example, U.S.
Patent 4,574,049 discloses a process for removing
carbon dioxide and other impurities from a water supply
using double pass reverse osmosis membranes. The
25 process includes providing a first reverse osmosis unit
having an inlet, a product ocutlet and a brine outlet;
providing a second reverse osmosis unit having an
inlet, a product outlet and a brine outlet; locating
the second reverse osmosis unit downstream of the first
30 reverge osmosis unit with the product outlet of the
first reverse osmosis unit being coupled to the inlet
of second reverse osmosis unit; providing water to be
purified to the inlet of first reverse osmosis unit;
_treating the product from the reverse osmosis unit at a
35 location upstream of second reverse osmosis unit with a
chemical treatment agent comprising a solution having a
PH that exceeds 7 to reduce carbon dioxide



15 hydr oxi de reactions, and further, this process does not renove

ammoni a. U S. Patent 5,338,456 discloses a water
purification process for renoving dissolved solids of the type that
are normally present in a nunicipal or 20 simlar water supply. The
process uses uhofgsesk draft decar bonat or having an i npgimgdfafiz
product outlet, a vacuum degasi fier having an inlet, a product
outlet and a water |evel sensor, and a Qﬁyerse osmosi s unit having
an inlet, a product outlet and a brine outlet. vacuum degasi fi er

i's 1ocated downst rea%aaeaéeaépaﬁeéf phe prda'uaet bsieeaéﬂpél@i YonierdibiCana

product outlet of the forced, draft car tor_being coupled to the
i nl.et of t he \F&Cﬁﬁﬁ?‘ﬂ%gﬁﬁ?f‘?’& Gﬁ?é“é‘@\? nggbg%gl'%"glﬁﬁ”{" :

| ocat ed downst r eam othehécaistiand edirsedtiisny whiehprbduct 3from memilmdt out | et
of the vacuum degasi frb%rQS'QSmSQ&'P'\%kt toward! 8 LQE%{:”&Pt %t5§¥§£se

osfrosis unit. Water to purified i's provide tot einlet o
forced draft 5 JQEaPBBﬁﬁ%Bﬁ’ ‘&?t%F'predeterm ned rate. According to the
i nvention, the rate at which vEsweevén, um:mlprbcedslehicﬁﬁmﬁamjydadebo t he

inlet of the forced g%ﬁﬁfmdﬁfﬁgﬁi‘&‘é %or :.ncrea'sgng C%ﬁ Yel1ed in she

predeterm ned water leve asl
97/ 05945 addition of sodium which, bpe#pggggflgggjpmall ionie

-4- nbraaaﬁapgse &pf Edu¥e w%dwacbysedaee@{mw:anes.
reverse osnosi s u t I
TP IOLAIEIRILE, DaBOBlord AOSRTUE BParoxige 1Y Wstpay

menbr ane nodul e and a
an aqueous al kal i soﬂeﬁﬁéﬁantasec-’mcﬁh%ﬁ i e Iﬂleﬁ‘éePsC’ét Feadiipna, nepoving

perneate side. . calbsh aiexﬂaaaéwa:aa@.%w 824@0wkén |dcaparaa abkali

solution in the perneate side to renmove di ssolv
reverse osmosis unit ccntact time. Thus, the

effectiveness of the operation is limited by the sodium
15 hydroxide reactions, and further, this process does not
remove ammonia.

U.S. Patent 5,338,456 discloses a water
purification process for removing dissolved solids of
the type that are normally present in a municipal or

20 similar water supply. The process uses a forqed draft
decarbonator having an inlet and a product outlet, a
vacuum degasifier having an inlet, a product outlet and
a water level sensor, and a reverse osmosis unit having
an inlet, a product outlet and a brine outlet. The

25 vacuum degasifier is located downstream of the forced
draft decarbonator with the product ocutlet of the
forced draft decarbonator being coupled to the inlet of
the vacuum degasifier. The reverse osmosis unit is
located downstream cf the vacuum degasifier with the

30 product ocutlet of the vacuum degasifier being coupled
to the inlet of the reverse osmosis unit. Water to be
purified is provided to the inlet of the forced draft
decarbonator at a predetermined rate. Accérding to the
invention, the rgté at which water to be'purified is

) 35 provided to the inlet of the forced draft decarbonator

is a function of a predetermined water level in the '
vacuum degasifier.



€arbon di oxi de by chem cal reaction. The hydrophobic ‘por ous mnenbrane
nodul e i s placed between the pre-stage 10 nodul e and t he post-stage
nodul e and has pores capabl e of pernmeating only gases. An inert gas
Bl owi ng pipe is installed to the al kali aqueous solution circul ating
i ne. w0 97/05045 Japanese Patent 2-2802 discl oses revep@fusschsi2
osnosi s separator nenbrane nodul e and degassi ng menbr ane nodul e
arranged in treating water line in serj gs.. The degassi ng menbrane is
formed by a porous supporter |ayer and hi gh nol ecul ar honpgeneous

| ayer or mnute |ayer aripdigaske Gatehe aupPebl ediddliied X pEenstagd

iegar ating coeffici enevgg ghg?!gg%]ﬁz%‘%&%b%g %Zegoé%aﬁ stagel g_%%etrggn

such as carbon di oxi oemAa}sHRembFane faduleosnd; éthdrOPhOhimmr%uch as

2§;Eanol &ﬁntﬁlnlnghﬁghﬁgﬂndlﬁ%dﬁEﬁ 6 whi%h aﬁaﬁﬁaeeuéﬁalkﬁiﬂiBbauﬂgo% )
rane which is the,reactjon uc 0 nd (ii) a

pol yi socyanat e o? ’°“§atb?§(¥HFbéﬁ§F-gﬁF%P?dé§ tné Prmeilea:d

Patent 5, 078, 755 di sTheteiss cdiapanepe Patentdrs2a#9@dubbidesomn adkadi - mhlch

conprises bringing th:m%Qn iﬁ'% éa%fa%nbaaetés Qéﬁoas %ﬁ@sm@ghhere' n

into contact wth nf ﬁ% erebﬁ cau5|ng di ssol ve

gas to selectively p&FﬁEﬁPed Pre+ & FRABFLITR- ® The hydrophobic

pernsel ective, conpopbreuaentmhmsneumwhdsdzsfpaaced betvwmaro thes preostagad a

nonporous, actiyg meghkaie Qﬁdathe %%st-@eatghehbauiesaﬂafﬁmz%@ khpaBLOUS

support, or is a per meab nbr ane "havi ng, such char rlstlcs t hat
t he ni trogen §§spﬁﬁ?ﬁ§§{'ﬁ’%rf"’r]é§ 8‘&?530[@%}%“? Chut ngépe is
WO 97/ 05945 installed to the alkali agqueouP(Folit¥ionl 23trZulating
- 5— »

line.

- Japanese Patent 2-2802 discloses reverse
15 osmosis separator membrane module and degassing
membrane module arranged in treating water line in
series. The degassing membrane is formed by a porous
supporter layer and high molecular homogenecus layer or
minute layer arranged on the supporter layer. Oxygen
20 separating coefficient of the degassing membrane is not
less than 1.3.

U.S. Patent 4,897,091 discloses that gases
such as carbon dioxide may be separated £rom rich
liquor (such as methanol contﬁining carbon dioxide) by

25 passage of gas through a membrane which is the reaction
product of (i) a polyamine and (ii) a polyisocyanate or
a poly(carbonyl chloride).

U.S. Patent 5,078,755 discloses removing

dissolved gas from liguid, which comprises bringing the

30 liquid containing the gas dissolved therein into
contact with a membrane, thereby causing the dissolved
gas to selectively permeate the membrane. The membrane
is a permselective, composite membrane composed of a
porous suppo;t'and a nonporous, active membrane of a

35 synthetic resin formed on the porous support, or is a
permeable membrane having such characteristics that the
nitrogen gas permeation rate at 30°C. is in the range



¥+ om 7x10[err] to 2x10[err] Nrerr]nferr]h[err]atomand that the anount

of perneated streamis 100 g/nferr] h or |less when 20[err]C. wat er
i.s supplied to the nmenbrane under atnospheric pressure while

mai ntai ning the pressure on its perneate 5 side at 40 nmm Hg.

U. S. Patent SpiPéneseyg di scl oses that total organi c cagdyNisok/isdys and
total inorganic carbon (TIC nmonitoring of water is useful in
determ ning the water quality. Conventignal TOC and TIC nonitoring
10 techni ques are not zero gravity conpatible. The addi ti on of

m cr opor ous hydr ophobiém bisaddé o Bx102 Nm3EHE dttind Q&dWit:thathe amount
non- di spersi ve inf rargd analr% hase | d and

gas, zero gravity PeRbT fteqr t?lté'eﬂbiﬁo#ﬂ‘vcﬁp%g%t é’c‘:‘hﬂ‘?ﬁﬂe"hexﬁz
U.S. Patent 5,116, 507atéexclsswppdiedt hodtbé membrane upderngtmosplesis

liquor, such as ef f|ypdelddludiile mainthOhiks CHE igHessask BASitsCRlimthea Ne
mef hod conpri ses d e#gj\@ctl ng the 1|i quor t o dephenol at Ion and anmoni a
nént B3¢

stripping treat I"i ¢ conmpounds and 20 "free" anmonia
fromthe liquor and then subj ébtsl n@atkest 5,106, 'Iﬂsd:uaicngabisquhat wétah

still contains arrrmnéfglan;c carb%?z”ﬁ@é&@'saﬁ@dtéms olrgad EH?Q&:‘}‘ §32))

reverse osnosis tnent to I’O uce a_per rreate

substantial ly m?'r"e"em? qu‘YGFPF i &8 usp h&%&eFFfE‘anéﬁﬁoFﬁ‘% watey
U. S. Patent 5, 250, 18@1ﬂ:sw.osmmppaahtmc and TICf montRoniagt uri ng

ultra-pure vategg Ch@éé‘ﬂ.ﬂ\ie@egfennot zerotéfév&yd%ﬁ?ggﬂﬁi?r/dﬁgéssor and
a reverse 0snosi s for retreat nent wat er are

installed in the upp%‘?d%’f’r%rﬂfoF“&"RBPFPbF ehlé‘?‘fwl"SBladévﬁﬁo%’at or.

U S. Patent 5,254, 14conthird tdems wi thli aphaﬁgmsperswé Qhigaseli ndTyLant act

conprising a _rrenbranglfavyiotrr% LW o s ac.eg %ing ast one sur%ace of

t he menbrane is Y Fofi 50 RRE 5 J<’31‘EL(1:’S 5P 3F0p5?§g PFRE in

the 35 nenbrane eewpatidiepTOS mpnifhawatpﬁwlugmnes used in

contact apparatys in which a ly.gui aként0s] BLd BbMidiRcloses atfi€thod of

hydrophilic surface greéégaéngHDQ%%%oand aqggg,lé%ch as effluent liquor
formed during coal gasification. The method comprises
subjecting the liquor to dephenolation and ammonia
Btripping treatment to remove phenolic compounds and

20 "free® ammonia from the liquor and then subjecting the
resulting liquor, which still contains ammonium
compounds and thus "fixed" ammonia, to reverse osmosis
treatment to produce a permeate which is substantially
free from impurities, including fixed ammonia.

25 U.S. Patent 5,250,183 discloses an apparatus
for manufacturing ultra-pure water, characterized in
that a decarbonator/degassor and a reverse osmosis
equipment for pretreatment of supply water are
installed in the upper stream of a multiple effect

30 evaporator.

