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METHOD AND APPARATUS FOR HI GH EFFI Cl ENCY REVERSE OSMOSI S

OPERATI ON _ TECHNI CAL FIELD 5 My invention rféﬁb

met hod f or YR8t nent ' of water in nmenbrane based wateéer f‘ﬁea?"rrent
purification, and concentratjon st ens apparatus for
carrying out the nethod. | HETH ﬁm nt nmy invention rel ates

t t hods f t t f
oommel &R0y BN FAGH SR AR ofist pBRARCR ] TEIETS

t her eby producing very high purity (I ow sol ute cont ai ni ng) product

water, while significantly I ncreasing on the on-streamavailability
of the wat &4 carL tpERipeENt equi pnent. BACKGROUND A
cont i nui ng (femand exists for a sinple, efficient and i nexpensive

procgss which cap,r ehi-altYoRr @19t it a’flethol fordagid egraatmbdt N
equi pnent which requires a m ni rum of mai ntenance. |n particular,

it would bef wat@esiaabl eé@br@neve ks enayt efr f acdewt menisage, and
| ower both operating costs and capital costs for high purity water
systens, apusifequatdcdnp vandousonzentrandichrisgstemsh asnd to

sem conduct ors, pharnmaceuti cal s, bi ot echnol ogy, steamelectric power
pl ants, ankppalredrus for poagrypinmgt operathensmethod. In| remest
water treatnment systens for the aforenenti oned industries, the plant
desi gn and embodiment, my invention rejlates to mq\ghggigamr

PCT/ US97/ 14239 operational paranmeters generally are tied to final
condént r at ifrrdvate | prexyeaiNantas anst af o seReyeBion of gwpvesseor

"TDS") which are toler e in,sel ect nent with_respect to the
sorubt 111y GamReis of RAE) CealiBERRE, i cho ARRIE Ve O A RO Lage, |

particul ar rejection, thereby producing very high purity (low
solute containing) product water, while significantly
increasing on the on-stream availability of the water

15 treatment equipment.

BACKGROUND
A continuing demand éxists for a simple, efficient
and inexpensive process which can reliably provide wa{:er
20 of a desired purity, in equipment which 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 high
purity water systems, as ig required in wvarious
25 industries, such as semiconductors, pharmaceuticals,
bioctechnology, steam-electric power plants, and nuclear
power plant operations.
In most water treatment systems for the
aforementioned industries, the plant design and

-1~



silica, calciumsulfate, and bariumsulfate often limt final
concentrations achi evabl e. I n many cases, . i ncludi ng many nucl ear
power plants and many ultrapure wat er pl ant operations, boron or
ot her conmO9896488 10 simlarly acting anmphol ytes have aPCBUSIVMEIY | ow
rejection across nmenbranes in conventionally operated RO syst ens,
and may dict %tp%zdféisﬂaqr fRehdldtirs genetaliiyatap8s.tielbrtoCEuwmaly,
the presence of such conmpounds result in sufficiently poor reverse
0snNDSi s 15 corekkieit VBh8! . (H8QaD1gyS eepresbed tdat mskhl | didsgbeéd
RO treatnment is required to produce an acceptably pure water. In
any event, t@&clvbid,scake TDD8Y)I owhdreth are tokeulbhlw derr eadexctad
menbr ane thruput as well as potential deleterious effects on
menbrane |if equipmer®y withegieppentd bpekhei aplobid anblimdtisasdd Yaeer
t r eat ment pl ant nust recogni ze the possibility of silica and other
types 6&f scals@ﬁmnﬁﬂ-VonSO&Hé’lszﬁplel%Qs vvﬁ’tré'seffé‘éover;n particukarand

operational practices accordingly. 5_ al RO pl ant
experience h&ld&a tFalcHuR F’H@§a|tﬁ' ?J‘d b%‘é*%a?& %P&\ﬁ tan lypit
deterioration of errreate creasing ressure drop
across the fina trﬁé&ﬁq}% @r%h’r%glab&eeam ngTof nﬁr?o?r%ﬁe at

regul ar interyvals. .Such cI eani has been_hi s_ltor cal |

because of neMBHAATRE APPRY §3%, Bpwer plants and many “itxqapu
-2 28/ 97/ 24239
. or t‘)'f Véf%oul PQL @ﬁcg erat:.o shatbog'r?r% hg;ceo?ther comﬁgﬂ'xt@ é%

foul i ng, ng, E5me <o ecause of the

cost, 1'on00nve§‘irmsr1]a}nd aFllrtPinﬁt ';ﬁﬁbholycf%é O$3ffe I @SU ﬁ&ifengsumw

menbr ane cl eani ng cycl’e e advant ageous to t hen the
tinme between yoject {&YUAELIsE NRBIBRAnELEAR %n%‘é?ﬁh%ﬁiﬁ%éﬁa@é&skb' €,

whi |l e neverthel'ess efficiently rejecting undesirable Il oni ¢ speci es
and reliably sagbitadtmBg praagdctinay ofditghce desfWhtyopergpadeating
Since the introduction and near universal adoption 10 of thin film
conposi te neribimbeatiivhse m Moxe | gbmmonly, 138Hs prdmenmpr ov€nmesushi n RO
t echnol ogy have been evolutionary in nature. Operating pressure
needed to compounds result in sufficiently poor reverse osmosis

15 product water, known as permeate, that additional post

RO treatment is required to produce an acceptably pure
water. In any event, to avoid écale formation and
resulting decreases in rﬁémbrane thruput, as well as
potential deleterious effects on membrane 1life, the
20 design and operation of a membrane based water treatment
plant must recognize the possibility of silica and other
types of scale formation, and must limit water recovery
rates and operational _practices accordingly. In fact,
typical RO plant experie'nce has been that declines in
25 permeate flow rates, or deterioration of permeate
gquality, or 'increasing pressure drop across the
membrane, require chemical cleaning of the membrane at
regular intervals. Such cleaning has been historically
required because of membrane scaling, particulate
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achieve desired rejection and flux (perneate production _ rate per
unit of nenbrane surface area, commonly 15 expressed as gall ons per
square foot ane per , day, or liters per square ay)
has been sl ﬂ{)?}%&% reduced, while average rejection of thlr?éf’bﬁﬁ{u&

conposi te menbrane has inproved increnentally
Historically, Boadding, \/\/&trerbRefWétlé’fﬁs' h&¥e PeBR %“blnPFFrPPed'-lPﬂr?ﬁgrr

al | owabl e recovery and fl ux rates 5y t he scaling an%of

fendenci o5 of BRErERRwat: tHe CoBt, IHARPTERESECa ATt PEASIEThen
I d fouyl d f b

wnere © 1 ' P doss wwéfﬁgﬁ §oic sifeit st ithd cBdabnd BP0 B

and where 11 X et 8 14, B84 £486 a5 PS! AAGLEKn cne tmgp%@gwéen

li'mits of conv&Rd

R oSl o oy Pegild! cAbmY LBY 1Ry eventsara@slaﬁg' W YoEEb1e! [\

98/ 06483 while nevertheless eff1c1eB€E/W593?%%g unded DF£hPaCE
bei ng one of them- are still sought Th | m conposite -

menbranes, at liasfilc PspéLyeduantio reigidbly achléﬁiﬁ?Cpr@h@&ﬁ.o&ﬂbe high

characterl stics, are relatively prone . to biological and particul ate

foul i ng. W t @uﬁﬁjﬁyalperrﬁeatef eedwaters, particularly from surface water

~ sources, menbrane fouling and the frequent cleaning required.to

conbat fouling can Biassttleninarddoctionceaid yneaandniversal adoption

ti me-consum ng operational chall enges. It is known that

rej ecti am of wedkl ghioni £8lim Idompospbei awmistartes s itot theomyiahi tocatdve (

"TOC'), silica, boron, and the like, 1is significantly |Iower than

rejections for 1§t9rQﬁlgI y:h%)n|12W%15@@B§§Sasl§odﬁi9mteChHOIOGM opave, keen
ost- RO i on exchanpge is |argel y deterc{n ned

Si th ff
oy he lovel | ofvalahiend i 5 in Gy pr%%%ﬁ?tl S me
Ild b ad t t k
possi bl e in t hAHOSNR 1SoreTaRi 88 eom] &0& F?é*fmﬁi ¢’ (pgthests ﬁ%ﬁ@?ﬁﬁgn

(rejecting) nore silica (anrg%ﬁoro me ste

h
t hroughput is FakevdTe it raneexg ang COni r%%érl(tglgorgp%xh%&'

follows,Ehe RO lesged as gallons per square foot of membrane per

m a

day, or liters per square méter per day) has been slowly
reduced, while average rejection of thin film composite
membrane has improved .inc:_cementally.
Historically, bfackish water RO systems have been
20 limited in their allowable recovery and flux rates by
the scaling and fouling tendencies of the feedwater. It
would be desirable to reduce the scaling and fouling
tendencies of brackish feedwater to the point where
recovery limits would be dictated by osmotic pressure,
25 and where flux rates can be increased substantially,
compared to limits of conventional brackish water RO
systems.
From a typical end user’s point of view, several
areas of improvement in RO technology - chlorine
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Wth the exception of an RO process disclosed in U S. Patent No.
4,574,049, issued Mar. 4, 1986 Pittner - for a REVERSE OSMOSI S SYSTEM
whi ch reveal s a doubl e pass (product staged) RO system design,
carbon di sW04d8/0643% typically represents the | argest fractepenusiinisise

ani on ~load in RO perneate. However, a nultiple pass RO

confi gurat i Qfy, PLpyhd .Sb\é%.rﬁsé I 5he | 8ebaned t - ungder still s‘éfagh%”.“o‘i‘ﬁ'inm

system operating conditions, since the ~ carbon di oxi de content of

perneat e staysi@t cofpc@®R menmbranes, at least C%_art:lylr due %o their
WO 98/ 06483 PCT/ US97/ 14239

(absol ute) |gypEas8dchapyesands chareidiedifidiads f ra6d i fflatively phohie
anion load. High rejection of weak anions in a si ngl e pass RO

systemis, ther&diskogiocali daiddparticulate foahdhher amdahvheegtain
significant inprovenent is still 5 sought . In addition to
i ncreddi ng tHeedwpterison parthieularly Wewmh ysuvfiazed wapteiressoukees,

i ncreased rejection of strongly ionized species is al so desired.
Recovery r atteembrane| fietling eandci yireguenft hdeanig remmimedertonhere
I nprovenents in RO system perfornmance woul d_be advant ageous.

typi cal RO s§@®batoptpuliépgatcan presagniut smepearra@musaecm&ymm only

75 percent of  the . incomng feed to RQis used beneficially, and the
rest ‘GQ‘BebEPﬁéﬁf“)’-nss%@%ér%@& ahallengas- beconing both 15

nore scarce and e costly throughout the rid, I hcreasi ng the
nmaxi num achi _evablng reﬁgvelféo?"gt etﬁﬁ‘%anrﬁéecvpl‘m K5t é‘fﬁa}%{'}ﬁn *%bgﬁiﬂt

goal 35 apeciehCEAN "ot BBCARCTALLAG & | Wkrh3ral MRS POLERTL,

to end users,-as inéreased TTux re capita Sts

Sl fi catigg Al coslar eYethakd OF MPSLIRAMPLEanc1y TURGER! | R S

al so sought by end users. ecause Vel s

i mpurities i PayllchAVHE WILT dongly id@lEbdualpdcdes eagedsyit find,he
ever tightening design rul es”i'n sem conductor devi ce geonetry.

Thus, |ower cRYorideqontagtnant giend sche tél_ﬁfybiéﬁazr o PARIstSYG Do €
required. As a result, the cost and conplexity of the post - RO system
conmponent s hexehdng&aﬁisca]ldz;geghowhetermine_d by the level of the weak
15 anions present in the RO permeate, it would be
advantageous .to remove (reject) as many weak anions as
possible in the RO unit operatiof:. In other words, '._by
removing (rejecting) more silica (and boron) in the RO
step, a higher throughput is achievable in the ion-
20 exchange unit operation that follows the RO unit.
With the exception of an RO process disclosed in
U.S. Patent No. 4,574,049, issued Mar. 4, 1986 Pittner
for a REVERSE OSMOSIS SYSTEM, which reveals a double
pass (product staged) RO system design, carbon dioxide
25 typically represents the largest fraction of the anion
load in RO permeate. However, a multiple pass RO
configuration provides very lit:tlle benefit under
conventional RO system operating conditions, since the
carbon dioxide content: of permeate stays at the same
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recent years. Hi gh purity water processing procedures and the
-5- WD 98/ 06483

PCT/ US97/ 142 hardware required for carrying themout ar ompl. e
and eﬁ%ﬁmg In fact, the regenerable m xed bed io?rc?r/ﬁsg%as)é
exchange systemrepresents, by far, the npst expensive (and

conpl i cat ed) silagsolutia) obevali snfprepresents mn even pigger frac¢hboRe
wat er treatnent _system ni fi gant inprovenent, in the

Thus, a [
char act eri sti c®fofthecanirn l%sad't r e%%%’askgﬂ@ﬁm Phppeeki P dtR et he
[ | t t d | exity. .
Svar o of vari ofinEiSnPRES ST RERMyr Sy FPSTEI0Pe. \RdasidrEsh g Be
[ ti d ' t t . | { ' i ORS, J.0s i ch
P et fort “has. BN iERe 2188 VLA | sionied¢ORt MiNe BPekERy 005, ottt ¢

of certain o ghws whi ch are sparingly soluble in agueous sol ution at
neutral 6r near al pH  Such attenpts are largely 15 characterized

by ‘conventi onal har S val : bSi Ag- ; Ligh
chem cal addition. g}'g s%tﬂic rer?'ect?rhoggd 1Hegeia§1§’lgov\n£1ﬁién %g%%egéigeﬁn\t/\b;ﬁb.the

5,250, 185, i ssypthitr{obEinPred speci@®3 ! Ehéa0in8tedlsedf e L6HG of
AQUEQUS BORON CONCENTRATI ONS W TH REVERSE OSMOSI S MEMBRANES

OPERATING 20 gtrShdiyH ol zed Nspepieteisedlgabadsired, his invention -
provi des use of a conventional zeolite softener followed by a weak

aci d cation ion-exchrngerepperatef op volumatric effiei@rdy  ei®vandsitarent
~cations. Due bot h equi pnent limtations and process design .

consi deqat i ons parasnet2ir wheret r apnevemeheps it eROO| syseemb\pdiformanedat
costly and ot herwi se undesirable step of dosing the feedwater

with a scal e i mauid dret advantpgeopseved YpilrmbsRO systegcgpsmyrdtiesn at
formng. Also, although his nethod does . provi de a sinul taneous

har dness and ald®guthi1y PerseaF recovery, \wheygy opag 75 percent of the

PCT/ US97/ 14239 , . stgg, which is, of benefit in many types of
appl i cations = incoming ed to RO is used beneficially, and the rest

(25 percent) is 'discharged. With water becoming both
is more scarce and more costly throughout the world,
increasing the maximum achievabl'e_: recovery rate in an RO
system is an important goal. )
Increasing the ope:_raﬁing flux is always important
to end users, as increased flux reduces capital costs.
20 : Simplification and cost reduction for post-RO unit
operations is also sought by end users. This is because
allowable levels of impurities in uitrapure watér has
.contimially decreas’éd with the ever tightening design
rules in semiconducltor device geometry. Thus, lower
25 contaminant levels in the ultrapui-e water system are
required. As a result, the cost and complexity of the
post-~-RO systeni components have dramatically grown in
recent years. '
| High purity water processing procedures and the
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which are of interest to nme, his nethod does not provide for a high

efficiency in that renoval step, as is evi denced by the fact that
two additional downstream 5 softening steps are required in his
process. wiBsBENEs" : his application pertains to, ancdgugPngsdobed
and clarmed with respect to oil field produced waters

t ai ni hyd bon. - t ai ni b d hyd
only. and GRNERERFS ARAUIGY ) SARFEBHs AR f0C 55 FORRLERET Ch
f int t t , h .1 L1y, | acki ng.
' appl i Cat PERETSL V| oy g1 FACC. e  sieqeiERBLEUHAR " e 25 P,
| _ _ SRS vl By Y
par i cul ar | Pcheiae; sysidf PebrbReltel B 23, HHd mdby chRVE T

met hod used(LaghidiinPiiddtedP! 8ingll! iRt OBperation/prddedd 0880 tHe
Japanese KG‘(AI No. Sho 58-e:La\1'}2a890,ng Pub??gﬁeéoﬂfr% 29, 2984 by

Yokoy&ns, eé¥%|irefQilNE£%e watedr PERAULNOAONSYSitten . REVERSE sOSMOSI S

VEVMBRANE UNI T. Hi s exanpl es show reverse osnpbsis units utilizing a

20 pr et r gagAR A cRMAC daprfverdritn dim il Cehapacesehiafies of thd ®ON
("SAC'") for softening in one exanple, and w thout softening in the

ot her exanpteeafied ewiitepr oeaslsd Wapgpreciablwor keflacecethal nofreedld er s,
it does not teach how operation at higher pH | evels my be enpl oyed
while 25 ultrapursyeiatieny syeiemcast R dentmphesity. I n order
to better understand ny process; it is useful to understand sone
basi ¢ water chenils@fy aware ofhrjarignesatenpteespete ip BaBh Pmxddnbonat e

(CaCC%err]), for exanple, the-likelihood of occurrence of
-7- 1 watemot¥sajgugnt applications and some in wastewater

Cone | Eheptnens, HRCER Y F MRLCRARCPFPLFnlas, peen made’ °°!
RO e R AV MOS0 kafltiy or cpRAlE ||
R R e
neutral oxr near neutral pH. Such attempts are largely
15 characterized by conventional hardness removal and then
raising the pH with-chemical addition. One such method
is shown in U.S. Patent No. 5,250,185, issued October 5,
1993 to Tao, et al., for REDUCING AQUEOUS BORON
CONCENTRATIONS WITH REVERSE OSMOSIS MEMBRANES OPERATING
20 AT HIGH PH. 1In a preferred embodiment, his invention
provides use of a conventional zeolite softener followed
by a weak acid cation ion-exchanger operated in sodium
form to remove divalent cations. Due both equipment
limitations and process design considerations, his
25 pretreatment steps are followed by the somewhat costly
and otherwise undesirable- step of dosing the feedwater
with a scale inhibitor to 'further prevent hardness
scales from £forming. Also, although his method does
provide a simultaneous hardness and alkalinity removal
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and pHerr] = pCa + pAlk + C 10 and wher ei n: pCa =
-l og of Ca++ ion concentration (noles/liter) : pAlk = -10g of-

HCO[ err] i (moles/liter) C = ' a constant Eﬁ@ﬁsﬂv

total ioni é.&gfbg}e&fcﬂ‘&’h and tenperature of thg re’?‘eig% :
15 In a given ROreject water, in order to avoid _ )
carbonat e scalSt®p. i¥hiebt igr efehgnefite kacpapKetipes of appigspFdens
i.e. in acondition so that CaCerr] wll di ssol ve. However,, in
the field, it WHcha¥eatninERRESt280 meyndds é’lﬁ%‘%grfg??%ﬂe? RFENigSe of
certain types ff . nti-gcal.ant add.itigf,ﬂ an LSI up to about .+1.5
can be &V ePat BATR BASIHCIEREY err & FEMFon FER ¢ 197, 18

i zed 1’ SHASCREER, Ay Pt EElE UL Fvo,bi8afEboay dowHErream
this into per%%%%ﬁna%cg{?éggeﬁéleh%tequir?% ihnﬁigyp\%_glc.]‘g% I eafBrabve

. . r,
operation, 1t can ticipate at there ways be at I east

some | eakage §ig appliCAtidi HARAIRSSHLONAKASIED. addieindePeanad
upon the raw T eedwat er hardness and the pretreatment process

- 8- - M PRe@4R3Ith respect to oil field produdéd/ Un¥éek$239
schene practiced, a lower limt oOn the achi evabl e val ue of the pCa
term due to tduntiedndr Ayiebcakrbore déimpounds (cbfiafihdsgntcarbéheand
treated RO feedwater, can be anticipated. Furthernore, in all
events, the valytraderC ofily, and igenednllinendot dbnizahle)st rengtéaandnby
t he tenperature. Thus, to keep the LSI in an acceptable

range 10 n or cpplicarbondewbiaheatecofRONgexesti e me, suchthempenkdge of
calcium (as well as other hardness such - - as magnesi um becones a

critical fact@xe Thkmaab sotally dackingt enin appdicatiiensieleprimary
approaches this probl em by provi ding various types of softeners in
series. ingRre st cCBPiYe. nR ¥RApRYYaole PASURd Ih KATUHT IR gRganic
capi tal and operating costs associated_thepew t.h. . Yokoyama, on.t he
ot her hand, e\ﬂ‘él’e_‘%t I%“‘ﬂgci?i%d%?‘bmFFm ?ndlfs‘%uwvﬁﬁ oB&EEHT 0R %D &’rp?fﬁﬂ?‘ch_ is
consi stent w tphaxlthfcgfgnr:f{? in surfgéecalageli‘@ 'i:?:@%ve@{tew& h@r&&@&éhﬁs. Wi th

RO reject at
15 Also, method used in high purity water applications

' is disclosed in Japanese KOKAI No. Sho 58-112890,
Published June 29, 2984 by Yokoyama, et al., for METHOD
OF DESALINATION WITH A REVERSE OSMOSIS MEMBRANE UNIT.
His examples show feverse osmosis units utilizing a
20 pretreatment process. of strong acid cation exchange
resin ("SAC") for softening 'in one example, and without
softening in the oﬁher example. While his process will
work for certain feedwaters, it does not teach how
operation at higher pH levels may be employed while

25 still avoiding scaling of RO membranes.

In order to better understand my process; it is
useful to understand some basic water chemistry
principles. With respect to calcium carbonate (CaCO3),
for example, the 1likelihood of occu:brence of
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a pH of 9, assuming 0.1 ppmof Ca++ | eakage fromthe ion exchange

train disclosed, and a concentration factor of 5 ("5X") in the RO
his RO operation may be expected to 20 provide an RO reject with an LSI
of about - Gvb9soésat LSl is acceptable for non-scal i ngpEPesHI4,
with or w thout scale inhibitors. ~ However, if the pHin

Yokoyama' s ex & slJ3CT, : e P Y e sane
retr eatment PorRoR: ae ol Bf EE AP depitlhe CATERE, £ipa) redel) dife
such a case, mhRe bangphicdicted bt UL i BE | pHEX 9&&5@1{6&60&% r

moglq be wel | above _ the | evel where current anti -scal ants have 1 he
ability sch@tﬁmeé<khdwﬁﬂésfﬁﬁﬁiEﬁhgﬁmiéilgaturation IndexﬂﬁﬁSIﬁPr
the nost part, the prior art methods -9-

WD 98/ 06483 See the Nalco Water Handbook, copPEighlB9769423%y McGrawhown
to me have one or nore of the follow ng shortcom ngs: (a) they

do not Beli abHildchi @hd« Hndex is genexakrly formblatedsasafdlilawdwydr oxi de
al kalinity | evel s necessary for essentially scale free operation at
5 very high pH levels; (b) they rely on redundant and expensi ve
capital equipnent, w_th attendant operating costs, to mnimze

har dness | eakage, &8f tifey R¥amejwbt -PHgprinarily on hardness reduction to
reduce the LSI of the RO reject (and do not include provisions for
high 10 ef fi ci WREFed@iskals ¢ &H atreptarathey €| FagRzarftreject)
scaling additives to prevent scale faormation. Thus, the advant ages
of ny sinple treatmp&ﬁ)c:ﬁcc fi & pl'bi?s (a) hardness renoval

to very,l ow residual_.4 |.s,.: . and (b) efficient deal kalization, to
aIIOM/%Qtended tro%%ﬁ%ﬁdégallhfree RO operation at high pH levels, are

i nportant and ngase_J f'-q_\eﬁj ¥ -ca*t* jon %%n%'%@ £9¥Ebn q%%&:ég?tlgftf%iﬂﬁ]er

concentration fact mts due tot ndency of 'scale RO

systems ar epgfien. UNAY S UG- Aot e Hen! ¥m€>i¥§/ﬁ§‘@r)°r more 20

of the raw feedwater. Al so,” at recoveries levels reater than

approxi mately sevent % five ReimAiEnd 1588ed@ on totalS9BRYBALLHAMRth _
dependi ng upon raw water chem stry, the control of chem cal scaling

and bi ol ogi cal- fouling inand temparatante onvfil tIRO Rsikeyechecones al nost

unmanageabl y :
15 :

In a given RO reject water, in order to avoid

‘carbonate scaling, it most preferable tc-> keep the LSI

negative, i.e. .in a condition so f.hat_ CaCO3 will

dissolve. However, in the field, it has been found that

20 under some conditions, with use of certain types -of

anti-scalant additives,.an LSI of up to about +1.5 can

be tolerated, without CaCO; scale formation resulting.

In any event, at the pH of any given RO reject, pHg must

be minimized in order to avoid undesirable scale

25 formation. To put this into perspective, consider that

in any RO pretreatment operation, it can be antiéipated

that there will always be at least some leakage of

calcium from the softening step. Thus, depending upon

the raw feedwater hardness and the pretreatment process
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25 difficult when trying to achieve long run tines. Therefore
w despread comerci al use of RO systens with wat er recover

excess of WOWEEIenty five percent (75% has not beePCT 97114239
acconpl i shed. "As water is becom ng increasingly expensive, or
in scheme practiced, a -ldwer limit on\Ehe8a&a@hik3rable value
PCT/ US97/ 14239 short supply, or both, it would be desirable to

i ncrease of ttieer pda0 vérmy edued tmotlhet apmosntmation waﬁertﬁ%e@a 4]
RO systens. Therefore, it can be appreciated that it uld be
desirable to dPReRresanted dbsthef tkgateds RO tﬁeaﬁimeﬁy e%Bl i R§

wat er treatnent at higher overal _r.ecoyery rates rates an i

comonl y achi &FEd & t'yEd' Furtizeﬁgxp[rg ﬁ\cﬁl adiy 'eatﬁ'f%/ ‘6%451’1"? a‘B?‘ e€
nmeet such . cregsi,ngly difficult water treatnent .objectives w.th
bet t er §ystem1a?/a|flnla’b? i 15 arfcp?oﬁ"g‘e? &un"‘t’?ﬁé’s g 55“!%”‘ i M?

achi eved today

h f h
t hought it feﬁ%eer?‘buﬁﬁerat@h‘é 2’3388 R %ggeno °a5 e‘éé%é? sple"*”
t reat ment systrge)anrggga% hi g_f}ler {\ 20 @gogg !s@ﬂ\e fre%oﬁ? %
pro uce Iy pur| 3

sust ai nabl e, | ermoperations t
treated water. &adzi10 eqll has
B i, i B, SERESH I

been to design oun attTe scal e

pH, by dd rﬂéérﬁ%{uﬂﬂﬁl bEEBREB! hathqk iaad rf&%:‘ttbtz‘ ng 'Mﬁi €fao et al.
recovery, by use of chem cal additives. Hi storically, cel | ul ose

acet at gomenbr Fpsene] € ident £ied YWHWE| ORdgproaches &rmé r pegdlem reyghly
4 to 7. Newer polyam de and thin- filmconposite type nmenbranes have
traditional |l ygeweniding wpedishad ioypee pbfr agtenevaghiy fsemiabout 4
to about 8. Al though hi gher pH operation has occasionally 25

been attenpt eSperifiicedlgpechsl pimpdyesaccepthasthe inewstably Bekghin
non-silica related applications. And, ° al t hough hi gher_ pH operation
has been utiliGaRitalsead®l operatings wOskfpl AEEOCHRL @ferthemewkthas of

concern, in sQ far as | amaware, it has oan been ;acconpl i shed
after a Yokoyama, on the other hand, evidently decided to limit

15 RO operation to a pH which is consistent 'with the degree
of calcium removal. When he operates with RO reject at

a pH of 9, assuming 0.1 ppm of Cat+t leakage from the ion
‘exchange train disclosed, and a concentration factor of
5 {"SX") in the RO, his RO operation may be expected to |

20 provide an RO reject with an LSI of about -0.5. That
LSI is acceptable for.non—scaling operation, with or
without scale inhibitors. However, if the pH in
Yokoyama’s example were increased to 11, for example,

given the same pretreatment method, an LSI of about +.2.4

28 might be expected. In such a case, the Langelier
Saturation Index of the reject water would be well above

the level where current anti-scalants have the ability

to provide scaié free RO operation.
Thus, for the most part, the prior art methods
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WO 98/ 06483 PCT/ US97/ 14239 first

pass RO operation with a neutral or near neutral pH of operation.
In those casggoibésss Organi cs are of specific concern,é@ﬁﬂs%#w
may often range to bel ow 5, and preferably, bel ow 4 n

contrast to prior art nethods _for wat nmet hod

tiarjght herei n T883% hé @sJBRt | ‘?ve one dé’s"f gﬁ‘%Tl o?;gphfl t&f § ]:jfé‘r'il?g
Firot pass’  ¥nBEi¥chings: . (aRCCHETITR Phel bre LIty N g e R o
10 ”?nbraneéﬁté%%#deﬁ)ga'lv'?\%? Bh%rfé?sd%ﬁ] %o%%%?&'#é%gp%” alkal:.n:.%ct or

and taking the recovery

SUMARY 15  3eyels! nBRKugsae : g@feets%%r& pe) %\%}f‘é Eea! Bpal-aty g.

based on. aggressive hardness al kalinrty r
nmenbr anes separgéion Righi @H Phleved s ¢y e tthey relyh 8A Ci‘&iﬁﬁd’axﬂ)@r '5%?4 e

with extrenely low silica concentrati on. In a uni que

f eedwat er treaggpahsivecesapitaaw equlpmeﬁe(?d\mtiﬂi S a(tfteiidiérﬁ'm epehatiiey
conposition are treated with a weak acid cation ion exchange resin,
operated in costst hetdydricgiam Zer baridnesigrull akages! y (&Enuiehadepesil and
al kalinity. The weak acid cation ion exchange resins 25 can be
operated at i npoimagllywohebawdnesshaedhessicnmdto reduceatkel LIt pfl ebe s
wel | above those that woul d cause " conventional ion exchange systens

to fail due toRO rejeckarf@eds dp eQthr dfgude provisions feaf chioh

treatment train_design used |q{qy -12-
VWO 98/ 0kdig3 efficiéncy dealkalization), andpdg)ystheysrsdy on anti-

o e
the 5 pr RERRRERESR OF Moa PR ARk Sed R R eh Srplolte”
' (a) hardness removal to very low residual.levels, and
(b) efficient dealkalization, to allow extended trouble
15 free RO operation at high pH levels, are important and
self-evident.

Moreover, because of upper coneentration factor
limits due to the tendency of scale to forﬁ, RO systems
are often unable to use ébout twenty five (25%) or more

20 of the raw feedwater. Also; at recoveries levels
greater than appfoximately seventy five'percént (75%) or
somewhat lower, depending upon raw water chemistry, the
control of chemical scaling and biological fouling in

. conventional RO systems becomes almost unmanageably

25 ~difficult when trying to achieve long run times.
Therefore, widespread commercial use of RO systems with
water recovery in excess ef about seventy five percent
(75%) has not been accomplished.