U.S. Patent 5,254,143 discloses a diaphragm
for gas-liquid contact comprising a membrane having two
surfaces, at least one surface of the membrane is
hydrophilic and surfaces of micropores present in the

35 membrane are hydrophobic. The diaphragm is used in
contact apparatus in which a liquid is contacted with
the hydrophilic surface of the membrane and a gas is
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- 6- contacted with the other surface. U S. Patent
.5, 306, 427 di scl oses a process for t he separation of one or nore,
nore permneabl e conponents from one or nore, |ess perneable
conponents wbho7pd94s @ feed stream The process suggests t e
separation stages in series wherein the feed is I ntroduced into the
| ow pressure side of the first stage,_t@e permeate streamfromthe
first stage is conpressed and introduced into the high pressure side
10 of the second soagacked whehethe! dthewmyrdameat e stream from

the second stage is recycl ed {0gt hg, Qégp P55 Wk de of the first
st age. U S. Patent 5. 413,763 dllészgl Si8ste ?néat?lcﬁlr% fifs *or

apparatus for the m¥Re BERBRAL P ﬂ% PRE HT &F&ni Borespermealvle ( TOC)
content of a |iqui dcompbaehBsr gehCosar & more, 1eb3 bBQmééHHé dcdn'i‘pdiﬁi‘x‘l:ﬁ”ed

i'nto carbon di oxd de ;an ed oxygen is
added to ;ghe |1I% g i §==1ng ?Mﬂl d %ée ﬁfmﬁ & sggsefg uT“i"? mr@Pe
radi ati on and the oﬁ@&ﬁFétéaﬂbehWﬁ%rm)yﬂma m:eJ.QOthe feed iz Japanese

Pat ent 4-176303 di sahe&eauaeaasnto the rﬁ%@sﬁr@@&é”& gl & LRt ai ni ng
a holl ow fi ber- menbrane used to

ta pﬁg h¥dro$hé)b| C"@qﬂ %erme
renove the gas dissl 38 % 3-e Fgm the f"'"’%Lﬁﬁﬂﬂ%&’f rom an
inlet, passed thr oughmphessﬁélmdointﬁducqmentthanhighmédﬁﬁaamaane

openi ng and senip to iehe: r
[ Ir[:t rodgced §m aﬁigﬂ??%fahfaaéseglﬁ ﬁgeﬁgﬁgﬁm%ﬁ%{& si33an

nenbr anes and di sch P ORPETRO TS M FOGHF Fe the high) pressuge
under these condltleﬁdetgfathqcﬂimtsatraga 30 such as a vacuum punp,

hence the gas dissolved in th@ S. Patddtdy qlgegggaaggcigg h| JLJEP?ECI ghgane

to the outside, and Esﬁlcatlonls pertorned wt ency.’
In U.S. Patent 5, 15899§§at\‘? he mppagprement of jthetokal ©nganderified
and degassed i Q-SpassadbOISS(TOO:hrmxgierm reefv @r 3dquidDSi Bhe titfdrigaicWeaeBod

pure wat er st ERaghentl guid ok mm#t%a“@ﬁks SEE5En HiEANA aRa
produced. The hlgh gressu efgggtflywﬂgﬂ éﬂi Eame time, oxygen is added to

the liquid. The ligquid is then exposed to ultraviolet
radiation and the organic carbon thereby oxidized.

20 Japanese Patent 4-176303 discloses a gés-
permeable membrane module containing'a hollow fiber- .
shaped hydrophobic gas-permeable membrane used to
remove the gas dissolved in a liquid. The liquid is
supplied from an inlet, passed through the inside of

25 the membrane from the membrane opening.and sent to the
other end of the membrane. A carrier gas is introduced
from an outlet, passed around the bundle of the
membranes and discharged from an outlet. The ocutlet is
connected under these conditions to a vacuum source

30 such as a vacuum pump, hence the gas dissolvéd in the
liquid permeates through the membrane to the ocutside,
and degasification is performed with high efficiency.

In U.S. Patent 5,156,739, it is disclosed
that water to be purified and degassed is passed

35 through a reverse osmosis step from which a pure water
stream and a high pressure waste water stream are
produced. The high pressure waste water is passed



VID 97/ 05945 PCT/ US96/ 12812

-7- t hrough an eductor to produce a vacuum The pure water
streamis passed into a first volume of a degassifier and the vacuum
i's directed to a second vol une of the degassifier. The first and
second vol umeyefosjgbsys 5 degassifier are separated by a hydrgpiedissasiz

menbr ane. It will be seen that in spite of these

di scl osures, there is still a great need for _a 7PLOCESS that pernmits
econom cal and efficient renoval of carbon di oxi de and/or ammoni a as
wel | as other ions ffRfedH an eldcté®ako &&é@rhglvbad@m ZegnhEbh@fd Hhatdr a
very | ow | evel fromwater w.thout

ur i her nt am natiQn to provide
hi gh purity water havih a%’r ] ﬁ“\c}' ilﬁg?n t ?tan o"a' de ‘6{)%
megohm cm usef ul f oraphathmoaaigaisuditected to a semdrrpbbumeléf the

It is an object of tdegidnaridan traepfszyseiea@d secondo%@.aﬁs. 68" ¢ oduci ng
hi gh purity vvate

f th t
to ~ provi de an SRR 35§s§°?5fa?%%er &f"gf"ﬁx’f‘e srwad. O

and/ er ammoni a and ot her weak|it widlzkd mzerﬁ:lﬁt f:morapize ofathese
Yet, it is another Q:ﬂ@éiosﬁiréshe th@¥'§n§.§ Oi‘tiﬂ a gred¥ RedCedrPL %P?ess
oXI

uti I | zi ng reverse os SIS rre refnpvi ng car bon d|

and/ or ammoni a and oty Perm tﬁ r?ﬁﬁFP’P?“é%l f?’tﬁn‘?ﬁaﬁ’é‘r" T6PERt RE Arzher
removing 25 thei rdkogide @nd/orcempbniaicad svell as other ions £15m [Boti t

i's anot her obj egg Ofwéiksadd‘%gﬁ%r éomeaqnﬂ&shﬁe & & G85) POS 1KV S€

osnosi s nenbrane and f eedwat er eretg to a basi ¢

solution to FFR aken é’ﬁ“?&f‘Foﬂu’é'ERﬁ? i IARIDREigR te 966%1%-@3 30
i oni zabl e materi al dntgh et wated havindea pdgiRAlifrity in the range of

2 to 10 megohm-cm useful for pharmaceutical uses, for

example.
15 It is an object of the invention to provide a
process forx pfoducing high purity water.

It is another cbject of the invention to
provide an improved process for removing carbon dioxide
and/or ammonia and other weakly ionized material £rom

20 water,

.Yet, it is another object of the invention to
provide a process utilizing reverse cosmosis membranes
for removing carbon dioxide and/or ammonia and other
impurities from water by adjusting pH and removing

25 their eguilibrium constituents. :

Still, it is another object of this invention
to provide at least one reverse osmosis membrane and
adjust the feedwater thereto to a basic Bolution to
drive the ionization equilibrium to ionize weakly

30 ionizable material and thereafter adjust the permeate
therefrom to an acidic solution to drive the ionization
equilibrium to ionize weakly ionizable material.

‘And still, it is another object of this

_ invention to provide double pass reverse osmosis
35 membranes and to adjust the pH of the feed material to
each membrane to selectively remove weakly ionized
material by driving the equilibrium reaction to produce



therefromto an acidic solution to drive the ionization equi [ ibrium

to ionize weakly ionizable material. And still, it is

anot her object of this i nvention to provide doubl e pass reverse
osnosi s 35 nmenbranes and to adjust the pH of the feed material to

each rrenbrangmgg.f,gsgj' £ctively renove weakly ionized pE@fusddn2bs
driving the equi riumreaction to produce WO 97/ 05945

PCT/ US96/ 12812 - g -"-8- i oni zed

materi al renovabl e by the nenbranes thereby renovi ng weakly ionized
material such as carilenizédonatiérial remaveble bymthei nehbranen!tedebydr OVi de
hi gh purity water | Oy

groator, g c removiH bpply SLEIY ddk dduat Blotk af AR Bidiige

i nvention to provi d@nd{egvameeniy %1‘-’"?’1‘ EREET ey §€°V-"-de hiiisrﬁ%ﬂ-@mane
nodul e adj usted to RaRMhgNalPesis@iRity of 2 ®o G0t fefolmadhl d° grdatel .t he

perneate fromt first e osnosi s ,menbr to in the
range of 5.5 toh'5e 10 7 as f%’é‘gﬁ/ fuxédéeerdoﬁtf’ F@v@f’sgﬂigﬁ)s?a% W&ﬁ&n
modul e t o pr dawestpen nbatprovideifandwaterngoaar £Erst i neversen

the range of 2 to 1QsHe80B hedbrind s Ele adjusted to a pH id TSR yaldeOt her

objects will be apparet fr t he, specification I ms _and . draw ngs
appended her et o. 8 to' 8% andl*f‘?a%%ﬁ’r%a RFFﬂe?h%s%‘%Jté’& £irger e

i's provi ded a‘emeuseses:hmipmeﬂlgna@ Wt @ pByinetlbe irmpge of 5.5 to
di ssol ved nat enigal s 4t '&%V QE&&”’:‘o{-h@ %m%&@ﬁ@ Bsfibsis membﬂxﬁﬁlﬂﬂd%ﬂe
purified water havin sistivity in to 10

nmegohm cm or gr eat e ?ﬁ@ PFB R LR th%@s@?"b?g\ﬁcﬁ"?ﬂ%%t@r ipeed
streamto be purifi éhhe range afid2 ok U inegahve cpHoof gtéstewt er feed stream

to provide a basic walfhesol4id BiHed @B‘;‘é‘étbhﬁ;fﬂ%é idddtlnt £rom Of
a first weakly ionized material to becaone ionized
the specification, claims and drawzngs appended hereto.

15 In accordance with these cbjects, there is
provided a process for purifying water by removing
digsolved materials therefrom, the process capéble of
producing purified water having a resistivity in the
range of 2 to 10 megohm-cm or greater. The process

20 comprises providing a water feed stream to be purified
and adjusting the pH of the water feed stream to
provide a basic water solution to drive the equilibrium
of a first weakly ionized material to become ionized in
the basic soclution. - The basic water solution is

25 introduced to a high pressure side of a first reverse
osmosis membrane module and water is passed through the
first reverse osmosis membrane thereby providing a
first retentate having ions from the first weakly
ionized material concentrated therein and a first

30 permeate depleted in ions from the first weakly ionized
material. The pH of the first permeate is adjusted to
provide an acidic water solution to drive the
equilibrium of a second weakly ionized material to
become ionized in the acidic solution. The acidic

35 water solution is transferred to the high pressure side
of a second reverse osmosis membrane and the acidic
water éolution is purified by passing at least a



fhe basic solution. The basic water solution is 25 i ntroduced to a

hi gh pressure side of a first reverse osnosi s nenbrane nodul e and
water is passed through the first reverse osnosis nmenbrane thereby
providing a first retentate having ions fromthe first weakly

i oni zed mat eryplorpegscentrated therein and a first 30 per anmcipRtet ed
inions fromthe first weakly ionized material. The pH of the first
perneate is adjusted to provide an acidj ¢ water solution to drive

t he equi libriumof a second weakly ionized material to becone

ionized in the aci dperafbht theredhetibudihC the3secid CFevartsE iodhoiss s
transferred to the phj S ' f 0 [ rse osnosi s
{&59%:%8 éﬂéﬁg\?}é&f&sﬁi&ﬁn&ng. s8c354 Pé’toazgt ‘te

v

menbrane and the ac is parrfre ya passi ng at

| east a VWOcortaining ions of the - -second weakly ionized material -
PCT/,US96/ 12812 ionizB@l LhOfaid ididid Bo0ughohhsnd 68 B JvARl §CRSERE S

menbr ane t hereby providing a.second, retentate cont ai ni ng i ons._of the
second weakly i§ni zganﬁﬁ?g?i%fp sted iinb%i%feg"f’ﬁ 3350 %&? cﬁ%“é%l UFF‘gﬁYand to
provi de a second $opéredamaterinli cthe secppd parméatenhawingeeond weakly

I oni zed material, thgssBeopdepeiNERe ﬂ'ﬁ‘ﬁ'enﬁfal to gré&tdSltndnl Yoi N the

range of 1 to greater tP%D 10 megohm cm Figure 1 is
a schematic represeﬂfﬂ? A°Bf the 10 process of the invention show ng
first and second r ever seigrsnest sieopesghepatiantepchassitativs 66 thaove

weakl y ioni?edlmateﬁkébess of the inventioh SHbRiRg! £ifs® M Mecona
representation of the s of the inve tlgn as referred to in

Figure 1 15 | ncoFBﬁFﬁFFn@B{&(ﬁ)gf%t%‘f‘ﬁ%f?nﬁyﬂP pASHPREMERGT Fife Femove
Feedwat er is introdwesklyl doyiredondteriadugh :

Figure 2 is a schematic representation of the
process of the invention as referred to in Figure 1
15 incorporating an interstage hydrophobic membrane.
Feedwater is introduced along iine 2 through
pretreatment step 6 to line 8. Pump 4 transfers
feedwater from line 8 along lime 92 to high pressure
gide 12 of reverse osmosie unit 10. Prior to entering

20 high pressure side 12, the pH of the feedwater is
adjusted to énsure that the feedwater introduﬁed to the
high pressure side has a controlled pE range. The
adjustment can be made before or after pump 4 but is
generally accomplished before pump 4. Normally,