As water is becoming increasingly expensive, or in

-10-



sul fate, carbonate, or silicate anions. Thus, cleaning requirenents

are mnimzed. This 1is inportant comercially because it
enabl es awiméggssss eat nent pl ant to avoid | ost water prPOTUSYI/AR39VNI Cch
woul d otherwise 10 - wundesirably require increased treatnent plant size

to acco date f.or the.l qQst producti durin ani .
cycles. Sec%ﬂi?gg ?H@P&ryefmé)c?q%?’gﬁnpl—?'%‘bjegg?ﬁoﬁgﬁgr%ﬁe trc%n]dﬁ“frl%%ge
enable a hig e of 4 aqnj | [ d,, ré eci es
whi ch are spa ‘lgn%%?gioon?fz%&é%égnpggdﬁg&t rweﬁt_%rr atggea?gﬁemh?aﬁ\iap I'n gﬁueous
solution, t bl e | eg¢l ef. | r ¢ egde by
t he On%%brsgrfgégé%’t emﬁ%ai I y,’ o%gr gﬁ}gnﬁgt ﬁ%ﬁ%ﬁ%?%vﬁ%%? fe
protection agghnat He OlRAiGAbIEONtaM AchidPe Huduced costLVeRt ivgter
undesi rabl e contam nation of product water. 20 At the preferred high
operatsonal pHeabaeh® iBy ad@fabling waheet dddicmett cht ehlighely sesitadyed.
I n essence, water treatnent systens operated according to the
teachi ngs recovbeyei Hatesmaddtesopehahe iad comtonilgnsaghiekred ghdday .
ordinarily be considered cleaning conditions for 25 conventional RO
systenms.  Finally, | ikavieondd deelcdpedly ndediyabliessadewegh fsmchse
in treatment of water. In_one enbodinment, the process _ involves
treat ment of imcreagiamcdy sdiEairuhtchvater treatgiemtacokiegbdvey twith
presence of (iz: hardness, (ii). o . -13- .
WO 98/ 06483 better system availability and longgpgyni%imgs than is
al kalinity, and Iii1) . nol ecul af species which are sparingly
i oni &Y whenCPRYRBAY, AchHeviReht ral pH aqueous sol utions, to
produce a | ow sol gte containin roduct _ stream.,and g ?i 3h sol ute
n 580 REPVE

cont ai ni ng rej ect rreﬁ% I #f PYBERss ANy ERTes e F yas

el imnating t t of. th eed I n the
raw f eedwat etr:h?‘slgggnt(}g%t ggggggfis &e%i‘?%%é%%%cgn}tlféa‘t%l%éng Bgms%%gct?%%gt a
sel ected pH, ff | LN dek., r t ;

fol | owi ng (iyg}égﬁovﬁ%éﬁgﬁg%es fréoeﬁm tslﬁe 1% e ng%r?eael%tee?égt _?Eamln(i i)
removing al kabhBioiedMddtainable | aVbh§e¥RhebpaaeaBnltd ip+ddh8EDVI NG
di ssol ved gases created during the hardness renoval step. Then, the

pH s of at haifpetvyat plud Sfidded #oaBes®! afd ed rPHpFHodladeast The

conventional engineering approach has been to design
around or battle scale fo_rmation, by use of moderate PH,
by 1limiting £final concentration and resulting water
recovery, by use of chemical additives. Historically,
20 celluloée acetate membranes were limited in operation to
a pH range of roughly 4 to 7. Newer polyamide and thin-
film-composite type ﬁembranes have traditionally been
operated in the pH range of roughly from about 4 to
about 8. Although higher pH operation has occasionally
25 been attempted for a few special purposes, it has
usually been in non-silica related applications. Andg,
although higher pH operation has been utilized in second
pass RO applications where silica was .of concern, in so
far as I am aware, it has only been accomplished after a

~11-



about 8.5, or upto 9.0, or up to about 10, or 15 preferably (with
currently available thin filmconposite type nenbranes) to a range

bet ween 10 ot herwi se in excess of 11, and any
to about ‘9890'&%‘?30r somewhat nore, until the benefits gai ngg&gyg%?'dﬁ:{
rejection rates of silica and other species is 20 out wei ghed by the
addi ti onal cofirst wass cRPreperption witlyap| Agutnad nori peasompoiinal
menbranes, controlling the pH at up to about 10.5 provi des nost_of
the benefits BH Of oOpeXafionet hJéP viFRPBat CagRgr dhexe oPragsRiceedmeedbr ane
life. The pH i ncrease is acconpl | shed li%/ add| a 25 selected base to
the softenedSP&R&L 1&e£9&ﬁed‘i‘éd hen the g Xm‘.’fd‘reéf eFanes Y el
injection or _ a al t rn%% gﬁﬁé se of ani on i on-exchange. The pH

i ncrease urge8’tfAB rrBtr e ch are sparingly i oni zed

when in.neutral or . near . p o]
-14- g 5 Ogl?g'géjf'ggt @ fﬁr:}.or art methods for water

PCT/ US97/ 14231?)ffeatme £, YRESRAL BN 2R ABALLENELE £ABCWYad: 14!

t he protonatabl é, T.e., proton acctepting substances, or

bases, are i ”&é@i‘%ﬁd ghlrl%éﬁﬁkﬁﬂl Y8t %@rft%‘i‘w & irﬁ;ﬁ@@{‘n?e any_ éﬁ?éﬁiﬁﬁ ough

menbr ane separ at | qui pnent,” typicall osSNDSI S
type, but abteiRdslde &£ scallﬁgntﬁhéﬁaabwhoauqtﬂeg SuiS0| dawe or
configuration which is otherw se available, or which may in the
future opecantoayvait! alhlec maanihmum fdbasibléepHunusdnty ntiehedratdaliee
practiced, to produce a reject streamand a product 10 stream The
nmenbr ab@ sepamewbyanegui prehlei swidddining the desimedypongerdirataon
sem - per meabl e menbrane whi ch which substantial ly resists passage of
i oni zed speci Eactor, andetakingugbhe benefitmpeft artatharecaveyypridess,

t he menbr ane separation equi pnment produces a product stream 15
which is subs¥gRuBLEEl-y free of the nornmally undesirable speci es
which are sparingly ionized when in neutral or near neutral pHin
aqueous sol uti ons. OBJECTS, ADVANTAGES, AND FEATURES 20

From t he foregg&g&Fﬁit w | be apparent that one i nportant and
primary objec e present invention

15 I have now invented a novel water treatment method

based on aggressive hardness and alkalinity removal,
followed by membrane separatiion at high pH, to produce a
high quality permeate with ex.tremelyllow silica
concentration.

20 | In a unique feedwater treatmen't. process, raw
feedwaters of suifable chemical composition are treated
with a weak acid cation ion exchange resin, operated.in
the hydrogen form, to éimultaneously remove hardness and
alkalinity. The weak acid cation ion exchange resins.

25 can be operated at incoming raw feedwater hardness and
alkalinity levels well above those that would cause
conventional_ ion exchange systems to fail due to
hardness breakthrough.

The preferfed treatment train design used in my

-12-



resides in the provision of a novel nethod for treatnent of water to

reliably and &BP%WUSI y produce over |ong operational gyeARSYA239
wat er product sfreamof a pre- 25 sel ected extrenely high purity
qual ity standard. More specifically, an inportant object of ]I::ry

invention is to¥HEHE L et EMEited PARRY  (FEBERSMES 3 DURPRE] ©
S | ool S SR T GPERF5T) 8281 g o, L GILRY, PORL T
Tl ooney 239 nardnedbd) SibiNt GLe Ao Auol WRInPREEINIoR! kg

ef ficiency. Ot her Tnport an jects of

jvent on 1esi dgdi A LR 0 3. CLIBL I YB1TY eTimifdERET™hS

described in the“precedi ng para

renmoval gf  hapdnessittdon of scale formin a%ﬁgbﬁgﬁé T SUB S SELE T

f eedwater to be done 1n a Si I rect manner;

- has a mni gyDeRfedinidabOELES, I 8UIgiARHtE ardfons. Thus, cleaning
m nimze or avoid conplex chem cal feed syst ens;

requires |ess phsqeireapane d hareximihithized. This is tiafpeeitegyt
water treatnent plants; is easy to construct, to start,

and to 15 commerciallserbvécause it enables -a wabeés kirgfateldritci hayt
rates, that is, they _ . provi de high product water outputs
relative to avoid losb twetemapridduafidreedihdicty wopld tothdewise
water treatnent plant; 20 - in conjunction with the preceding
obj ect, 10 undesirably pregndsel olreregasedcdentmente planyy size to
treatment plant operator and thus to the : wat er user,
than is present Rgaammedage for the lost prpgusdjemcawning t ifkeaningt
mentioned 25 _ object, .results in less chem cal usage than

in nost water t PRt fa§FFPt“Jt‘£s, the preferred high RHppguational
el imnating use of sane 1jtlg/pes ret of ore commonl

f ) ' h ) A
Used cheri cal af@Rdifond " enable a high degree ok | JoRiARE G BRt ObE,

achieved in various species which are sparingly ionized
15 at- neutral or near neutral pH in aqueous solution, to
enable such species to be préferentially rejected by the
membrane system. .Fin_aliy’*, operation-'at high pH provides
protection against -biological contamination, thus
preventing undesirable contamination of product water.
20 At the preferred high operational pH, bacteria and
endotoxins are effectively destroyed. 1In eséence, water
treatment systems operated according to the teachings
herein normally operate at conditions which might
ordinarily be considered cleaning conditions for
25 conventional RO systiems.

I have now developed a novel process design for use
in treatment cf water. In one embodiment, the process
involves treatment of a feedwater stream which is
characterized by the presence of (i) hardness, (ii)

-13~
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A feature of one enbodi nent of the present i nvention is the use of
a uni que i on of weak acid cation ion-excha
subst antﬁ%gygdﬁciéogrrpl et e har dness and al kalinity ren%gif"%yﬁﬁ”

. subsequent high.p RO operation, . thereby enabling the water

t r eat ment alkallfb‘}%}ﬁt taRRi niki3e tRHe %%?ag@%?lﬁéj eeight e2xreThi s
results in high overall cycle efficigncie Anot her feature of
 ho presemsza%,wf%nw%# ,¥gen in nealf%alh.gﬁ JHE ¥ cPet sl PR ol y

i oni ze wea n| zabl e such oron, or, TOC, thus

kl
enabl i ng op?'g{’}ﬁcf%% \ﬂ':’tlllil SiT1%a, tégr%:o#?é% €T18c T e@f’ﬁb‘?‘fe containind s
id b d i t f t
Cystens whBrqHEEES S0 |hil 58 Vhign go1GEl  AcRBI EpOE
Yet gnot heigeheaddir e Oi‘ﬂléh%:%@éé‘é‘t J.h%‘i%soneffew?vglxg el CARRDI A4ty to

retrofit existing RO plant's to operate accor e pre ent
process desHi) tdiieféyedECthe raw feRGtier Wd M'M@%ﬂ%tm

" menbrane requirements. 20 Anot her feature of the present
i nvention iraw hfeedwater abe | copckatpatedierdi daeh rRd | dondsdest igat er

whi | e operating at higher flux |evels than has heretofore

been feasi flactwyt acoavealechal BBD,spyt efiftediigns,. in any order Otdwes

| nportant objects, features, and additional 25 advant ages of ny

i nvention wx Imdeeond &spwarfkotlawing (i) removdngk Hansthess tfheomrthérom t he
foregoing, and from the detail ed description which follows, and
frokPt he raw feedWahesdstrgams, (wboﬁ?mﬁvﬂtn@nw@ﬂlﬁmmmam ng

dr awi ng. WD 98/ 06483

PCT/ US97/ 1X52%9 feedwateBRﬁEFreBEscmrpﬂwbpmmevequ\a@solved gases|p the

?;?\é\ﬂr Pgd L%%‘%qceu% {19%%5&9 S arciness removal E?.é%r al ,Ifhe%ure%vm lI!I be

of the feedwater is raised to a selected pH of at least

about 8.5, or up to 9.0, or up to about 10, or
15 preferably (with currently .available thin film composite
type _membranes) to a range between 10 and 11, or
otherwise in excess of 11, and more preferably to about
12 or somewhat more, until the benefits gained by high
rejection. rates of silica and other species. is
20 outweighed by the additional cost.. With currently
available thin film composite mentbraﬁes, controlling the
pH at up to about 10.5 i:rovides most of the .bex;xefits of
this method without compromise of long-term membrane
life. The pH increase is accomplished by adding a
25 selected base to the éoftened and dealkalated
feedstream, preferably by direct injection or
alternately by the use of anion ion-exchange. The pH
increase urges the molecular species which are sparingly
iénized when in neutral or near neutral .pH toward
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reference numerals without further nention. 5 FIG 1 illustrates
t he percentage ionization of silica ions in aqueous soluti-on as a

functi on OWO#8/06483 FIG 2 illustrates a first enbodiPCEHSIFR423D
met hod for high efficiency reverse osnosis operation, show ng

use of a weak AGidhdead i 9Bnexakdoae UMh ADteghAubt @laﬂﬁié‘pt 10s thier dness
and non-hydroxi de al kalinity renoval . FIG 3 shows a second

enbodi nent ofprerorbbable; i.e., pghrtohfiztcopyinevesabsoamrsiss or
operation, wherein har dness i s reduced by sodi um zeolite softening
and odse®m| areeincreéasedsodTheoffermidjpsted feedwater| & ghehows a
third enbodi ment of my nethod for hi gh efficiency reverse osnosis
operation, sk@sthdhyeugh menlbﬁaaiepﬁswr@ttr#qrgmnimne%erémmaum ef in
raw feedwater can be efficiently and adeguatel y_reduced

aci d addi ti ok B&ndTRIEEE Sar MEFL FAP ofNRRal | PWe 2b terﬁ‘é&f‘cﬁlﬂ b9 Ll i e
or |line/soda softenin FIG 5 illustrates the differenti al
pressure, i nnanof:.l%%%p,agnpgrr s?]’f:?a?’é isdi akRdss usYPENeY I%‘P?)%i'rguﬁﬁﬁ?'f??) for

caut prent. ut MG Ty ORET LRPopaes alls "or ML @y ip) BT BuBurtne

equi prent  ut i(FHA

normal i zed DB J&Qﬁ;ﬁ%ﬂe and h' s Ich‘)‘?:r Mfeﬁ(@%%é‘éh&&”ﬁayf Be @

reverse osnosi he enp oy reverse osnosi

equi pment  ut i fa?é@:gcgﬁ VSl J¥QRESS- 3 rsgle6:§48§tgég’m ahd! UStpabaacthe

silica concefitration I n the

PCT/U$Q7/ 14233 ream. THYCHEMDLARBS sepadRSGlors técﬁﬁfﬁrhéh@' 18ti464eI§Cot
osnosi s test equi pnent utilizing my novel ™ process. FI G

8 illustratexHeheayd eshi6n RABCANERGE -Permeable TdrisPan€r GHSchi WRichor a
reverse osnosis nmenbrane 5 enpl oyed in pilot testing of ny novel

process. substantti 8119 das=sibes t bassegel of ntbhaded BPeyséem
operation when using a nultipass RO process to- sequentially process
a portion of theretdrdegbdvwat &it tbs importantdudemta per myatmradess, hbbebeen
passed through nmore 10 t han one RO nenbr ane. FIG 10

i | lustrates mevhranefseparatios EqHPment pregycesm eparadugt f sEream er

feed makeup water, or for
15 which is substant:.ally free of the normally undesirable

species which are sparingly ionized when in neutral or

near neutral pH in aqueous soclutions.

OBJECTS, ADVANTAGES, AND FEATURES
20 From the foregoing, it will be apparent that one
importént and primary object of the present invention
resides in the provision of a novel method for treatment
of water to reliably and continuogsly produce over long
operational cycles a water product stream of a pre-
25 selected extremely high purity quality standard.

More specifically, an important object of my
invention is to provide a membrane based water treatment
method which is capable of avoiding common scaling and
fouling problems, so as to reliably pro.vide a method of
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cooling tower nmakeup water, or for scrubber makeup water. 15
FIG 11 illustrates the use of ny nethod of RO operation in

conbi natl onti nuous el ectro- dei oni zati on equj t far high
purity wate %cti on. FI G 12 illustrates a ?ﬁ@y‘{@%w

di agram for one configuration of q_‘ efficiency RO process. 20
FIG 13 |II%%9hatl§érhtl§yéQ¥rﬁ%cH(9ﬂﬁ#%t¥% dhen opexahingi &tal hRghsystem
process design FIG 14 illustrates an exenplary process flow

di agram f or ‘?r_fyfh?tbﬁnSYf'l ciency RO process, utilizing the desi gn and
operational conce taught herein W) 98/ 06483
PCT/ US97/ 14239 Bther ré'[?ﬁséﬁltpﬂ?iﬁ SPEleglc OPIRGEE Rbetdfed a

new met hod f or Drpsess desi and o eratl

new met hod fofy o eton 5?86‘ jd’es"r’é% Bﬁﬂvb &PE naofm%g‘%‘g %Eﬁswﬁ§§rbeen
S 0T ouGikdatfighdas dze%ra BAEeSh hi% maﬂ% %%Iréﬁr?pobj whigahl e

of achi eving I nportant I nprovements in ives

Attributes which charact ghizswdy WO (fekmdvand B naraRBaesssadesion
and operation include: (1) Very high rejection of al

contam nants, especial |l Yalkalln:.ty £#6RK a2 Gd &h St 'S f%'é@*ﬂra%%r'r% Bkl i ca,
boron, etc. (2) Very high achi evabl e recovery - ninety percent

(90% or higher recoverydeae he aclyiend®, direct wiaan&rel ogical fouling is
essentially elimnated. 15 (4) Particulate fouling is substantially
reduced. (5) C ehaeng Mmiedmemc\ofi arsithgprotess| yegaivements;

(6) Renoval of chlorine fromthe feedwater may not be needed,
due t3® the resulting chemigdmigrRcices avoid complrxsearhemicahe fegd
operating pH, or in sone cases, 20 by elimnating the need to add
chlorine in the systemsgt pl ace. ~ (7) Addition of scale
inhibitors is virtually el i m nat.ed. 8) Substantially
hi gher flux is achieved. regylres (kgss R@M@é&a]ovﬁPﬂFF t(@’lﬂﬂtﬁ?‘lsﬁé§9

conpared to tional RO s
dl tec li‘.ogy water tyreatment plants;

- is easy to construct, to start, and to

15 service;

- has high efficiency rates, that is, they
provide high prbdﬁct water outputs relative
to the quantity of feedwater input to the
water treatment plant;

20 - in conjunction with_.the preceding object,
provide lower u'nit__costs to ﬁhe water
treatment plant operator and thus to the
water user, than is presently the case;

- in conjunction with the just mentioned

25 - object, results in iess chemical usage than
in most water treatment'facilities, by
virtually eliminating use of some types of
heretéfore commonly used chemical additives,
particularly scale inhibitors.’
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(10) Reduced overall operating cost, conpared to conventi onal

RO syst ens. (11) The conplexity of an ultrapure water tem. 30
si gni fi cantW9 9@ ed. - 20- Pﬂﬁxsrma'z%
98/ 06483 - PCT/ US97/ 14239

The HERO brand RO @ystfmatard ghlfy orie- smisoflitment of |thhevi puElsenbcess
steps are custom zed to fit the specific feedwater at a specific
site. Regar dligserdfiors is ttdhe diugeercdhca umigrust reamhinatpoocast weak

di fferent sites, one process paraneter is conmon for _all

appl i cations, el y caitdon hdoroexahanas s wisdr apulshantially ( Arempighest
for current]y fARdnane Rt aokaliiiny aREovaler AAEMIEPARS, ioBiPH |
Al I R R T T
EEELIR e Gl M gt s A
iR i et g
that the ROfeed is 20 on?y_ sFi gﬁt Iy bg%%es%giﬁy teﬁle_{: pr%slé?lce of

car bonat e, of ROMNGLEpH ettfﬁeralér!il&lfe &&“;Ifi(%ﬁég/?a' i0RQ A SR 1y

typically operated at about "seventy five percen _ recovery, a
HERO brand RO Sysiipralkpe Bpetael Miloh as =i13RGHAlKSrah, NiRetNO®Er €RAE

(90% or greater recovery, 25 [imted only by osnotic pressure of the
RO reject. ThanablingpbbénattenewithmsRDikagd Horors) et TOC nBgfledt £onat
very hi gh recoveri es. Thus, the maxi num al |l owable pH is

specifically ajmvedbse tongs hdeRtabdipctexawetiiong. the limits of
e conventional RO treatment systems when treating -
feedwaters of comparable chemistry.

15 Yet another feature of the present invention is the
capability to retrofit 'existing RO plants to operate
according to the present process design, to increase
capacity without increasing the RO membrane
requirements.

20 Another feature of the present invention is the
ébility to provide higher purity product water while
operating at higher flux levels than has he'retofore.
been feasible with conventional RO system designs.

Other important objects, features, and additional

25 ' advantages of my invention will become apparent to
thése skilled in the art from the foregoing, and from
the detailed description which follows, and from t.:he
appended claims, in conjunction with the a_c:companying
drawing.
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In order to operate an RO systemwith reject up to near pH 11, or at
about pH ]‘?] oBos@gove, several process condi tions mus CP t N
order to e ?ectlvel y elimnate the potential for scaI{é @F%ﬁign on

the RO menb oD f thos, ditions |

for | opBRIBF DRSS i b PSARENN recovery rate. Such

Strontium and B8 GHE SFawEdS. ydemeieal. iSRG The sREMEeHmENe be
bstanti al | . i patyed, ferably.t d t

bt ant! | beiian g1puSld” I nd” B Lol O 00Uy 7S fag 22,

manganese CopLept-einde %“{&% sc%ﬁ%?‘é%l Pﬁgéﬁéfaﬁé}itggkﬁnd speci es, as wel |

as the presence particl es containing such -

materigls, 15 pig. ghouithbersulsl aphtalder&dnhgat efbnf2d PoRT bl Y

to near zero. (3) Buffering anions (specifically bicarbonate, or

carbonate, agfigtaphesphale Hpfehes)sshationbgs a function FYERd to as
| ow of a | evel as can be practically 20 achi eved. The

sel ection of specFflicc dpeitblususated aofiret embodimehtt 8£t fyf wetHda t he
above process condition requirements is influenced by the
characteristfoy dfigh effigaehncyperéversécedwmisds. oféreapiongnishosdaner y
needed 25 (or desired for_a specific application) also affects the
oper ati ons aw8ecefit FoWead RCid iqakicen ;.exqlange wnir for simultamecesents a

hi ghly cost effective RQ unit process . sequence.
-22. 10 hardppsgg g swn-hydroxide alkalinity removal.

PCT/ US97/ 14239 The first step is to adjust_the hardness-to-
alkalinity ratio BFCrhe 1 2RaWat & S§9onfegmRodiment  of)myi BeRhoehEeT at | o,
which is typjically addi ti on, makes,conpl et e hardness

b | kal i |
renoval feas gﬁ iﬁ%%g%lg?%g_ ﬁ%lﬁyeﬁts&eggnﬁse’p? operation. TWRergd,g
step in the ﬁQr%%%%SSiET al 8ah8¥gl ¥ sodium zeolite softening and

optional lime or lime/soda softening.

15 FIG. 4 shows a third embodiment of my method for
high efficiency reverse' osmosis operation, showing the
equipment configuration where alkalinity in raw
feedwater can be efficiently and éciequately reduced by
acid addition, and where hardness may optionally be

20 reduced by lime or lime/soda softening.

FIG. 5 illustrates the differential pressure, in
pounds per square inch versus time (PSID v. Months) for
a reverse osmosis membrane employed in pilot reverse
osmosis test equipment utilizing my novel process.

25 FIG. 6 illustrates the normalized permeate flow, in
liters per minute versus time, for a reverse osmosis
membrane employed in pilot reverse osmosis test
equipment utilizing my novel process.

FIG. 7 illustrates the silica concentration. in the

-18-



the utilization of a weak acid cation (WAC) resin (e.qg. DOVNEX( R) -
MAC-3, or Lewatit CNP-80, Anberlite(R) IRC 86). Operated i n hydrogen

form the WMQ98/86483 renoves 10 hardness quantitatively, gPGEASIHEA239
proper hardness-to- al kalinity ratio of the influent. The hydrogen
i ons | ragleaised b8mbBesCaidj@ttexsbpagn ArOCEsbot cardvardd bbRosis

al kalinity and produce carbonic acid (Herr]J]CJerr])[err], which is

di ssol ved i n testWecnefgnemntutillbzing my nékelt matextsep i nvol ves addi ng
acid to the WAC effluent to destroy the renmaining alkalinity, if any
such alkalinity isBi®ser®t. iIdntzakabi nthe meiection percentiige seép is
inportant in order to achieve very high recovery across the RO
system 20 silica|versasguriimest for thereNsHFei @apmesipudnembrane
containing virtually zero hardness and alkalinity, .is then treated
for carBon di sFdeYecho Pilakikeskeipgart my noved, REPGRS®nplished in a
forced/i nduced draf decay bonator or in_.an exi sbi vacuum -
degasifier of 25 FIGy t%e‘ﬁeﬁﬁfggﬁsbé SorgfLhFHeIFE ﬁrﬂfaﬁ@ BUPFERY
design. The decar bgnat ed, ﬁssenti al lé zerq hilgzdness essent i aLI y
zero al kal i ni f’yp?/\ﬁ? L Ofs YHER | ?1‘]S¢=§(:1fl d i A 1pas§ sBPubPE OF &8 Fi , <

preferably forseggjegﬁ:ttiioé{phpl—bggcégso & portion *Hf_ghfﬁit?gg_ Bdald L £ @aloy

to the pH as ne

08/ 06483 . : 07..14 : chi e pH
oo Dot o nBEPOEPS) T REMORSS oyhich had BeliPhddedd chrouaiflbgye P

of opefgting haRBY HE Membranel N such a manner that the pH of the
reject is approxi mately, but preferably not appreciably higher 5

than, 11.0. Not ichat 1tohi $1pHlstialddd t BheOnusé of my amtheablor skaply
Wi th respect to currently avail able RO menbr anes. An exenpl ary
menbr ane, W t bytstenhi ghesatpbn for bbdletanteed apalichid ywatera Kt MIGE

type FT30O nenbr ane. I f RO nenbranes with a higher pH tol erance
capability l@oolimgormoweni Imdkeupn watekryt uor, fohersdiwbbaxi makeup
al l omwabl e RO reject pH can be raised accordingly, with ~concom t ant
benefits fronwal§&@rhi gher pH, in excess of 11. 0.
Feedwaters utilized for production of high purity
15 FIG. 11 illustrates the use of my method of RO
operation in combination with continuous electro-
deionization equipment for high purity water production.
FIG. 12 illustrates a process flow diagram for one
configuration of my high_efficiency RO process.
20 : FIG. 13 illustrates a system schematic for a
conventional RO system process design.
FIG. 14 illustrates. an exemplary process flow
diagram for my high efficiency RO process, utilizing the

design and operational concepts taught herein.
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15 water, as well as those encountered in wastewater treat nent,
i nclude the presence of silicon dioxide (also known as silica or
Si®2) in onewbg anot her, dependi ng upon pH and t he, &?05%14239
speci es present vvat er. For nenbrane separation sys and

in 20 part 'p nbrane separation systens,
scal i ng of theb%y@orl'zgn% ue to sificais to be religiously avoi ded.

This is because (a) 5i hhga fd%_f-}@loped a 'EdRt dehpahadt Sﬁ%éeégafdéﬁ%es
productivity of the nbrane, (b) is usually rather difficult to

renove, (¢) 2and b@%ré@ﬁbﬁ SEMRGI syHHWRss Prafdecesewuntashéablfor
quantities of spent cleaning chemcals, and (d) cleaning cycl es
result in undegixfcam%ardtsmoémdmpemraftﬂomeof RO spetiends has theen
equi pnent. Therefore, regardl ess of the l'evel of silica in the

i ncom ngsraw f eddhamiueghlypéestiedn The process has shown that -24- is
WD 98/ 06483 PCT/ US97/ 14239 of
conventi onal - medpalng esepér aa cha e ioegssBpguhand! | jmprovemenys| viss RO
concentration of SiQerr]_in the high total - di ssol ved solids ("TDS")
streamto a | epplenasiional obj@pkt¥eably in excess of 150 ppmof SiQ2 (as
SiJerr]). 5 Typi cally, RO systens are operated at | owered recoverc}/
rates, where necess&\“iﬁr%}au’{ﬁ%v‘é]ﬂ%cgl Fhrazagkpearer B HFRO (tm) hyang R
rej ect stream from exceedi ng roughly 150 Scal i ng due to
various scal e P&r"rﬁ%?gs c %b%’u d °gerat§9§h1§§1b‘9ﬁii um sul fate, cal ci um

carbonahg o e Wrs nhelrefle o PRl ChoPLoiRIREY, %%348[‘?” !

avai I abl o o ﬁL. f’?wreﬁ%' e g?e‘ﬁ%?ﬁé SuPh BBCiol ¥i1i%,  nopgn,g .
temperature,  phy perfEaLe ith  Yitl efhie Lecovkdy®s: Mitledtp ge%%rﬂry

accounted for, various specie I ons he raw

feedwater, and those 90%) or SRESGhES %@ée,%@w 3a BEEEE?&EW@H
| have found that by reliabl e hardness and fon- hydroxi de al kalinity

removal ; to levgl)s Wishog2bal £ehleay Vel ksaenrdaflapmeliimimicetal e at a
sel ect ed pH for RO operation, the concentration of SiJerr] in the
RO 15 Iej eqls)st reant tenldee s%anxngnﬁaemthﬁtéaalgpmeduced

(5) Cleaning frequency is substantially reduced.

(6) Removal of chlorine from .the feedwater may not be
needed, due to the resﬁlting chemical species
present at the high operating pH, or in some cases,

20 by eliminating the need to add chlorine in the
first place. |

(7) Addition of scale inhibitors is virtually
eliminated. |

(8) Substantially higher flux is achieved.

25 (9) Reduced overall capital cost, compared -to
conventional RO systems.

{(10) Reduced bverall operating cost, compared to
conventional RO systems.

(11) The complexity of an ultrapure water system is

30 sianificantlv reduced.
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nore. This is acconplished by increasing the pH of the feedwater to

the RO system and w thout use of scale- 25  inhibition chem cals.
Moreover, exggolbédast hi s increase of silica in the RO r@bﬁ“ﬁfsm:i&?
| evel of silica contam nation in the RO perneate is preferentially
and substantially decreased, when conpared to the silica

whi ch m ght be antici pated under conventional RO process

ber Uso7/ 14230 Thel AR  Brgnd RO system is;highly, 8iteroReeibhG-
that the sol ubthdsxngéuall pro@klisC: gﬁegﬁeaaﬁ-@ "‘bhﬁtb%!z?é‘é' et logt Lhat

silicais aqueous sol ution.

sol ubi lity, tgﬁeée&&%e plelipataat ifan gf siséeﬂalel aQte. eya d%%ess e%th
i ncreasi ng pH. e the increase in iTica solubiiity is not

di rectlyspror)oehleon@ifferume in pﬁegteetm‘enwnpt@ueys Ebe rddeféfent

I ncrease in silica solubility is basically proportional to the-rate
of 10 changd tés,i conzat iproceski paltamedpEncyi detaommon for all
solubility and ionization is explained by the fact that even

undi ssoci at ed appildzatilurs t snametysdahat |thy RO systemadseaperated i aus,
typically up to about one hundred : ‘twenty (120) ppmto one hundred :
sixty (160) ppthe lIsighegbpdiaiisiplporejeqgter pllur e Sothstidtemt aptishs. theln
conparison, silica solubility at pH 11 is in excess of one t housand
five hundred (mlsbe)stppﬂhewahﬁeernﬂ limit tomecarnently| iacv'al.l@ble RO

I ncreasingly sol upl e as nper at ure and/ or pH Lncreases.