25 adjustment is made by adding a basic material to change
the pH to a controlled range to ionize weakly ionized
material. Retentate having concentrated ions f£rom
weakly ionized material as well as other ions is
removed along line 16. Permeate from low pressure side

30 14 of first reverse osmosis membrane module 10 is
transferred along line 18 to pump 20 before being
pumped along line 22 to high pressure side 30. Prior
to being introduced to pump 20, an adjustment is made
to the pH of the permeate to lower the pH to an acidic

35 pH; This adjustment is necessary to ionize remaining
weakly ionized materials that are not ionized in the
basic solution. After the pH adjustment to acidic



‘pretreatment step 6 to line 8 Punp 4 transfers feedwater fromline 8
along line 9 to high pressure side 12 of reverse osnobsis unit 10.
Prior to entering 20 high pressure side 12, the pH of the feedwater is
fadj usted to ensure that the feedwater introduced to the hi gh pressure
side has a c brg%ggggi pH range. The adj ust ment can be poEABIbEBIX € Or
after punp 4 I'S general |y acconplished before punp 4. Nornally,

25 adj ust rrent is made by adding a basic matqrial to change t he pH
to a controlled range to ionize weakly ionized material. Retentate
havi ng concentr at ed d&{ﬁﬁ‘ﬂoﬁm pump 2eathen ipmirmedhenlénmubd fstavdighas

other ions i I
S MY NETSN %iaggsb 3b! 8 4 gbcodd® A A of bREbLLOY duSaHe Si de

30 14 of first reverse osnosSI transferred

along line 18 to purgpity 4fef OIIE1 BEF-ﬁg4°' “the p’tﬂﬁfe(:f-ré’F'oﬁBeIVﬂ%“"& BiRegh
P;ersrzgée si de ?0 tﬁrdﬁerﬁa]ishatsowaﬁlnﬂslﬁﬂélhdm tthatu s 8 Othroughl] fixtgrent
o] e 0 ate to H 5
pH.  This adj usttrent® é‘é‘&&yape f%n‘f%cér)n\é%tne%eig the é&%{/uel &ﬁ%
material s that are roigh @resshriensitie 30 of ynid dmsalndt rsnov#taekonmehpﬂ

adj ustment to aci di /
PCT/ US96/ 12812 &2. a portf@g 83 9584ﬁhter 1ntroduced to high- pressure

ns,
punp 20 then punps t#Ae 1 3idP mSPSVREGRS pe:':'mea":per e‘é’sd‘f’%’ PFRR=STS 071%e04gnd
reverse osnosis rrerrtlrcarprovide highi puzity |preduat saterhbaving £rom t he

weakly ionized reMﬁ*&ﬂ!ys i8S thB! tatde BH UbdudND AL 0 PRSI @M Gha
first 5 ne rane unj t are concentrated in the.retentate of
hi gh pressure side mcﬂ}rﬁl‘f Y58 ’r‘%ﬂ?ﬁ‘l‘%o‘“ﬁl%é‘ gheE - 42. A

portion of the water introducéthe febdwhter celsick can be puriified te highved
as permeate in |ow Pl &vettd eo§iﬂﬁ'i4:§ in the present invention can include
surface water such as river water and water from
15 reservoirs and lakes, for example. In many instances,
it is preferred to soften the feed water prior to
introducing it to the first primary reverse osmosis
step. Generally, these sources of water contain
magnesium, caleium, sodium, potassium, barium, aluminum
20 and strontium cations with the magnesium and calecium
usually being present at higher levels, depending on
the source. Usually, ground water supplies contain
calecium and magnesium as the primary cations and
bicarbonate (with associated carbon dioxide) and
25 sulfate as the primary anions. Sodium and chloride
levels are usually less than 20 to 25% of the total
cation and anion concentrations for ground waters.
Because of the presence of scale forming
cations, such as magnesium and calcium, membrane
30 scaling can occur in the primary reverse osmosis module
10. Thus, for purposes of the invention, it is
preferred to pretreat the feedwater to remove the scale
forming cations. Conventionally, such pretreatments
include water éoftening. However, this has the
35 disadvantage that large quantities of salt are required
for regeneration of the softener. Thus, for purposes
of the present invention, pretreatment of the feedwater



fo provide high purity product water having a 10 resistivity in the

range of about 2 to 10 megohm cm and typically 4 to 10 negohmcm or
hi gher. The feedwater which can be purified to high

[evel s of purity in the present invention can include surface water
such as riveryyabgisand water from 15 reservoirs and | akRgmshizsiz
exanple. In many I nstances, it is preferred to soften the feed
water prior to i nt r oduci ng it to the figpst prinary reverse osnosis
step. Cenerally, these sources of water contain magnesi um cal ci um

sodi um potassi um hayiniBing Hﬁhaﬁﬁhnir?@ or mmueaatmmw;w t he

magnesi um and cal ci ak | evel s
dependi ng on L%rilneo sagﬁfgggg&ual ?ﬁé %}%&l’fﬁé.%\%éﬁér fﬂ SRfERYes
cal ci um and magnesi @ &Poukelfti kar W%ath%r?f%re (e. 9 bl%‘hrﬁmrﬂaﬁ(b Hadigdh

associ ated carbon direcd®eddtdr a2§eve§b¢ fodnbels hbRbPAh&Bided EHNS.
Sodi um and chl orj de usual 'y lLess than 25% of the

. |l evels
t ot al cat? on &fgﬁf‘gngﬁﬁﬁ{f r‘ﬁ?%‘s 5154 BERAE %g'f’afg&n can be
Because of the presamss Gbrspahsréatmmg of the feetlivaber o CiemasreTEpals UM

and cal ci um ”E”bra%rmig réﬁi‘ 5.991:85‘” é&?ﬂl&ida'i 598 H-é &’nﬁfé’&rﬁﬁ
osnpsi s nodul e ‘ﬁb guré)os of .the | nvention,

preferred to pretred®k PEFa B g BEipary re"e“f?)r‘?ﬁ"?ﬁf
cations. Conventi onaidqbrangch Phet nanofitltmation membnghe dis vef fuctsiofd dm ng.
However, this hgs thGmovidg g £80¥BOL A0 Nl ehd! ﬂ&:&&a{k%ﬂié eéaa)ﬁuéa.dan are

reqU|red for ene I on of the softener hus poses

of the present |nveﬁFFb%' F@@Feaﬁﬁﬁhta?ﬁ°ﬁ¥ﬁ§“FbeHﬂﬂ?%?ium' 3“1fat°i/\¢5n

97/ 05945 to a lesser extent, bicarbonBEe. USS6didBléhd chloride

- 11 - ions, because of their small ionic radius, are not
effectively removed (about 20 to 40% by nano-

15 filtration). Thus, if caustic is used to adjust the pH
of the feedwéter, water softening or nanofiltration
should be used to remove multivalent cations. The use
of nanofiltration as a pretreatment has the advantage
over conventional softening of not requiring the use of

20 large quantities of regemerant salt or the disposal of
regenerant waste solutions. Further, the use of
nanofiltration as a pretreatment has the advantage that
fouled nanofiltration membranes are much easier to
clean when compared to conventional reverse osmosis

25 membranes . -

Nanofiltration membranes useful in the
present invention are available from Filmtec, a
division of Dow Chemical Company under the designation
NF-40 or NF-70. Typically, nanofiltration membranes

3o useful in the invention have a pore size in the range
of 0.005 to 0.05 um, and preferably 0.008 to 0.02 um.
In the present invention, nanofiltration is preferred
for pretreatment of feedwater having a total dissolved
solids of 200 ppm -or greater and high percent- hardness,

35 e.g., 75% or greater, due to cations such as calcium
and magnesium ions. The nanofiltration operates to
remove 50 to 80% of the scale-forming precipitates.



utilizing a softening or nanofiltration nmenbrane is al so accept abl e.
The nanofiltration nmenbrane operates at about 1/4 to 1/3 the
pressure (e.g., 60 to 120 psig) required for a reverse 0osnosis

menbr ane used for 5 purifying brackish water. Thus, nanofiltration can
be useqd FosRset reat nent of the feedwater to renove sgE@déssen2siz
formng precipitates, colloidal and organic nateri al whi ch woul d
operate to foul the primary reverse osnosis. 32 . nenbrane. The
nanofiltration nmenbrane is effective in 10 removi ng up to about 80% of
the large ionic radius ions Aalso, andad¢tiiraids caxboh prechbatméit may be
magnesi um sul fate 39‘1 : t S Al hca ' .and
chloride i ons, é(?gg'sgoo?e?ﬂtlgréﬁ%ﬁ&ﬁtﬂfc%‘%d%gg{,}%ﬁey %‘H&é@;ﬁg
effectively renoved Xedegdalsoang zesidyahdiginfeptant ppchaps ghlorineys, |f

caustic is used to agdidizhlokamihle compourds Widlcheedwaler fromt €he SAdi®bAT

or- nanofiltrati shoul d be_used_to renove.mul tivalent gations. The
use of n%of 9% Fgﬁoggaagoawﬁ %fr%%ﬁ%ﬁﬁc%g&g?’hgrggvg?ﬂ'ﬁ e -
over conventional sdfevelsngesnlrbngr foem reienination shd the redctiga of

quantities of regengiarkisadl with b8gafiéPWmalh ¥ humic akfgenerant waste
solutions. Further, the use o filtration.,as, ,a pretreatnent has

) . nan .
t he advantage t hat fou&@ddﬁéﬁﬁ*fﬁf"é’t’i PN AaREESS  BUBRRARCESSi er
to cl ean whemrmomremowved: bycshveng i aktaiactdwar of ssnbenic spiries to

nmenbr anes. 10 an exchanBieN8itb!' B JPHEEAREE WRGhYLa] Nedd¥ibrium

present invention are available fromFi|lntec, a di visi on of Dow
Cheni cal Conpany und&®2 tfﬁ’é'cﬁésl‘ﬁﬁé?ﬁq%)ﬁeé materigd ESBFiNFgé’d‘.“%me@%lVy,
nanofiltration menbrizmdszed Saterjiadftd am idmic mtatei. onHoweeexn, pEverseze in
the range Of dinfdd3s! Gnlefoebfds ] €8 BG &::-,L?fiar BRb¥els OSked Rt 02

[err]m In the present _invention, nanofilfration Is preferred

for pretreatnent of YRAEFSEELLARTIWY of rrakly;iopired material go) i ds of 200

ppm or greater Xhd high percefit hasdbess discéivered ghat7tBe wregeawmiecof due

to cations such as GalaGhYMionized ﬁé‘é’#@ﬂi'%ﬁé@ b?Qﬁxa_t:IEeePé‘éE&I idd ration
0% of the_scal e-

operates to renoveé 50 to 8 ormlrlg precl pitates.
product water purity. However, the

of a weakly ionized material is not removed by reverse

-ionized portion

osmosis, but will pass through the reverse osmosis
20 membrane and re-establish an equilibrium in the
permeate product water f£rom the system. The degree of
ionization associated with a particular equilibrium is,
for reverse osmosis applications, pH dependent. Two of
the equilibriums for weakly ionized material which are
25 important to the chemistry of reverse osmosis and are
very difficult to remove to a low level to provide high
purity water are as follows:
1. Carbon dioxide-bicarbonate-hydroxide

equilibrium
30
CO, + 2Ha0 | Ha0* + HCOJ

- L J + =
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- 12 - Al so, an activated carbon pretreatnent may be
provided to renove a portion of the naturally occurring mat eri al s and
resi dual disinfectant such as chlorine and chl oram ne conpounds whi ch
result from tyg odgshst i ON 5 of ammonia to water to redugerhiseéhasiz

tri hal omet hane | evel s resul'ting fromchlorination and the reaction
of chlorine with organics such as huni ggacid. : In
dei oni zati on, weakly ionized substances are renoved by strong
attraction of an ionic specieg,tOamidhiundEqiAI®IIEnSi te. This upsets the
chem cal equilibrium and forces un-ionized materi al associated with
weakl y ioni zed material to an ionic state_ However, reverse

osnosis which tends to be a rapid procd#g do&Ongt NKZ + OBUupset equilibrium
of weakly ionized material. 15 It has been discovered that the
presence of weakly ionized material has a dramatic effect on

produc'éI wat er pwit\in kauaetebn 2)ethe-smmidmicth eguilfBrium is Aesns Weakly

ionized material is ; ed_Dpy. S | S te WLl | pass

t hrough the reverse %%h;gﬁg%goa? %‘ﬁ#ﬁa’n%’gﬁd Pg?égﬁg%l??s%'asrf é’(fw rium

in the per neatthep hydreridat £en rpraduaed Hysthm repetipny i rapidly

i oni zati on ?ssoci at geplieitedabpaihjestion %fmiﬁliebh'k:tlm s, thel pbn 5. v;ag_\ggr,se

osnosi s application H.dep e equi | briuns r

weakly ionized nat e?ﬁhaall% \ﬂ'%i’cgﬂgr e’tr %r?;?off‘&nf‘&?%"'?%c emi's arcf’ 0

reverse osnpsi stind preduce water pex|ithe fallomMingepgvationy | ow level to

provi de high purity water are asggoﬂ.pva{‘ -+ 2H.0 1. Carbon

di oxi de- bi car bonat e;faydr oxi de . . Jui Li brium 30

Ccgerr] + 2Herr]O ﬁ@ér Femarat, of e BYAnRs: PR fdrees tnis

HCO err] + Herr] O [esuiflibpfium t¢f the |right|] @ddipinating the presence of
ammonia by complete conversion to the ammonium ion. In

15 this situation, the reverse osmosis system will reject
ionic material but will allow ammonia gas to pass
through. A2 an example, at a pH of approximately 9.0,
one mole of ammonia gas is present, in equilibrium, for
each mole of ammonium ion. Since the reversge osmosis

20 membrane will only remove ammonium ion, the remaining
ammonia gas, egqual in concentration to the initial
ammonium ion concentration will reestablish an
equilibrium in the permeate product water from the

. second reverse osmosis unit, significantly decreasing

25 the purity of the product.