Silica 1% verymﬁE‘QFla?eisonf%"ﬂ ?\ﬁ%‘ﬁp}ﬁ'né?@t g} - @rfor FIL Wgé:rwﬁel}?’?%ﬂd RO

aqueous sol uti o eneral | con red exi st.as
undi ssoci at ed ? )Ho%) Yplcall SRR }Brﬁgédggl-ﬁgis i ARFiFREd P y
occurring vvaters pH of up.to about The di_ssoqci ation
constant 25 FER&F a\}:alefg ?8 uPhgof |arp§r°§f t%‘}ydﬁlgsoa Ea ST ed in
silica has bee Pnke grﬁcee% Sxhmately 9.7, which i ndi cat es t hat
silica is approximte f ty percent (50°/c) lonized at a pH of 9.7;
th? ot her fldft%’ per@%@ause of (HE VoM Nhigh UAGheee’ A efbh O'dd{ors
silicic acid a

15 (i.e. percent recovery) allowed by wmy HERO brand RO

process, the RO feed pH is correspondingly lower. For
example, in a system operating at ninety percent (96%)
recovery, a feed pH of 10.0 will preduce a reject stream
at an approximate pH of 11, é;'ovided that the RO feed is
20 only élightly buffered by the presence of carbonate,
phosphate, etc. Unl.ike conventional RO systems,
typically 'c.aperated at about seventy five percent (75%)
recovery, & HERO brand RO system can be routinely
operated at ninety percent (90%) or greater recovery,
25 limited only by osmotic preséure of the RO reject. The
pH increase from RO feed to reject is magnified at very
high recoveries. Thus, the maximum allowable pH is

specifically applicable for the RO reject conditions.-
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-26- . WD 98/ 06483 PCT/ US97/ 14239
that pH A graphical representation of the relationship bet ween pH
and the percent silica ionization is shown in FIG 1 %learl it
woul d be XRM4BRous, where silica i oni zation is deff @@974%39
operate at a pHin excess of 5 10, and nore preferably, in excess of
11, and yet nore In ordq:;r dfercggyate narxBOssystem with reject ughto
~understanding of silica ionization phenonenon is inportant since the
rejecti on of N@@St ngéélreS’ra@rto@?QUt PH e qmheifs 8VeEabrahecess
separation equi ppent is enhan,ced I ncreased i onization.

Consequent | y°°’§${LF?;8nS muse b meh dﬁ‘ W‘%F chivelX sbimiBeteed to

. = he d

i1 ca, i oni SHE} SPTARS SELeEoR: A TpERatiREy e, tnd' WO "RERRERRES ng
h f th benef

tS| FI (IC:)al-é gol Lb??ﬁ“?y O%:nal'%ogg ;Br u§e$%3¥8§§i§1%§§ r gasejc?ﬂ'r ébg‘hnee%ﬁ%%qeﬁ%m ng

e, RerRrik SOl sl dygldhld Vel e UV aRpPEtal BB

conposite ty ranes ] ection 's TRcPeased

Si gmflcantIyra&eaggle-.owaﬂt@.\b@ié,aré%s f&ﬂrcfv%%oond' ng to the increased
degree of ionization of the silica. To gai n nmaxi mum

benefit froms)!iecalenad}i qRaghesium, highrpht iGa RO Syat eFaghpghd be
operated at a pH as hi gh as possible, given the limtations,i nposed

by 25 rrenbraneoﬁh@ﬁt&tamoanohrbythéemeltbednmummﬂacéubstaﬁtlally
warranty. Preferably, the RO systemis operated at a pH of about 10
or almwve, and norelimweimabblly, ptreféxrabiry to nealoveerand ansgt most
preferably, at a pH of 11 or higher. This contrasts with typical RO
~operation practi cpre\ﬂ%}e@ Y, to essentially zero. -27- VO
98/ 06483 PCT/ US97/ 14239 operating
pH has been K2Hhi téauﬁ‘t%r&%ut 1$°51' i Angr Jeanganese conkeny snFadbRgati on,

articularly silica and c ate scal es.
P y organlcaq. ound species, as well ‘as the presence

of colloidal particles containing such materials,
15 | should be substantially eliminated, and preferably
| to near zero.

(3) Buffering anions (specifically bicarbonate, or
carbonate, and/or pﬁosphate species) should be
reduced to as low of a level as can be practically

20 achieved.

The selection of specific operations and control
points to fulfill _t-he. above.process condition
requirements is influenced by the characteristics of
each specific. feedwater. The percent recovery needed .

25 {or desired for a specific application) also affects the

operations and control point criteria as well. FIG. 2

represents a highly cost effective RO unit process

sequence.

-22-



Referring again to FIG 2, one enbodinent of ny 5 process for nenbrane

separation equi pment operation is shown. In this nethod, raw water
10 is fi rst‘gé) Gﬁﬁﬁ.ﬁﬂ in a weak acid cation ion exchange ,;@,ﬁsgl,gm,
where hard Cg and bi carbonate alkalinity are simnul taneous y
renoved. : For those cases where raw water 10 har gnesi reater 10

than alkalinity, ofdatilohrsF theeReakSactd AAIBAS okhe ‘P]%ﬁljé"uni t
12 nust be facilitated, by addition of_ a ce of alk éé
such as by ad@k¥8hipi&y ratiog ek e uff‘(?ﬁﬂ&? foﬁfurﬁL ona‘?

o) i AL, WGt g, e
|t vould al S0 upfk Idh | kRl UEbdBI Bt o Hd LuRLEEY Aldhrad feaﬁml |

I n any case, i € ] Ust nentlone cas€é an W se optionall y
wher e appropriate, . by punp 16 to the effluent 18
fromt hg’ WAC l}?i%e (nfs&lgpﬂé(:ééoag sgnhance bi car bonat e destructi on. Then,
the carbon dhaxi dackBaMiedp has haed sbegieseédst erafiC faveiveddy
acid addition) is renoved, preferably in an atnospheric pressure or
VaCUU”‘degasgdﬁé”uéillz£tﬂah|bf an vdHaldcid catidd ((wse) resafddde.g.
preferably by punped 24 injection of 25 liquid solution, to increase
the pH of the Jowskwr)EerMARS-3, or LéwafiselNE-80, @wndderliwe (R) aIRGFBE)Y. of
conveniently avai l abl e and cost effective base products nay be used,

provi ded t hat openapeeci dl ehydaldgent elnlemcy €the WAC peticugmsioves
Besi des use of conmon sodi um hydr oxi de, :
-28- 10 hm.@eq@gntltatlvely, given the proper ha:péq:p.ggg‘}:pr4239
ot her chem cals such as sodi um carbonat e, pot assi um hydr oxi de, or

pot assi um car [Bddealelid Gt Ilé’é'—ls’rEI g€t &he | anfluent  5ciThe| Rydrqagn, dQNs
an organic base such )yridine type npound, nma
effectively td q@ﬁe@ in ghe tcl"ﬁg‘ ar¥gel Hraﬁfsa/é?ﬁagt "wikRtne

pr essurizatio

25 f h b
acconpl i shed l?yﬂ‘ahn"t:ﬁl nglpégg‘ﬁ‘: pﬁﬁ?f)bor %fﬁggs}rgar}mc&?e;tsol ﬁﬁg R3S ype
menbr ane sepa cf'tslfé)&x}'&?tlﬁotﬁé ﬁﬂewgffﬂlg%__nat ely, al kali (base)

addi tion to tfe T eedwa acconpl i shed by passing the
feedwahgr through aim@nigfiira sted CEnt¥i¥WCaHRing lakdd NEbCARte t ACPH

to a de5| red
effluent to destroy the remaining alkalinity, if any
such alkalinity is present. Total alkalinity removal at
this step is important in order to achieve very high
recovery across the RO system.

20 In a fourth step, the acidified effluent,
containing virtually zero hardness and alkalinity, is
then treated for carbon dioxide removal. This removal
can be accomplished in a forced/induced draft
decarbonator or in an existing vacuum degasifier of

25 either packed bed or gas permeable membrane barrier
design. The decarbonated, essentially zero hardness,
essentially zero alkalinity water, is then injected with
a soluble alkali, preferably for adjusting pH to 10.0 or

higher, and most preferably to the pH as needed to
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| evel . The pH of the feedwater is raised to a selected pH of at

| east about 8.5 or 9.0, or up to about 10, or preferably (with
currently available thin.fil mconposite 15 type nmenbranes) to a range
bet ween 10VM8B/G6#83 or ot herwi se in excess of 11, and ROF/YS97/14239
preferably to 12 or - nore, and nost preferably, to 13 or nore.

Wth GHEH £8Ve YpRVap! 8Bl att B rdayM 0onpPom tiend YRS B@?ecg . ,
menbranes, such as those sold by DOW CHEM CAL of 20 M dfand, M chi gan
under their FILMEfibbhant rdpecbnsists 4t LofECatibg thdskEi aystem
controlling the pH to about 10.5 provides nost of the benefits of
this nethod in suwoh hautmamnpeonitskaalf teg- pér mofenfutose té § @ctHovdaver,
to increase silica solubility, and silica rejection, 25 menbr anes

al | owi ng t he gpproxbmateilynd butatpreferaiqut not appteciablyrbigher
preferably to at |east about 12, or npst preferably, to at | east
about B3, woulils@aBe dddi.-Oabl e.Note thaysthiits c®H bélappiaditaedorhat sy
nmet hod may be used : .to_even further advantage when nenbranes with
long life applicable simply with respecty.to currently\gvegilebles RO
PCT/ US97/ 14239 expectancy at such el evated pH s becone, commercial ly
avai | abl e. ~ membranes. Rej%te?%émi’ﬁ'aﬁ?’rré‘fm%ep P'Ef’i 5&‘%@%9§GSFBP}%e

sewered or sent, to further tr.eatment, as ( Late’in acrticul ar
site ci rcurrsfté?gteé ance peARRRLL 1Yy 182 mﬁ%n&@ﬁe Eé'g:f)%r E‘Ef“%ﬁaﬁ}ﬂ ‘t 30
may utilized fasphs” . b r rifl e r.gsl, qual
cont am nat i onI,i;il RO m o?g%ﬁsamg’llé:?l f%rﬁﬁigg{%%tﬁ#t ;oﬁ%ﬁée%ﬁggéﬁigy

serm Cquuct Of SBBHEACHYA Na b IS £ 18 R B NPLY Ithen 1Ehe WRAREnbh

desir A conventional post-RO treatnen rain for production of
high purity vetrswaSlénRoN&reject pHEELPNEECHAA seBdUdddrdNebudes w3 tgat | on
exchanger 40, fol |l owed by an ani on exchanger 42, with primary 44 and
secondary 46 gonesmbednpolberlefiiionfesphalge Wibher @B, inSoskwbss of
different post RO treatnment trains may be utilized to neet the
particul ari zedt nie@eds of a given site, raw water chem stry, and end
use, W thout departing fromthe advantages and benefits which nay be

gai ned by the RO pFeedwatershoi-idiizedséarh@raduction of high purity
15 water, as well as those encountered in wastewater
treatment, include the presence of silicon dioxide (also

known as silica or 8iOjy) in one form or another,
depending upon pH and the other spécies present in the
water. Fér membrane separation systems, and in

20 particular for RO type hembréne ‘separation systems,
scaling of the membrane due to silica is to be
religiously avoided. This 'is because (a) silica forms
relatively hard scale that reduces productivity of the
membrane, (b) is usually rather difficult to remove, (c)

25 the scale removal process produces undesirable
quantities of spent cleaning chemicals, and (d) cleaning
cycles result in undesirable and unproductive off-line
periods for the equipment. Therefore, regardless of the

level of silica in the incoming raw feedwater, operation
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20 exanple, it may be desirable in sone circunstances to omt the

cation 40 and anion 42 ion-exchangers, and bypass the RO perneate
via |line 4wWoaos/d48ect|y reach the primary m xed bed 44rEmusya4Rish
m xed bed 46 ion- exchange units. Finally, in many ultrapure

water 25 g afbgvehbeoRRIdWemHrAHE teraﬁhtﬁhhn%r@d@éjsé)@dgéﬁérally
exchange units 46 is currently further treated in tinal filtration

units 48 and invoaved ecorndeadt phitdonnids 440, in Wwhel Hight ecotal

particul ates and bi of ouling, respectively. Addi ti onal treatnent
operati ons nmayiaddddrad appllapdsat €"TDS*) stream to a level ndf-

WD 98/ 06483 ' PCT/ US97/ 14239 to
meet the needppfecipbiyi cihaexgessisef. 150 ppm of rieper(ad seiiRed .and.
uni que advantage of ny net hod of RO systemoperation is that it may
be pos$ bl e, Tamigally, ROy HYHeMT adrtcabfuatied hahli dovweredl spepyeryy 5
conditions, to operate the entire post-RO i on exchange train (i.e.,

i on- exchange rake s ‘ﬂberQZne&ESSéﬁa’AG)O preveny ﬁﬁ&}th e@@ﬂ@?&ilr—'éﬁlon
Dependi ng upon ct}tﬁrjn strg % . be paossible tqg si nf repl ace the
cation 40 and‘hrﬁ et Str@ E‘hgﬁ'ﬁﬁ‘r §xcleﬁdth?€ FFITREY1a1 58 aBBM-  he

secondary or lishi ed bed unit 46. may rrepl aced with new
resin, a%d t he oI d?'?)%ﬁ‘gﬁl %‘9? e§1°n %5&8’“150 ?ﬁ@lﬁrl%Fvln% ComBaynNgs ,

Peed type varich 3af gt afm DBLL bR 4 binm, cagbgnatii ng ™ xEfebe
onit 4 15 cames) | gh régcﬂmeea' By eRELAl Lon e L %m aobgpgn. o

ot her i on es a erm néd va

predeterm ne%ftpnaﬁgalggg@,ﬁ@}, UEhi s gg,@gﬁq_,cat,{iace 0 dlr ctp! I?’F gem xed

bed unit 46 is substituted for, |nto e posi t1on of

the primary TBﬂQﬂué)QShﬁQI\:;er2§atur§t§.§.3ﬁn€tﬁd@.&' t a%dls\@%éaeaseaageoever -
of m xed bed i on-exchange units is made, the "ol d" primary m xed bed

unit 44 resi rotilsed akeaibableasdlabildtyidged dedoperadithg paraméfegbher
| ess demanding resin users. Newresin is then put into the "ol d"
primary m xedroetuddngextbmpgaatuze, 2pH, pérmebercupod i tefjecaneslohe
"new' polishing m xed bed i on exchange unit 46. I n ot her
enbodiifent s, rzatess wusteda cpreperiye accounted for, as well as the
various species of ions in the raw feedwater, and those
species added during pretreatment.
I have found that by reliable hardness and non-
hydroxide alkalinity removal, to levels which
20 ~effectively avoid formation of scale at a selected pH
for RO operation, thé concenﬁrétion'of Sioz in the RO
reject stream can be safely increased to 450 ppm or
more. This is accomplished by increasing the pH of the
feedwater to the RO system, and without use of scale-
25 inhibition chemicals. Moreover, even with this increase
of silica in the RO reject, the level of silica
contamination in the RO permeate is preferentially and
substantially decreased, when compared to the silica

which might be anticipated under conventional RO process
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particul ari zed needs of a selected raw feedwater chem stry, various
forms of hardness renoval nay be WO 98/ 06483

PCT/ US97/ 14 utilized, including sodiumformstrong t| on
exchange SOWW%%d by acidification (see FIG 3) or : aﬁ]&ﬂ“& Hézq.?se
of alime 52 (or simlar |inme/soda) softener as an additi onal
pretreat ment seepdibiepsher 5 sodi um f orm strong aci d cati on exchange
50 or weak acid cation exchan e 12 & FI.GS. 2 i

For particul arly soff kit eFS™ORLY| | WRASFSEPRE, SRRt the' SQ PPé%FYSP%y

b |1 d t.hod d

sgf E g;?ngyo:‘ nt%ﬁ?‘ é/l %&Faansef}) Wft%nﬁn8ﬁﬁ9s&n§| e %&‘ﬁ)ggﬁﬁt}’%ﬁ 15’@f o

d b t b 4, t.h th hand
softening 15 BuHee eIk Rk %é%m%ﬁ%%aﬁ%‘men S CE AT
treated Jor r ngﬁbggiﬂx}l‘Shﬁhgneéé?gFg of :ﬁr?i%ﬂiaht sﬁjfldieéér?q.so

extend by softener Rega €ss 0 e egui prren I"gur at’l

sel ected for jhcreabbBatyi¥ QhctRiiid UpRT, rawmteertﬁaeﬂiﬁ%{»é!aséh%ey

process paraneters are (a) to renopve those cations
conbi nati on wig{n pthersSPasi BEcPr esehot cﬁ'ﬂil:tly proPdrtudL tead v

precipitate sparingly soluble salts on 20 t he nenbrane surfaces, and
(b) elinminate degrégdreki donizatioml kehenitaté o dfheifpxedw® exhedilica
feasible, to further protect against precipitation of scales on the
menbr ane sobubfiddey is basicallVhepwepbradichzlat ten €h¥AG3ate of

| on-exchange resins 25 used in the first step of the preferred

embodi fght of eange imetiwelizas idohust r Akdsi ndEs@repamay qlieween
efficient in the removal of hardness associated with alkalinity.

Such a reacti ofPprlpéddly a8d glamigation is explained by the fact that 33.
WO 98/ 06483 PCT/ US97/ 14239

Cat++ + 2RCOOEVEn._ 9nc.‘(mﬁt;?%asxﬂ.1ﬁ exhibits some solubility in

aqueous solutions, typically up to about one hundred
twenty (120) ppm to one hundred sixty (160) ppm,

15 depending upon temperature and other factors. In
comparison, silica solubility at lell is in excess of
one thousand five hundred (1,500) ppm at ambient
temperature; silica is increasingly soluble as
temperature and/or pH increases.

20 ' Silica is very weakly ionized when in neutral or
near neutral aqueous solutions and is generally
considered to exist as undissociated (meta/ortho-)
silicic acid (H4Si04) in most naturally occurring waters
with a pH of up to about 8. The dissociation constant

25 (pKa) wvalue for the first stage of dissociation of
si.lica has been reported at approximately 9.7, which
indicates that silic.a is approximately fifty percent
(50%) ionized at a pH of 9.7; the other fifty percent
(50%) remains as undissociated (ortho) silicic acid at
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Then, the hydrogen conbines with the bicarbonate to form car boni c

acid, which when depressurized, forns 5 wat er and carbon di oxi de, as
foll ows:  wo 98/06483 H+ + HCJ err] ----> Herr] CJ err] rPeT$§5318330
+ CJerr] Regeneration of the resin is acconplished by use of

10 conveni ai lya S ' q:%%@ : I :
known by thosg}lg%]é/tﬁg'aﬁ %%ﬁ%%gngfgg%g%hg% ‘ot Hlei o%r?-lgxtc:'}'uog%%%iﬁ
resins my pr%@&%%l%ﬁ ahlil ehe"dabedit silicaNfshishehieh ARPidHGwA e¥gl S
(generally, not nore than about one hundred and twenty percent
(120% of ideaghzgl51. Ceeakd)., itPrRhEidiBey adyarivagbons; atieta ayibica
used, since in such cases highly soluble cal ciumchloride

woul d be produisthi zavllohhd s eesired j obopopeasttewatda pH inneixcease dofe
potential danger of formation of insoluble sul fate precipitates,
such as %al ci e suahdt mory eprefehabl@, irhiepcsssendt Llaci and yelowmaxe
by use of a staged regeneration procedures, i.e., by using a | ow
concentrat i on peéflefablywednbexsesisgiet kdncentrati on acid, it is
possible to reliably utilize other acids, | _, i ncluding sulfuric acid
(Herr]SOerr]), whfhe sinderstanding ofs silifdedionifat HPRcPHiananenem
the resin. In this manner, | har dness i.ons e solubilized to form
sol ubl e sal ts,is imporygnt, since theTeisrtind siMPBEISRAFIES: ASHRZR | y
sewered. Use of, sulfuric acid is_particularly advant ageous in .

seni conduct or %ﬁuf‘ﬁ‘é?‘bﬁ%ﬁeﬁpe‘?%\t Mubrane ° separation equipment is

- 33- WO 98/.06483. - . ‘s

bet Usdl 1423 nHancEa By SASRSPSR ANt RGBSy (SRPPEAEE It i(FH R
such acf%_geé@gowagye &5 ﬁBeE{enﬁﬁl Maﬁeb%dvéf%éé@@é)&skﬁ g.én&)ro%e

utilized for re neration of a weak aci cation excharn
Q her polyval ey tgat | gree MBE! igiBE N | iBBreases; w&fﬂt%éspét)b to

magnesi um (Mg++), barium (Ba++), strontium (Sr++), alum num
(Al ++4), and ngppasase ididiatd M +inpreases at ahfghkso g0V athdne fdwse WAC
resin. Since the presence of even very small quantities of

har dness or otiwtreasing the pH of the RO operation thus provides
15 major benefits. First; silica solubility can be
radiéally .increased, even while remaining within the
current pH limitations of existing commercial thin film
" composite type RO membranes. Second, silica rejection
is increased significantly at high pH levels,
20 corresponding to the increased degree of ionization of
the silica.

To gain maximum benefit from silica ionization at
high pH, the RO system should be operated at a pH as
high as possible, given the limitations imposed by

25 membrane chemistry and by the membrane manufacturer’s
warranty. Preferably, the RO system is operated at a pH
of about 10 or above, and more preferably, at 10.5 or
above, and most preferably, at a pH of 11 or higher.
This contrasts with typical RO operation practice, .where
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10 speci es of decreasing solubility at increasing pH wll resul t.
in precipitation of sparingly soluble salts under t he process

condi tion r in my process, care must be taken vent
precipita§W§ﬁ§§§&?he menbr ane of the subst ances such EgﬂﬁkSPaPE?um
carbonate, calcium_ 15 hydr oxi de, . magnesi um hydr oxi de, and nmagnesi um
silicate. operaliqighreit dpdpokeenatl Hdiedl e aboukvéd 5.5 ihavrderhto
hardness and non-hydraxide forns of alkalinity should be _
aggressiveIyaﬂgiﬂxﬁféi%téhFW%%ﬁﬂﬁteP?rEFPHﬂaF8YUﬁm%%Fa and carxbenptst nent
to selected ngﬁrerating conditions. Once 20 har dness and non- hydr oxi de
forms of al k&@HS% have been renoved, then the desired pH increase

may be _acc ished with.any, co ient alkali_sourgce, such as

sodi um or pot assi dm a‘?’lsga 19 89%y aﬁ?o%vicg‘ch nge9nf}1ceé'%°°élm¢thi my
pretreagt ment enet ho myﬂ c ' , a system can
be saf gl y opgrq%t%e at.f\%gry. |g§hpﬁ6—l| ggggkgﬁﬁg\g’elés&%m%? eroz:feorl'?%g@ 18
advant age of ghliRmAl OrEIBHi oGk nod, rawi WhEdrSAloUhid idrat treated in'"
cases where raw water conposition Is such that sodi um zeol1te

softeni ng i szaq)l aeP8Scaiohs iRP Si@thnge unit 12, where hardness
- 34- WO 98/ 06483 :

PCT/ US97/ 1423%d bicarbbiafeGalkaBlhitpakiren §imetaheeaal n@éﬁo@é&@&i?{s

as “foll ows: Ca[err] + Na[err[X --- >

+ 2Na[err] For those ¢hses bilrd)onawewaltiead 110 t jard@neesyveird edréatesr bon
dioxide, with a selected acid, in a manner simlar to t he
fol l okPng: tham alkalinityNakepefration +ofiCthe -weak HNe@d +cadfirm] fon+
CJerr] For those waters where |ine softening may be an

accept abl e of¥shengs cdnikt A@d Mast et i Bachhitabed Hw additiongafal dnity
reduction, the additign of line to the water 15 reduces cal ci_ um and
magnesi um haPPVESe 2fd atkadindsy 13, sughcamokat c28Ff&4OR t P Aan

fol |l ows: . .
aqueous solution of sodium carbonate (NajCO3).

Preferably, the WAC unit 12 is operated in the hydrogen
15 form for ease of operation and regeneration. However,
it would also work in the sodium form, followed by acid
addition. . In any case, .in the just mentioned case and
otherwise optionally where appropriate, acid 14 is added
by pump 16 to the effluent 18 from the WAC unit(s) 12 to
20 ~ enhance bicérbonate destruction.. Then,. -the-carbon
dioxide 19 which has been created in the WAC (and/or by
acid addition) is removed, preferably in an atmospheric
pressure or vacuum degassifier 20. Finally, an alkali
22 (baée) is added, preferably.by pumped 24 injection of
25 liquid solution, to increase the pH of the feedwater 25
to a selected level. Any of a variety of conveniently
available and cost effective base products may be used,
provided that no appreciable scaling tendency is
introduced.' Besides use of common sodium hydroxide,
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Ca(HCJ err])[err] + Ca(OH)[err] ---> 2 CaCJerr] + 2 Herr]O0 20
My(HCO err])[err] + 2Ca(OH)[err] ---> Mg(OH)[err] + 2 CdCderr] + 2
Herr]O WO 98/0648% s process configuration is depicted as an RIHEYTHARS
enbodi mrent of ny nmethod, as illustrated in FIGS. 3 and 4. In the
cases where |ig@nepr dhemheads SEhEAN 48 isoaRhm caMS6fat BOWENEE as®ihune e
care nust be used in evaluating - t he performance of the remai nder of
the pre-treat rgdroxide, osypbeassiunceadiomalmidghty bé baldeess.i oTn
remai ns appreciable in the softener 52 effluent stream 54.

For nost feedWsd et s, ipar tiecdladnl yocabess | ane organic base, such as a

- 35- WD 98/ 06483

PCT/ US97/ 1423Pyridine | typesodupovhdenmay ibe nstecempi tgetiveby boecafrry
car bon di oxi de renoval step significantly enhances cost-

ef f ecti WPeness Wit t K if oRERCOMABA cakh ean!ﬁute\tﬁnbr tmressurz.zta}tg.qn-{

I ncrease. This al so helgs to mal ntain_a | ower total alkalinity_| eveI

in the feed t Fagfwakeriffstor the blﬁsrhreirwgpgtiﬁ%saﬁ ks NRFEPHPLLS
agai nst scali %e _ to_hardness gakage from.the catlgn renoval
st ep. %ﬁ aPFERSHT by YRy Beforge YERARSEFT altD FBPpRY o tYPE

h I gl to. th k af t
This 15 becau S TRESPE caPPATaiOMe Witk 70 3% “ShBhmeqALhG R EeLY
ffected by t t f Kl d
I ons T ne FLREIFILAR) - aqa i EIUPTHS L?‘*S%Sk 8393{,%%“%% HpshebEich

as 10 POrQiye ﬁe&cﬁgs ;(Jégngcﬁﬁ@ C?eecﬂv Ihg h l2n anGoid ain

arseni ¢ and sel eni um conpou nce operation
al so i ncreasesion-excha®géZairiah 9f Cﬂ&e&n&e@&!s)é I@t@ézgﬁx apbons, deBghied ng
borate, organic acids (TOC) cyanide, fluoride, an certain
arseni ¢ and sdergalim cOhpopHdE tttee rfeefvatepnis?2@Gaisdadites aaseleetaanced

in an RO nmenbrane system Consequently, in general, ny method may
be advaH agéoat| Yemmtl iaboun Befeor #rdssorhepnembrabmut 10, oxost
weak acids with a pKa[err] of about 7.5 or higher. ~Silica rejection

can be increagueierapbyt (§dths5eurgently avamlraéple frloim af tbmveomposdlite

basel i ne of about 99%
15 type membranes) to a range between 10 and 11, or

othexwise in excess of 11, and more preferably to 12 or
more, and most prefera_.biy,- to 13 or more. With
currently av.ailable thin £ilm composite type RO
membranes, such as those sold by DOW CHEMICAL 'of
20 Midland, Michigan under their FILMTECH brand by their
FiLM'I‘EC, INC.‘ subsidiary, controlling the pH to about
10.5 provides most of the benefits of this method
without compromise of long-term mewmbrane life. However,
to increase silica solubility, and silica rejection,
25 membranes allowing the pH to be raised to at least about
11, or more prefe_rably td at least about 12, or most
preferably, to at least about 13, would be desirable.
Thus, it can be appreciated that my method may be used
to even further advantage when membranes with long life
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rejection; this amounts to at |east one order of magni t ude decrease

I n the anount of silica escaping into the perneate, thus providing
a ten plus I fold increase in running life for t N
scavengi ng ‘lv(é))r?-gih&” - 36- Iamg”g@i%B
PCT/ US97/ 14239 exchange resin bed, namely ani on exchanger 42 and the
m xed bed uni g¥Pectancy at “guchneelevatsd pHEhFILeFRRCIGIMBETRial iy st
pass RO of,.i n.excess of ninety percent (90% can be attained, 5

in contrast wRVRid typi cal range of about fifty per cent (50%

or so with conventional rQcesses. i.mlar to e case, for
silica, boron rejefPsit t?z%f Peon “beé“qﬁ%r?%a§88aﬁ‘§ﬁ1°§’ C%%'éﬂ%l orfigy be
baseline fro of .a - 709 % a ' .
operation at nggw%g qsxfji?ea%'l:yéﬁi gﬁ‘%ﬁ% T%e/é%tg“r\l%?ﬁ'/%i g‘g efrrec sml'(;é/nte in
rejectign partPPERAH A0 U t@ifhﬁh@'z%@ﬂﬁ;ag'@i@rﬁe@iée?tB@ from,

slightly lower pHin the case of boron, since t or boronis

9.14, roughl ymgp®xadld duparitidi 0BALL! BN may utildaéal 0ag0nid0sd) igagci d,
nanely 9.7. The beneficial 15 effects of high pH operation are much

nore pronouncpgd ifurther pliEifis® &b beeRBve ey flua e IddOsbhi C
aci d (Herr]Sigerr]) in aqueous solution typically includes six

nol ecul es of fatrer esdanyyleat i Dor hbhgheapulrdty aGitter user§HsuehBGerr])
typically has no attached hydrating water 20 nol ecul es. Thus, the

ort hosili c ackémicoaducrdr manyfacturingar géhewe hlBe8povegt ohmerguihey por e
size as conpared to | - boric acid, no matter what the pH and as a
resul t10 wagen chshAefhEadni ghdr ASRMENtAgNak | PRStaRQ . treatment
Consequently, the i ngr eased ionization_of boric acid 25 when operating
at a pH in exE&8dTof gpoRredyckion of higl cREF}t¥eiedteral38 gdg the

I ncreasingly so as rises to between 10 and 11, or the currently
preferred con?FB‘Ilcog‘lguCt%i ﬁ?dﬁ?tﬁgprjﬁﬁ]rﬁee? yal(fag'.lefh_ee }‘S‘r?g’teéj e‘g&f on
ef fect 8R4 cbhelf 15 ol UHRS SRURDGSE- ST RS LP4nER s and

secondai‘y' 46 wmixed bed polisher ion exchange units.
15 Somewhat different post RO treatment trains may be
utilized to meet the particularized needs of a given
site, raw water chemistry, and end use, without
departing from the advantages and benefits which may be
gained by the RO process method disclosed herein.  For
20 . example, it may be desirable in éome circumstances to
omit the cation 40 and anion 42 ion-exc;hangers, and
bypass the RO permeate via line 47 to directly reach the
primary mixed bed 44 and polish mixed bed 46 ion-
exchange units. Finally, in many ultrapure water
25 plants, the pfoduct from the polishing mixed bed ion-
~exchange units 46 is currently furthér tréated in final
filtration units 48 and ultraviolet irradiation units 49
' to eliminate particulates and biofouling, respectively.
Additional treatment operations may added as appropriate
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WO 98/ 06483 ' PCT/ US97/ 14239

system at 1%B(gH of 12 or even 13, when conmmerci al menbr anes becone
avai | abl e 98/0f4B3 pr act i ce. EXAVPLECTUR VS EST
5 A pilot water treatnent systemwas set up to test t he
efficacy of the medwdnt sraiedtliacpaseiculathend usexrpil ot water
treatment system was designed for treating an incomng raw city

wat er supply to prdvather ghipuiney abd unjmusivedvantiage faff mwtwethakd
future use in a sem - conductor manufacturi-ng plant. The objectives
were (a) of R® ianstem opexatviey, igothett dtnimaiynibee peaible aguendel)

to increase the purity of treated water, and (c) to I ncrease the

average tine FahitemFehrincfeadWatRr ghemlskayi|dpsyoRATAdiBENed
a series of tests_, of the tests, the systemwas started up

B Tr 4eE oo Gonditichdy ha, opeTAtE | the) Snt Ltin BESTLROLHON TREChRE

P Loent (100 BRI L8 s b T oA Rt o et a0ur 335" 447 Bgif g

P erenirsl ATHHe bl EFR PERES Derelitiing vpon cHRAGEASS ) NEXhEL |
bow Fi o be pEBotiBhe vo simPyEribiRseoLle) Sakdbd e 4 Ji10H 22

25  pressur @kchiaigeaout TA30 S| thore ah8UL118%aHS| 0.tHM t Becondary or

feedwat er tenperatures ranging fromabout 20[err] C.to about -
25[err i@, andpailifsdAdient mixedt 6sedf und tt 04 @baidly SbélS WPl Ped with neer
mnute (30 litres per mnute) maxi mum As seen in FIG 6, long term
normal i zed pemesdis fdrudstbé eldgplyshing resin moved to the primary38-
WD 98/ 06483 PCT/ US97/ 14239 nor e
than 5 US gal beds #ér mesitiéofiaboulfhd® | iserpopeible, partigudpniderein
tested. The pilot test apparatus included ~a pair of weak acid cation
i on exchange bddFagperaataedihoiler feogst Aiype WRESK| LNEGURSTR SFUSFRES
Conpany (Phil adel phia, . 5 Pennsyl vani @) . weak acid cation resin product
%IR%&E%PHEg &h by

nunber | RC- Decausgg th anppedeled Mnatc 45 Rt EIH

hydroxide 1N eeidio SSB2LEILA" wier NEnb AL CoBMLY, or other ion
leakage .feaches a predetermined value. When the
predetermined ion 1leakage .value is reached, .the thén
polishing mixed bed unit 46 is substituted for, and
placed into the position of, the primary mixed bed ion-
20 exchange unit 44.  When the change over of mixed bed
ion-exchange units is made, the- "olar pﬁ:'imary mixed bed
unit 44 resin is taken out, and either discarded or sold
to other less demanding resin users. New resin is then
put into the "old" primary mixed bed ion-exchange unit
25 44, whereupon it becomes the "néﬁr" polishing mixed bed

ion exchange unit 46. .
In other embodiments, and as suited to .meet the
particularized needs of a selected raw feedwater

chemistry, various forms of hardness xremoval may be
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by the RO menbrane into a reject stream and a perneate stream 10

Table 1 presents the chem cal anal yses of fromthe pi l ot pl ant
operation (‘%Wt er, ROreject, and RO per neat e. g'ga,mﬁgl
al so shows e rejection rates. achieved in the pilot operatron,

and conpares t gse achieved wth a_can entlonal RO

system 15 gbif‘ﬁﬁ%’g &ﬁiﬁa#]%aﬁémﬂ;h?éQ&Me orm ﬁtﬁgﬁq c Ff(?tte1
the |evel of é%h&ﬁ;ﬁ” sdie féﬁaas&wgta@&lfmtfaﬂ @e%uc '35 %

reject (480 I ca concen rejecC

roughly thr ee?eoéﬁesthléat uQ‘ér Bl Ya 1ime a$3i @bl %J.'nﬁigifecflﬂ'@t/‘é gg)omhe

convent i onal process 20 configurations. Moreover, ~ even

hi gh COPELBhERt i) 8h AddLeioRal her¥ereitardnt i @&rébVeéo either
rejection of silicais seen, in that silicCa rejection of 99. 87% was

achi evegl, c0n@@asdmwwarmwﬁﬁxangW5cianaa&Qon exchdrdddn spogt QRUKUM4EI
about 99% w th a conventional RO 25 system on the sane feedwater.

In fact, | nproesxetionepgchanger aRes(assy FI3PLr2 eamé@dl) . with all

i nportant chem cal species over the rejection rates experienced with
conventional RO, aEBokspeirtsiculagihy soft waleexdat atpeciémecdr difey soda
Specifically, the high 30 - 39- WO
98/ 06483 softener 52 may be totally inappropriate, and this
PCT/ US97/ 14239 . . TABLE 1

PI LOT TEST AmWéAﬁ‘aREﬂWed with no softening of theafareMateyd ot
RO Pi | ol Conv,et' nal _ L

(ppm 10 Rej %‘6‘? onl[yeﬁmgg.g\ ple ’é£t g %eelggé?e&‘?’?%ndfsi?rbonlzatl‘ﬁrpn)

(ppm (% 5as ga% be seen §8d'ﬂ& 29 9On the4§g£1er hang' % ere

99. 73 Pot assi um
<0. 003
<0. 1 <0, 3goediing is appggp?/gaﬁgé figme ray e céﬂ %001

(N:lhlt (r);it ge 12, é%roprlgﬁelly treaiQacpofor reaac%gtns %n ha¥didss éaorfdg .

Sul fate 46a1ka11n13:7}8-4:o a déQn.Q@d extenggglg?g softener %291

Bor on 0. 083 0. 62 0. 007 60-70 10
(Di ssalsred) Régardlegs of #HBE equipméhtdbeconfigquradtidh selectedIFESD

TOC 0. 64 1.1 <0. 003 99. 66+ 90- 95

pH 8.0 treattpe8t of alpazticular raw(Cwatemt cismistyy, ppheakeon,
unl ess ot herw se not ed. TABLE
2 process parameters are (a) to remove those cations

which, in combination with other species present at high

pH, would tend to precipitate sp.ai;i.ngly soluble sBalts on

20 the membrane surfaces, and (b) eliminate non-hydroxide

alkalinity to the maximum éxtent-; feasible, to fu:r.;ther

protect against precipitation of s_cales on the mefnbrane
surfaces.

The weak acid cation ("WACY") ion-exchange resins

25 used in the first step of the prefgrred embodiment of my

method, as illustrated in FIG. 2, are quite efficient in

the removal of hardness associated with alkalinity.

Such a reaction proceeds as follows:
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15 Sodi um I on Exchange Effects

Sodi um ppb Conventi onal New
RO Pr ocers98/06483 RO Per neat e 19CT/IUS97/1428955
Post Cation | X O. 431 <0. 007 20 :

TABLE 3 OST. M XED EX RESULTS
Consti t uent Convent [ onal 2&8001? New Pr ogggéb Cya QHQNGE

Bor on Non- det ect abl e Non- det ecabl e

Silica 0.43 ppb 0. 35 ppb TOC

5.9 ppb TheR, 0 tPRD hydrogen combines with the bicarbonate to
-40- WD 98/ 06483

PCT/ US97/ 14239% orm carboRiiRft aeid,at @hich behen Tessalized pVifiterms
significant additional benefit in reducing |loading o downst r eam

ani on 42 and nvxedrbadd earborhatigeide f sagddfollows:and 46. In this regard,
note that a rejection of 98.51% 5 was achi eved for boron, conpared

wi th about 60%to 70% whi ch i.s achi evable in conventional RO systens
on the sane feedwater. Typically, termnation of an anion or

m xed bed exchange Hiin s BE&zET m ned-by-3iH3@@3 or-th H20 +c€Qxin cases,
boron | eakage. In spite of higher 10 recovery in the pilot RO-system
silica content in the - conventi onal RO syst em per rreat e was three

E:EQSZn?IrgPiegns of Btegg?’ﬁ;?% tél%%fé%r S ?g%eﬂcg '?‘g %alépé’ryné%e!el‘? om
5 Si
ConventTonal  EPREFREEPELY SVaifible Rnd Y 3§?ng§¥6 pisk By
S
rethod, | and i pieLE Ron by thd ‘-‘PiQpr—ess A R o
shown aﬂ%géﬁgia?n %es’iﬂg el n '&Ita c’f;-ﬂ QSr eef £l LR 20
: pm ppm or

novel process Was versus perneate froma
conventional REkayst&¥diEhedmabrer Q'&vels (generally, not wore than

about one hundred and twenty percent (120%) of ideal
15 levels). | Preferably, hydrochloric acid may be used,
since in such cases highly soluble- calcium chloride
would be produced, and the regeneration process would
not pose the'poténtial danger of formation of insoluble
sulfate precipitates, such as calcium sulfate, even with
20 ~high strength acids. ~However, by use .of a staged
regénera’tion proqeduies,_' i.e.-, by using a low
concentration acid folibwed by a higher concentration
acid, it is possible to reliably utilize other acids,
including sulfuric acid (H3804), while still avoiding
25 undesirable precipitates on the resin. In this manner,
hardness ions are solubilized to form soluble salts,
which are eluted from the resin bed and are typically
sewered. -~ Use of sulfuric acid is particularly
advantageous in semiconductor manufacturing operations,
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| evel s of less than 0.05 ppm were denonstrated, as well as | evels of
| ess than 0.01 ppm of boron. The test results from Table 1 al so
shown this result, in that 25 rejection of boron in a conventional RO
syst em r anged¥0 9808483 ' [ o apout sixty percent to seventy perceRET({USSUA4289) |
whereas rejection of boron in ny water treatnent process was shown
t o be about ni séngecisyitth pichmire-typicaptliyense large @Mri2)ties nobt hach
words, in a conventional RO process -41-
WO 98/ 06483 acid, and waste or spent acid pmgyude/ xgantageously
roughly thirty tq_fort (30 to 40) borate_ions pass |, t hrough the
menbr ane for e%ﬁl&?@%tﬁﬂﬁ FeyaRhabiereRf 2 weak agidh CatcieRaerrhange
whereas in ny BrF cess | ess than two, and specifically, only about
one and one- ha ‘1.5) 5 borate ions pass through the nenbrane out of

- h ) .0t h ds,
bor 100 Bor ate i ons & HhERe FOINVHERAR. ch iR, BEFE SonRRiafy® fEor’
conventional Rigeual/gusde S, REaddDibR (1S +9) 0583 Tum (mat++) N SEELAL Bum

feedwaters this nunber woul'd decCrease even her_, to as Tow as
1/100, or 1/1Q@@++)f oraP@meAum (a1++#€) eChingn ,ﬁ@,gggngé/aem QgL+ puRie+pey cent

(999 or ninety ni ne point nine percent, ( respectively.
Thus, t bire idXBS akemovBatl byhaHaNWALMBRsAh .ani 99n8¥C ek rddence
whil e not necessarily proportionate to the influent 15 silica and boron
| evel s, are newdrtaeeessveriyngsinalle gquantitiie@gni bfcanilinkergesorvether
treating perneate 34 fromny © new process, as conpared to run tines
when trgati ng speciegperfiedeecreaging cavlebilbbyl aRO tystreasingSipHewabilon
exhaustion is indicated by a predetermned |evel of 20 | eakage of
silica (Siqerkppulindn inresiel takienhof oAPazangly soluhle sales rerdarbed
outlet concentration is related to t he nean species concentration in

the resin bed, tB§ Process GerdihicBsgRrESeRft ¥t PERCESShecare must
concentration gf such anions in the influent to the anion -
i on- exchange 2§ takalyitP REFVEHe RITSLIRHERELORSOPhAPS (S‘P?d‘g?r?% ?f nkBeare

oL e 1O Sl BRIV ARV © £ ShnSt SUSnSEe, emred BT,

15 hydroxide, magnesium hydroxide, and magnesium silicate.
One precaution that should be 6bserved is that both
hardness and non-hydroxide forms of alkalinity should be
aggressively reduced .in the feedwater, prior to upward
pH adjustment to selected RO operating conditions. Once
20 hardness and non-hydroxide forms of alkalinity have been
removed, then the desired pH increase may be
accomplished with any convenient alkali source, such as
sodium or potassium alkali, or by anion exchange. Once
this pretreatment has been thoroughly accomplished, then
25 an RO system can be safely operated at very high pH
levels, iﬁ order to take advantage of the aforementioned

silica solubility.
In cases where raw water composition is such that
sodium zeolite softening is advantageous, as is depicted
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silica and TOC were found to be extrenely | ow after

-42- od¥ss 98/ 06483 PCT/US97/14239
8/ . . :
PCT/ US97/ 1&83 treatment of the perneate 34 in the m xed bed ion

exchangers 44, an 6 in the.pi.l pl_an A ] j & o]

m xed bed per?@a?’& ro aegé‘ﬁ'\} %Itt_’ll%r?al‘S"F?Ocal%quﬂ%%%%%esslsspﬁp\g\ﬁ egd) é\ﬂgth
the data in T@%Eo% . 5 Significantly, in ny new process, in post m xed
bed i on- excﬁénge treated water, the TOC | evel was found to be

| ess than 3.0 ppb, i.e., below detection limt. ~ And, not to be
overl|l ooked, are the significantly i nproved rejection of sodium and
potassium which 10 | @R#2ved t Na9X: 73%-and &k 98 anaespectively, from
conventional RO systemrejection rates ranging from ninety five to
ni nety i ght percent (95%-98% in the case of sodium and from
about ninety to ninety five percent (90% 95%, in the case of
potassium 1$hen, bicHrbemanefixkmlinhtyheisr gjanveénnedf sor aaplpon
i.oni zed speci es such as sodi um potassium chloride, and sul f at e,
conpared to cdhezitieonabitfD eparekechedaacid, ineqi deanreer bgirddatat BOin
Table 1, was a particularly i nportant and an unexpected experi nent al
result of pi'|lbhe followiagtsi ng. Further, even though the RO perneate in

t he pilot plant testing contained a higher |evel of sodium

t han does the perneate of a conventional RO process, noted in

as
TABLE 2, the inpact hi ghgr,,sodi um ., cqntent op.post RO cation
exchanb@ is relati veloé/al&ggf3 9i ﬁe&nséﬁu'@nt Nacl *Sﬁﬂ%@ t'heaﬂ% pernmeate from
ny novel process is highly alkaline (a typical. pH of 10.3 during
pilot testing is shown in Table 1) and contains significant |evels

of free hydroxide LQs,  }188eSQUYs wherd eﬂ??ﬁ@' §§(f§§&txin§n4naﬁ?‘pﬁg {/\%nof

the resin in cation
98/ 06483 accept or preferred methdedCT#d597H14239 hardnedixchange

. . a&le
unit 40, is increased by a substantial margin.
alkalinity reduction, the addition of lime to the water

15 reduces calcium and magnesium hardness, and associated

'bicarbonate alkalinity, as follows:
Ca(HCO3)z + Ca(OH)y ---> 2 CaCO3 * + 2 Hy0
20 Mg (HCO3) o + 2Ca(OH)y ---> Mg(OH) 3 * + 2 CaCO3 + 2 Hy0

This process'.configuration is depicted as an alternate

embodiment of my method; as. illustrated in FIGS. 3 and

4. In the cases where lime or lime/soda softening is

25 'uséd, however, extreme care must be used in evaluating

the performance of the remainder of the pre-treatment

system, since the solubility of hardness ions remains
appreciable ‘in the softener 52 effluent stream 54.

For most feedwaters, particularly where lime or
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The effect of the increased hydroxide alkalinity in the perneate to
enhance renoval of sodiumfrom such perneate I's shown in TABLE 2.
In conventional RO treatnent of 5 the sane feedwater, where the RO
syst em per wop§0daas only 193 ppb of sodium yet the c®OT0r897/14239

| on- exchange resinis only able to effect sodiumrenoval to about

0. 431 ppb. Inwﬂe?gaa& SO R &@9?6@@@{%5&&&12;&92? us o£93°BRBRS

sodi um was encountered in the per neat e i on I on-exchange
treatment, taeoxIHeMidloval stePICERLHALE PR v edvRthé8sl esgsthan
0. 007 ppb. The inproved rejecCtion of total organic carbon
("TOC") in nyepfeceivenes® BHVLHES provedd fulat carried diepriototBO

pl ant -operators. It is normal for waters 15 of natural originto
contai n det ecthél pijubntréass.of This albBbghelpsectid amadeitalin oi gabweraci ds
and their ~derivatives, particularly humc, fulvic, and tannic

aci ds. Fhese tohpdunaitkaddplityf rbavedcain otheegfeedi vieo the R@at ethubs,
and are usually related to condensation 20 products of phenol -1ike
conpounds. BPBAVAGiInGuR greater margin jofc|saketincagabest ofcalingnidue
subst ances which are soluble in water at alkaline pH but which
precipitate t© bhagdnessg; lepkager fxem 4d19ls Gatct AMe AHBOYRAct FBAPoS
hum ¢ substanﬁes ﬂhhch r.e ter so| ubl e at ,%F?Ir(al i ne aTd 25 acidi c pH
These acids, PSRAUFRAEAACISDONIPOsFREBRAN dioxids (pepe¥al:alss Retpselo
around in the ter..Siream . . _and form updesi.rabl e deposits.on

sel ected subs#’gggé’,@ Hiridd pﬁ?i"?%ﬁf‘gpl'y%éﬁ o’ sgﬁ%ctlia\?z( s(ﬁ%sggﬁ‘gg 1ng
M50 118V specib@Nd 968Nt BilEah e R e dbCANCRYE Wi Wak1y

-44- /0648

PCT/ US97/ 142390nized SKHHEHR- idheagiiiered by dedHd alifebede8i Mg the
effect of such nolecules on or through the revefse osnosi s menbr ane,
so that advergeneenia@eis®s off bBReEr weaklyPlRSEIEE ChithaVairdeghe
particularly at the anion ion- 5 exchange unit. As can be seen by
reference to febbwater; this EHPIiES avtiidkyf idrelped "RAi6nd4sth as .
substantially | ower in conpari.son to TOC from a conventional RO

process wi th bdeen.caprfi@din tEwidaw (M9tat eyanide, Speerfideal | apdt here
'S el leSC tion gcfartr'jlag:ezt )érglerxlueicpoalnrg selenium compounds.

Since.the hi:gh pH operation also increases
ionization of other weakly ionized aniéns, including
borate, organic acids (TOC),,cYanide, fluoride, and
certain arsenic and selenium compounds, theirf rejection

20 rates are enhanced in an RO membrane system.
Conseguently, in general, my method may be
advantageously‘ applied to £eject across the membrane
most weak acids with a pKaj of about 7.5 or higher.
Silica rejection can be increased to about 95.95%, or

25 more, from a conventional baseline of about 99%
rejection; this amounts to at least one order of
magnitude decrease in the amount of'silica escaping into
the permeate, thus providing a ten plus (10%*) fold
increase in running life for the silica scavenging ion-
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10 Ssixty six percent (99.66% of TOC in the pilot plant RO

system CO'W&'&E/S%&? only ninety to ninety five percent Pdr%ggt,mz%%
recovery in conventional RO systens. As in the cases of silica and
boron, increased ionization of TOC at ,the el evated pH_of new
process attri®%€Bangs nesin Pefs NARRywnenieguiexchanggri, 4?alé"%
advantage of th i Qni zation range of ionizable organic carbon

speci es 1§ﬁ§bP@§ BPR&ESHi ve TOC reduct i ons when operating RO
systens accordi ng net hod et f or er ational
results of the pil gf‘ @ft RS %\?‘% e20rejeﬁglﬁe1§t é'?n aﬁ)p#"e%)%t EasSy

reference to §(56§f n %xcé’ssa%qf nmqtydﬁ:*efrﬁer& %dip)r Uggﬁ%g ’E@S Lnﬁ?

rel ati onshi p ‘bet ween 't r essure er ]

versus 4ime, in REUidSer wichPl HAYAr LIBEdal f Qare 5eve&>%%tosmt§

menbr ane nployed in t e p| se 0osnos test equl pnent.” 25

The d'fferem#é&c@ﬁési%g)sBQ“@J‘%t@PtcoQﬁ»%’htﬁ‘UxfeﬂCtﬁ' rocessé8! changes

in feedwater Tlowate. . In comparison to conventional RO the pilot
test results show ghalildr to theSicallee Fi MR NUFBAlLe]sOMibAt Band
stable silica rejection rate, and a stable differential pressure
have be increased from a comdntional basel¥:9840ad83 range
PCT/ US97/ 14239 been achieved. This indicates that fouling/scaling
have befn adzsent 6a-79%elton sk edrd hjghew, pbycesperatibn @t a
shows the nornmalized perneate flow, in liters per m nute, versus
time odMer a ssuitebiy peiglodpH{ or Thiee béneficiakr eEfestssion neepeanton
enployed in the pilot reverse osnosi s test equi pnent.

FIG 7 illustpareentrgei |dea concdritgherorpEn aperation psbeartseagsndsi s
reject streamover a six nmonth period in pilot reverse osnobsis test
equi prent . Fl&ightlyydiqwamspH1dn theecrtpepf &P%ceﬁﬂ&&é dthesj pKea,

versus tine over si x. nont h iod, for_the reverse osnosis
membr ane f°reﬁ’6F8§’eo‘Ei ng'pH 'otr?‘ég}éig@ﬁ?nﬁg} PEs eib‘rﬁ!?ﬁ

silicarejectjon_is based arithnetical a ilic

concent rati on® ﬁﬁ L P |P16 EﬁFt ac namely %f ?’er ei@ﬁ sl?ﬁﬁ%%\ﬁl?)}

ormaif3ed SEERLLE ﬁﬁaﬁétg?\ 58 preSiih, R Wi W Sr RO GpdS8 A8

the case of boron, however, because orthosilic acid

(H25104) in aqueous solution typically includes six
molecules of water' of hydration, where-as boric acid
(H3BO3) typically has no attached hydrating water
20 molecules. Thus, the orthosilic acid molecule is very
large with respect to membrane pore size as compared to
boric acid, no matter w_hat the pH, and as a result,
silica has much higher normal rejection rates.
Consequently, the increased ionization of boric acid
25 when operating at a pH in exlcess. of about 9.1 is
extremely beneficial, and increasingly so as pH rises to
between 10 and 11, or the currently preferred control
point of approximately 10.5. The boron rejection effect
would be even further enhanced when operating an RO
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An inportant finding was that cleaning can be sinply and effectively
acconpl i shed by commodity nenbrane cleaning 20 chem cal s, such as
hydrochloric acid solutions, tetrasodi um EDTA, and sodi um

hydr oxi de. WOSBRE#S| ve proprietary chenical cleaning RfHV$14338 not
required. An RO nenbrane operated with feedwater pretreatnment in

t he manner setsysirem lereian pHs ¢f oden be beveanyl®f elwheR5 commestenad to
a flux of essentially one hundred percent (1009% of startup

perf or mance vaerkrar@sshesenal ayaslable for sutht hrackdaei.ng was
acconplished wth the acidic first step of the cleaning process,

t hus indicating that cal cium carbonat e, nmagnesi um hydroxi de,

magnesi um - 46- WO 98/ 06483 -

PCT/ US97/ 14239 . silicat ¢ EXAMPLEhe | RILOTWERET he predoni nant scaling
species_ Inportantly, this revealed that neither silica scal ing or
biofouIan were maj or concerns under the speci fi ed process
conditions. The en u bilit 5 or lncreased ste
availability, wit h%rﬁlffnﬁf g’ggﬁrngtlyéa""“e“%nﬁy§{"?‘f‘u3’??y SRR B LPefest

bi o-foul i ng, i$Cl . t |, TpOrd. fi novel.,RO
oper at i onal the gﬁgéﬁgﬁy of _%%%' mﬁétjé?@l (%1??%%' P%Sgtolpg%ﬁl'n flL]ihrﬁ
conposite nmenby; herat O e d : c r.Qhl ¢

and, with Wﬂ%%zr‘g%?ﬁrsgem %?ee%%a?%‘? g%%r éiee%l aegdb'gggo\g#ta%%q‘a}]

i nsurmount abl @n 3 Ad heddy SBSy ARhEELPSEBELYNES providecﬂ'ibﬁqoka ity

bi ol ogi cal fouling would be inproved due to operation at éﬁ atrvely
hi gh ptiol evel prddecdegi®eedl £fdP potimtogicatuthpel iwge GOt x0l gemgtual Iy
achieved far exceeded expectations, wth bacteria |evels being
virtual | y noncdetkecttadt emanmufagtaningsplahtRO Mt relpectives ekegen(iad.
This neans that instead of accumulating living .and dead bacteria
agai nst t he msebrimereasd acecowerys s@las toominimimnecwatent usage, ROb)
systens, in ny unique nethod, i ncom ng bacteria are killed and

di ssol ved awaf<f r dhrxig@se the pubityie ofurtreatedhmrtear samdt how) oktoRO

pretreat mnent and operation may becone useful fqQr treating .
probl ematic IMCTeARF oFNS0AEREITS FHTE | BEBYPEL i‘ﬂ?@%ﬁ’&sglﬁ%@l’rn&ﬁ' 25
sol ut| 28s Cau%‘?xed'ésifétecg&g@e%y pce%:ltjo:.ln}/esd " 'gériggt 0f° tests. In each

of the tests, the system was started up with 450 ppm or

=

higher gilica level in the RO reject. The pilot plant
system was operated continuously until either (a) a ten
percent (10%) decline in normalized RO permeate water
20 flow was experienced, or (b) a fifteen percent (15%)
increase in axial differential pressure across the RO
membrane was reached. The pilot test was performed with
a wmembrane séparation unit including a Dow/Filmtec RO
Membrane Model FT30/BW4040; which. was operated,ét
25 pressures from about 130 psig to about 185 psig, with
feedwatér temperatures ranging from about 20° C to about
25°C, and at feedwater rates of up to about 8 Us gallons
per minute (30 litres per minute}) maximum. As seen in
FIG. 6, long term normalized permeate flows of slightly
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T —

of the cell wall. This is a quite potent and quick acting met hod
of anti-bacterial activity, when conpared, for exanple, with
chl ori nat i onwan$s#6483t s by t he nuch sl ower met hod of di POTSISIW14239

through the cell wall to -47- WO
98/ 06483 ' P 7/ . S :
death by inacti Wgtrleoﬁr%ﬁntﬁeuﬁi &%&Todésnig% g{éﬁ@% e?%%n;&s. 20 ﬁ's:%%gi ﬁaer
contrast to chl gel saplid Z SUeFot & e,Rl OR&-at
preferred in thfe&&hﬁ%e) q%griééseﬁgsﬁg?ﬁodﬁﬁr usest a%%ggnag?ggfﬁgs agchuaga

(I'i popol ysacchagi ?ﬁlfrr AR S dekig et i £6h! exehbhfigel beds operated in
Gram negati ve bacteria) are effectively destroyed by | ysis, thus
enabl i ng the prgagal 1wt hqt 110i HEngnpblayolhe Haas  Colpani/hd Phvidddelindii 0f
pyrogen free or sterile water. In - .essence, the present nethod, when
operated gt a pHenmsyllGrani®Xosssk cdebdovhtin pesindprodakitt nnabean IR

| og reduction in bacteria and destruction of vegetative

matter), and nagé6sl sdglrbowetio bgsent fadtgedr @adde demsrbonator, sodium
sterilization (12 l1og reduction in bacteria and the el i m nation of

bi of i | m and spohysiroafideheiniestston, 1separatibpnefit thes treatedefeedwadtened
a zero (0) bacteria count in the perneate. Also, it should be

not ed t hat by tthe | Rer sgobrape cinteracxedech Shixeamtadd af PeFEaat®N
enables simlar, helpful results in the post RO - treat ment equi pnent.
Such a net hod oft&S&™ti on should 20 be of particular benefit in the
production of high wat er for pharmaceuti cal agplgjgc?t I ons

where t hé® reqﬁ%ﬁjgﬁééﬁeﬁﬁﬁté S laclon rHOHEF rPgp the
23" t andar ds, t ed t t i mat el . t he fj nal
pro?:luit a\r/]va?(rer_.s Pﬁﬁ?%%@ P geirﬁgg'%%%m% g%%‘f?qﬁﬁ‘ggrg?%oser%?e?gzv @ .el’é&a
pol yners, antiscalantse. apd&%fé hgr ﬂfcﬁréﬁﬁﬁéyttﬁ-{égngg %éif:%??eRgates

desgrhl e

pretreatment, ab*® es erein W respec _

erbodi rent , chif¥L P! L1 ke gHlAs! £8DLRARILNCS A9 BBAPHRES e

grade water, and T éduce cost s y “reduci ng the necessary

- 48- rates with those achieved with a conventional RO system
15 operating on_' the same feedwater. In particular, note

the level of silica in the '.r_aw feedwater (67 ppm) and_ in
the RO reject (480 ppm). The silica concentration in
the RO reject is roughly three times that normally
achievable in rej.ect water from conventional RO process
20 configurations. Moreover, even at the high
concentration of silica in the RO reject, improved
rejection of silica is seen, in_that'silicé rejection of
99.87% was achieved, compared with rejections_ ranging
from about 95% up to about 99% with a conventional RO
25 system on the same feedwater.