For the carbon dioxide-bicarbonate-hydroxide
egquilibrium at a pH of 5.5, significant amounts of
carbon dioxide are present because reducEion of the pH
will add hydronium ions to the solution, forcing the

30 equilibrium associated with CO, and bicarbonate to the
left. The following table shows the effect of pH on
bicarbonate and free carbon dioxide values.
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2. Ammoni um Equi li brium NH err] + Herr]O
‘[err] NHerr] + OHerr] 5° In equation 2, the amoniumequilibriumis
| ess SwB'drhdegsnt at low pH e.g., pHequal to 5.5 beeanmsesisi2

t he hydroxide 1on produced by the reaction is rapidly depl et ed by
injection of the acid to the pH 5.5 value. . 14 - That is, the hydroxyl ion
and hydroniumion react to 10 produce water per the follow ng equation:
Herr]dJerr] + OHerr] [err] 2Herr]O The renoval of the hydroxide
lon forces this equilibriumto tmelrag{a:le el i m nat i rRepldtdver esence
of anmoni a by conpl ete conver5| on t&9%e ammnl umion. 992 15
this situation, the reverse osnBl Gongeptratd ! Fatd
material but wll allow arrrmnlg gas to pars&? through. an exanpl e,

at a pH of appréxl mately 9.0, one of ammonia gas }s present, in
equi librium for each g of ammonigp ion. Since theg reverse
osnosis 20 nenbrane will ojlyg renmove amggni umion, the remaining

amoni a gas, equal in concentre{pon to theg,mtial anmpni um i on
concentration wid!| reestablishgas eq@uio i briumin the perneate
product water fromthe écgond reverMw6Fsnosis unit, silgnificantly
decreasing 25 the purity ob.5he product0.20 1 For the

car bon di oxi de- bi car bonat e- hydPefi de 0.dquilibriumat a¥H of 5.5,

significant anmountsyien the pH is decreased to a value of 5.5, the

15 equilibrium between carbon dioxide and bicarbonate is
such that approximately 1/6 of the material is ionized
while 5/6 is in a gaseous state. At high pH values,
such as a pH of 9.0, the bicarbonate value is 670 times
the carbon dioxide value. Typically, for water

20 supplies, the bicarbonate concentration is less than
200-300 ppm. The value is generally expressed as the
Methyl Orange (MO) alkalinity. Assuming that the pH of
the solution was 9.0 and that the bicarbonate '
concentration of the feedwater was 200 ppm, the carbon

25 dioxide concentration would be 0.3 ppm. After re-
establishment of an equilibrium in the product water
from the reverse osmpsis system, the resulting
bicarbonate concentration associated with CO,
conversion is about 0.4 ppm.

30 It was discovered that a ﬁorticn of unionized
material or weakly ionized material remained in the
permeate after a first pass reverse osmosis treatment
by titrating a sample of permeate. The sample was
titrated using 0.01 normal sulfuric acid solution until

35 a pH of 5.0 was noted. The sample required 2.37 mls to
reduce the pH from 9.12 to 6.50. Calculation indicated
that the calculated volume of acid for this reduction
should only be 1.36 mls. This clearly shows that
weakly ionized material is present. The weakly ionized

40 material remained until the titration was initiated.



Carbon di oxi de are present because reduction of the pH will add
hydroni umions to the solution, forcing the 30 equi | i brium associ at ed

with CJerr] and bicarbonate to the |l eft. The follow ng table shows
the effect of pH on bi carbonate and free carbon di oxi de val ues.
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- 14 - Rel ative Rel ative

HCJ err] CJqerr] - h Concentration
Concentration 5 9.0 61750 1

8.5 220 As the solutibn was titrated, the &dliilibrium wad’

é 7 g;rﬁiﬂ to conver% uneignized,mateééﬁ} in the sample tq? 0
6.0 0.67 ions. The extess acid required overs the calculfté&d

1 andint for thil rtzcular sample was 42. 6¥m§ge£@%rpki's
decreased to a v IuetginS t he g #g I briu et ween car bon di oxi de
and bi carbonat e it Reamice p?‘gx?‘ t‘éWﬂ?‘%@J%PrFﬁgnﬁa‘['%’F?al i's

i oni zed whi I e S6ally ilonizgdscobiset adn. inktrdaay ipHeonduetivity is
such as a pH of 9. Qﬁ@&@é&aﬂo@w ‘EHVE‘EU&ebfaQ&“:ﬁﬁ%catzn %ﬂ&car bon
di oxi de val ue. Typicall for wate ﬁ&E | es, gr onat e
concentration is | esRXeHipPEly un- "286’360“55 al%é"‘i/eﬁ%’é’eﬁegeﬁ‘ér%‘l”l‘jf

expressed as the ‘matedadhyl O ange (M) alkalinity. Assumi ng that the pH
of the sppution was 9. Qﬁﬁﬂp:%ggEthEObéﬁﬁﬁﬁ¥H“n£%s presence often

concentration of the feedwater was g the car bon
results from disinfecting water with chlorine and

ammonia (chloramines) to reduce trihalomethane levels.
However, activated carbon pretreatments prior to
reverse osmosis to remove residual chloramine compounds

15 do not remove ammonia. Thus, ammonia, in gaseocus form,
can pass directly through a reverse osmosis membrane.
The ammonia campléx. even in trace quantities, provides
a reservoir of un-ionized material associated with
weakly ionized ammonia. Thus, for purposes of the

20 invention, it is desirable to reduce the pH to ionize
ammonia to a form which can be removed by a reverse
osmosis membrane.

. In accordance with the present invention,

after the pretreatment, the pH of the feed water is

25 adjusted to a pH in the range cf about 7.5 to 10.5,
preferably 8 to 9.5. Typically, the pH of the
feedwater is adjusted by injecting a solution of
caustic material into line 8 prior to pump 4. As
noted, increasing the pH has the effect of ionizing

30 weakly ionized material such as CO, and thus the ion
form is more effectively rejectable by the reverse
cemopis membrane. Other bases may be used, including
potassium hydroxide, trisodium phosphate, disodium
phosphate, sodium bicarbonate and sodium carbonate.

35 It ié important to adhere to these pH ranges;
Further, it is.important to adjust the pH in the
sequence noted. That is, the higher pH is used prior



25 di oxi de concentration would be 0.3 ppm After re-

establi shnent of an equilibriumin the product water fromthe
;reverse osnosis system the resulting . bi carbonate concentration
associated with CJerr] conversion is about 0.4 ppm 30

It was di scogheslpdolpat a portion of unionized mat er i berR%ecBss Y

i oni zed material remained in the perneate after a first pass reverse
osnosi s treat ment by titrating a saml gcof perneate. The sanple was
titrated using 0.01 normal sulfuric acid solution until 35 apHof 50

was noted. The samulee theqnifed Pevdrdé Dendsis trraﬁ:ﬂ‘&h@l d&\ﬁ&lﬁ:ﬂwﬁ?;’ap 8%12
to 6.50. Cal culation, t the_calcul ated v.ol ume of aci
for this reduction 1d Qggaa% 74 onlth%)rbaef%g Werﬁl%ﬂﬁs@fﬂy shows t hat
weakly ionized matetFgRtRESBEF esent . The weakly ionized 40 material -

remained until the titrati on }@ees r&dj@étﬁ.(il;g the pH of Vﬁegyﬁig:%gteﬁ
PCT/ US96/ 12812 5

sol ution was titrat E§°WRESEq AT i 17 i iRhRRAuced to high gFassuze,ide 12 of
un-ioni zed materi al mrenbrheemmet:m where ithesiodived wexteriadi,dstefuased

over the cal cul atedgggium, 38RIGEs I€r %ﬁ&argigﬁ. Bn S ‘Q@iica,(s%

greater 5 t han that re ul red Qun resent were
totally ionized. A ¥8ilafisi ﬂ%‘i‘%‘és’é‘?‘h (ﬁfﬁd&'@BFVF?? #!sd removedppdongeline
the pH is decreasedléi.ndPeshexie tdrdduced at QbRVpLesdurdlsiidgenhzedgnat eri al

I's converted t@oionhﬁbs?antxafﬁ}efféﬂ of }0ege i s, o%g Jelk respec&féo

amonia, its presence 0 resu rom di sin ng ‘wa
chlorine and SRFLART, (%?ﬁ"%ﬁ%ﬂ'n’ﬁé%ﬁ“taésr guck 24 rmmendge dranet| evel s.
However, activated ddshssopifte apdllEnits highObH! 8nd thus TRAGH t8r86FRStRe! O

renove resi dual Chl@E@gkqﬁeﬁﬁggﬁg”gﬁ;galeous form. Thus, ammonia in the
water is not removed in first reverse osmosis wit 10.

15 Even if subjected to a second reverse
osmosis, the ammonia will pass through the membrane.
However, it has been discovered that if the permeate
from first reverse osmosis unit 10 is acidified, weakly
ionized materials remaining in the permeate, such as

20 ammonia, become ionized. The ionized material is
subject to removal or rejection and concentrated by the
membrane in reverse osmosis unit 40. The concentrate
may be removed aloﬁg line 42,

For purposes of the present inventicn,

25 preferably the pH of the permeate from first reverse
osmosib unit 10 is reduced to a pH less than 7,
preferably a pH in the range of about 5 to 7 with the
most preferred range being about 5.5 to 6.5. It is
important to adhere to these pH ranges. If a pH higher

30 than 7 is used, the quality of the product water from
the second reverse osmosis unit will decrease because
all of the un-ionized material is not converted to
ionized form. At a pH of less than 5, the quality of
the.product_waﬁer from the second pass reverse osmosis

35 unit also decreases. It is believed that this decrease
is associated with the presence of the hydronium ion
which has a very high equivalent conductance.