In fact, improved rejection rates were experienced
with all important chemical species over the rejection
rates experienced with conventional RO, as is clear f;:'om
the data presented in Table 1. Specifically, the high
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WD 98/ 06483

on RO product water. Mor e conci sel y,
operating conditions which does not support bacteria growh and
carryi ng o¥fO 3}06483 hardness and alkalinity renpval to a ?83@%59%%
avoid 5 use of additives, is a superior nethod for production' of

hi gh purity water. A furtemgrdenefit of high pH operation is
W th respect increased protection of menbranes, particular

the thin filmconposite tygEoT WEST ANMSYTICAL RESULTS tol erance for
oxi di zing agents at neutral, near neutral, and noderate al kal i ne
pH's (up to 1 - Pilot RO ch| B#at R ijs BiddBA t joCROehtived \RaX br
gaseous .chl on (Clippiny | ] @eiesodi uPardigppocihl Bridctiee ([NaRejleytion (%)
fypically utilized Becauder=nf nentap®ne jsendtivity to free

PCT/ US97/ 14239
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is al so anot her benefitP%H 49~
WO 98/ 06483 PCT/ US97/ 14239 ny
novel menbranecppentida®idiodas ppm ds imnpramkess othevpbsat noked.and in
particular with respect to RO oper ations, |onger nenbrane el enent
life may be expected, primarily because scaling and biofouling are
5 avoi ded, and thus, exposure to harsh cl eaning chem cals (for

instance, acid chenicals and surfact afABLE 2

15

Sodium Ion Exchange Effects
' ~ Sodium, ppb
Conventionasl
RO
193
0431 -

New
Process
953
<0.007

RO Permeate
Post Cation IX

20
 TABLE 3

POST MIXED BED ION EXCHANGE RESULTS

Constitnent]  Conventional RO_|  New Process
Boron Non-detectable Non-detectable
Sitica 0.43 ppb 0.35 ppb
TOC 5.9 ppb <3.0ppb
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reduced dramatically. RO nenbranes .are taken out of service

when t he rejection of critical species, for exanple silica, 10
boron, or TQG odiosksss bel ow an acceptable limt. For PCITIUSH7/1428i S
usual |y occurs when rejection falls to - bet vveen ninety five and

ninety six perq:e eé:%?@:%@é]ates ﬂsf Qm.an or| ove c a%ilgoof Q,quﬁigem ne

percent (99% oOr SCusse e rnitia

rej ection 15S1gn&%41l¢%§1€ oaaaakasaaln BYndE2ECSh a&sdaegabf 'P@é@iﬂgh'o@‘er

than are achiev I n conventional RO systens. Therefore,

conventional BEwnis¥redin CiSidRr458i hhed niSeRT tHeld i!&'ieexchangeaﬁﬁ&l@tse@4 for
exanpl e, a specific menbrane el ement woul d | ast | onger before the

accept abl e |i ginds 46ar € Ireachiasl. regdrd, Sboéechatokheejveyiofvef 3s.ely
consi der abl e term of service, the nenbrane elenents utilized in the
presents wasetldulti ewdd fove bdddira ¢enpaiednwivhi dbaute 60%exeeIDE
of those provided by even new nenbranes. operating in conventional RO
process confi yhighi ohs. ackievable ihi glonvienbionadr Rer mysttemspr oduddieon,

is al so achi evabl e due to the unique operating conditions of ny

met hod for opérme ripefwaresyst diVpicldy al tezpination of amwnanipot ©n o

this result. Flux, ex ressed as gallons of water passed through one
square foot ofiFesbr efchange run is determined by siligg, or in

WO 98/ 06483 PCT/ US97/ 14239 one
day, general | (-/'eFéﬁ‘Pe‘él %Sw?%ﬁ\‘mﬁ‘i‘%ﬂgﬁt abd® Spite of dpighgr

| t t.h ted thin.f
compostPe typorRVRTeC B HBrbRitet ' Sasemy,sitich HomeRbrina he
pot enti al 1 or 4P ko eI Grd e%ét svglih [Sanably Gugl walbed m}gh% S pifhe At Ler

flux rate is appr oxi mate current it

of conventiongk ?Ot dU{:ﬁed 198 BESed LsPaCeipeci écgg'?f e\,eﬁi. A %h

it is.anticipate at even ncreased Tl ux can

met hod of opepali ¥ tHibnd0 of TP @Dﬁﬁms®1d\$e'ﬂléﬁ?€br§éﬁlm €§n
becone avail abl e t hat can support "such i ncteased flux This is a

nost _ ﬁé&ﬁﬁe?eae@us:f@:aulﬂhé 0pbiRG Y tletst Opaidt 06, Shige méOhod,
exanple, if the normal flux is doubled by use of this nmet hod, t hen

the toial squapepheed cfominiy guems@ildgcein conventional RO permeate.

Clearly, levels of less than 1.0 ppm 8i05 are achievable

in RO permeate when utilizing thé present method, and in

fact, levels of less than 0.5 ppm S8iO; have been shown

achievable. Also, the boron content in permeate from my

20 novel process was 0.007 ppm B, versus 0.06 ppm B for

permeaté from a conventional RO system. Clearly, boron

levels of les's than 0.05 ppm were demonstrated, as well

as levels of less than 0.01 ppm of boron. The test

results from Table 1 also shown this result, in that

25 rejection of boron in a conventional RO system ranges

from about sixty percent to seventy percent (60%-70%),

whereas rejection of béron in my water treatment process

was shown to be about ninety eight and one-half percent

(98.5%) . In other words, in a conventional RO process
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15 required is reduced by a factor of two. Corresponding

decreases in capital cost (specifically, for nenbranes and pressure
vessel s) and fl oor space requirenents are t herefore achi eved.
Oper at i ng WE${06483;| r eady significantly | owered by otPeFUBYAdR% s of
the instant 20 met hod, are further decreased by | owered nenbrane

repl acenent amaighly¥hehinetyhundr efloft{t (3ver eontaq)l50%rate ionbl ysads ux

i ncrease denonstrated in testing over the desi gn basis for

conventi onal th@esygh ehbBepmenbitaneafor each i omedhahdrédndion) Pesent

When utilizing the present nmethod, osnotic pressure of  the RO reject
represents tHa& uthe nfeedwaerat iWhierers in my Ryqaesmolegs. thase two,
appropriate raw feedwater treatnent has effectively renoved .
sparingly soldi¥l esgs&ifdcaklxy only ahouty epgmang peng-drakhl dilwh)
SE}BZZ 3 ba“ﬂggé%gffggé pass through the mqgquﬁg7?&g2§§5£very Qﬁ?TcaYD

tc., th trati f ' d til |
o T, CRNGEMAR! B SRt 2R BRI orag, a8Thek BB SUAC,
f i all . . lcally,limted t
o COMEr O 14 356" BBras, s orOSR YR ALAVEL Bhbtn] S Sl
P08 s S SRR Bt 3808kl 0 (16,081 565 I EMe s,

psig. For purmpsgsrehieXafddwatdd€dthis nuied WoWlld faedredke Avdhunb
that approximtely one (1) 10 psig of osnotic pressure is exerted by

one hugodred (Eiher, toprB oflokDSast he/1esi, Mustall ovebbe TES: ofbdrun
reject stream woul d be approxi mately 100,000 ppm Thus, this

new RO oper atdengedtedmokrages ofegainiétegsnbhel padamirar (99%) ochenimdtty, 1S
potentially capable of concentrating any 15 feedwater to approximately
100, 000 ppm wiireoupoiphcaeyime percenft h (P8spPélit trespectivedys sEhuisgly
soluble species, . . and in particular, with respect to calciumsulfate,
bari um sul f attdiisafndi¢ates that the runveimgfoPReAnAORasEaNFeIMASew RO

operating 20, ,_technolo is th exi sting RO systens, when retrofitted
with the her ¥ e sAREedSHERTEA ntp%tﬁﬂlg?r’e?ﬁa gr to the h&P(fh'é%es“%nd

al kal 'lgl ty resq.&viaéa $84 tbaé( or?dyg\r}teilg? OaIre nevertheless going to-be
significantly longer when treating permeate 34 from my
new process, as COmpéred to run times when treating
permeate from a conventional RO system. Since anion
exhaustion is indicated by a pfedetermined level of
20 leakage of silica (8i03), and, in some cases boron, and
since the resin bea outlet concentration is related to
the mean species concentration in the resin bed, by
achieving significant reduction in the concentration of
such anions in the influent to the anion ion-exchange
25 resin bed, the consequence is that longer run times are
attained before the maximum allowable leakage of SiO5 or

boron is reached.
Importantly, the levels of boron, and particulérly
silica and TOC were fouﬁd to be extremely low after
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the operating benefits of this process nethod. Addi ti onal
applications for this unique RO 25 operating nethod exist in both high
purity applications such as sem conduct or manufacturing and

phar maceut i cA¥098/66483 applications, as well as the nore tradi tRERESI?7714239
I ndustri al uses for boiler feedwater, cooling tower makeup water,

and scrubber p at th
55 Wg%at 06483?%3 theat 5@ nda W AR N9H Ofhe mixed bed ion

PCT/ US97/ 14239 exchangb@%C4%e D8dDSES i3y LN SPE6At p2RNEQ hi AhcBhbhl Wi er
production systens is shown in FIG 9. In this figure, . a multipass
reverse osnosi swptRCcasSst eatintefice bedl permealtld | Fzom t® qnertidnyl RO
process a portion of initial 5 raw f eedwater 10 feedwater to produce a’
final pernmeate proces84d {s+Nprwhwidelthswhdeh pakeeddad¢querin alTABLE oBgh a
nunber N of reverse osnosis nmenbrane units, where Nis a ositive

i nt eger, & ypi cabignifiocanrlyr, donoyi mew toremess, in peyt 'aixhdugndailmhgher
nunber could be utilized. As 10 descri bed above the raw feed water
10, if defici erex¢hange treatedivwater,mbheha¥eCallenelniwysadoapdytanpe
conveni ent techni que, such as by sodi um carbonate 13, and then.t hat
treated streamFe®FrENAS 3eft PPt He SnoaLRIW FeREGH PRALIMIt. exchange

system. 12. After catjon exchange, .acid 14_such hydt ochlori c. or
sul furic may be addeﬁnaa rf?‘?fdu e he °Ver1°F’&ﬁeé3r'rre?i¥%t éﬁ'%er eStent ?‘F@Qﬁ&y

Werr]. Then, carbon d| Xi de ed in_d carﬁzonatton unlé ?1 to
produce an SCtrlrpé'ﬁt gf D31C TRET2 ?‘HémpH‘?' e

[ b t d ff d

of 4l kalh? sol ut f@ﬁ*‘%&‘ %? btié‘ar?f%ﬁ*%%n &b’ 53 %%ﬁangé‘%%n.%@ﬁel% S?%auti“

a further '”teré@ﬂ{;@}&mnal %Céﬁ%&g%@m Skéﬁé@ et kat@a ef&gé%wgzan t

reverse osnosi s any i'nte uni ts

first RQiiety 395(11)e apd phgeltiynadi ?'efrc%%N)(%%f thes) 2o the
uni

recycled into the feedwater before the 30[err], to produce a

feedwater [err]daddl) conkabBaung wiEeEsifrafl caboht ninetyt otér alilretspl fiee
speci es and sol vent water. Pump 26 pressuri zes the feedwater

25(1+N) to prodpercant (90%-P5&Isurinz ethd esbd of otassiuRO unit 30(1);
after 15 The significantly higher rejection of strongly
ionized species such as sodium, potassium, chloride, and

sulfate, compared _to' conventional RO operations as

evidenced by the data in Table 1, was a particularly

important and an unexpectéd experimental result of pilot

20 testing. Further, even though the RO permeate in the

pilot plant testing contained a higher level of sodium

than does the permeate of a conventional RO process, as

noted in TABLE 2, the impact of the higher sodium

content on post RO ca’tioﬁ exchange is relatively

25 incongequential. Since the RO permeate from my novel
process is highly alkaline (a typical pH of 10.3 during

pilot testing is shown i_n Table 1) and contains

significant levels of free hydroxide ions, the sodium

removal extent, and capacity of the resin in cation
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-53- _ WO 98/ 06483
PCT/ US97/ | 4239 processing, perneate 34[err] results, which is then
f eed to the next reverse osnobsis unit the the series from1l

to Nunits ject fromthe entire ROtrain is shown ct
32 (1+N). wq Sodity > misg

gh purity treated perneate from 5 t he entlre alnls
shown as perneate or product wa and it is feed to the

usual i on- exXTFARRYRTe unit 44 r}rﬁsn’tn‘FB?a??‘gaPYclaemU@é? trdel (Rargingcatj on
[ - ' h It d t t
7 oam G, i BRC | SEFSFEoEd BiF AR G o RER e PRt A e
d f t Bef
bty i o Tone Bk LA RaABACE, Feby? r%%m“&%* ucfgrs SRS PERBP B ¢y

stream P, andj 0 ecopgary r&q moged Jed
I on- exchange unltﬁ%’h " TA%]r:'gduz(S:es gﬁstﬁrfv% purlty, pOssi ﬁ Fl nal

puritys 15  t1é Olidele SfeBBwakberNg %ﬂ@réa%éoﬁ@ngﬁﬂ&@ perfldd¢e has
pure product water stream 38[err I n sem-conductor manuf act ur| ng,

final filtraté@nyi neubppi-r e fdddpum, yet thé @étﬂsnn%ﬂwé*ahéh§
0.02 mcron filters, but perhaps sel ected from sizes ranging Trom

about 0.02 2esinmier o6nly abslid t6. leffiedtonsblignZ eremdvaleRey adbyut
‘practiced, to produce a still higher product stream M Al so,

bi ol ogi cal cohi4®l IppkpasEnngomtglagtyrihy watvel process)r ewghm athblgh
sterilizer unit 49 is customary, normally operating at 254 nm

wavel ength t @53 | PpényoBaciagtium was engrwitersd r énaitthe nROhepeigbaperity
stream Mto produce a final ultrapure water U. I n many systens,
the 10 p@tEesnscatiome %Pﬁaﬁxgltn@naq:r Breptmests 48hgngsedaupy ion

sterilizer unit 49 may be reverse flirther post WV filter may
be utilized conhcentration was re uced to ess;  than 0.007 Pﬁ’}b 98/ 06483 :

PCT/ US97/ 14239 10 il t t th t ho
over se 0sDBPs LUBEONERePa eI B | Lot Alo P ramtif verpSh

or for 000””9"&-8%5 nq&eu&%ggt:e%r fg.ﬁ.s%crggg%rides a 31gn1f;cant

benefit to RO plant operaitors. It is normal. for waters
.18 of mnatural origin to contain detectable quantities of
high 'molecular..weight organi;: acids and their
derivatives, particular?ty humic, fulvic, and tannic
acids. These compounds result frém decay of vegetative
materials, and are usually related to condensation
20 products of phenol-like compounds. Broadly, humic acids
include the fraction of humic suﬁstances which are
soluble in water at alkaline pH, but which precipitate
at acidic pH. Fulvic acids include the fraction of
humi_c substances which are water scluble at alkaline and
25 acidic pH. These acids, and their decomposition
products, can be carried around in tﬁe feedwa_ter stream
and form undesirable deposits on selected substrates,
particularly anion selective subétances. Also,. they
tend to contribute to fouling in conventional RO
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makeup water. The reverse osnosis unit 30 and various 5 pr et r eat nent
equi pnent i s operated according to the nmet hods set forth

her ei nabovWO B@Boduce a high purity perneate 34.  THYSBGEAP

water perneate 34 is then treated in an ion-exchange system as
necessary bagodtems. Thafefddel hei | £5 rdsuiraPPet Lo ardried s gRkEUp
water 10 00 to a boiler 102. Blowdown 104 from boiler 102 is

sent to an aeffadtat iodh sawh 1M6lkeunl@spiony 498 through the reeéuss |ine
109 to the RO pretreatnent train. Although the cooling tower 110 and
scrubber 112cevwisdshandmhicaneh so thatR@dreensat copseguernseasy pdLatheirt he
cooling tower 110 15 and scrubber 112, for_exanple in a steamelectric
power pesencesiA®y be 3uppReed lﬁﬂmlﬁlﬁ%«ymﬂ:erﬁ@ %xawl. é@n-

such as nmuni ci pal or wel] water. Therefore,.  cool

bl owdo®n 114ema§m&wtb| ofBofAn be feen by retfﬁ?%q yt%'ﬁﬁblrﬁ Bot h
har dness and aI kal | ni ':1%/ d:h%rl kew se, this system nmay be used tg treat
wat er havi ng® ‘P%FB‘" alhsi PREIERL] (34 alSastubBshanhdadiYor

h f |
plants. In hév%%&“g’it B fracded, OS] TR o EIO%‘PEX\{\E%\RBEAT BP
reusabl e wat g sES“?LE?ﬁ bfdf&% %‘%ﬁ bi‘o{‘_‘y if° themo‘%g fLeater

pretreat I’T'Eﬂt operatl! on e cas convent Ional " RO

syst.ens. gné: ific ﬂWheEPeﬂva{‘éa%ti&? off nfﬂetﬁet bShint

pretreat nent operation of an RO systemis [ustrated T'n FIG

1 re a R6fss rete egbpdiBNY 99,66 of TOC in the pilot plafR®- RO
9\;3\,? 6483 o8 ﬁ eﬁg { %) PCT/ US97/ 14239 P simlar

to that expl ghRtn@bo¥smbareBOWD Icshy§enwelt to nin H tf e SpBOcenst em
(here, two pass with RO Units 30(1) and 30(N), ere N=2), in
pretreat nent (foar to COH%) Nyewdvery in &tesientebnal z RO @ysstysshem 1A8. inRO
perneate 34[err], 5 when treated by continuous el ectrodei onization,
will - Mmduc&sasvelfy g1 Zhcauahdt \batmoni iedreased BHaowization of
after ultraviolet treatnent 46 and final filtration 48, will be of
acceptabl e f QI0QWsati hhehelevatss] plir ofi sy new progeest ratxibneedploe

wat er UP. Qotionally, the 10 secondary or polish type mxed bed ion
exchade uni tthdigs important result. Thus,  taking advantage of the

ionization range of ionizable organic carbon species

enables effective TOC reductions when. operating RO
systems according to the method set forth herein.

Operational results of the pilot test unit Imay also

20 be better appreciated by reference to FIGS. 5, ._6, 7, and

8.l FIG. 5 illustrates thé relationship between the

axial differential pressure (AP) versus time, in pounds

per sgquare inch, for the reverse osmosis membrane

employed in the pilot reverse osmosis test equipment.

25 The differential pressure shown has not been corrected

for changes in feédwater flowrate. .In comparison "to

conventional RO, the pilot test._results show that a

stable normalized permeate flow rate, a stable silica

rejection rate, and a stable differential pressure have
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-
may be omtted, and the continuous el ectrodeionization product water

E may be sent directly to the W/ sterilizing unit 49. This is true
since the Iy,qi QNS of continuous el ectrodeionizati Ject
bor on, 15w%é@+#§a, TOC and the like thus imt its abili tWSWF
produce as a direct effluent, 18.2 negohm water for el ectronics
manuf act uri ndDeeIYeiiChﬂ-ﬁéfep‘er nﬂ'é{tles M@qqtes that { foul ihg/svelpagshROe
system when operated accordi ng t he met hod di scl osed herein,
contai ns ver yoeewy F@?@F@%ﬁllﬂoellméﬂéﬁe@pééi &5 WARYh PXogessoubl BE@we 6t 0
cont i nuous el ectrodei onizati Qn, such as boron, silica, TOC and the
like. Thus, U3BO¥E sk p@ﬂﬁ%ﬁ@%@ fe%ﬁrWSPté flow, cdm | hiibexs per

el ect rodei oni zatlgn treatnent unit is elieved to enable such

el ectr odei oni ZaPTOR/ uN TS 28 °$?5d@ce81§8"? oﬁﬁF&B er 0% h&BE t he

benefi tg of n Q e : dvant age of
usi ng cont i nuBTE egect rofgslalﬁl za@éahgvge‘?ﬂ&é e&ntiﬁ g?‘ ‘31& i DRV Sgﬁﬁange
of course, |s°§,93gﬁghgegcp_n _ 4 ocess (rather than the bat ch

process of ion exchange resihs - 56-

WO 98/ 06483 FIG. 7 illustrates the 8111%@7&6?&:7&4&1412&?@10:1 in the
regenerated electrically, rather than chemcally, and therefore

avoi ds the usgepérsenyshibisaRardiREaNttddi over a §{b€”h§ﬁl:ﬁ period in
And, even in wastewaters, the instant nethod nay 5 often be used to
advant age. pFlbee aavEeseystsamsM“sertest equipnet cOFEG. t aughluberatesw | |
substantially reject I oni zabl e species at high pH high rejection of
such 10 conet rejedttsion | pebeenthgevalfl esibiqa pdversas RAme over a
perneate | ow in such constituents, for recycle and 10 reuse.

Wast ewat er s $H§mm@ﬂf—herlp@?§10dpul femg bhe reversgapesmakisg wewbuabens,
and nuni ci pal sewage treat nent plants, all are fairly high in

candi date corffBRtAYed in Pilati plevEresreSwHeshP obeStc STWRMentci Fisnd
their derivatives), .and argb nosf difficult for conventional RO 15

menbr anes t o Fantfe HﬁéeF@rlSPga‘ﬁﬁ iRy hPTEpeEical meapi SF-EJQJFE‘aI

OO AR g U S W e, ST e vl iy

15 After each shutdown of pilot plant operation due to

a ten percent (10%) or more decline in normalized
permeate flow, the membranes were inspected and cleaned.
An important finding was that cleaning can be simply and
effectively accomplished by commodity membrane ‘cleaning
20 chemicals, such as hydrochloric acid solutions,.
tetrasodium EDTA, an_d sodium hYdroxidé. Expensive
proprietary chemical cleaning agents were not required.
An RO membrane operated with feedwater pretreatment in
the manner set forth herein was proven to be completely
25 restored to a flux of essentially one hundred percent
{(100%) of startup performance values. Substantially al_l
of the cleaning was accomplished with the acidic first
step of the cleaning. process, thus indicating that
calcium carbonate, magnesium hydroxide, mé.gnesium
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wast ewat ers i nclude cooling towers, boiler makeup, scrubber makeup,

and the lik ss%&l Benefits of HERO Brand RO Process Desj S 4230
Qper ati on Wo 83 Many exenpl ary and desirabl e process beneélts

provi ded by the HERO brand RO system process design and operation
were |isted alsdddcateagang2the likeai Iwere2the pyxpdomdmant oscslidng
benefits include: . (A) H gh_Rejection of Contam nants, . As
shown in Tabl 8RECHGH ch SBRANEFRRELY dabBifr g@vealed thakmeiihay R@lﬂFécess
\%gf ' Cglnatn)';, rser!aef:xl.rlxg noOJ:]f %lilofoulingsaeecz!ee_sgx%l_sjosrl ggbl;xlc(é%rr]}s! v /f%ggaégan
PCT/ US97/ 14239 .- achieved in cqnyentional,, RO qgperation, Pacrti.cul arly
noti ceabl e | s SRS TASDRRERECr CoRBLEERESL ot Stimeced rungaBinaty,C
as TCC, - sili : n. i ven q s hum c4.f ul.\i [ . _
deri vat i5ves (%%C) 13{3???%%% asef%é/ana{fgigabllﬁé:ryi'cu‘g%leé yrl\éhaiﬁ Ef rgFail el y

weak acids,  odl Uirrua 1 PPRERIA SEbbResE AC I hl O 290U ALEX L 2

much - grea xtent (‘conpare 0 near-neutra eration

and, thereforgndfindyDe FRIcH: BAL! Heddt HCT & DYyt B RO do%g.teigéiaasa 10

The inmprovenent 1n the rejection of strongly I onl ze
near - neutral pidrrgreci es was al so observed. Several factors are
believed to contribute to the i nprovenent in rejection of strongly

i oni zed speci es. ABiologiehAingeudingeslir abkd i dilhwlagipos it dehenbednte
occur. A 15 significant reduction in the thickness of the
concentupat i on e diezatobforeayendad arerbbeta tbamon probiasty; aaned suwlighe

(due to reduced surface tension at high free causticity conditions)
is believed t certaimappecific fesiwatént @oumrdshi shaspimesneviirtuadlyo,
swel ling of 20 el astoners such as o-rings, and the resultant better
seal i ng char acinswsmosmntabiiee nodl bhomgh alido was antigipaped that
The inmpact of much higher rejection of silica, etc, on the
behavi or / oper &AVF ¥  afpdielgieml fouling would be improved due to
- operation at relatively high pH levels, the degree of
15 biclogical fouling control actually achieved far
exceeded expectatiéns, with bacteria 1levels being
virtually non-d_.etectable during autopsy of RO membrane
elements. This means that instead of accumulating living
and dead bacteria against the membrane surface, as is
20 common in conventional RO systems, in my unique method,
incoming bacteria are killed and dissolved away from the
membrane surface. Thus, .th:i-.s mer;hod of RO pretreatment
and operation may become useful for treating problematic
water sources. This is effective because high pH
25 solutions cause disinfection by cell lysing or rupture
of the cell wall. This is a quite potent and quick
acting method of ahti—bacterial activity, when compared,
for example, with chlorination which acts by the much

slower method of diffusion through the cell wall to
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25 exchange systemis extrenely significant. Since the vast

maj ority of post-RO ion exchange is regenerated on t he basis of
either silic #s’&% n breakt hrough, a factor of ten r%ﬁ i
the infl uentavsé) I ca 3gor on content will provide nuch |on _#’%4239
times between 30 ] i -58- ) WO 98/ 06483
PCT/ US97/ 14239 cause deathTApyE imacthveARISONoG- HER( BickoRYaltism’s
CONVENTI ONAL RO : ) Rej ecti on Rej.ection Passage
Passage paRIZYmes - F%§§ggeln coritrast to c¢hl oriney sanitizedy)
(% (% Fact or Reduct i . Consti tuent )

Convent i onal I%ems'mﬁgen‘fhﬁnzﬂlg hoPpPeratsn HeReferred (g the
Sodi um ' 98 99, 73 .2 0.27 7.4

57 pot REGRERE mgthod, ygzmees ang’ endogogins
500.0 5 98, ; 1 ALL-4 ; 9 2

0. 01 20 Oa.olﬁ_bpo ys%g r 9§ frgqn}eégz% derived Sgwégrg cell wgy.g?of
1 0.13 gram-negatite bacterlf) are ePPEERivel

98. 51 30 A Jo, fxe eFPEEfively destrBlea by
95 99. 86/sis, thusSenabling 2hd4 present method to be loyable
TABLE 5. WATER ANALYSIS 10 _ Raw te?

RO Rej ect RRPrieeichbroduction 8 pyKogen free or sterill® water. In
1. 350 <1l Ca - 7

0 essdhce, the pidsent method, when operhted at a pH in
0 0 HCO err] 85

50 10 exgess of abgGp3® 10, provides sanit@zation (3 log
50 <1l . NO3 1

10 , redugtion in bapheria and destruction3pef vegetative
308 <J) d ) 28. 2

282 mattey) sand may lge prove to essentiallyprovide true
500 <. . H . . 7.1 .
0.8 Stefbl.];lzatmn u\%ot]e%g TedugtigRi dihi PREYSIER | 80Fot tRRown

i n the table, rs i . [y dr oxi C nt
rej ect and RO %r OHJ&%FQE%& S %%'OPfiﬁfr?é’he%%c%xé%s%t r?/fi st s TR B
per cent rec : i le | ' kbl e
e appr & mat T TS pT L OHE BREMTY shoyed o zero (0} bafféRid
const i tuent's alurRPOLhedIRS PBthed8eCaCA1s020it should be notedBkEaf.

COST ESTI MATE OF A RETRCFI T _ Vat er / Wast e Water Savi ngs
244,000 (US $itHeerinlgreased pH of perméaltiesdal aMisLlngtiiwdi 0 operation
30,000 (US S/Yr) - Power Savi ngs

17,000 (US S/ ¥mables similar, AldipOondl €esrilktas Coststhe post RO
(40,000) (Us $/Yr) : Addi tional M scel |l aneous Costs

(20, 000) (US $tweatment equipment. NEughnaamethedngf operation should
231,000 (US $/Yr) 25 Conversion (Capital) Cost

200, 00029 One heepf particular bepefit Ady- Bhek Prpiygtion of high
10. 4 (Mont hs) . ' ,TAPLE 7. . COST COVPARI S
Equi pnent  Capi t%r%tw§%rsw pharmaceut:iga_ applications, where gthe

Operating Cost (US S/I.000 US. Gall on 5. . < 0
Not e See Se %‘f‘t"%‘?@ef‘gﬁ bggFS.L?ré%ted States %’harmacopela 23 ('f}sg

-59 - 23") standards, as supplemented, must ultimately be met
by the £inal product water. In t_hié regard, the
25 avoidance- of use of raw water polymers, antiscalants,
and other proprietary chemicals in RO pretreatment, as
described herein with respect to a preferred embodiment,
can eliminate ugdesirable additives to pharmaceutical

grade water, and reduce costs by reducing the necessary
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regenerati ons. Absence of carbon dioxide, as well as bi car bonat e
in the RO ¥@98M86483 (due to a hi gh pH, typically at | eafCTARPT49 |

al so increase on-line tine before silical/boron | eakage exceeds
normal threshgkGed onValdeproduReduglitatr of MIFENHdnciyurpd SRECi es
concentration in the RO perneate is of relatively |ess signi ficance,
since nost pogkiBotien @fkafge fdr RO opethtifigt eondiidiicris oshiel Odoes
limted. Conpared to 60 to 70 percent boron rejection in 10
conventi onal hbitn BuppeohtpdsateerRQopenadwoh, tandnewarryingprowessof
provi des approxi mately 99 percent boron rejection. In a double pass
confi gur at i onhartnessevand alkapivdsys removabbke & beuemcim}c;h pavokdt e
with | ower t han detectable limts of boron_ content.

Anot herSvery ¥BgnpPfi eastitddamt dge 3 rsuperierngerbed for pmmg@nwt h
pernmeate froma HERO brand RO systemi s t hat sodi um | eakage from
cation resin highe@ygdFhyater. several orders of magni tude due to the

hi gh anbi ent pH of . the jnfl As a result, Io run times
bet ween 20 r eg@neFUFEBRT: ol?e’é#%ltl i o B cBEhge te’rf%nnééns‘"lth

| ower chem cal_and npower neetg wer, re_gen rati ste v ,
elc. For nenrEpRAs LAFHAgA prPRECELS °§ysw%'ﬁ€raﬂaargcmt=e%§ﬁ§i on,
Lhe new HERO BRandeRQn i1 PBiiase SE8! 9yBRE OPRFAIPN HGR, "IN A: 2 0N

positive e I on *exchange m Ccapl

(B) Hgh Rec%%&aﬁ@eesfor 1d1z1n%t§%3§€shéf:d SRR YGAUS Il ) G SHET) @S

cal ci um magnesi um um a um num’ i'ron, ‘manganeSe,
etc., have beggpg r%ma&da@élaikwlhaepﬁos upgssStbaidugh . When
- 60- Vo' 957 06483 s Shly PR 8Lt use?T 14239
preci pi t ati oncafl oxiefd €S sSUSHABE G8b CRON Eakdwatisr, gaseows! @HIBrine
fluoride, calciumsulfate, bariumsulfate, magnesi um hydr oxi de,
al um nunl nagnggilyh sold cabdiwm chypochloriees (NaOo@igur aize t hepdkdd byand
RO process, and thus 5 that type of precipitation no longer limts the
recovery ut iddhiedabl eBerarsROcdy smembrabepsensitivityi | toa free

15 chlorine, in conventionai Rb systems, " it is normally

removed by sulfite (SO3~ ") 1n3ectlon However, above.pH

9, and partlcularly above pH 10, the effect of chlorine

and other 51m11ar_ox1dants on thin £film composite

membranes is significantly reduced. This is because the

20 concentration of the non-ionized species (such as HOCl,

known as hypochlorous acid) ' is decreased dramatically,

since such acids are relatively weak. Consequently, in

my HERO(tm) high pH reverse osmosis process, typically

operating at a pH of 1b or higher, chlorine removal is

25 not generally necessary; thus reducing system complexity

and costs. This may be especially beneficial for those

systems which utilize a nmnicipal'water source as the
feedwater to the water treatment plant. .

Enhanced membrane life is also another benefit of
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solubility, is increased dramatically at the normal HERO brand RO
operating pH (preferably of approximately 11). Sust ai nabl e I ong-term
operation with sjilica levels in 10 the 450 to 500 ppmra in the RO
reject) ha¥% 483 proven, and theoretical nodels indi cgﬂg"’{’#gfupgv,el S
of 1, 000 ppm or higher nmay be achievable in this new RO

oper ati onal meyhotbvel membrandBasgrewat2bnpppreickissa i n The mémbeate 95
percent 15 recovery RO operation (approximtely 500 ppmin the

rej ect) has RRArgtv@RsShy 286t ihy. PRFEAcwWAE peithntrespect r ¢xov&O)
(approximately 1,000, ppmsilica in the RO reject) is theoretically
feasible, whe?PBFaFiAGE. longgracheRRranem ahesrntt i bhdle posam be

Vi ew. Since 20 silica u ualg represents, the ultimate _limting
criterion, irFXReRESdr REAMARALY | éﬁﬁpéer RAEIRI | Angh Piofoulipgs@sieem

I ncreased sili ca.iol ubi_| idt ;éhal ong_ wth essent iﬂl%x.tota ahsence of
speci e such REOEARdr uAP US, [e¥PORETS £O Harskh fLeaning, hemcadF ro
operation at very highr er {e 0 9 Wit h . the
vast maj ori ty(%érf eéé\%é:taergég’ €24 ¥hgﬂ\ﬁ’e€%ﬁ$ee§ V\%t gsrlpféggg%‘v)ne‘ﬁ) hilgf'n in

barium conte ‘ecovery can be limted by bariumsulfate
precipitati onr%ep%?%ﬁ?i grngiataétx%éq%'ect end. The HERO

-61- ; 88/ ofiSBanes are taken out of service when. the
PCT/ US97/ 14239 systemelimnates this concern altogether, si rtl:ce

barium ré§edtditin t @lfl veky thivmyedpgudDEs, 0 £ Rkamphe Saikica,
outcone is also applicable for RO systens limted (in recovery) by
strontiicum sulbeten, caxi ToCsulfalils tallownanb accdpgtiablelelinmdnd otFear
sparingly soluble calcium magnesi um iron, and alum num salts.

Of course, theiligal [this iusiRQlgcoacyrs when regresssived fallsnuo c
pressure of the ROreject, wll still control the nmaxi mum feasible
recovery achikstween rginety £Ave sawrdi hinetoedadxemennant hi(95%i-96¥)i.s not
usual |y reached at recoveries |ess than 99 percent wth nost

feedwat ers. from apcoriginayi vatupodf ingtysRipe Nexcent nilfdEdd or

higher. As discussed above, the initial rejection

15  values for silica in my process are significantly higher
than are achieved in con’venﬁ:_i.onal RO systems. Therefore,
if con_.ventiona_l RO limit:a_tiohs for silica rejection were
accepted, for example, a specific membraﬁe element would
last longer before the acceptable limits were reached.

20 Stated another way, even after a considerable term of
service, the membrane é_lements utilized in the present
method will give silica rejections which are in excess
of those provided by even new membranes operating in
conventional RO process configurations.

25 High flux, or permeate production, is also
achievable due to the unigque operating conditions of my
method for opei:‘ating an RO system. Several factors
contribute to this result. Flux, expressed as gallons
of water passed through one square foot of membrane in
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Most commonly occurring mcrobial species are 15 conpletely |ysed
(physically destroyed) at the high operating pH. In fact, even
Virus, spwWoeas/0648ind endot oxi ns are either destroyed RCHESIAARR
I ncapabl e of reproduction/proliferation at very high pH | evels.

Saponi ficati ‘Hi-fé’fdal}ypi Snétailyl 8eSHRECHREFRO, P &Yakt idPpateCat idbdlte

process as well since Tatty acids and their correspondi ng gl ycerides

wi Il form solipl @phs&ers cattventional h&igfsoaesat i Nth Phlilot testing, I N
one | ocation where long-termtests were carried out, biofouling was

conspi cuous lphe tsodbdendemufig cdmposite tepe EIIMEECEBY meaiyaregy.
This pilot RO system exhi bited very stable operating performance in
terns of was operatedeatped$e@PD, f lamd grotaysiain fioesup etdr 3¢ GPD

t hroughout the test period. Further confirmation of the absence of
bi of ould ng wasasbfaverabidyr evglaatgssy offhkbe the latter flux rate is
-62- WD 98/ 06483 . PCT/ US97/ 14239
el enents at regpiderednter \hg sthe spRypoXimater syraento hydrauliesdigd

aut opsy the FILMIEC FT30 based el enents was ) conducted over a 15
nmonth period.Pf ARPHEERE 1HAkdRC modylghdesign.r ePasEbNnOrhafPRFET

initial Qualit surance 5 . values upder standard test conditions.
Aso - the confYGHATERs o ite 4 aant CRRAERT TUBRE oS YRR SRCIEREEDT

bi of oul i . hi s .ch i Sti f b f
0 1% e copope KRS LTIARLH b B ERER B OB o
t t t t L.O- t ' [ O- j t Lt

1 P e ! B 52N "k Nfiranc, AR, WRAHE! Slaeni

‘tenperature @E%uggg %‘}gﬂﬁéf@”such ihné;sf%sega'fﬁhwl at ghggmﬂs{'gai fnost r

Substantially Re een known (and practiced) . fo

al nost 30 advan€dgSotifakesofiiteidie RO BYstesdwisaratdess abbhinegs for
colloidal solids present in the feedwater and - significantly reduces

the associ at eskdmplé Ngifr dleenformal £luvndat Aouksidd eBynideeqofr enE as
pretreatnent for 20 holl ow fine fiber RO elenents in the late 1960s and
early 1970s ahdtisdd, t ahel iss radeg). squazacsli feet, ofetmembrane surface
15 required is reduced by a factor bf'two; Corresponding
decreases in capital cost (specifically, for membranes
and pressure vessels). and floor space requirements are
therefore achieved. Operating cost, already
significantly lowered by 6ther benefits of the instant
20 method, are further-decreased by lowered'nmmbrAne
replacement costs. The one hundred fifty percent (150%)
plus flux increase demonstrated in testing over the
design basis for conventional RO systems provides an
immediate benefit.
25 When utilizing_the present method, cosmotic pressure
of the RO reject represents the ultimate limitation for
RO technology. Once appropriate raw feedwater treatment
has effectively removed sparingly soluble species, such
as calcium carbonate, calcium sulfate, barium sulfate,
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potential is generally reduced between a surface and f oul ant
particles at high pH, thus reducing the | i kel i hood of adhesion. This
property is_accentuated by 25 the fact that nost naturall [ ing
particles WO9648} ne| ding bacteria) exhibit negative surfai’ﬁ&%ﬁ?’b‘gg
Wil e side-by-side zeta potential determnation is yet to be
carried out, thelpew.prefcess theexpemazhtoation of siegfedt ceanl prmrhest,
if not elimnate, particulate - 63-

WO 98/ 06483 until the osmotic pressure limif@yigmu7isizgsached. At
fouling problens. The reduction of zeta potential further reduces
the possibilityhde ﬁéﬂqlcl@%dﬁ8§iaﬁ p@;essures tfer sFrERergisddat ipraven
charged nenbrane surface. n-situ formation of surfact ants from

bacterial IipiBS, sygtems |‘?r?)r Eggp,pall% HimiHech kO PR PHiMagEdvng - 2

parti cl adhesi to e rrenbr e sur face uni
char act:$i sti cP8#9t he (rl'r(%w ?gsgrbaﬁ o"""’“mebel%f mﬁdgfn F?Earﬁ QQBU the
design of an: R&)

t d
Capi tal coot anELVIRE for ce?atm%%r CEEHLEELY d) 1RE Rl SckRahtiien |
]EO the ahidi Hé:&f’méﬁcegtll%v?ﬂﬁ%' noly %{cﬁth s tés?ﬁ’icét would . b
oul ants, the new process also mnimze nee . i rredl a

filtration, 00395&3&&4&4&1 lalcﬁm Bty ! | Oor %ur%Oszaﬁ?”%%%iﬁeEarﬁg%ed

fiItration, etc., as pretreatrrent to system

Significantly BﬁdquuQ@MﬂIl@Ef’ﬁ\ﬂE& éﬁatg%mb that appro&ifa®dlfAaldridn, (1)
either by chem cal addition or by . activated carbon;, nmay very well be

unnecess@ry aspsgfl of osmotdicngerddrutevis ekefted byndms@mrﬁmﬂi) (100)
hypochl orous 20 acid (HOCL) is extrenely 1ow at the very high operating
pH. (F) pBini noHatThs, othecameximumbi ablowskle TDS of thee mfject
antiscalants or scale inhibitors, while not harnful or inconpatible-
with the new pstress vieuldebe2Bpproxumstslary1e0i adAamem. asThusverklbs an
18-nonth test at a sem conductor_manufacturing facility

(G Hi gh Flux ReWesRO operating Gmn?%egv@du‘éeearﬁgeﬁﬁesef offqaswater

concentration chemistry, is potentially capable of concentrating any

15 feedwater to approximately 100,000 ppm without concern
with respect to the varieus sparingly soluble species,
and in particular, with respect to calcium sulfate,
barium sulfate, and silica.

Yet another advantage of my new RO operating

20 technology is that existing RO systems, when retrofitted
with the herein discussed preti'eatment equipment for
‘hardness and alkalinity removal, can take advantage of
the operating benefits of this process method.

Additional applications for this unique RO

25 operating method exist in both high purity applications
such as semiconductor ﬁanufacturing and pharmaceutieal
applications, as well as the more traditional industrial
uses for boiler .feedwater, cooling tower makeup water,
and scrubber makeup water. Application of my method of
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pol ari zation layer, as well as the elimnation of
- 64- WD 98/ 06483

PCT/ US97/ 14%38 bi of oul i ng and the reduction of particul ,@g;l;lﬁasgn
O RECt

to t he surface, it is not surprising that an
systemutilizing the new process can operate at higher fl ux conpared
t 0o conventi onakeyp&iSst | @AMOEH AP FXILED &P%atl%rgﬁl Rgh g PUTiby owWateryf d
(gal l ons per square foot er day), the HERO brand RO system.is

desi gned i n exPgoduction %YStl%mgf s Wi IR ¥ LPabPy ded? grdiSatignssr 20

of d, and nor referably up to about 25 gfd, and, wher . .
feasibl e, in efccBYIffiBASS qrevigrse (PpmogTnlriodans paqhyiaue is
I dditi t it t . I
of the RO per nira taed noBopiditiably Mid®ees o pOKPLGH S17 iR

design fgux. ra® feédw%tgi‘a%l ?es%ﬁr%éegf o %&Qe%g%trgaw bhrﬁggtt@ n

40 15 percént |'ower dissolve S conpa to a esign

basi s. The hi 0Bgl, P OPGHAIINhaleh BEERI FddS8a  sequentidn 1pe dHAdH oduct

flux, provides t sult that the salt flux conceritrati on

dependent, rat AgYIAN of reveFSESSUsRoLEBERGAMDares il [ | GRALEYNT ¢8UGed.
The RO 20 system can be expected to be about 20 percent | ess

expensi ve due pesiiltiisrd athoegakonaypilcally then @) or somimed thgee
expensive), all other paraneters being equal . (1) Reject
Usabl e as ScruliB¢r, Makehpugh5 a higherTheumbpectcduldn blee WERDiBednd RAs
system w th high pH, | ow carbonate alkalinity, and virtually no
har dnes3¢ descanitesl uRkdvas timek argw t eadi dategasl@cer difbelefi®ientoin
concerns about potential silica precipitation if the pH is | owered
significantly aﬁkﬁﬂé@&mbmy hp¥eRalkdgldnity added by any convenient
- 65- WD 98/ 06483 , '

PCT/ US97/ 14239techniqugy, #urheA gty 8RAZUEHCEXPRATF bhasi dndaklerhiBakot

be treated stream Re is sent to the weak acid cation ion-

exchange system 12. After cation exchange, acid 14 such
15 as hydrochloric or sulfuric may be added to produce an
intermediate treated stream Wp. Then, carbon dioxide is
stripped in decarbonation wunit 20 to produce an
intermediate treated stream D. Then, the pH .is
increased by a convenient and cost effective method such
20 as addition of alkali solution _22 or by_anion ion-
exchange unit 31, to produce a further intermediate
treatment stream Dpy. Reject 32(y) from reverse osmosis
unit N (and any intermediate RO units between the first
RO unit 30¢;) and the final RO unit 30(y) are then
25 recycled into the feedwater before the RO unit 30y, to
produce a feedwater 25(14N) containing undesirable but
tolerable solute species and solvent water. Pump 26
pressurizes the feedwater 25(14+N) to produce a
pressurized feed to the first Ro.unit 30(1); after
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evaporation rate limted. Process Chemstry 5 As
di scussed earlier, very high reject pHis one factors which
characterize operation of the HERO brand RO system Extrenely high
rejecti on ofWOR8IK| y . 1onized anions such as TCC, si |PCHUSI14239,
etc., can be correlated to such characteristics. The followng 10
exanpl e, basedf3dcddd iy, CBrARatELh4 glfxE'e%'iﬁtté]' Swhich isg' qh‘?ér% °f§§ap'
In naturally occurring waters and at near*:neutral pH range (6-8),
silica is prinmud yherasfbt Mererse osbbRESid tleei gheHsiled F£Léh] ) -
Othosilicic acid, commonly 15 referred to as silicic acid, is one of
t he weakest acitth N unitspeThesrefesenfrom thai @ntireSiRO Ct€ainCid' Showh! St
di ssoci ati on constant (i.e. the dissociation of the first proton -
fromthe total asf fejechy®@dgens)-is High puappyoxineseéq Dernkltes r from
corresponding to a pKa value of 20 approximately 9.7 at anbi ent
t enper at Bre andhgergntdye train pkgkghownd asorpermeatagor @raductsovateon.
A convenient way of visualizing the relatjve strength of silicic
acid with pKa[ &% (1e8) 9. ARd ¥t stift efeed to thhe aespalo. Fonrexchingey
percent (50% percent 25 i}g_ni zed, _i.e. 50 percent of it 1is present
as undi@SBEAMERY §Pthokinali clranup whefoneeusener Sotion ion-
percent is dissociated and.'ésﬁ resent as nongval ilicate ion,

i

nt . ]
the conjugate FXERARTS i cPFoieps a turthgy &F?stm PREIFYg
8f8/ ggzgggate b%%@:eta(?n C, which is followed %/%9?i3%)gexchange X\f?it
undi ssoghat ed e it 0X] 1, Qtss o Xi St
o1l carEoron . Bl (42 B0 roBliOd TRLFLe? 1HPRGRRNLaLe pulit i Stitey

the distributign i 8¥bre use, aadpi-iﬁss:gea&x@as%@ 1\ YexchaMyE SRl ¥ - 4 81
pH of 8.7 5 (when log of ratio is 0.1), approximtely 91 percent of

the species ispihfids a8 yedi IpHat efudtty Aidhdhm P, anelHeNép@Sohd®e
ionized silicate. At a pHof 7.7, approximately 99 percent is
present as undisssegiddey or polishingc ndctel abddl ipai-ceodhasgé herioni zed
nonoval ent -

produces a still higher pﬁrity,' possible final purity
15 product S, or, using the same nomenclature as above,
- pure product water stream 38(3,N). In semiconductor
manufacturing, .final.filtration in sub-micron filters
48, using nom'ina'llﬁr s.ized 0.02 micron filters, but
perhaps selected from sizes ranging from about 0.02
20 micron to about 0.1 micron in size, is génerally
practiced, to produce a still higher product stream M.
Also, biological control by passing high purity water
through a UV sterilizer unit 49 is customary. norrrially
operating at 254 nm wavelength to kill any bacteria
25 which may remain in the high purity stream M to produce
a final wultrapure water U. In many systems, the
positions of the final sub-micron filters 48 and the UV
sterilizer unit 49 may be reversed, or a further post UV
filter may be utilized.

-54 -



10 silicate ion. Since the mapjority of naturally occurring

feedwaters are at pH 8 or |ower, essentially all the silica exists
as undi ssocigigfdossds Ci ¢ acid under these conditions. @drausIraLse
weak acids, such as boric acid 15 (Herr]BO.err], with pKa, of

approximately 9.2) and hydrocgyanic - .acid (HCN, with pKa of
approxi mately 9.3) e&kFbi ?-ové?@usr'ratessitrﬁq H5H b FY | @?FR&‘:’[ off reRGEEe

h bot h wh i d ilica.
Re) 5ct1 on char SCTBYRLE| SYSET HOPSTAELPRo o SSOLLRE fard JuakEie Mater,
menbrane is infl ue'kcoexdl ll&yoéf'lenal Zteowépa%}%etﬁ% wat‘_aé":éj Cr@ g%odﬁen%'c%tﬁ:}e%he

Yy a ute w e

. O ' .
sol ut e. 1t i s2henera recogni Ze t" an 1bni Zed so

rejected must ooy befattperg.co edel@raed W sthSs i DAl 3§5§ Eﬂg‘;"g’arious

. : k )
undi ssoci at ed sTatee,Pprow ed that their size and shape

conpar abl . R?gé&ﬂ%ﬁﬁeﬁiugﬁméﬂﬁ @Megerdtfed accofaiﬁ%ti@b'w@ro
at pHless tha , 30 percent a H 3.5, 50 percent at pH 4, 75

percent at pH Spe@R8dS8set fortlEIKEFdinfbolB! CLodiphitiice &YyHigh Yiriry
acid (a weak acid with pKa of 3.2) is the counterpart of the ionized

-67- pe¥hed8e06383 The product water permeate 34 is then
PCT/ US97/ 14239 fluoride species and is the primary conponent at | ow
pH val uetsreated in an g -estclemoé sisten sis imeéceasaty bawsderoni s
a surprisingly high 98 percent at pH 7, where the primary 5
constituent is specifidicssadlrredreguireneatisd adaudndied as makeuporwakeir
silicate species. This discrepancy is at | east partially explained
by the fldtt thatO®h&oact ubpiler 102 zeBdpwdembho)04i Exrenc keitersifechis

bi gger than expected since the nolecule incorporates up to siXx 0 -
mol ecul es of waP®Rt oFOh3T aEFyAulatipns tank d4f ofpr pumpipng J08 dﬁ"’?%u e
to the size/shape factor,, since at

i oni zation (| esSetWER 612t rkS Bl "ro we&ﬁq@%{nﬁer&%%fé n.' " Aithough
Saced on, U1 ST ShMRL!Suerd MOV AUAIBLE 113 2cour® HE e WD

sulfate (SO errgy ip%'}mea% 34, more typically, the cooling tower 110

15 " and scrubber 112, for example in a steam-electric power

~plant, would be supplied by usual raw water 10 supplies,

such as municipal or ngl water. Therefore, cooling

tower blowdown ‘114 and scrubber. blowdown 116 are

typically high in both hardness and alkalinity.

20 Likewise, this system may be used to treat water having

intimate contact with ash, such as ash pond water or ash

sluicing water from coal fired steam-electric power

plants. In my reverse osmosis process, a significant

amount of reusable water can usually be obtained by my

25 - method of RO pretreatment aﬁd operation, unlike the case

with conventional RO systems.
Another advantageocus use of my method for
pretreatment and operaﬁion of an RO system is

illustrated in FIG. 11, where a preferred embodiment
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expectation is based on the fact that the sulfate ion al so

I ncorporates six waters of hydration and, of course, it is

conpl etely ionized at near-neutral pH 20 val ues. As a matter of
record, swldotbesgsi €Ction of 99.5 to 99.9 is routi nei,ﬁggg Hsd in
nor mal RO operation and the silica rejection in the HERO system

0% per Sent =ML e e EBI340ER BSSR  Yol o i BB ALe
ili ' iop. H | t ble.. | ' f
he vol oe) o chEPPuBheRL' Y Whatdy (prze. B BT SEEBTBE MR Be ve
size of the ang 30ff0 GREFE nLB) S O FiledAlhifehl! £BRAY ZeG AT URI] as

PCT/ US97/ 1428Pectrodeioniza¥iid €byatRpf 196 .  NeRBELDLACESS E:%ﬁ{ﬂ merits

further discussion is the requirenent for essentiall s 0

renovag of ahkahi Ni+¥apelorby o qunthushEedlect rodelicAHAASEIN O Wi RO
feed. Froman entirely practical 5 poi nt of view, near-zero alkalinity

i s a necessipyodiusee a very ahyghesquhbltyl lGliicliizedi kiatRrovEdesas &t ong
buffering effect and substantially increase the quantity of alkali
needed to raafeerhalphavddlet noreatmener a6l rhd afipPeal filtra®4in argl, above
the direct cost of increased alkali 10 requi renent, the sodi um content
of the RO pewhbdt beni 0f acceptdklenuforhiuger ial Sthe r edairiceigdtronics
unnecessarily high post-RO i on exchange | oad and cost.
From a concebP@StieY ntadf Wh eFaPNGRevaMatene UP.  Opdgienadd. f ghe
alkaljnity renoval. is far nore -urgent 15 but straightforward. The
fol | W ng exSRPPRASEYs&F dPlish typg mixed: hashrier €¥FHBRBEL PRk 146 be
used to quantify . {:hg rel igﬂshi s Sol upi lity product
(Ksp) of cal B#¥inPEar¥Bharedy s an .eaﬁ%%ﬁr}’r]ﬁ‘"b? yesegtrofgigniz e
nol ar at ambjent ecature and very | ow i oni strntg:. um ng
90 peé%gr%u‘_r'zgco"\"/ae%?%c?‘gsﬁatyhe%ﬁo Fg'{t_he ’é‘FF%a]IYO\E/‘ﬁacg! he OV
maxi mim CaCCLEéﬂ}iQE‘an QPUE 4, tRGHRD [£60hS since tBRPIPHIBUE - 7 X
10[ err] square nol ar. Furt her : :

of continuous electrodeionization to reject boron,

15 silica, TOC and the like thus limit its ability to
produce, as a direct effluent, 18.2 megohm water for
electronics manufacturing. Yet, the permeate 34 (3:N)
from the two pass RO system, when operated according to
the method disclosed herein, contains very low levels of

20 such species which are troublesome to continuous
electrodeionization, such as boron, silica, TOC and the
like. Thus, use of such permeate as feed for a
continuous electrodeionization treatment unit is
believed to enable such electrodeionization units to

25 produce 18.2 megohm water without the benefit of
downstream ion-exchange polishers 46. The advantage of
using continuous electrodeioriization over conventional
ion exchange, of course, is that the continuous process

(rather than the batch process of ion exchange resins)
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assuming 0.1 ng/l of calciumin the softened feedwater, 25 t he

al | owabl e maxi mnum car bonate content of the RO feed I s approxi mately
2.1 ng/l, all expressed as ions. At pH 11.0 reject condition,
appr oxi mat el WOB$/06483 percent of the carbonate(s) species is 4

carbonate, the rest exists as bicarbonate. Assum ng 5

- 69- iR EHENOA88ed electrically, rather than chemically, and
PCT/ US97/ 14239 ng/l of total residual carbon dioxi de equi valyent '
prior t chpteforeasaoiabpr themmieéy df Beogientficarmboregenexation
ion) will be present in the RO feed. Conpared to the maxi mum

al l owabl e 2.1 mitd¢migtakar bonate, the achievable 5 5.8 ng/l is three
ti mes as high. To ensure scal e-free operation at 90 percent

recovery, one or norAR@f EVEIF olRowaRfenRtene, adieeyvigstant methed| may
cal ciumcontent nmust be less_than 0.1 /1, . or the RO operatin
condi ti ofs nustoifeErnbegaisednitoe advantagg ci ufiBgeLHAt BO B¥$eem when

i nhi bitors are known tq enerally allow a_ hi Ksp, I, am not aware
of any such  ©Perabegl a8 SFANERED BRAEATeYI L orf4BS BRATAAIN Yor FEIES ol y
al | ow conti nuous_hi H operation_of RO, I rtant, 1t . .__Should b

not ed that duri’ﬁ’dnt%f nf?p[eéﬁ'lrﬁﬁ e?gi nl'é]‘%lf" Eﬁ’g %%g.h Y—ﬁ’@cg§?f‘erﬁ’ym§“§§hl e
| nhibitors vere ised; YALALEY 111 be achidAGDER ULMEEQUIG, Wd N
Ksp of approxi mately 1.27°X 101fer rT cubic nolar, is 1n sone ways even

mor e depuhodeln 180m1A! @déﬂ"‘@é’éﬁs&%h $; ¥d¥Crecycle and
to 20

magnesi um t end eak earlier fromthe weak aci cati on exchanger

and, thgpefore,4d@Eg careyhstifpdedrsd from Tﬁ@ﬁ/ﬁéh@&ﬁe?ﬂﬂiﬂbhﬁ@ O¥inge

scal e. Typi cal Exanpl e . e following “is an éxanple

for a typical ppermaipphycCaiperatfind heanBRGuaybséepal Fwvdgedvaeatmend he
Kumanot o area in Southern Japan, high in silica content, was
selected for tipdaxaspl &all a®est faslkrdwn Bigh in cadndipdabey ¢eomponendy®
percent accgr acy). A cost projection is based on the follow n% )
assunpti ons: (aliphatic and or aromatic -@gganic acids and their
derivatives), and are most difficult- for conventional RO
15 membranes to handle due to organic fouling and related
biological growgh. Typical industrial uses where water
of sufficient quality may be attained when treating
wastewaters include cooling towers, boiler makeup,
scrubber makeup, and the like.
20 |
Benefits of HERO Brand RO Process Design and Operation
Many exemplary and desirable process benefits
provided by the HERO brand RO system process design and
operation were listed above at pages 22-23. Detailed
25 explanation of such benefits include: |
(A) High Reijection of Contaminants
As shown in Table 4, which summarizes data from a
HERO brand RO process pilot plant, rejection of all

species is significantly higher than what can be
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WD 98/ 06483 PCT/ US97/ 14239 (1)
1, 500, 000 US GPD system nom nal capacity; ' (2) 75 percent nornal
recovery rate vs. 90 percent HERO system recovery rate;

(3) UPW a\a) édiokedchemcal ) criteriia are: 5 (a) silpceusongB.
(b) TOC <1 PPB, and (c) Oxygen <5 PPB; (4) Consumabl e
costs: . a) Sulfuric acid &93 ercent) at US $100/ton; 10

(b) sodi um hyigbkpyed 190 woreeRyignads %SSWRQFF}“-OH' Partiqudarly

g(r)]t big? Ik\(;\lﬂt aﬁogisggéb?g/ %?Sg)ngﬂﬁt QF@E&VBW ((aﬂ% gbgtc téﬂrﬁi‘técege/ﬁécggr JeVost s
mbi ned) at_US $3/1, 000 US I . .15 i f Existi RO

System ) antonsraddlc BR POt 13 and BTEERng 1oR VAT | EARE

GPD (US t ' 7 . i thens s t

showr(w- [ )n %ﬁﬁg‘mﬁ’??&‘?‘%{n’@gr fié%l(?nﬁgggggglg‘%%ovﬁ%%ﬂcen% lrl gg‘gve%(??gl\ég@%? and

sh N _ t 5t
e case SoFTeT e iR axe allTERaEIvEIY CwiRR® ARERE | B TR e

I n sone cases, may a e to use’a

process desigapéeawﬂgea@fﬁ oxzegealel BPids willec@syciates t8Y &' ReSei Ny

reject froma conventional - RO system by (a) simultaneously reducing
hardness and greateraldiddrt t Ycbitpar¥aC sy Shelr-abhteagarpenadedat 2o (C)
rai sing the p%i, before feeding the streaminto a second RO system

Conver si on of agd| Sthegefte,TswihY esamyylovbéeter rejected by the RO
-71- WO 98/ 06483 '

PCT/ US97/ 14238embrane.uni que opportunities to increase the capacity of an
"RO system This is possible because the flux of about 15 gf d
in a cohventional Rbesyimpnewempat ndncathe upet@ction Qfoustzongky or
perhaps up toigiiznggh (aast ZnSeag:];-dﬁeL?t[_ral pH) species was also observed.
Several factors are believed to contribute to the
improvement in rejection of strongly ionized species.} A
change of membrane morphplogy,- is believed to occur. A
15 éignificant reduction,in -'the thickness of the
concentration polarization layer adjacent to the
membrane surface (due to reduced sur.face ténsion at high
free causticity conditions) is believed to be a major
contributor to this improveme.nt. Also, swelling of
20 elastomers such as o-rings, and the resultant better
sealing characteristilcs .in the modules are also a
factor. |
The impact of much higher rejection of silica,
etc., on the behavior/operation of a post-RO ion
25 exchange system is extremely significant. Since the
vast majority of post-RO ion exchange is regenerated on
the basis of eit.her silica or boron breakthrough, a

factor of ten reduction in the influent silica/boron

content will provide much longer run times between
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5

desi gn and operation configuration.

nore, when the operation is changed to a HERO brand RO

process

New RO System Desi gn and

Qper ati on The projection in Table 7 below is made on the 10
basis that t new UPW systens will be built, in PCTIUSIA4BAS E
utilizing the conventional approach (see FIG 13), and in the other

case utilizing the HERO brand RO

system (see FIG 14

that i

ncl udes

a sinplified TABLEde i sﬁDM@ARIﬂQN @é‘sHQﬁOT Wssygﬁm@”'-% NALuBE doubl e-
15 pass RG, Rot+ow i )| L

exchangers. Approxi na eF{yx e Ré%%i‘ﬁ’ir P@%%PW

50 ermerat | o0 | il 40589 % conppd |
included in 2@0dwm hoke m%t ti%’ﬁ'ps nor?is dy : . any
PVDF |ined stqgPapesivmnks, $Pnce (si¥38g of t hese | 0.02 con‘ég?t@nt $ ar® y
site specidi c.| Chloride Sudary { 28.99 The rewW.HERO bi2dd RO 99.