15 do not renmove amoni a. Thus, ammonia, in gaseous form can
pass directly through a reverse osnosi s nenbrane. The anmoni a
conplex, even in trace quantities, provides a reservoir of

un-ioni zed materi al associated W th weakly i1onized ammoni a. Thus,
for purposes @k, d7ld504s 2 invention, it is desirable to redyggaissgiRia to

Il oni ze anmoni a to a fornlmhlch can be renoved by a reverse

osnosi s nenbr ane. In accordaqge Wi th the present

i nventi on, after the pretreatnent, the pH of the feed mater S 25

adjustedtoalentherangeA(;_lL gggﬂg,cﬂ P 1Qvekdny the pR of' & Ftmeatel O
9.5. Typically, the pH of_the E’ e?:lwater |snr§ad Ss?edoby I Nj ectlr?gea

sol ution of |f6'5‘ﬁ§t EFW&FanT’B“‘P?% unih 10 mpy Bepsed. As
not ed, increasing tiHowsEvexgs itthdsepreferoéd i tmiwEeng meB8Bodwelkt yw:ﬂlanl zed

material such as COglddogiud tt‘ik‘ésmkﬂgm{::ﬂ”amount of Al EE% m%?é:‘?:.ﬁ vﬂﬁél' evely

rej ectabl e by the rever se osSnosSI S nbr ane. ases na e used,
i ncl udi ng 5 potzadiqingieoRBde, TPFl%%cﬁ?ﬂﬂcﬁrﬁé‘pﬁat 13 edﬁ‘%ﬁfcﬁ%ﬂnrange
phosphat e, SOdIdEm bicsai e abtaingdsbg catien hsldlshing @ith a bypass i's
I mportant to adhere e Hi b er t to
a(rzlr})ust the pHin the Jaq&é] sa%i% ﬁgg@%gtleo 2 °¥% e%ghﬁﬂaﬁééi@%a}l?used
pri or WO 979ed5945

PCT/ US96/ 12812 Cation polishing lowerklthe pH by rdmbwiilegy first

reverse 0sSnmosis 6rea§&;g§tsmd a%sh%c,fﬁ\’iﬁr 186k which is° tﬂgeﬂf%ﬁ% ‘}5‘3‘ ug’t

second reverse BenosiE i ng
the pH of the pretr®@nespnt s sbewpesneate of the fdgstcpass ﬁ?‘gﬁrﬂm essure

side 12 of Merddo & ddlch HOrWRELP ddittdiniy abduthyels appm MOFL as

sodium chlori de, Su.{'he cdti%lncaprc: J.rs]g.teg gg ta?:'.l.rlsl Cast‘}%ng acid cation

exchange resin in the hydronium form. As the water

15 passes through the cation polisher, cations
(principally sodium) will be removed, and hydronium ion
released, as in the following reaction:

R-H;0" + Na* - R-Na* + Hj0%
The hydronium ion neutralizes excess hydroxide ion in

20 the first pass product water pH (permeate from the
first pass. reverse osmosis), and eventually begins to
produce product water with a pH less than 7.0. The
cation polisher can introduce more hydrconium ions than
needed, resulting in a pH of 4-5. To minimize this

25 situation, a bypass throttling valve is positioned
around the cation polisher. The valve is throttled
open or shut to adjust the pH to a value of 6.0-6.5,
for example.

Acids that may be used include sulfuriec,

30 hydrochloric and nitric. It is preferred to use an
acid such as sulfuric acid because the sulfate radical
has relatively large ionic radius and is easier to
reject than a small ion such as chloride from
hydrochloric acid.

35 Examples of electrolytic half cells that may
be used are provided in articles entitled "The
Production of Pharmaceutical Grades of Water Using



Wwell as other ions, are rejected and renoved along |ine 16. Perneate
produced at | ow pressure side 14 is 10 substantially free of these ions.
However, as noted . earlier, certain materials such as ammoni a do not
ti sassociate well at high pH and thus pass through the first nmenbrane
in gaseous foumorbkyss. ammonia in the wat er i s not rengwagsokiizghi St
reverse osnosis unit 10. 15 Even if subjected to a second
reverse osnosis, the ammonia will pass flgroqugh the menbrane.

However, it has been discovered that if the perneate fromfirst
reverse osnosi s uni tCom;:.haoaeidéiéxﬁizaummost Reversai asmosbd by |Gary

remaining in the perdre@ag_zisgehafs Ongg -Q;he DgeenEei ok zed.  The

ionized material is ct to renobva rej ection and concent r at ed

by the menbr afdearredia g%’-%s%‘éﬁ%“c?nl(tgnﬁ Pypgegsntrnt 8 may
be renoved along |imglddam E. Ratz, mcorpdi%rtewhaeaeﬁ pz i—&\@ﬁ:ﬁﬁé&nt
PP

I nvention, 25 preferably t f the r.me I rst reverse
osmosis unit 103s reduced toﬂgtgﬂ W%f Frlm' £25] FEFYHER LI9ais

the range of about i@ lomshaé:msted tomi:;t mﬁeadeﬁ!irmme.bamqsabout

5.5:t0 6.5. It is intrdaﬁeeateattﬁe @ﬁxer éé%u&@%éd@"bf%sé fostnd¥is
hi gher 30 than 7 i 5§ uig t he uaI of ”5035 gugt wat er 4’ m -
the second reverse o%Hds*? BRi 15 'FTP gd to unit 4Qy (The

un-ioni zed materi al iichanof weaklytionized materigdi avd ¢omcentyatedHrof | ess
than 5, the qualg tylﬁ resshPé Pi&&'ufd éﬁﬁi %nﬂ‘o%ﬁ‘ Li]Gn?efﬂ{@ 4255 tineer Se

osnosis 35 unit al so ecreases. bel_i.eved t ha hi s decrease

is associated with ﬁﬁb’ﬁ?é?énE@°ﬁFcY}EF?ﬂf dibiid® PofAT 1ine I§,ikar k&r a very

hi gh equi val ent condmtixadeetion to the WrdeedhO48igh purity water is

PCT/ US96/ 12812 removed from low pressure side'4l7a10ng line 486.

The amount of weakly ionized material in the

15 permeate from first reverse osmosis unit 10 can range
from 0 to 20 ppm. As well as weakly ionized material,

~ the permeate from unit 10 can contain ions such as
sodium, chloride, sulfate and bicarbonate. Typically,
such ions are present in the range of 1 to 25 ppm.

20 While unit 10 is shown as a single reverse
osmosis unit, a pair of parallel connected reverse
osmosis units can be used and the permeate from both
units can be combined for introducing to the high
pressure side of unit 40. )

25 Suitable membranes that can be utilized in
reverse osmosis units 10 and 40 are available from
Filmtec, a division of Dow Chemical Company, under the
designation BW30-4040(10) and/or BW 30HR-4040 (40).

Further, while two units 10 and 40 have been

30 shown, unit 10 can be set up in series with the
retentate from the second unit returned and
reintroduced to the first unit to ensure effective
removal of ions. Likewise, unit 40 can be comprised of
two reverse OSmOSis units connected in series with the

35 retentate recirculated to the high pressure side of the
first unit comprising unit 40 to ensure higher levels
of purity where desired.
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Any met hod of |owering the pH of the perneate fromfirst reverse
osnosis unit 10 nmay be used. However, it is preferred to use a
method that will i ntroduce the m ni mum anount of ionic material

whi | e 5 redum ng the pH The pH reduction to the desired range

can be obtai Rg, gation polishing with a bypass Vv alp¥Prsitfibél2

I njection or use 01? an electrolytic half cell. :
Cation polishing |owers the pH by removing _ 4§ _ ions such as sodiumions
which is the primary cation present in the perneate of the first
pass reverse osrmsi S W ClleXwi it ing taaBkal NGhak Otlle H1ka1RRALYDSE

The cation polisher n st acid ca change resin in
t he hydroni um form t%f HVB?%? is %‘trrﬂ'fg‘gs f‘ﬁgbuﬁhgtheze@atﬁp ®fol i sher,
cations (pri gc'lepalery $bdrayn)beliddsiyabilentocdubiect Hyhdr @ermenien

rel eased, as in thefEahl QWi BO16 e85 td Yhs- 11 1d se ratzon step after
R—H[err]CIerr] + %err err R—N%‘?(rﬁ&] B r}f{err The

hydroni um i on néut r XEAYELng, the PH igdc; GRRARLIOBS:  (he first pass
product water pH (perneate frIm admordance wﬂ.i:hsthqbassspmrcsﬁa thenosi s), and
eventual Iy begins tg venuonprﬂdﬂﬁé‘aﬁ% %Inﬁ WeLde &%Ax&%& st Bafcd- O-

The cation poli sher | ntyoduce m)re ﬁdronl um | oNs

needed, resulting i A% BF'gof -¥8 ptraducsd, foi figh poepsuxs ﬁHﬁ gf, of
bypass throttling vgageligqupdsséparetion modular 600d Ihegasiliguigol i sher.
The val ve is t%ott'ssgaratm H6E. 0 614! wefindthusha e RidJiaa ke Of

6.0-6.5, for statmay e use
i ncl ude sul furic, 93931'35%90%? Faxbom, digxifpcand/er | ammpriiae £rem £Beyse
an aci d suchwasesuktbuprovide ca heamentet Hepiatédtn rikisenl has

relatively large io S ﬁf,&a K€ gt EQ%Q a smal |
I on such as chlori dﬂh?:&-i‘giﬂ 31@&?'3 ﬁ oril cQ h}rgroph%ir?%

Exanpl es of el ect roP?FPSah&belfe??ib‘t‘?‘lﬁ’-%ﬂe and/or ppmmendd -ar Fagtodfded in
articles entitlisl "tagbon dioxbieditd/c¥ afinoRhar passutheaigistdes of Water
Usi ng

hydrophobic membrane and in this way at least a portion
thereof is separated from ligquid in high pressure
side 54.

In the present invention, the permeate f£rom

20 reverse osmosis unit 10 can be either basic or acidic
before being introduced to high pressure side 54 of
gas-liquid separation module 660. That is, the
permeate can be introduced to side 54 under basic or
acidic conditions.

25 For purposes of emhancing removal of €O, from
the permeate from primary reverse osmosis units 10, the
pH of the permeate may be adjusted to a pH in the range
of about 4.5 to 8, preferably 5 to 7.5, where CO, gas

- is more prevalent before being introduced to high

30 pressure side 54 of hydrophobic membrane unit 60 to
ensure the highest level of CO, removal. For purposes
of erhancing NH4 removal from the permeate from primary
reverse osmosis unit 10, the pH of the permeate may be
adjusted to a pﬁ of 8 or greater, e.g., 8 to 11,

35 typically pHE in the range of 8 to 10 prior to being
introduced to high pressure side 54 of hydrophobic
membrane unit 60 to ensure highest removal of NH;.



WD 97/ 05945 PCT/ US96/ 12812
- 18 - Conti nuous Dei oni zati on Post - Reverse Gsnosis" by Gary
C. Ganzi et al and "State-of-the-Art of the El ectrodi al ysis Reversal
*(EDR) Process In 1983", by WIlliamE. Katz, incorporated herein by
r ef er ence. WO 97/0594 After the pernmeate fromfirst revRassogsiEesi S
unit 10 is ad] ustec?%o the required pHrange, it is I ntroduced to the
hi gh pressure side of reverse osnosis Unigteg 40 or is re-pressurized
and fed to unit 40. The ions of weakly ionized material are
concentrated in 10  high pregsumaysbédedédisliie dnncettainninstacel’ to
Li ne 42 may b, LGy uga&ggha&%'a&nﬁrﬂeg 88 5b3108] Ifhar is, the
fromTow

i ntroduction to the process. uri
pressure side 44 al orfgi-#ﬁtnéllfiG‘OP ic mémbrane canl'lhévsrrﬁhﬁtl’%fa@m&%d to

ionized material in tgimi%e I%%”E&&Gvéioaf ¢c§ I &3S R O3 NORd Srdtifd k0

can range fromQ to 30 ppm wel | akl'y .ioni zed naterial

the perneate from unit*21F% 5con'tr§?ns?8?l‘§d °&'§1 ic membyape fan haye de,
sul fate and bi car bonattee pH/ pifc #hkyretentate sfrxm ithes £irst phydesphobid he
range of 1 to 25 ppMyepdllane ad usted Wi Faiip) te 10 '535219%@5:&54 W 3

reverse osnosi s unit, a araIIeI connecte rever se

osnosi-s units can be P ak® tfﬁg°ﬁe‘F feave! (9% fHoons- Therepfyer.c fheg@H
conbi ned for introduamiHeo reitenbatia £rom therm=s=unde hyddephébiminentirane 25