t echnol ogy hag sagen shpwn ©9 g9g7exjhi bity very h.gh reject.ion|of & |
contam nants, {RBoron espegpal Ty Vs aci d gl ong. 1.49n addl g.on, |RO g5
recovery TOOT M ety gper Centgg GOy o1 4M gngr AN pe aghveved Wy h

t he vast mj orttyof—feedwater—Brotoyrcat—foul My =TS

-72- WO 98/ 06483

PCT/ US97/ 14239
substantially reduced. A fluxa@angi gler aflperhhgRefstdan

essentially elimnated while particulate fouling is

Is normal |y

practical using conventional RO system. design_can he .achieved with
t he new HERO t e¢hnol ogy. 5 MapiWagh t he DROBfeds af tHf Brousty piocess
m ght justify Na+K hi gher UPW spst em cobt, ].366t the |opposilte is frue. The
overal |l cost as{goell as the tonplexity of}{the UBWsystlem 0 are both
reduced dramati ¢aig y. 10 13 The nethod and apparatug for processing
wat er via HOBRDr ane Separ atiggn equi pnent ,spand 1 part4icul ar, jvia
CO3 0 50 <1
NQ3 ) 1 10 <]
S04 30.8 308 <]
' Cl 282 282 <]
15 Si02 S0 500 <1
pH 7.1 10.8 10.2
Notes: 1. Analysis of RO feed is not shown in the table, nor is the hydroxide content of RO
reject and RO Product.
2. The chemistry is based on 90 percent RO recovery, while maximuin recovery
feasible is approximately 96 percent.
3. Bxcept for pH, all constituents are reported as mg/) as CaCO,.
20 TABLE 6. COST ESTIMATE OF A RETROFIT
Water/Waste Water Savings 244,000 (US §/Yy)
Antiscalant Elimination 30,000 (US 8/Y1)
Power Savings 17,000 (US §/¥Yr)
Additianal Chemical Costs (40,000) (US §/¥r)
Additional Miscelfancous Costs (20,000} (US $/¥r)
Net Annual Savings 231,000 (US $/YD
25 Conversion (Capital) Cost 200,000 {Ono Time)
Simple Pay-Back Period 10.4 (Months)
TABLE 7. COST COMPARISON
: Conventional System HERO System
Equipment Capital Cost (US SMM) 12 7.8
Operating Cost (US 5/1,000 US Gallon) 5.75 <4.00
30 Mote:  See Section 5.0 for basis,
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t he HERO brand reverse osnosis ("RO') process design as descri bed

herein, provides a revolutionary, paradoxical result, nanely,

si mul t aneous increase in |evels of 15 silicainthe ROreject, but with
| ower | evelye selossasl | ca in the purified RO perneate. ¥Pormsymidasal of
operating menbr ane separation systens, and in particular, for

operating T e\el a6 AUMRlE: SV TendEPEES CMlibdh dioxidd INAL! Gan opb on
for reducing er use ile ° si mul t aneousl y reduci'ng capital and
operating coyiSOlponate §h€ t‘.’\ﬁé_erRér?@ﬁFéﬁtéyS(&Hé 8t & hegBVepM, that
IS, the ratio of the quantity of the perneate product stfeam
produced to i tytolebBe H09UWaLENT SA188Mincreased itk i €ifkearly
i n excess of out 50% and easily 25 will be up to about 85% or nore,

and often, whdfdeeURilica/bbPoAbAdakdde antheddst inEemali lihreshiblbevel s
of about 99% Further, given the efficiencies, dramatically |ess
usage & cherighueagenRedectionfofi eateosimhye ionizedegeperaihesor
for RO cleaning, will be consuned per - 13-
WO 98/ 06483 concentration in the RO permeatpCH®)30f/ redzrively 1gsgBsl on
of pure water produced. It will thus be seen that the objects
set forth  signidfcveanceol ugimfe h&as hradoappRPent ofy oeRHRAPEECedBi ng
description, are efficiently attained, and, since 5 certai n changes may
be made in catktimately hblgRo9E boron limifs&d-and in construction of a
sui tabl e apparatus_in ractice the nethod_and in which to

which t
produce the Comrared ﬁ%dlﬁgt %fg 2& POT R he RRRPN | IS PL 1P
d tood that the i ti . ' ' t i £
For m W ¢ noutt e RUET S, EpRgSite’ o GBkratlon,, BT, G oo
th f. F | | : fyaf t | f
Si re}lrjf'?aneog; 1?%8@@_5%;;%%5&1%% a?ﬁg?i@r%&t@g%gr%%aﬁ ggttﬁé?%nﬁéiﬁgﬁ?gnar gr
al so T easi bl eréfﬁeé&&é'hfl thed eé”'éox%}%hg:ea%é NeopifSgndfation, dHe mewhod

di scl osed herei Therefore, it w understood ‘that the

foregoing desesk@bkons Ofapable JfepbESGEtRhGVe epbpeeatst wittht Dewer

I nventi on have been presented only for purposes of illustration and
for than detectable limits of boron content. '
15 ‘Another very significant advantage in operating ion

ekchange with permeate from a HERO brand RO system is

that sodium leakage from catioﬁ resin is reduced by

several orders of magnitude, due to the high ambient pH

of the influent. As é result, lonéer run times between

20 regeneration for existing ion -éx‘change systems means

lower chemical and manéower needs, lower regeneration

waste volume-, etc. For new systems, or for existing

systems undergoing expansion, the new. HERO brand RO

process design and operation can have a strong positive

25 impact on the ion exchange system capital cost as well.
(B) High Recovery Rates

Since hardness-causing ions such as calcium,

magnesium, barium, strontium, aluminum, iron, manganese,

etc., have been removed prior to the RO, undesirable
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provi di ng an understanding of the invention, and it is 20 not i ntended
to be exhaustive or restrictive, or to limt the invention to the
preci se forns disclosed. On the contrary, the intention is to cover
al | nwei 98i06483i ons, equi val ents, and al ternatives falli n@CTNS97/14239
within the spirit and scope of the invention as 25 expressed in the

appended cl ai r-eﬁgg.'é%iéﬂ"eo? a&ﬁ&cg.gs such' €ak nt@i@@f’uﬂxlo éé’lifgéntatﬁ%,

met hods and st ructur escri bed therein, and not only

equival ents or calcium SENMSHdE, CBAVAL AR Sshilened, BidrBhfo HIVEURISENT
structures or nethods. Thus, the scope of the

- 74- VO HEdBIm hydroxide, aluminum/magnesium silXJdtS97et4239
i nvention, as indicated by the appended clains, is i ntended to include
var.i ati ons fromides aobodigmmt sin teoHERG bhirand R® proeesisg| emsd thus
descri bed by the broad meani ng and range properly afforded to the
| anguage Sof thet ctypesef opreciphtatdony nicediongeherlsiohits the recovery
. ' achievable by an RO system. Importantly, silica
solubility, is increased dramatically at the normal HERO
brand RO operating pH (preferably of approximately 11).
Sustainable lohg=tenn operation with silica levels in
10 the 450 to 500 ppm range  (in the RO reject) has been
proven, and theoretical models indicate that levels of
1,000 ppm or higher may be achievable in this new RO
operational method. '
Based on 25 pﬁm silica in the RO feed, 95 percent
15 recovery RO operation (approximately 500 ppm in the
| reject) has been proven by testing. Still, 97.5 percent
recovery (approximately 1,000 ppm silica in the RO
reject) is theoreticaily feasible, whether or not
practical from an operational point of view. Since
20 silica usually reéresen_ts the ultimate 1limiting
criterion, in terms of maximum allowable recovery in an
RO system, increased silica solubility along with
essentially total absence of species such as calcium,
barium, etc., in RO feed, should allow RO operation at
25 very high recovery rates (90 to 98 percent) with the
vast majority of feedwaters.
With feedwater relatively high in barium content,
RO system recovery can be limited by barium sulfate

precipitation potential at the reject end. Thé HERO
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- 75- CLAIMS: 1. A process for treatnent of a feedwater
streamin nenbrane separation equipnment, said nenbrane separation

equi pnent conprising at |east one unit having a nenbrane separator, to
produce a | ow sol ute containing product streamand a high

cont ai ni NYOPBIOE83 stream said process conprising: (a) prggﬂg}sﬁ-ﬁl“&”
feedwat er stream containing solutes therein, said solutes conprising

(i) hardnessystem elimipaté&athiist \goncern altoggther,essinamebavieoul ar
species which is sparingly ionized when in neutral or near neutral pH
aqueous sol disi oguanhitatively(ixgmavedegnioontot dike 8Qgani Thearsame( TOO) ;
(b) concentrating said feedwater streamin a first unit of said nenbrane
separati on epkiqement iaf @dsq capelAgabie f‘-’-’t‘eR@erﬁ‘}ys‘(")‘F‘“%a|1(}“?1~é?é!3o'\/at(Eﬂa to
form scal e when said feedwater is concentra;:fag t.o aéa ]ngel ect ed

concentrat | S®CHVERDr RY StretpBgSBLEabE e YIEars: of@FivPwo  or

nore of the foIIovM renovi_n rdness m s fee wat er
st ream %‘Qr en?)f?fjngoﬁb%f_an???ﬁgngﬁly alfi& :f'u?’iﬁt %41 23S0t %t ed
wi t h hardness rom sai d. f eed r (iii )rermw ng di ssol ved
gas from safFFEEMMEY ertTO%t \I‘,\%élg m“ S8 5841 1y present or created

during said Of course, the flnal limit in RO recovery,

~ represented by osmotic pressure of the RO reject, will
still control the maximum feasible recovery achievable
10 with a specific feedwater, but this limit is not usually
reached at recoveries less than 99 percent with most
feedwaters.
(C) Biological Fouling is Essentially Eliminated
Most commonly occurring microbial species are
15 completely lysed (physically_destroYed) at the high
operating pH. In fact, even virus, spores, and
endotoxins are either desﬁroyed or rendered incapable of
reproduction/proliferation at very high pH levels.
Saponification-of lipids (fat) is expected to play a
20 role in the process as well since fatty acids and their
corresponding glycerides will form soluble "soaps" at
the high operating pH.
In one location where long-term tests were carried
out, biofouling was conspicuous by its absence during
25 the test of the HERO technology. This pilot RO system
exhibited very stable operating performance in terms.of
normalized permeate flow and system pressure drop
throughout the test period. Further confirmation of the
absence of biofouling was obtained during autopsy of RO
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hardness or said alkalinity renoval step; (c) raising the pH of the
product fromstep (a) to a selected pH of at |east about 8. 5. to urge said
at | east one nolecul ar species which is sparingly ionized when in neutral
or near neutwa sgaidsgaqueous sol ution toward increased ionizati @ETUSRT14239
passing the product fromstep (c) above through said nenbrane separation
equi prnent, saiq Pheagepagriadn i rRB-RES! SHbstadd aviye r pebsiraid to
passage of di sso]I ve speci es therethrough, to concentrate said feedwater
to said preselggdiedag@Cceiat bpbyOtHACFILMIET PFPB0Cased &ligmentsglvas
solute containing reject stream and (i1) a low solute containing
product streamcondeteed sever TGC 15 rmprthedpéyiad. | eaTheni dety f showed
percent (95% . - 2. A process for treatnment of a feedwater streamin

menbr ane separ diigltergsaptent]estidnneiniamatdhes dgritta b rQuayitymasisurance
conprising at |east one unit having a nenbrane separator, to produce a |ow
sol ute cant ai nivlpesdusnden r s&andard HieMt s@FR@1IEAMNE ni ng Qct the
stream said process conprising: (a)_providing a feedwater stream

cont ai ni ng sol embraper SuFLascs vas| Gleancamst ikrer © an}(i?"ﬁﬁ?ﬂﬁ@s_?,f
(ii) alkalinity,. _‘giii) at | east one nol ecul ar species which is
sparingly ioni AP EPehiPg - neutral or near neutral p aqueous

H

sol ution, and iy) at | east sone. total .argapi I T : b)
concentrating said féi@ﬂ%atcé’ra%%eeﬁﬁqr{ﬁl% PI%I‘ s‘%‘%nlgfa% ?r‘gs)‘gugﬁgrre r}akn’é of
separati on equi pnent -af etf jvel | LG [ h ensyoebudaidl
feedwater to foghgg‘%gllé%aeﬁv%e%egg%tfeeéﬁgvz\gt gghlg%tcgggielnﬁr:gtsgg Foig . v I{b
presel eqted ¢ &5‘1%3&' ¥y f Okhd! EreftRéhed otH biy-8bheaNIAAL &d)Y bisly
order, two or re of the follow ng: (1) renoving hardness from said
feedwat er streaftrjve wastewater. It can also be very effective for

systems with higher—than-ambient temperature RO

operation.

(D) Particulate Fouling isg Substantiall Reduced

15 It has been known (and practiced) for almost 30
| years that softening of RO feedwater destabilizes
colloidal solids present in the feedwater and
significantly reduces the associated fouling problerhs.'
Mandatory softening requirement as pretreatment for

20 hollow fine fiber RO elements in the late 1960s .and
early 1970s attests to this strategy. In addition, zeta
potential is generally reduced between a surface and
foulant'particles at high pH, thus reducing the
likelihood of adhesion. This property is accentuated by

25 the fact that .most naturally occurring parﬁicles
(including bacteria) exhibit negative surface charges.

Wwhile side-by-side zeta potential determination is yét

to be carried out, the new process is expectea to
significantly reduce, if not eliminate, particulate
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/

(ii)renmoving substantially all non-hydroxide alkalinity fromsaid
f eedwat er stream (ii1) renoving dissolved gases, whether initially
present or created during said hardness or said alkalinity renoval step;

(c) rais%ﬁgg H of the product fromstep (a) to a seleq&ﬁgughhgk?at

| east abo y adding a selected base thereto, to urge sard at [ east
one nol ecul ar species which is sparingly ionized when in neutral or near
neutral pH Squddmg spnabbemeowar Fhencredest iomniofat zera porepasisilng t he
product from step (c) above through said nenbrane separation equipnent to
produce a rEpEthest pagducemdtheppPeggdibidityanf Raxtheher adbesdem £9 on

equi pment  subst ant i.al resistin assage of dissol ved species
tﬂergthrougﬁgetﬁﬂﬂﬁﬂb rBF8a§&V§qW£ _Qﬁgtﬂé FaPpre Ceed The
gfpggg{rgﬁlh%-‘;? Lottt QYUSE sur;?gf;'almas T 51858%&%3&; Yhalh ol ect
cont al. ni ng r rLoduct,  iSt erein said I S.rejected at

I eas'iié ni net 5% ﬁgégﬁglrtc’em?ﬁ(]a‘so/g&.%%e\@T glg)r oééss;[é?ué:élngf o?’%ﬁ%llncgé aim1l,
wherein the of SRR 1%@@ and (.b) renoving

substanti al F?ﬁggﬁgﬁ l?é’f ?%ﬁéty ass%%l%ta% w%?% har dness, are acconplished in

a single unit opehild Onigde chASaRt@IE$TiRS SL! the! ied Npebek@s3 caier ei n
said single unit operation conprises a weak acid cation Ton- exchange

system 5. beThE pimestieansevalltlt i ek adesdgnWisl ean RO Gysaak, acid
cation ion-exchange systemis operated in the hydrogen form 6. The
process as partieullardly dmithel, potenteial sto dredeek sapdtedt iomst and
i on-exchange systemis operated in the sodiumform 7. The process as
set 10Orth i ppekaiting ocowphéexrily of treating UPW. In addition to
the ability to accept a certain level of particulate
foulants, the new process may also minimize the negd for
multimedia filtration, coagulant/floucculant addition,
Diatomaceous Earth filtration, etc., as pretreatment to
15 the RO system.
(E) Significantly Reduction in Chemical Usage
Dechlorination, either by chemical addition or by
activated carbon, may very well be unnecessary as well
since the level of free (undissociated) hypochlorous
20 ;acid (HOCL) is extremely low at the very high operating
PH.
(F) Elimination of Scale thibitor Use
Use of antiscalants or scale inhibitors, while not
harmful or-incompatiﬁle with the new process, can be
25 completely eliminated, as proven by an 18-month test at
a semiconductor manufacturing facility.
(G) High Flux Rates
Given the reduced thickness of the concentration

polarization layer, as well as the elimination of
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wherein the step of hardness renoval is acconplished by passing said
feedwater through a sodiumformstrong acid cation ion-exchange system

8. The process as set forth in claiml or claim2, whereinin step (c),
pH i s rai sedwmodmsaszeen 9 and 10. 9. The process as set fortPCTUSITAK2A91
or claim2, wherein in step (c), pHis raised to between 10 and 11. 10.

The process as 113?%%8%;1 | N AL Fre MABESHA B@eﬁi‘;}t ‘?‘-‘f% rQh&x fé:.%tn to

approxi mately e process as set fort alm al m 2,

wherein in step.gg) n@ﬁl}dx%.ﬁ@' §€9f5€eat ieask Wts&%prléang Tt*.l?a@r aeE€Seo as
set forthin claiml or claim?2 whérein in step (c), pHiS raised to at

| east about 12.g ééemeﬂiogﬁfgs fheSelew Bidcéds ChanMdpdFatd 2l 3’11gher
wherein said at Yeast one sparingly ionized species when in neutral

near neutral pHEagieedwhpadd ith EOMPehBEonadl Gperatdonihe pbﬁpas:&daa:cs&t
forth in claiml or claim?2, wherein said at |éast one sparingly ionized
speci es when inormalr desigmeflurewdtfy als plgfaguépaklensutpenn squpreseot
meta/ortho silicic acid (HASiO4). 15. The process as set forth in claim1l
or claim2, wheezidaydidtie HERQ bownd RO sy tenohs zdasigoeted nitexress
neutral or near neutral pH aqueous solution conprises boron. 16. The
process as set ®6ri@f igfdl apndlligr puefisnably viestonedaiar aabeuhsOorafd,
sparingly ionized species when in neutral or near neutral pH aqueous

sol ution conpri3®Bd TRY¥ROMFTLSTRPUY (MIBOSP. ARQUETIRS pithdss ad seWhfHS h

inclaim1l or ai m, wherein said at_le one sparingly ioni-zed species
when in neutrake%?lﬁéﬁr &S %oﬁtﬁ%ﬁébl utions conprises an
L 200" 970 CABPRRSP Skl Wl P ocess s st forth i ol i3
neutral or near neutggl PhhiaAYeAUSESOYdEd capital cost for the RO
system, the quality of the RO permeate is improved
significantly due to the higher design flux. For
example, at 25 gfd, the RO permeate will contain 40
i5 . percent lower dissolved solids compared to a 15 gfd
design basis. The higher pH operation, in combination
with the high produci: flux, provides the result that the
salt flux (which is concentration dependent, rather than
pressure dependent) is significantly reduced. The RO
20 system can be expected to be about 20 percent less
expensive due to this factor alone. (ox more than 20
percent 1less expensive), all other parameters being
equal.
(I) Reject Usable as Scrubber Makeup
25 The reject from the HERO brand RO system, with high
PH, low carbonate alkalinity, and virtually no hardness,
can be used as makeup to acidic gas scrubbers. Due to
concerns about potential silica precipitation if the pH
is lowered significantly in the scrubber, the RO reject
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conprises a protonatabl e organic carbon species.

- 80- 19. The pr.ocess as set forth in claiml1l or claim2.
wherein said at | east one sparingly ionized species when in neutral or
near neutr ueous solution conprises humc acid, or ' '

t her eof . v%éggﬁgﬁg process as set forth in claim1 or clainﬁg'?Mé g%%?h
said at | east one sparingly ionized species when in neutral or near
neutral pH aghevlidé bel msesh awnprenes-thupugk kaisds.orar@r Fhuei res bifereof .
21. The process as set forth_in clajml or claim2, wherein said at |east
one spari ngl §VRBAF2E&°BH&ALEs IEFeS n neutral or near neutral aqueous
solution conprises silica, and wherein said high solute containing reject:
stream contains silica in excess of about 120 ppm 22. The process as set

forth in clabn11 ar ghahgl%: wherein said at | east one sparingly ionized
speci es whe ke ar neutral pH aqueous solutions conprises
silic and whereipn sa | sql 0 LD ] r cant gl ns

sili cgsi n excess %\ ! %%{Q%% %6%11‘1.3 3. n‘g%g g%%lgsgg Sé{s:e _ o?tgh cj?#_Icl aim
22, wherein saido 3 lWigAch ScRhSABREr BeS Akt s Obkt & O NHBRO! M4 Ct
stream at up to about 450 ppm 24. The process as set forth in claim 22,
wher ei n sai droSi {8Rehf. Pr eBkPtend] §ai idhorSdet LoAONGRI Nl Weladtly
streamin excess of about 450 ppm 25. The process as set forth in claim
22, wherein sahdzed ldrtisons pucseas TOCSaisd lHicgh Swdrde, cebtai, nican rkeg ect
-81-

correlated to such characteristics. The following
10 . example, based on silica, can be used to explore this
relationship.

In naturally occurring waters and at near-neutfal
pH range (6-8), silica is primérily present as
orthosilicic acid (H4SiO4). Orthosilicic acid, commonly

15 referred to as silicic acid, is one of the weakest acid
species present in water. Silicic acid’'s first
dissociation constant (i.e. the dissociation of the
first proton from the total of four hydrogens) is
approximately 2 x_10‘1°, corresponding to alpKa value of

20 approximately 9.7 at ambient temperature and very low
background ionic strength of the solution.

A convenient way of visualizing the relative
strength of silicic acid with pKa; of 2.7 is to state
that at pH 9.7, it is fifty pefcent (50%) percent

25 ionized, i.e. 50 percent of it is present as
undissociated orthosilicic -acid, while the other 50
percent is dissociated and is presént as monovalent
silicate ion, the conjugate base of orthosilicic acid.
At pH 10.7, when the log of conjugate base to
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stream at up to about 500 ppm 26. The process as set forth in claim 22,
wherein said _ silica is present in said high solute containing |

stream at uﬁ”?t?s’%‘@at 1000 ppm 27. The process as set forth ?ﬁﬁ@g’;’ﬁ‘rﬂ? or
claim?2, wherein said feedwater stream conprises silica, and wherein said -
menbr ane separ unddsseqiigiasht acddopbs atd tyni t ApRrokimatelyon®df nensent
concentration of silica present in said high solute containing reject
stream 28. $HdHEBCRAT a814dicabet hiPR i DR 1951eF i T PeTGR& i @Said
reject stream conprises abqﬁt 1,0(9,000 ppm _TDS. e%? %he gr, cess as set
forth in clai nHEGLISRRSEGLRL AR spaftn@y 3ol z P pREPEEIRHEROPN 1o RS al

or near neutral .pH agueous,sol ution conprises cyanid 30, T oce as
set forth in cPﬁFimqZQ,geﬁﬁgP& FEERLEHYGHY sol &%Y%W%%f n§%r e?r}'gcgkst ‘ng
cont ai ns_about i_net erge 0% anj I Ng$al feed er
ctream 531 ieRsRodbd “SE “Bap s 8ok, Y AT SoRoBEaRRtL o1 kg radi

sol ut e cont ai nj r i . r | o] | ' : e ele %]
of the cyani gjehgl%esg t%(altlne%éa?%m ?g%&%@r{%régt ;ue%?n{léggg.xa%?eraepggggsg&éé ?et
forth in clal mdQcafier dd t8idl 18pAD! ¥1h9Wated Spagi es vpan on meuiral
or near neutral pH aqueous solution conprises a weak acid wth-a pKal of

about 7.5 or hh?ﬁ@:roxj,mately 99 ‘percent is -P¥esent as undidsochied
process as set forth in claim1 or in claim2, wherein said feedwatér

stream furt her sglipriicseachidviami hacpertéent ards wokeeiivriwedt epnafralsrt ng

said pHKkills 1living bacteria, so that said product streamis essentially
bacterinofree. si3dcatlee immcess as set forth in claim33, wherein the step
of raising said pH, upon killing living bacteri a,

Since the majority of nat'_.urally occurring
feedwaters are at pH 8 or lower, essentially all the
silica exists as undissociated silicic acid under these
conditions. Other verﬁr weak acids, such as boric acid

15 (H3BO3, with pKa, of approximately 9.2) and hydrocyanic
acid (HCN,- witﬁ pKa of approximatély 9.3) exhibit very
similar properties, but of course they are both somewhat
strbnger acids compared to silica.'

Rejection ,characteristics of | individual species

20 across the R(? membrane is influenced by the size, shaI.Je,
and charge density of the ‘solute. It is generally
recognized that an ionized solute will be rejected must
betﬁer compared to a solute that exists in an
undissociated state, provided that their size and shape

25 are comparable. Rejection of fluoride, for example, is
essentially zero at pH less than 3, 30 percent. at pH
3.5, 50 percént at pH 4, 75 percent at pH 5, and 98
percent (or more) at pH 7. Hydrofluoric acid (a weak
acid with pKa of 3.2) is the counterpart of the ionized
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Vo
‘produces bacteria fragnments and endot oxi ns, and wherein said process
further destroys said bacteria fragnents and endotoxins, to provide a
product streamessentially free frombacteria fragnents and endot oxi ns.
35. The PWOrSR 1S set forth inclaiml1 or in claim 2, “hef@hﬂﬂﬁﬁdkg
feedwater streamturther conprises live viruses, and wherein the step of
raising said pHKkills live viruses, so that said product streamis
essenti al |y E4PeEIARARSGHER i30S thB. PTREGIYL QPR drhgley ®Haim 1
or claim 2, mgerein the ratio of the quantity of the product stream
produced to YRe“Gfantity of the feedwater stream provided is greater than

about 50% 37. Tglgp%rc%fq_eosrg gcfcoggig]ggygg_ﬁl)i?&g 1a9:'5‘.d0| ahgh§VerMe §j[ nﬁet he

rati o of the quan sai d pernea stredm produced t

quantity of éﬁ#ﬂfi&%ﬁg‘lﬁg %fif‘%{ r@@%@fe&éeaﬁi HABOUL,18028 OF nBPLG- ma3k, The

process accor gto or clarm 2, erein the ratio of “the quantity

of saigl pernggh8tiRLEAC!is StheapdPEsseTatoat 8 Gt | hkiel £RAdnot

- 83- feedwat er stream provided is about 95% or nore. 39. The
process accotHenddrmifedi Bilieatel apecdies Whermik t e staepan@dy t8 @eantity
of said perneate product stream produced to the quantity of said

feedwat er stleastprprartdisgilly asEplaifeth dvy mbhe. fakt Ehatprideesaczaadr di ng
toclaiml1 or claim?2, wherein said nenbrane separation equi prment
conprises nahalE | ofat {ortdwpl pednticigl aghd piscemychecbigoey t bhami m 1
or claim2, wherein_said nenbrane separation equi pnent conprises reverse
osnosi s equi pEPRCted? sinre ptidesTod@Bie nd nePXParates wWherted nsdx d
reverse osnosi s equj pnent conprises N reverse osnosis_units operated in

seri es0of unPPdeTbhes (BENVAFER PEspgecdrasiond prdbye. stheanhigind

wherein Nis a, . . s .
réjection is due to the size/shape factor, since at pH 7

thexre is very little ionization (less than 0.2 percent)
of silicic acid.
Ba_sed on the factors involved, it would appear that
15 silica, when substantially ionized, should have
rejection comparable to that of sulfate (SO4') ion. The
expectation is based on t.he fact that the sulfate ion
also incorporates six_ waters of hydration and, of
course, it is completely ionized. at near-neutral pH
20 values. As a mattler of record, sulfate rejection of
99.5 to 99.9 is routinely observed in normal RO
operation and the silica .re.jection in the HERO system
operating at pH 10.5 to 11.0 range has actually been
better than 99.9 percent. In other words, sulfate
25 rejection at pR 7 and silica rejection at pH above 10
are quite comparable. 1In view of the relative strengths
of the corresponding acids and the relative size of the
molecules, this effect can be rationalized as well as
utilized. |
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positive integer greater than one. 43. The process according to claim
41, further conprising the step of passing said product streamfrom said
reverse osnpsi s equi pment through at least a primary mxed b
ion-exchang@'QﬁWg%?nd a secondary nixed bed ion-exchange uni ?&"’4’2?’“?&8
process according to claim43, further conprising the step of running said
primary mxed bed Amatheghaagpeati tofo ther exaweprecesskaghatateenits
respect to one or nore of (a) silica, (b) boron, or (c)_ TOC, and,

t her eupon, difetikeng dEaussion nisf e dreguilFamMend xEarpessent tathinge
unit, and substituting t herefor the nedia of  said

-84-
secondary m x&PHRIEESNreMOVHa9E @Rlinty PRACEK, JRsPHLREIRFPRYens

claim43, wherein said  said pri m xed. bed ion-exchange unit is not

r egener at ed fo&’?“'e'{%%s?h ofi dﬂlﬁg%éggeeé%. FRHRM pRB8 c 88 HF o PRICEOCREai m
1 or claam2, whereip the step_of raisi he .pH i.sS, acco I sh b

addi ti o of apooafsréti?ngaﬁﬁ Susnga‘?’a?%ﬁ, ag.glagl g:é’ l?e%e%f%?é%ﬁ’?tﬁgnﬁ?oup
consi sting of )..SQ6] [ ' ar, , .

pot assi um hycﬁrgi‘! ﬁ%,gg?ggip%tﬁgsagﬁﬁ%% ar %’Qn%téggbggé %he pr o;‘%s%uggég%a?ng
toclaiml or &f @ik 2and "BEEEENERE13LPRnRESaRS R 'ibritdy SECATRRLShed
by addition of an aqueous organic baSe. 48. The proctess according to

claim1l or cl gidaded. WeeTRi{bd NEnst ¢t Of ol &hdl NEbihifl PHpkTatGGRiTPtagged by
use of an anion ion-exchanger to incCrease the nunber of hydroxide ions

present in saigréeedimd eralsdve€ashe 48ireke peosessofCAchdgséd @bkall or
claim?2, wherein said feedwater conprises cooling tower blowdown. 50. The

process.oaccor dteguivenént in ther sddiium Zontvwérer eofi shied ROegivnateateowplises
scrubber bl owdown.
be much higher also, resulting in unnecessarily high
post-RO ion exchange load and cost.
From a coﬁceptual point of wview, however, t;he
requirement for alkalinity removal is far more urgent
15 but straightforward. The following example, based on
calcium carbonate solublili-ty, will be used to quantify
the relationship. _
Solubility product (Ksp) -of calcium carbonate is
approximately 8.7 x 10-2 square molar at ambient
20 temperature and very low ionic strength. Assuming 90
percent recovery across the RO ié the goal, allowable
maximum CaCO3 ion product of the RO feed is
approximately 8.7 x 10-11 gguare molar. Further
assuming 0.1 mg/l of calcium in the softened feedwater,
25 the allowable maximum carbonate content of the RO feed
is approximately 2.1 mg/l, all expressed as ions.
At pH 11.0 reject condition, approximately 85
percent of the carbonate(s) species is present as

carbonate, the rest exists as bicarbonate. Assuming 5
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51. The process according to claiml or claim2, wherein said feedwater
conprises water utilized in ash transport in a coal fired steamelectric
power plant. 52. The process of claiml1l or claim2, wherein said product
stream of swiobsme4s3ess conpri ses a boron content PCT/US97/14239
- 85- of | ess than about two percent (2% of the boron content

of said fecdugon Sigeama153.ocinbf 0gesholl MR giuilaimd whecein

sai d pr oduct ream O said process conprises a pDoron nt ent

one and . one- habf pReriGedtedde PYappebxkitateldY 5té“héydoafcgﬁyﬁahéﬁeseég

feedwater stream 54. The process of claim1 or aim?2, wherelin said

product streafobef) s@iIl pbecgresaiprifeth? Ko ofegant entompare@oitio OfiRe -
percent (1%, or less, of the boron content of said feedwater stream 55.

The process ofnagiaisn lalitowdislen 2. 1wier/di oS acarbgmatiect tier esthidvalnl €
process conprises a silica content of |less than about 0.05% of the silica
content5 of s&i.8 ﬁ@’dmﬂtﬂart@eeeazﬁmes&tsmégbr ocess of claim1 or claim 2,
wherein said product stream of said process conprises essentially zero
bacteria content. T8y, eﬂﬁlmomelgf'fm‘%ﬁ! moperatiginn at wiér epe et
product stream conprises essentially zerq live viruses therein. 58.