Sui tabl e nenbra tmp;itcml})seuswzegd'eb apidic B ERAECOR Tl Wil 10

and 40 are avail abl e division o
Conpany, under the £or fesdsitgngereRdRess ARNRTAD CEMAFLF Wt 40. The

gOHR— 4038( 40) 3 order of remEﬂiﬁbeco vdnd eNH ol siebard e diyirbbronie
een shown, CéannQ@ ur n%t]jp %&gée%s :.W E %%ngeaate frcHn the

retentate fromthe secon uni t |ntr
first unit to ensure HHscFaps reverserems&r |b6ﬁ‘sa PagiciRR. (FRES 40
can be conprisedt®f avoids awatepvefSpHasamipwlatiions connected. in series

with the 35 retentate reciggUlaledehg Ld¥e UOlkelcSas EE Skl iaidiiae

and/or ammonia through the membrane is depende_nt': on the

rate of migration of the carbon dioxide or ammonia to
the membrane surface pores, it is preferred that liquid
20 baffling or mixing action be applied to the liguid in
high pressure side 54 to continually provide or contact
the membrane surface pores with new or fresh liquid.
Additionally, an inert gas sparge, e.g., argon, may be
applied to provide stirring and provide a £ine bubble
25 surface into which carbon dioxide or ammonia can
migrate. The argon sparge may be removed through the
hydrophobic membrane carrying with it carbon dioxide or
ammonia occluded therewith.
For purposes of removing carbon dioxide or
30 ammonia that has permeated membrane 62, a nitrogen
purge or sweep that removes carbon dioxide or ammonia
ffqm the surface of membrane 62 in low pressure side 64
may be employed. It should be understood that permeate
side or low pressure side 64 of membrane 62 is free of
35 liquid and thus permits a gas purge. Liquid on the
permeate side is harmful to the present invention
because it can interfere with the hydrophobicity



first unit conmprising unit 40 to ensure higher |evels of purity

wher e desir ed. WO 97/ 05945

PCT/ US96/ 12812 - 19 - : In
certain-instances, when the alkalinity of the feedwater is extrenely
high, e.g., 20§ Pely greater, it may be desirabl e ppreydnest the
per nmeat e romunit 10 to a gas-liquid separation step after S
reducing the pH to acidic conditions. I n accordance with
this aspect of the i nvention, per meat e }r om primary reverse osnosis
units 10 (Fi ahagictérwu@aw%dnmﬂahahsm esmaxéé @R sadvahtage

gas-liquid separation nodul e as: l.i g separ at,i.on, nodul e 60,
a. menbrane 62 is pr8 Iagan*:ﬁ:,.m.ng ﬁqq?a) #‘ﬁglf’“ep’é?ﬂ Fige &8 ER%/ or
amoni a fromthe fluctuationtor pharngte in peessutre. defiiit ¢k i n t hese

mterials. Nenbrane gk sufalif AMNGARIOLARCISEe of AL HRAMLEREY car bon

di oxi de and/ or anmoni a arbqgn di oxI de anmoni a pass
through the 5 hydr ophobi TR% SR arfe Sarnd PRETPEPR . \PRTER “P’é’a?@ a portion
t her.eof is separat edntiredueedqualiong lixgh 68r anduremoved alongldiné 68 for

[0 the present | nveqkidBaehNSs PEhEAfy 'da¥on B00xidf Sl SIS o Lhe 10

can be either basic~or aci elng 1 ntrod

pressure side 54 of Pemeategaéd?uﬁ%@%mbmlan nbRuFhke @resentat is, the
per meate can be int iatenesiohp it dis Prefedaiedd2si mattitain the Piedisdre in

condi tions. 2.!.% low ngsluEQrs:P&g RS &t %oﬁ@hﬁ%b%éﬁ@‘ﬁ%s%ﬁ‘éq err]

from t he perrrea romprimry reverse osnosi s uni t
pH of the perneate H@isbbagdbhetadvantage)of greptly spgeending membrane
life.

As a further aid to removing carbon dioxide
or ammonia from liquid in high pressure side 54, low
15 pressure side 64 may be subjected to a vacuum. The
level of vacuum applied should be just less than that
which will remove carbon dioxide or ammonia which has
passed through the membrane, increasing the driving
force for the removal. That is, vacuum level should be
20 adequate to remove carbon dioxide and/or ammonia gas
and yet sufficiently low to avoid pulling water through
the microporous gas-liquid membrane. For purposes of
design, the membrane is preferred to be located so as
to minimize the static pressure or intrusion pressure
25 exerted by the liquid. '
Any type of membrane that resists penetration
by liquid on the high pressure side and which is
permeable by carbon dioxide and/or ammonia may be used
for hydrophobic membrane 62. While hydrophobic
30 membranes with high resistance to intrusion pressure
are preferred, the membrane should exhibit a porous
structure which permits contact with the liquid and
passage of the gases such as carbon dioxide and
amppnia. Hydrophobic material useful in the invention
35 is that having a contact angle with water of greater
than 90°. 8uch hydrophobic materials include

polyoclefins, fluorine resins and chlorine containing



*of about 4.5 to 8, preferably 5 to 7.5, where CJerr] gas IS nore
preval ent before being introduced to high 30 pressure side 54 of

hydr ophobi ¢ nmenbrane unit 60 to ensure the highest |level of CJerr]
‘renoval . For purposes of enhancing NH err] renoval fromthe perneate
fromprimry woormesess€VErse osnosis unit 10, the pH of the peAEdER28IRY be
adjusted to a pH o? 8 or greater, e.g., 8 to 11, 35 typically pHin the
range of 8 to 10 prior to being introduged to high pressure side 54
of hydrophobic menbrane unit 60 to ensure highest renoval of

NH err]. W OO WA icone resins; polysulfone and polyphenylene

PCT/ US96/ 12812 sulfid Materials su%table for'%%e h dro%h ic
It may be desirable Tn ceértain | nstanc rophobi c

menbranes in seri es.memirane incjade teflonfg (P@Y#ﬁﬁcﬁ%ﬁﬁﬁsme %m)e: can
have the pH adjuste %?sulphene,”?&l?héﬁyi@@éréﬁﬂ“ﬁﬁlyQﬁn§£i&éﬁl , £PudiriaddH

i n the range of The dr.ophobi_¢ penbr ane, cap have
the pH of the retentth® IT’F%%?W% F‘PF?F"T‘@ is eoppTige ed of
adj usted upwardl y, eteflomplbacausecofadye hing resistanceotdéOintoustawror

removal of NHerr] ?ﬁém%ane E?e pﬁ& :.nttus;di‘xf g&@ﬁsﬁ?&eﬂéaﬁ £ om

the second hydropho uni t usted_to acidic or

neutral conditions the Preggjre é@dbﬁo%%%?me dﬁé%@ﬁe?é@%@n&?@%ﬁh%o.
The or der ofmémmen.g @®drepurpends \bf elrhe] prieseapataventi/oki opiwhis

menbrane units y gggg fd pass
reverse o0snDSI sfqlo %ﬁt ae;dlagzﬂﬁsl E'?EI 2ya &avm S a Stlé?)v%fa 2
mani pul ation. - si ze in the ’BEQ&UEE P RS &R & of HBenpdaPUBPCES! bon

di oxi de and/nd t &N Fudh agUBlibropFlétien iy bedapeddeo:r €e t he

rate of mgration Ofméﬁ?% bon di oxi de or anmonia to t he nenbrane

surface pores, it is preferred that liquid
- In the method of the invention, carbon

15 dioxide can be reduced from about 0.5 to 20 ppm to a
level of about 0.1 to 0.2 ppm if ingtalled downstream
of pH reduction.

After carbon dioxide and/or ammonia is
removed in unit 60 to the desired level, retentate from

20 high pressure side 54 is then transferred along line 33
to high pressure side 30 of unit 40.

The following example is further illustrative
of the invention:
Example

25 Samples of feedwater having a pH in the range
of about 9 to 10 were processed in accordance with the
invention. In the samples, the TDS was measured before
the first pass reverse osmosis and the TDS and the pH
were measured for the permeate from the first pass

30 reverse osmosis. The pH of the permeate was adjusted
as noted for feed to the second pass reverse osmosis.
The conductivity is provided for the permeate or
product water from the second pass reverse osmosis.
From the Tab;e; it will be noted that when the permeate

35 from the .first pass reverse osmosis was adjusted to an
acidic pH, the conductivity of the permeate or product
water dropped to less than 0.2 microsiemens/cm (pS/cm)
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20 baffling or mxing action be applied to the liquid in hi gh
pressure side 54 to continually provide or contact t he nmenbrane
surface pores with new or fresh |iquid. Additionally, an inert gas
Sparge, e.g., argon, may be applied to provide stirring and provide
a fine bubble urface into which carbon dioxide or anﬁegh

mgrate. The gpﬁ%ﬁE%Enge may be renoved through the y r%bﬁo %c
menbrane carrying with it carbon di oxi de or anmoni a occl uded

t herew t h. For purposes of rgﬁDV|ng car bon di oxi de or

30  ammnia that hagper gBaigds PREb N Gulatet BhbhOSED megotm-cnll 88 OF

sweep that renoves carbon di oxi e or anmipni a % surface of
menbrane 62 in | ow pP@SEuPATRLGe BhRe permeatefrop. tAfFixAN PasE IR¥EFASpe
under st ood that pernmezmesis was asidibfisd [bywagdddagucetiongdidshfingenbr ane

6215 free of 35  1rauld agdnbilis Ndild $ndedas BHE G idldlrdaglq! Ne

pernmeate side is harnful to the esent 1 nven use It can
interfere with tffe hPedeph8bPei the conductLVﬁﬂm Q?FGGQESF 5150- sample 10
PCT/ US96/ 12812 shows that as the pH is increaséd above 6.5, the

?:har acteristics of ond%rc'%:.gztyAQ % e&sedsl sadvant age of mai ntai ning
iquid in the |ow pressure Side’is fluctuation or change in
pressure. This is particul arly hazardous to the life of the

menbr ane. 5 The gas, e.g., nitrogen, purge may be

i ntroduced along line 66 and renoved along |line 68 for ‘pur poses of

sweepi ng carbon di oxi de or ammonia fromthe perneate side of the
menbrane. I n the present invention, it is preferred to maintain the
pressure in 10 | ow pressure side 64 at about atnospheric pressure.

This has the advantage of greatly extendi ng nmenbrane
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Fife. As a further aid to renoving carbon dioxide

or ammonia fromliquid in high pressure side 54, low 15 pressure side 64
may be subjected to a vacuum The | evel of vacuum applied should be
just less than that which will renove carbon di oxi de or anmoni a

whi ch has o ofesLd_through the nmenbrane, increasing thepgfjyNdeidsiz
force for the YRAbval, That i's, vacuum | evel- shoul d be 20 adequate to
renmove carbon di oxi de and/ or ammoni a gas - 24 and yet sufficiently lowto
avoid pulling water thrgpuph the m croporous gas-1liquid nenbrane. For
pur poses of desiyl the nenbrane is preferred to be located so as

to mnimze the static-pnessure g mrusi on Pr nwexerted by the
| i quid. P n;'g yp§ %Méﬁgﬁ'ﬁ%&f% ge'?net ration

by liquid on the high su;raa ls8ds Satiek Mht 6o irBo © © 1n o P&s BRADI e by car bon
di oxi de and/or ammoni a be used for hydrophobi c nenbrane 62.

Wi | e hydrophobi c nbranes with high resistance to intrusion
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pressure arg red, the nenbrane shoul d exhibit a porous
structure which p%rg,ga ntact wwth the liquid and passage of the
gases such as carboms ij'a de and ammpni a. Hydrtgahol:l)‘j‘c mat eri al
useful in the invelfy & g 35 i'sﬁba:tsnm\mmgnaaembac 3ra-glne-;vm'th wat er of
greater t had g ]miulghrh%@beb&m@&&i%&él&hu@e
pol yol efins, fluorf@e8R& ns' and™chl ori ne cont ai nihg WD 97/ 05945
PCT/ US96/ 12812 22u8 - 22 - resins;
silicone resins; pol ysu‘ff ne and pol yphenyl ene sul fide. Materials
suitable for the hydrophobic menbrane include teflon (polytetro
fl uor oet hyl ene), » | ysul phene, pol yet hyl ene and pol yvi nyl i dene
fluori de. 0
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5 The preferred material for menbrane 62 is conprised of teflon

because of its high resistance to intrusion or perneation by water.
,By intrusion pressure is neant the pressure to be overcone to force
I|qU|d through the menbrane. For purposes of the present invention,
it is {sed t hat the hydrophobi c nenbrane have ap@EQUD612812
size in the range of 0.05to 1.5 [err]m A support mat eri al such as
pol ypropyl ene nmay be used for the nmepbsane. In the
nmet hod of the invention, carbon 15 di oxi de can be reduced from about
8-5 t? 20 ppmto a Coh lev?ﬁiﬂ tHodhventiba Rasg lg?.:ﬂléedc&%béw ed |
ownst r eam o] uct i er,_carbon xi de
and/ or anmmni a is tems' gnﬁ}% ’fﬁfq.uﬂmpc’gﬁ‘mfﬁtfheﬂa%scf]rw gthent ate

from 20 high présgete erdeiﬁﬁhndﬁdIﬂ@nBPPQNPﬁEFrQEhQﬂ(ﬁﬂ?OHPNGnBS
to high pressure siggi3f @Llﬂ”&itﬁ%h the spirit of the iktRrftdlnQw ng exanple

irs further illustrative of the invention:

Exanpl e 25 Sanpl es of feedwater having a pH in the range

of about 9 to 10 were processed in accordance with the invention. In
the sanples, the TDS was neasured before the first pass reverse
osnosis and the TDS and the pH were nmeasured for the perneate from
the first pass 30 reverse osnosis.. The pH of the perneate was adjusted
as noted for feed to the second pass reverse 0osnpsis. The
conductivity is provided for the perneate or product water fromthe
second pass reverse 0sSnosis. Fromthe Table, it will be noted that
when the perneate 35 fromthe first pass reverse osnbsis was adjusted
to an acidic pH, the conductivity of the pernmeate or product

wat er dropped to less than 0.2 mcrosienens/cm ([err]S/cm WO

97/ 05945 PCT/ US96/ 12812



- 23 - or aresistivity of greater than 5.0 negohmcm In

each sanple, the perneate f ' S reverse osnosi S was
.acidified by adding cation I)ﬂ!lm i"1 Iﬂﬂ']llmﬂ Sanmpl e 9 shows that
*Det OW o.M, s

as the pH is decreased 5 conductivity increases. Also,
sanpl e 10 oosB@Ns that as the pHis increased above 6. perfibernasia
conducti vi ty“{ncr eases. WO 97/ 05945

PCT/ US96/ 12812 - 24 - [grl WD 97/ 05945
PCT/ US96/ 12812 - 25 -

Wil e the invention has been described ing 1, a T stegnms of preferred
other enbodi ments 1 Capi ch PEPTORR (T TG TTSRe, PER ik AR
dissolved materials therefrom, the process capable of
producing purified water having a resistivity in the
5 range of 4 to 10 megohm-cm, comprising the steps of:
(a) providing a water feed stream to be
purified; ) '
(b) adjusting the pH of the water feed
stream to a basic water solution to drive an

10 equilibrium of a first weakly ionized material to
become ionized in a basic sclution;

(¢) introducing said basic water solution to
a high pressure side of a first reverse osmosis
membrane module;

15 {d) passing water through said first reverse
osmosis membrane to provide a first retentate having
ions therein from said first weakly ionized maéerial
concentrated therein and a £irst permeate depleted in
ions from said first weakly ionized material;

20 (e) adjusting the pH of said first permeate
to an acidic water solution to drive an equilibrium of
a saecond weakly ionized material to become ionized in
an acidic solution;

(£) transferring said acidic water solution

25 to the high pressure side of a second reverse osmosis
membrane; and .

(g) further purifying said acidic water
solution by passing at least a portion thereof through
said second reverse osmosis membrane to provide a

30 second retentate containing ions of said second weakly
ionized material icnized in said acidic solution and a
second permeate, the second permeate having a
resistivity in the range of 1 to greater than 10
megohm-cm.

35 2. The process in accordance with claim 1,
wherein the first weakly ionized material is carben

. dioxide.



WO 97/ 05945 PCT/U896/12812

£0r26p;1ri fying water by renoving. ““Illﬁ“w Immlmﬂgllmt eri aI s t her ef /rA\oPnr Ofﬁzs

process capabl e of produci ny purifi & hat®r having a resistivity in
t he S ranggudrudeds0 10 nmegohimcm conprising the steps of permsosnasiz

(a) providing a water feed streamto be purified;

(b) adjusting the pH of the water feed .Syeamto a basic water
solution to drive an 10 equilibriumof a first weakly ionized materi al
to becone ioniged in a haw proekib 28, accordance with claff)i,

I ntroduci ng said baS|‘&le\/\/ati%r %I ution.to dg Qr essEre side of a
S g feshEa Hanrhy Lofieed nalelial £y fpimertls.

first reverse osnosis ng
wat er through said fi4ét rever $he procesgsimsiecomstancanwith plaimdk, a first

retentate havi ng :.nc]!ﬁl%gt Barje;ls%iizgoemapﬁ d# e WodllwitbPNtd€d pH in
mat eri al ncentr at ed theégrg ;lrst pernmeate depleted i'n
ions fromsaid f| st %Iﬁﬂ}’q d m'i?e?'Pa 20 (e)

adj usting the pH of said first Ther pratess in acdardmmcacwdith whéim ol ution
to drive an equilibriieiaing aajuatiﬁgoeﬂevwkézf EH&”'&@QWH@LWW‘ alfh in

becone ionized in an acidic sol ut|o
transferring said acitht SARE8 °%oBufPoll+525 to the high pressure side of
a second reverse 0osSno&d S Thenprasessaim accordance with clé&im Ifurther

purifying said agpdi C:.Mﬁing adjusi®hy! LAY PN PASTHIEi3kt! f8shefe &Y ion

t hereof through said Second reverse osnosis menbrane”to provide %
30 second retentat PER z%eﬁlsné"hﬂ}ng of said second weakly i oni zed

material ionized in spjd aci di ¢heobitbreBsaifl #ccordance with claim 1,
including adjusting the pH in the range of 5 to 7.
8. The process in accordance with claim 1,

15 including adjusting the pH in the range of 5.5 to 6.5.
9. The process in accordance with claim 1,
including adjusting the pE of the water feed stream by
adding a hydroxide material.

10. The process in accordance with claim 1,

20 including subjecting said water feed stream to a
nanofiltration step prior to said adjusting sﬁep.
l1. The process in accordance with claim 1,
including adding sulfuric acid to said first permeate
for purposes of adjusting said pH to provide said

25 acidic solution. .

12. The process in accordance with claim 1,
including the step of adding said first permeate to the
high pressure side of a hydrophobic membrane to provide
a carbon dioxide and/or ammonia depleted retentate.

30 13. The process in accordance with claim 12,
including adjusting the pH of said carbon dioxide
and/or ammonia depleted retentate to an acidic water
solution for transferring to the high pressure side of
said secogd reverse osmosis membrane.

35 14. The process in accordance with claim 12,
including adjusting the pH of said first permeate to an
acidic condition prior to the step of adding said first



Second perneate, the second perneate having a - resistivity in the

range of 1 to greater than 10 2. The process
dn accordance with claim1, _ ﬁ“mglmmm weakly ionized materi al
I s carbon di oxi de. ; [ 0bo45 s '« -

PCT/ US96/ 128140 o7/05945 _ _ - 27 - PCT/US9612812

The process in accordance with claim1, wherein the second weakly
ionized material is amoni a. 4. ZEﬁe_ process in accordance
with claim1l, i ncl udi ng adj usting the pH of the feedwater to a pH
in - 5 the range pérmedtd @cl@he high preséure side oENgaii Ohf&forHbbic
accordance with clai rn\énbrane I ncl udi ng adjusting the pH of the
feedwater to a pHin ‘the range of 8 to 9.5. 6. The

process in accordancey th cl aidmprocesgoforprrifying watest byigremaving of

the first perneate tqwssolvea nﬁfde&&ah.ﬁsﬁhéf’é’tk&n the proéess ca abld'%s
process i n accor nce V\A

yst | e pH i n
the range of 5 to 7. P¥° ucu’é? Pur]if"edTﬂ%tﬁf (r}l%‘ﬁ‘g‘q % &'EJE&FH Wg i FRS ai m
1, 15 i ncl udi ng achngs i0f) 4 t® PP megoim-cmge grfeake®,t coliptising the 9.

The process in accord@gg‘es Wd.h claimi1l, -includi ng "adj usti.ng the pH
of the water feed stream by add hydrOX| de materi al

10. The process in accorcfé'ﬁcePﬁPﬂHdH‘%ﬁn’Tter Fged Fﬁﬁ?m|%be

subj ecting said wat erpumsicfiest;reamto a nanofiltration step prior to
sai d adj usting sjep. 11.(b) adj ;Egewgoa?é%fn BEAERA! JAPEE #hdd Claim
1, I ncl udi ng addln sulfuric . aCid to saldfirst perneat for
purposes of adj usti nPEEadR }? o D3EdGi Hatengplution having a BH in the

range of 7.5 to 10.5 to drive an equilibrium of a first
weakly ionized material comprised of carbon dioxide to
become ionized in a basic solution;

15 {c) introducing said basic water solution to
2 high pressure side of a first reverse osmosis
membrane module;

{d) passing water through said first reverse
osmosis membrane to provide a first retentate having

20 ions therein from said first weakly ionized material
concentrated therein and a first permeate depleted in
ions from said first weakly ionized material;

(e) adjusting the pH of said first permeate
to an acidic water solution tb drive an equilibrium of

25 a second weakly ionized material comprised of ammonia
to become ionized in an acidic solution;

(£} transferring said acidic water solution
to the high pressure pide of a second réeverse osmosis
membrane; and

30 (g) further purifying said acidic water
sclution by passing at least a portion thereof through
said second reverse osmosis membrane to provide a
second retentate containing ions of said second weakly
ionized matgrihl ionized in said acidic solution and a

35 second permeate, the second permeate having a
registivity in the range of 1 to greater than 10
megohm-cm.



25 acidic solution. The process I n accordance with

(k:l: Sihmprlessure si dleng:‘ ugl Rgdﬁ gghiﬂmu'ﬂIMNMMﬂmFou (rjzt Pet meat: E:gr E)gﬁ

di oxi de and/ or ammoni a depl et ed r €t efit ate. The process in
accordance W {j3) ¢hoddsd 12, I ncl udi ng adj ustl ng the phh@fusvehsbigar bon
di oxi de and/or ammoni a depleted retentate to an acidic water
solution for transferring to the high pressure s de of sai d second
reverse osnosi s nenbrane. 35 14. The process in accordance with
claim 12, i ncigdi ng adjpust b%cbbs Phl &dedriathclel WEthPeLABAtEs S O an
S;}ggg4gondltlon prlOrhéé%%ﬁ“%&itegagicagg L éié%fl rgffzglgﬂ in é%% range

- 28 - per reaf eB t&p thé.hi gh pressure side of said hydrophobic
nenbr ane. 15.17. A @r asfsoeopulsﬁﬂmg/%earbsyrewmgg

pUr i 1 6d vt et hati g LPfEia ARtRFLas, Faererion,” the progiss Frpapis St
megohm cm or gr eat er , prodpeingg pyrtilfded water havipwy @f resistivity in the
(a) providing a water ;.?&éj i £y tl@ Rggohm-cm o Yraited), coxgﬂpisin the

(b) adjusting the p he Wat er streamto0 a basic ter
sol ution having a pH Pﬁeﬁ‘ﬁé’ range of 7.5 to 10.5 to drive an
equilibriumof a first (s ak pyovddiag da v terx zfleedospréandtos)fbaar bon
di oxide to gﬁgﬁf &V zed in a basi. c sol ution; '
(c) introduci ng sal asl c vvater soluytio ressu‘;e si de

hi
of a first reverse osnosi s ()  pddyeL Egn%%@{ of the %atgr fee

stream to a basic water solution to drive an
equilibrium of a first weakly ionized material to
become ionized in a basic solution;

15 {¢) introducing said basic water solution to
a high pressure side of a first reverse osmosis
membrane module;

{d) passing water through said first reverse
osmosis membrane to provide a first retentate having

20 ions therein from said first weakly ionized material
concentrated therein and a first permeate depleted in
ions from said first weakly ionized material;

(e) adjusting the pH of said first permeate
to an acidic water solution having a pH in the range of

25 5 to 7 to drive an equilibrium of a second weakly
ionized material comprigsed of ammonia to become ionized
in an acidic solution;

(£) transferring said acidic water solution
to the high pressure side of a second reverse osmosis

30 membrane; and

(g) further purifying said acidic water
solution by passing at least a portion thereof through
said second reverse osmosis membrane to provide a
second retentate containing iona of said second weakly

35 ionized material ionized in said acidic solution and a
second permeate, the second permeate having a
resistivity in the range of 1 to greater than 10



(d) passing water through said first reverse osnosi s nenbrane to
provide a first retentate having Eﬂ‘“la ‘HEMHN fromsaid first
weakly ionized materi al : cohc and a first perneate
depleted in ions fromsaid fifst" weakl y ionized material;

(e) adjusting tWeotkogd said first perneate to an aci d-mnmlmn
solution to drive an equilibrium of 25 a 'second weakly ionized

mat eri al conprised of ammoni a to becone Bgnized in an acidic
sol ution; (f) transferring said acidic water solution
to the high pressure sm#gobm-aemsecond reverse osnosis menbr ane; and

30 (9) funtgher purigyd {iﬁré@é& G %eomﬁge with cla%m 4k, on by

passing at |east a portion thereof sai d second reverse
osnosi s nenbrane to prdRegeiy the pH °€e&ﬁ1&9’@t‘é’nf’§f‘€rcﬁ)‘?&“&’ﬁﬂ%&ﬁ ons of
said second weakly ma:.ntaﬁmedeﬂn rmtﬁngé ofoisi.5edtoi 8.5ai d aci di c sol ution

and a 35  second pgigeate, % tﬁoe[ ﬁ%&%ﬂﬂ&'ﬂ&&&y removing .

resistivity in theTangé ‘of 1 to
WD 97/ 05945 dissolved materials therefrop@;-r}:@gmqg{ﬂsg capable of

- 29 - 16. proﬁﬁelﬁﬁoﬁﬁﬁfiéﬂ amzdm:zw ahzeéiaéﬁmvla.iy :..n t:he
wherein said basic water _solu bl o B2 209€ sina b
9.5. 17. ﬁaﬁ‘ggcgss f%?a%%rmé) ANy vvafergﬁ F%’F(D\ﬁwr" mg e

di ssol ved material s th@&tepPsorE:t he process capabl e of pr oduci ng

purified water hadighg a resistiviiy igrddiing a watb2N8fedistirddin X be
megohm cm or greater, corrgrfl si,ng the steps of:

(a) providing a wat er é‘F éamto be
(b) adjusting the pH of the water feed

stream to a basic water solution having a pH in the
range of B to 9.5 to drive an equilibrium of a first:

15 weakly ionized material comprised of carbon dioxide to
become ionized in a basic solution;

(¢) introducing said basic water solution to
a high pressure side of a first reverse osmosis
membrane module;

20 (d) passing water through said first reverse
osmosis membrane to provide a first retentate having
ions therein from said first weakly ionized material
concentrated therein and a first permeate depleted in
ions from paid first weakly ionized material;

25 {e) adjusting the pH of said first permeate
to an acidic water solution having a pH in the range of
5.0 to less than 7 to drive an equilibrium of a second
weakly ionized material comprised of ammonia to become
ionized in an acidic solution;

30 . (£) transferring said acidic water solution
to the high pressure side of a second reverse osmosis
membrane; and

(g) £further purifying said acidic water
golution by passing at least a portion thereof through

35 said second reverse osmosis membrane to provide a
second retentate containing ions of said second weakly
ionized material ionized in said acidic solution and a



10 purifi ed; (b) adjusting the pH of the water feed

streamto a basic water sol ution to equi libriumof a first
weakly ionized material to "["Q“‘IHHH "lllLa basi c sol ution;
a erss ' '

15 (c) introducing sa| gi € twa tionto a high
pressure side ph ofndoid St reverse osnosis menbr ane noGdrRiseen2812

(d) passing water through said first reverse osnosi s nenbrane to
provide a first retentate having 20 ions_tferein fromsaid first
weakly ionized material concentrated therein and a first perneate
?el)ol eged itn . HI Q}?éoﬁd?ﬂéﬁi’éﬂ:él ltHe \eealsha p@ﬂh?ﬁh MR ol §ﬂ

e) adjusting the pH of sa 0 a aci di c ywater

sol ution having a pH FR® f"ﬁ %#‘P@ei’bf € rzgge 8f:3 "7°t%r ﬁﬁl i brium

of a second weakly  megohmiemized materi-al conprised of ammnl a to becone

i oni zed in anzgcidic sofpitg %ocesa for purifying d fWatlerdRabgrring
said acidic water solutlon essure side of a second

hi
reverse osnosis > 308% mb‘?%r?ée““&ﬁd’g %“”gveg materialy Bherefrm,
purifying said acidi c:.nal.eding weaklywdlamized bytenisl upixig Irevelrse pmbéim

t her eof through
ereof throug fles £CQEY R0 o5 fé:ﬁ%ﬂé@n@?&&?ﬂ

second retentate contalnln ons of “sai . d secon ni ze
material ionized in s‘é{f“ﬁeﬁg?ﬂ?{:“%cﬁ (RePLANAtY in the r%rﬂf fettRedPe, the
second perneate havi njegohm-cm, the Singiriovietngntnwhémeirmnge of 1 to greater

EE??Ué86/12812 10 WO 97/059@5 the water feed stream is provided as a
basic water solution to drive an equilibrium of a first
weakly ionized material to become ionized in a basic
gsolution;

() introducing said basic water solution to

15 a high pressure side of a first reverse osmosis
membrane module;

{c) passing water through said first reverse
osmosis membrane to provide a first retentate having
ionsz therein from said first weakly ionized material

20 concentrated therein and a first permeate depleted in
ions from said first weakly ionized material;

(@) agdjusting the pH of said first permeate
to an acidic water solution to drive an equilibrium of
a second weakly ionized material to become ionized in

25 ’an acidic solution;

({e) transferring said acidic water solution
to the high pressure side of a second reverse osmosis
mexbrane; and

(£) further purifying said acidic water

30 solution by passing at least a portion thereof through
gsaid second reverse osmosis membrane to provide a
second retentate containing ione of said second weakly
ionized material ionized in said acidic solution and a
second permeate, the second permeate having a

s resistivity in the range of 1 to greater than 10
megohm-cm.

21, The process in accordance with claim 20,



-~ 30 - megohm cm — I8 The process in accordance wth

claim17, wherein the pH of solution is
IIB-I ntained in a range of 5.5 to 6. 5] [! mﬂﬂﬂ/ mml A process for
purifying water by renoving «lals therefrom the

process capabl producing purified water having a g, y in
the ‘ﬁ&g’f”éﬁ?"i to 10 nmegohmcm or greater, conprisi ngcﬁﬂis?&iz\éi}

st eps of: 10 (a) providing a wategr .feed streamto be
purified; (b) adjusting the pHA°of the water feed

streamto a basic vat ghegakiH! tRE fﬁ’&é‘%l&? 30niR8a material AW eaGhol [0
9.5 to drive an equilifri ug} of a first weakly ionized nateri al

conpri sed of carbon d B3R beconme ionized in a basic solution;
(c¢) introducing said RB&sic vvat eThe @nocens tin accordanee hwith wledsi2e,si de

of a first reverse osgy F%iPlthe se 'ﬁﬂgilqughgzed mg{érﬁ%} is apmon&g)

passing water through sa rst revers
provide a first ré&t endte havi ngpe P‘-"°°°5ﬂ GPS“FH@F@M"%M%QJGIM RS

weakly ionized mat erl a.hcluding ad Pty aﬂmphheusetneaﬂde&wataézsttopar imas.ﬁ

depleted in S f red kl'y i onized materi al;
(e) adjusting the pH %% Sal gLflg#i gerrré'\zg‘fé% . to an aC|d|c vvater

sol ution having a pH R#&-t he ran'ﬁ%edfr“’e“ in gcgordanpee witln#laimo2@ri ve an
equi librium of a secodgicluding adfiddihg WheZ o BE! EheofesdWitiersed af pH in

anmonia to beco he ra_gggvéfi éq:arb %m di ¢ solution; 30

(f) transferrlng sal(':l"am <017t "on tothe hi gh pressure
si de of a second reveR®e osnosiThe procesmémb#&ﬁerdanae with claim 20,

(g) further purifyi ngiaanddaﬁgda&gmiq{g the pH ifiOkHE Pdndl dEFASSitR]7at
| east a portion thereg

t hr oug I,d second_reve
menbrane to provide a hs%%rﬁchtﬁs(?nt"gt L atsictile-imilg n‘bfﬁenoﬁéng'fn zal d
second weakly inghndingnedivsting dhie; pH in thedrardeliaf Soluteofi-and

a 15 27. In a process for purifying a water feed
stream by removing dissolved materials therefrom,
including weakly ionized material using reverse'osmosis
membranes,  the process capable of producing purified
water having a resistivity in the range of 4 to 10

20 megohm-cm, the improvement wherein:

(a) the water feed stream is provided as a
basic water solution in the range of 8 to 9.5 to drive
an equilibrium of a first weakly ionized material
comprised of carbon dioxide to become ionized in a

25 basic solution;

(b) dintroducing said basic water solution to
a high pressure side of a first reverse osmosis
membrane module;

(c). passing water through said first reverse

30 osmosis membrane to provide a first retentate having
ions therein from said first weakly ionized material
concentrated therein and a first permeate depleted in
ions from said first weakly ionized material;

(d) adjusting the pH of said first permeate

35 to an acidic water solution having a pH in the range of
5 to 7 to drive an egquilibrium of a second weakly
ionized material comprised of ammonia to become ionized



V§D 97/ 05945 PCT/ US96/ 12812
: 31 - second perneate, the second perrreate havi ng a

reS|st|V|ty in the range of 1 to gr megohm cm -

20. In a process for purifyi namﬂmumimﬂn“"lm 5 stream by renovi ng
di ssol ved nat gid fleso4sher ef rom *irfcl &di Ag heakly ioni zgerm@kRsdia!
usi ng reverse 0OSnDSI S menbr anes, the process capabl e of producing
purified wat er having a resistivity |r1tJ§e range of 4 to 10
megohm cm the inprovenent wherein: 10 (a) the water feed
streamis provided asj@ an acidilagbgu¥pbgs solution to drive an equilibrium
of a first weakly ionized material to, becone ionized in Si

sol uti on; (bfe?ntFBﬂﬁﬁ#?ﬁF%ﬂﬂcfﬁﬁﬂﬂquﬂéFeYaEfﬁLﬁékﬂF#QP
15 a hi gh pressure sitke e &igh' pressuce seids mfis second revebsenssmuxis e;
(c) passing water through.3ai.dahyrst reverse osnosi s nenbrane to
provide a first retentate vVin ions therein fromsaid first weakly
i oni zed material 3 20 concenﬁ%&teﬂufﬁg BiPREHying sadd petddareatRy et ed
in - i ons fromssivtifon Sy paskiygi ati kedstrad egrdzaﬂ:.pn thereof through

(d) adjusting the pH ﬂ:.éadeg:atnidr §E¥Q§E£‘E§§:§osis memb ?

solution to drive an equil] a secon |on|z
material to becone | GHRRAY wetensgte gontaining Jdanm ﬁ?nsal second weakly
(e) transferring sai dicfizdd natletialolohi®ed in said azighie BolbBtidieHa @

side of a secon eve QQ
(f) further purﬁ'é/l ngééscgl ??&h@ate the gg%%[ uti onh%y Bk n(g at
| east a portion ther ceasistiydgy in the range| %fec"orﬁP SEPRLSE g‘éﬂ%

menbrane to provide amegohm-em.second retentate containing ions of said
second weakly



i oniZed material ionized in said acidic so

lution and a second

perm€ate, the second perneate having a : 35 " resistivity in the range of
1 tosgreater than 10 megohm cm 21. The process in
accordance with claim 20, WD 97/ 05945

PCT/ US96/ 12812 WO 97705945 - 32 - ROT&AIS86/RR81he
first weakly ionized material is carbon - di oxi de. 22.

The process in accordance with claim 20,
ionized material is anmoni a. 5 23.

wi th claim 20, i ncl udi ng adj usting
in the range of 7.5 to 10.5.
accordance with claim 20, i ncl udi ng
feedwater to a pHin 10 the range of 8
process irn accordance with claim 20,

the range of 5 to 7. 26. The
1, i ncluding adjusting the pHin th
In a process for purifying a water feed
materials therefrom i ncl udi ng weak
osnosi s menbr anes, the processecapdg
wat er having a resistivity in the range df
i nprovenent wherein: (a)
provi ded as a basi c water i

| uti on
an equilibriumof a first weakly 108 zed n
carbon di oxide to becone ionized in 2

at eri al

zgerein t he second weakly
Tﬂ process in accordance
the pH of the feedwater to a pH
24. The process in
adj usting the pH of the
to 9.5. 25. The
including adjusting the pHin
rocess in accordance with claim
e range of 5.5 to 6.5. 15 27.
stream by renovi ng dissol ved
|y ionized material using reverse
bl e of producing purified
4 to 10 20 megohm cm t he
the water feed streamis
in the range of 8 to 9.5 to drive
conpri sed of
basi ¢ sol uti on;
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'(b) i ntroduci ng said basic water solution to a high pressure side of
ta first reverse osnosis menbr ane nodul e; (c)
cpassing water through said first reverse 30 osnosi s nmenbrane to provide
a first retentate having ions therein fromsaid first weakly ionized
mat eri al ?,%gp zentrated therein and a first perneate dp@},gggggm@

ions from salcf’ st weakly ionized material; (d)
adjusting the pH of said first perneate 35 to an acidic water solution
having a pH in the range of 5to 728 drive an equilibriumof a
second weakly ioni zed material conprised of ammonia to becone

i oni zed WO 97/ 05945

PCT/ US96/ 12812 - 33 - in an acidic
sol ution; (e) transferring said acidic water solution

to the hi gh pressure side of a secondjreverse 0sSnosis menbr ane; and
5: (f) further purifying id acidic water sol ution by
passing at | east a portion thereof thijough sai d second reverse
osnmosi s nenbrane to provide a econd retentate containing ions of
sai d second weakly ionized matgrial ionized in said acidic solution
and a 10 second perneate, thgsecqnd perneate having a

resistivity in the range of 1 to Yreafer than 10 megohm cm
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