Appar at us f or TECONORht WS OF cBAREt & KthefRllevingf Bughabs aghievied

characteri zed by he esen e, of har dness i)_al kalinit and i)
at |east one ~ sﬁ% Fék‘“\M%’I%fF‘?%t s'B‘é?Fnﬁ’%y in) ﬁéutral
or e g B ok %ﬁ%&f"”t@wa P

conpri §bng, Igalc::n.um carbonate seca\lg6 inhibitors are known to

generally allow a high Ksp, I am not awai'e of any such

formulation which would efficiently and cost effectively

alldw continuous high pH operation of RO. Important, it

should be noted that ‘during the long-term testing of the

15 HERO system, no scale inhibitors were used whatsoever.

Magnesium hydroxide, with a Ksp of approximately

1.2 X 10'11- cubic molar, is in some ways ever more

demanding in terms of ai—lbwable residuals, since

magnesium tends to leak.- earlier ffo,m' the wéa‘k acid

20 cation exchanger and, therefore, more care is needed to

prevent magnesium hydroxide scale.

Typical Example

The following is an example for a typical

25 application for the HERO system. Tbe feedwéter in the

Kumamoto area in Southern Japan, high in silica content,

was selected for l';he example. Costs shown are

budgetary (+ or - 30 percent accuracy). A cost
projection is based on the following assumptions:
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order by feedwater flow (a) pretreatnment equipnment for effect'i vel y

elimnating the tendency of said feedwater to form scal e when said
feedwater ig rat ed to a desired concentration

sel ected 88&8&%—1 conprising, in any order, two or nore ofi‘éfﬁ}g;"ﬁh@
fol I owi ng: (i) at least one sof tener for renovi ng

substantial ly &L} hénéﬁ@sémfor 31§ SRR system nominal gaPa®dtdt stream

(ii) at least ope de-al kalizer for renovi ng "~ substantially
all alkalinity(& so@ﬁaP@Ecent normal recW R hERb%ess from said feedwat er

stream ||) asifi r novi ng _at | east _sone
di ssol ved gases, Wn&she e% t"y‘?'{Eﬁé) system COVEEENE2S  icr eat ed duri ng

sai d hardness i d al inity repoyal step; (b)
chem cal addltl(aP'l ab’E’S’r &u& JTt%r fcg}eémhcgakf*ecﬁ eria arLe:ist the product from
step (a) to a sel ect(gq 11ca <1 Péﬁ at | east about 8.5 by adding a

sel ect ed base eto, to ur'ge said at |east one nol ecul ar
species which is qubl)nqldc iQnigaed whiep in neutral or near neutral
pH aqgueous sol ution t owar'd i ncreased ionization; (c) one or
nore reverse 0OsSNDSI S(cryerajg;rﬁaglwg tEpB; said one or nore reverse
osnosi s nenbrane units -87-

for treating the)feecdwahaiable mdyhm,e a reject stream and a

product stream said one or nore
(a) Sulfuric acid (93 percent) at US $100/ton;

10 (b) sodium hydroxide (100 percent) at US $450/to:f1,-
(c) antiscalant at US $1.50/i:>_ound;
(d) electricity at US $0.075/kwh;
{(e) water purchase and v&astewatér diséharge costs
(combined) at US $3/1,000 US gallons.
15
Conversion of Existing RO System
Table 6 below assumes tﬁat an existing 1.5 million
GPD (US) system operating at 75 percent recovery with
feedwater shown in Tablé' 5 is converted in_to a 90
20 percent recovery HERO brand RO process' system and that
no changes are made beyond the RO system.
In some cases, it may also be feasible to use. a
HERO brand RO brocess design to increase overall RO
recovery rates, by processing reject from a conventional
25 RO system, by (a) simultaneously reducing hardness and
alkalinity in a WAC system, (b) decarbonation, and (c)
raising the pH, before feeding the stream into a second
RO system.
Conversion of existing systems may also provide
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reverse osnosi s nenbrane units substantially resi sting passage of
I oni zed speci es _ t heret hrough, to concentrate said feedwater to
sai d presel ected concentration factor. 59. The apparatus as set forth in
cl ai m 58, wrposeass sai d one or nore reverse 0sSnNDSi S nmenbr ane pPINTHTARBH AL €S
in series wwth respect to said product streamof said one or nore reverse
osnosi s nmenbrane unit wher ej said_one or_,nore_reverse nosi

menbr ane uni t%mtaﬁ“rﬁ)r?égogglgpé‘\ygresserhr’%nﬁflgﬁgaﬁr?i-ttsh? n“aPEEr&s Oﬁ [ ?9 from
1to N, and%'n 1S, & POShkl '”tlﬁ&?é e r h
apparatus as set o'rtlri\‘lhl:"% (a:][% gbég}ﬁf‘t&rt er u%%n%%?si%%@d%&ns%?%%%%? an
Nth reverse QeflPsif aMRiBHAIR-16hdl RO feyidted HRCBES ile-dHHHICGhpSkbeam .
therefrom a primary m xed bed ion-exchange unit and a secondary m xed bed
i on- exchange abdut 261.gflhe eppPerthipiisupsaio fost uich chei ws6QgEd ur bhrer
conmprising a final mcron filter. 62. The apparatus as set forth in claim
60, fud her mmre)ivheg aheuldpewatrieh i$kerdHarzsid otoual HERGIordfi@ ROOCESS
as set forth in claim42, further conprising the step of treating said
product stregmécess deasignusud eberhtddm aurdbigwrativm.to produce a
purified water stream 64. The process as set forth in claim®63, further

- 88- conprising the step of purifying said purified water
stream from sai d conti nuous_el ectrodei-oni zation unit in an ultraviol et
sterilizati oNekRO Sygtemtbesian-and Qpexationth jn claim 64, further
conprising the step of purifying the produyct stre from sai.d ul trayiol et
sterilization uni t'ﬁ?ﬁ FOHA tégﬁ- 1n, JARS i t&ea]?t’)wprl(?du'eﬁdﬁn Qft Fglﬁure
wat er oduct,. e.proces

66. . T h i | ai 3, f h .
conpri™ ng t AR ptBRt F¥G | Sré isﬂgg'fjr‘ipﬁ te%ly%\g?'g?alwmfl e X .L%r%‘ghf{ﬁ x&& bed

I on- exchange SHE8lke utilizing the conventional approach (see FIG.

13), and in the other case utilizing the HERO brand RO
system (see FIG. 14) that includes a simplified
polishing 1loop design. | Both systems will use doubie-
.15 pass RO, hollow fine fiber ultra filter and no -dual-bed
ion exchangers. Approximately 40 percent of the UPW
usage will be at "high temperature, and the cost estimate
includes DIW heaters. The distribution piping system
beyond the ultra filtration system is not included in
20 these cost estimates, nor is system installation or any
PVDF'lined storage tanks, since sizing of these

components are very site specific.

Summary
25 The new HERO brand RO technology has been shown' to

exhibit very high rejection of all contaminants,
especially weak acid anions. In addition, RO recovery
of ninety percent (90%) or higher can be achieved with
the vast majority of feedwater. Biological fouling is
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67. The process as set forth in claim®65, wherein said ultrapure water
product meets or exceeds a 18.2 megohm resistivity quality standard. 68.
A method for sinultaneously increasing the permeate production /{Jfl ux) and
the per mreaWOMMMEY, of an existing reverse osnpsis system t rEER/PER/14239
feedwater streamin at .|east one reverse osnpsis systemunit, to produce a
low sol ute eH&hPiad 1 080Gmiddedd ki Be higgrsDtulatecofbaliinty ey ect
stream said nmethod conprising: (a) providing a feedwater stream
cont ai ni ng s@ulistsant el by nredacddsol i eBlwonponsidgrably highehachaess,
(ii) alkalinity, and " (i1ii1) at least one nolecular species which is
sparingly iodizedosmenlly pxacuiced meadingeuceaventianadouBOsosyskem

(b) concentrating said feedwater streamin a first of

-.80- dem%u gazm Peasichipved Witk JehesmnewinHERO,f teehnededing
the tendency qof said feedwater to form scale when said feedwater is
concen®r at ed ﬁ@@‘tﬂ%s@%c?@&eééﬁéeﬁfr aﬁli‘h-”n neY:PEPCESS, gtk t éHSEP-Ifoy

ff , foll
o dnesed r oidher’ f‘gé‘ama Sfen Foat, st (*‘3?3 “oeRtbile dfdinit) ol Fhey
| kal h h f d
?l i ?) Irglrrt)zl nS’S%OCI v%%s Eﬂ%oﬁég g%%dg g;ngsf,?{%l gea& Y\évat tfli% rWeE%StﬁWet her

present init 'a@lé( 5f:3c9t{h 9:‘55&15@%% gyﬁnggi?%igghardness or said alkalinity
c e pH O €

removal step; rai’srng roduct fromstep (b) to a
selected pH of at |east about 8.5, to urge said at |east one nol ecul ar
species which is sparingly ionized when in neutral or near neutral pH

aqueogy sol ution t@yarfethBar eéiﬁfdaﬁaﬁai'éé‘ﬁborfor (S}o@é§§hﬂg tohte F Ot
fromstep (c) above through said reverse osnpsis system Said reverse
osnosi s syst ef@nrane separation equipment, and in particular, via
the HERO brand reverse osmosis ("RO") process design as

described herein, provides a revolutionary, paradoxical

result, namely, simul.taneous- increase in levels of

15  silica in the RO reject, but with lower levels of silica

in the purified RO permeate. This method of operating

membrane éeparation' systems, and in particular, for
operating reverse osmosis systems, represents a
significanf option for reducing water use while

20 simultaneously reducing capital and operating costs of

tﬁe water treatment systemn. Water recovery, that is,

the ratio of the quantity of the permeate product stream
produced'to the gquantity of the feedwater stréam

provided is clearly in excess of about 50%, and easily

25 will be up to about 85% or more, and often, will be up

to about 95%, and, at times, will reach levels of about

99%. Further, given the efficiencies, dramatically less

usage of chemical reagents, either for ion exchal_nge

regenerant or for RO cleaning, will be consumed per
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the type which substantially resists péssage of dissolved species

theret hrough, to concentrate said feedwater to said presel ected _
concentration factor, to produce (1) a high solute containing reject
‘stream wo?jﬁl&ids a | ow sol ute containing product stream antTuse4tdoli)
produci ng salrd product streamat a production rate (flux) of at |east
about twenty (20) gal]ons per _square foot. per day.

-90- 9a1:2%.°%APHE hBRtPEr PEPARSESteous! y i ncreasi ng the perneate
production (flux) and_t. pey.meat.e purit f_an | LR n
separation system e Xt gﬁ\‘lgeé?lﬁat EFegr% aﬁ‘? itﬁéatékgggfgg%t?re% rrét:rl;le

2 Rioh ol ut R aprRROPHECEpoRe B dfichrdfy BRARIREC PrElooRiizaT 0

Ing re “Stream sail nmetnoad conpri s
gh sol ut & >Tort °Sr ear omr T sThg: -~ {
Compr 1 51 ng. SESCR e PEbGTRERT SRR QLY p AT Eh ORI

| east qpe nol Ol {n SReGEMREsMEY b ®EAE! REl Yed SRy TRE \WIRN tRenalicw or
near neutral pH aqueous solution; (b) concentrating said feedwater stream
inafirst unjdehed SRid IRMYGHM[RPAIGH | 6f Sy Sheitabler sfparcatus| yin
elimnating the tendency of said feedwater to formscale when said

feedwat er is wief€RNtbapedctica thesalettail ambnicenwhathonof produceat the
selected pH, by effecting, in any order, one or nore of the follow ng:

(i) renovi ng dasebdfestt ipeodmotntasf set dfesstiir dmrednd fdbdwesert®t Ram
(ii) renoving an effective anount of alkalinity fromsaid feedwater

st ream utidersteedoihaf dibeoinvenydsss mayiebpeenbpdied | 30 @td&mt or
created during said hardness or said ) -
10 specific forms without departing from the spirit or

essential characteristics thereof. For example, while I
have set forth an exemplary design for simultaneous
hardness and alkalinity removal, other embodiments are
also feasible to--attaiin the result of the principles of
15 the method disclosed herein. Th_erefore, it will be
understood that the foregoing description of
representative embodiments o_f the invention have been
presented only for purposes of illustration and for
providing an understanding of the invention, and it is
20 not intended to Dbe exhaustive or restrilctive, or,to
1imit the invention to the precise forms disclosed. On
the contrary, the intention is to clover all
modifications, eqﬁivalents, and alternatives falling
within the spirit and scope of the invention as
25 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 eguivalent
structures or methods. Thus, the scope of the
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al kalinity renoval step; (c)raising the pH of the product fromstep (b)
to a sel ected pH of at |east about 8.5 by adding a selected
base thereto, to urge said at |east one nolecular species which is
sparingly | W@ 964%hen in neutral or near neutral pH aqueous FSGVUSSTA#R39
toward increased ionization;, (d) passing the product fromstep (c) above
through sai d iveAbREAGSEPaBAL iAA 1Sk by pehdlicsppendieett cibiaa) L agd a
product stream said menbrane separation equi pnent of the type which
subst anti al | y iretséntiedpaseagenoiuddi ssatiaetispeci £somherleé hremipgdithent s
concentrate said feedwater to said preselected concentration factor, to

pr oduce rrgvided giwhichutare oneuerthglessedeseribed by the(lb;roadl ow
sol ute containi ng product stream and i rodu0|ng sai d product
stream at a prRRRRIRGnandyTandgs |R¥CBETAY Iae‘-afﬁr‘ifﬁg ukot kgt L araagril Péns

per square foqQt per da 70. The nethod as set forth in claim68 or claim
69, whérein tihe %f ?E)t?eﬁﬁ§|ﬁ§uﬁg + renovi ng

al kalinity, are acconplished in asingle unit operatlon 71. The rmet hod
as set forth in claim70, wherein said single unit operation conprises a
weak acid cation type ion exchange system 72. The nethod as set forth in
claim71l, wherein said weak acid cation type ion exchange systemis
operated in the hydrogen form -92- 73.
The nethod as set forth in claim 71, wherein said .
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weak acid cation type ion exchange systemis operated in the sodiumform
74. The nmethod as set fofdheip-clalm.6l or clalm 69 wherein in step (c),
pH is raised to between {9 anﬂERDACEHSSHE'E’IB mathmj as{set forth in claim®68
or clai m 6Syo odlgedssi N | r pH | s ra| sed to befween 1GEingsodhazzo 76.
The net hod as set forth, Si 10 PHRed ﬁi s controlled at
approxi mately_10.5, 77. ‘g "gg ce§’§g?f eft® Pagedh®t-nf cl ai m 68 or clai m 69,
wherein in st%%%?? pH Ty é)td’a&‘t d eate PagsBut.i]. 78. A nmethod for
si nul t aneousl g ovi. d| n APSARr e paged . pr-otupaged . 4£Jux) and high perneate
purity in a rev : er stream to produce

Lot 20 o e e T e i

rej ect strean sai conprising: a) prov | ng a
cont ai ni ng SOfé'éﬁﬁatéger&fbarﬁabﬂaﬂ&teﬂz% Q¢ presenkd) c{}’;“
(ii) alkalinity, and (rri) at least one n)c,)lecu | ar speci es I € |s

sparinggy i omgedndes, | N(DEYt ral k&I iAg¥R, Nedhaal (Pii yaddeouse 88t UtHRE;
(b) before introducing said feedwater streaminto said reverse osnpsis

system reduchdlethearengpeeyeef which fiecdwpaetngbyf cichbeed e whizen $aid
feedwater is concentrated to a preselected concentration factor at a

-93- neutsaleorechadt myutefd Ecpingguieduanwolitseion 0nss oproduee of
the foll ow ng: (i) renoving hardness fromsaid feedwater stream

(i) renovinng koawssedntal cprdlainiag pmxdndtdestzddmlamd ty iign saldte

f eedwat er stream (ii1) renoving carbon dioxide fromsaid feedwater
stream whet hepnpadtséng rFelecs Is}'-r@a“br @aaist pnedeRp KePrigie@ess or said

al kalinity renmoval step; . (¢) raising the pH of the product from stegm(b)
to a 10 (a) reducing the tendency of said feedwater to

scale when said feedwater is concentrated to
desired concentration factor at a selected pH,

by effecting, in any order, one or more of the

foilowing:
15 (1) removing hardness from said feedwater
stream

(ii) removing alkaliniﬁy from said feedwater
stream; | |
(ii) removing dissolved gases created during
20 said hardness removal step;
(b) raising the pH of the product from step (a) to
a selected pH of at least about 8.5, to urge
said at least one molecular species which is
sparingly ionized when in neutral or near
25 néutrél pH aqueous solution toward increased
ionization; |
(c) passing the product from step (b) above through
membrahe separation equipmenf., said membrane

separation equipment substantially resisting

T
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sel ected pH of at |east about 8.5, to urge said at |east one nol ecul ar
species which is sparingly ionized when in neutral or near neutral pH
agqueous sol ution toward increased ionization; (d) passing the product
from step (OYyOSBOBG83t hrough said reverse osnpbsis system sai dPEEUSYHIH239
osnosi s system substantially resisting passage of dissol ved species
therethrough, to conceRidALSBe dLENPIET S8k tRSRIIBTRA,
concentration factor, while operating said reverse osnosis systemat a
flux in excess of 15qjaldpes epsf Sguds @uf®dndperadap+o phedtiCestreanti)
a high solute containing reject stream and _ (i1) alow solute
contai ni ng product streambsZantipldgesfriewm wftatseebd cita Ieadtat ehe
streamin ‘menbrane separation equi pnent conprising at |east one wunit
havi ng a nmenbr ane separ atare¢wl arodpercies owhdahut #s Eparninghy pomised
stream and a high solute containing reject stream said process

conprisimg: when in neugzal or near mEugwalvi @ihgagueous
f eedwat er stream containing solutes therein, said solutes conprising
(i) hardness, (i )Bolueiqm ty, (iii) at least one nolecul ar

species which is 'S%Srin%ky-io I zed when in neutral gr near neutral pH
aqueous sol uti®n, afdPYOCess LAT firealfgnt 2 otePdyRGSH StEeafon Seic) ;

Separ at i on cquEFRENREET orET BT T STARILNEY JhS aPY 8RRt 8F 1 o m
Foale when 53l o BRABLeT (1) COUPRRLIAIAY | 0 Bp S S Cqag Bl
L8 g ST AR SUREER, Ve 2Bk 0% A5R0T insU
- neutral or near neutral pH aqueous solution, to produce
a low solute containing productlstream and a high solute
containing reject stream, said process comprising:
(a) effectively eliminating the tendency of said
15 : | feedwater to form scale when said feedwater is
concentrated to deSired.concentration factor at
a selected pH, by effecting, in any ordexr, one
or more of the foilowing:
(i) removing hardness from said feedwater
20 stream |
(ii) removing alkalinity from said feedwater
stream;
(ii) removing dissolved gases created during
said hardness removal step; |
25 (b) raising the pH'of the product'from step (a) to
a selected pH of at least about 9.0 by adding a
selected base thereto[ to urge said at least
one molecular species which is sparingly

ionized when in neutral or near neutral pH

-77-
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associ ated with hardness, fromsaid feedwater stream (iii) renoving
di ssol ved gas fromsaid feedwater stream whether initially present or
created during said hardness or said alkalinity renoval step; (c) raising
t he pH of ﬁﬂﬁmﬁkﬁﬁ“Ct fromstep (b) to a selected pH of at peppkeAAPist

8.5, to urge sard at | east one nol ecular species which is sparingly

i oni zed when in neutral or near_neutral pH aqueous sol ution toward

i ncreased |on|zat|on a?%ﬁ°%%s§?%%t%ﬂé EPHBH@t1PF6ﬁP§F@plqﬁﬂz%ﬁiﬁﬂythrough

- 95- rane se tion e _ ne separation
equi prent substant =Y I?/a?% Bﬁgg EmquTi §28F’vg§qb &‘,’ee rough

t heret hrough, to concentr te sald er to. s I

concentration factor, Wherern sard %Vﬂ%ﬁrej cltétﬁg% :?8 1r:llf:ﬁet y five

(95%. 80. The procesgsaé_- t kP i My ghaign brcﬂiuee Cé@kgh%‘ QA a;]¢py

claim68, or in claim erein said product ™ streamis subst’anti

free of said at |east RERbrERIRCHERRrHtOES S LinbALs bR QT
when in neutral or near neutral pH aqueous ut’i on The apparatus as

set forth in claim58, rg@q_r@tanéalpghggg#gt Sfre@isiso swlesd adpaklied ree
of said at |east one nol ecul ar species ch is sparingly ionized when in

neutral or near neutrathetetRHdeagR, sol ution. 82. The process of claim 68,
or claim69, wherein said flux of said reverse osnpbsis nenbrane is at

| east about 15 gf (1) @Reréha ppaidsprmidutti wtG@amoris| aubsABntorallyi m
78, wherein said flux of said reverse osnobsis nmenbrane is at |east about’
20 gfd. 84. The procfreeofof| samdsgatr ksastn ene onoteanhf¥3 spegice®i n
said flux of said reverse osnosis nenbrane is at _|east about 24 gfd. 85.
The pR&cess of clai m 68high disaigRaoingly cignired, whner dnnnextyad) BT of

sai d reverse osnosi s nenbrane is
near neutral pH aqueous solution.

3. The process as set forth in claim 1 or claim'z,
wherein the steps of (a) removing hardness, and (b)
removing alkalinity, are accomplished in a single unit
15 operatioﬁ |
4. The process as set forth in claim 3, wherein said
single unit operation comprises a weak acid cation ion-
exchange system.
5. The process as set forth in claim 4, wherein said
20 weak acid cation ion-exchangé system is operated in the
.hydrogen form.
6. The process as set forth in claim 4, wherein said
weak acid cation ion-exchange system is operated in the
sodium form.
25 7. The process as set forth in claim 1 or claim 2,
Qherein the step of hardness removal is accomplished by
passing said feedwater through a sodium form strong acid

cation ion-exchange system.
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bet ween about 20 gfd and about 30 gfd. 86. In a process for the
purification of an aqueous - 96- sol ution

by passing a ortlon of sai'd agueous solution through a sem z@
menbr ane in“ﬁg separatlon equi pnment to produce a produéﬁﬁggs ﬁﬁ’and
retaining at |least a portion of said aqueous solution in said mnenbrane

separ ati on eqfi pnefhe cprocesasast heet c focdeht rin i cdadim al sawteladma 2,
presel ected concentration factor in said retained portion of said
aqueous sol uvhegein 1ntaﬁ9plﬁhﬁ4nnﬁn#ﬁ il eed copppetesenc8diamng Wai d
menbr ane separatlon equi pnent wi th an aqueous sol ution characterized, at
the tinme of ifiti aPPentPEOFRES % ose'f're ABe RpSLadMnl e QF pFEAIT™ By

P11 T9 (SlnoB AR ! 8 STy b R A0 ol e
alkalinity a r«d ed or
Some total or 3an % ShPoeRRS SRF °%<e%e‘§?2%lna£’r§.“é Tepers iR Bs gl b,
said sem - pernea e puﬁg?? %igéégqifﬁgge rf%ysflve per cent (95@6 87.

In a process fSr an aq ous”~ 5ol uti on conprising

sol utes and sghvenipay nbgfééégg 2g POLL! 3R,2% Sfﬁdcggﬁﬁpuf B9 UL1 Q4! By ough

a seni- perneabl e ne ane 1n at |least one unit of menbrane separatlon

equi pment 0 pheduas A PTAML () RN s A sd S r‘é@gléésheﬁﬁbu% Aqgrtion of
sai d aqueous solution in

12. The process as set forth in claan\:L or claim 2,

10 = wherein in step (b), pH is.faised to at least about 12.
13. The process as set forth in claim 1 or claim 2,
wherein said at.least one sparingly ionized species when
in neutral or near neutral pH agueous solution comprises
Si05.

15 14. The process as set forth in-claint 1 or claim.2,
wherein said at least'one.sparinglylionized species when
in neutral or near neutral pH agqueous solution comprises
meta/ortho siliéic acid (H4Sio4).

15. The process as set forth in claim 1 or claim 2,

20 wherein said at least one sparingly ionizéd species when
in neutral or near neutral pH aqueous solution comprises
boron.

16. The process as sget forth in claim 1 or claim 2,
wherein said at least one_sparingly ionized species when

25 in neutral or near neutral pH aqueous solution comprises
orthoboric acid_(H3BO3);

17. The process as set forth in claim 1 or claim 2,
wherein said at least one sparingly icnized species when

in neutral or near neutral pH agqueous solutions

* [ L ™ S *
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a first unit said at |east one unit of nenbrane separation equipnent to

i ncrease the concentration of a preselected solute to a presel ected
concentration factor in said retained portion of said aqueous sol ution,

t he i nprovewerss/e4adch conpri ses feeding said nenbrane separ apcFOsEfdsI9TENT
wi th an aqueous solution characterized at the tinme of initial entry into

S DT e RoRFRRLEE! Ak 1hizanle difladidl AN A5LdeR> (b)

mnimzing alkalTnity associated with m ni m zi ng

di ssol ved or spspesfed ks disoxddle. forsh i) ci‘a?ﬁq gt |easiy, 8,5, and

(e) at least some total organic carbon (T wherein sard™TCC i s

rej ected by swhérégfil saiBeateaklaatMIHY apabindlly | £3%1 208 Ngh¥cibyewghcent
(95%.. 88. In a process of producing high purity water from nunici pal

vat er supply ¥ha wedlteae sepanedaen neQtirdENpH SAguaBNIsC B3l W Shs
supply providing an aqueous solution conprising solutes and water, said
sol ut esd conpréeempyiaes| saprotoma thadlen exgarsic |eaors aspecpekal i nity, and
at | east some total organic carbon (TOC), and wherein a portion of said
aqueous sol ut}®n i Thepaxxmeasrasglset sfortheriteablaimerbr epe dlmian f 21 St
unit of said nenbrane separation equipment to produce a product stream
and wherei n #hexain gapdr atoAegstsging spaxgggly ionized spewuiesswhehution
is retained ip said first unit of nmenbrane separation equipment to
i ncrease t he!B CRARERRLaPFORSEE ReMtESd] &t AguaauR Sebbipn ccenprisds
concentratiorblgactor . tpe i.g%q:overren whi ch conprises feeding said
first unit of*FEhbPEAE’ s8FaFariSAtET&ES &3%h a nunici pal
10 20. The process as set forth in claim 1 or claim 2,
wherein said at least one sparingly ionized species when
in neutral or near neutral pH aqueous solution comprises
fulvic acid, or derivatives thereof.
21. The process as set forth in ¢laim 10, wherein said
15 at least one sparirigly_ionized' species wheh in neutral
or near neutral aqueous solution comprises silica, and
wherein said high solute containing_reject stream
contains silica in.excess of about 120 ppm.
22. The process as set forth in claim 10, wherein said
20 at least one sparingly.ipnized species when in neutral
or near neutral pH aqueous solutions comprises silica,
and wherein said high solute containing reject stream
contains silica in excess of about 150 ppm.
23. The process as set forth in claim 22, wherein said
25 silica is present in said high solute containing reject
stream at up to about 450 ppm.
24. The proceés as set forth in claim 22, wherein said

silica is present in said high solute containing reject

stream in excess of about 450 ppm.

BN B O
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wat er stream which has been further treated to generate an aqueous
solution by (a) prior to feed of said aqueous solution to said nenbrane

separation ggdi : (i) renoving essentially all hard
(i1) renovi NOSMOBAS: | 1 hon- hydroxi e al kal i nity, | "RRUSYInaz

renoving essentially all dissolved or uspended carbon dioxhde,,and .
(iv) raising t$e- pl—hlﬁ Rrocess aP sehnfoTER) %@flé’rlﬁ“ﬁi? i ¥NRTRER: 88iMy

i d | - | nb t | t . ninety-fi t,(959 .. 9.
The i or ovenerRLLHCaCAE ARHRETY 7 PERR Moo Eolies FohEEThiba ] Fhigst s,
claim 88, wherein i d,_aquequs _.feed (on is further characterized b

| SLPR D B0 RES arelRo S o 1o o @

the lack of s I"bItor ion ad i‘'on to said aqueous feed

sol ution.  90.,Jhe @ggr%%sm%%%f N 'Sinc'c"’lia@r?g%z,orwﬁéi‘é‘ £23a0"

claim86, or claim erern sard “nmenbrane separation

equi pmery  conpgi $88arl S¥CHHRVAUDSIE s 894 BIBR solute containin reject 99
91. The 1 nprovenent as sét forth iii claim78, 79, 80, 86, or 87, 0Or 88,

wherein said nggbeancasepg’ 2b @boukduig e Bpw! oduces a product stream
characterized by neeting or exceeding an f% meg ohmresistivity quality

standard. 92.2%D aTReogRSscdsd hBe guy | Fogahl Oih otlaAmaqueens cEimit bon
conprising solutes and solvent, said solutes conprising at |east sone

har dness, at |whekredmnesadlkaferdwpteandsatreltnstompad siedd abkidigani cand
carbopn (TOC), by using nenbrane separation equi pnment to increase the
concentration whesaid s@igd i vembvane megmatadrianl egniprenst iioh bperstely
passing a portion of said aqueous solution through a sem -perneabl e
menbr arkd without 1limitation of the concentration of silica
| present in said high solute containing reject stream.

28. The process as set forth in claim 1 oxr claim 2,

whereiﬁ said reject stream comprises about 100,000 ppm

TDS.

15 _ 29. The process as set forth in claim 10, wherein said
sparingly ionized species when in neutral or near
neutral pH agueous solution'comprises cyanide.

30. The process as set forth in claim 29, wherein said
high solute containing reject stream contaiﬁs about

20 ninety percent (90%) of cYanide piesent in said
feedwater stream. '

31. The process as set Forth in claim 289, wherein séid
high solute containing reject stream contains about
ninety nine percent (99%) of the cyanide present in said

25 feedwater stream.

32. The process as set forth in claim 10, wherein said
sparingly ionized species when in neutral or near

neutral pH aqueous solution comprises a weak acid with a

pKa; of about 7.5 or higher.

T
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ina first unit of said nenbrane separation equipnent to produce a product
stream and retaining at |east a portion of said agueous solution in said
first unit of said nmenbrane separation equi pnent to increase the
concent r atw098/06488 presel ected solute to a presel ected con@ENUSATi4239
factor in said retained portion of said aqueous solution, t he

| pr Overtnt MV ChrRQNBLLRRESCUN oLt | BAreROll C1adiR! INCShe iR LI 4Y, and
carbon dioxide in "sard aqueous solution to a level were the tendency to
formscal e igegfiiRptérel yrebbi N@kedfabreidid RIRHEAEEERIY 2&£&@NAHPT A4 ON
factor, by (a) prior to feed of said aqueous solution to said first unit
of said meniyregesepact i Diveflyi PWEdPderia, and wherein the sté&pO-of

optimally, in any order, (i) mnimzing hardness of said aqueous feed
solution, raisindg)sadidvipi Nkibl&aliving dacteerisgpeessnteedo stthat i on
and (ti1) mnimzing carbon di oxi de dissolved or suspended therein,

and @) thesaidfpeodstepstagam isr easenginidypbaaftegdiad fxpicous f eed
solution to at least 8.5, and (c) wherein said TOCis rejected by said
sem - per neat34. nEher preckgsaias awt forkkyin| gdapwr 88nt WESMin SBid\Wat er
produced according to the process of claim1l1, said water being the product
stream of sREPHIGEc¥atersatyepBeWRgreins thea Stel OferaisHing Fad tﬂ? on,

and wherein_said product streamis characterized by having a boron
content of IYRIL¥FPER Bﬁﬁﬁ?rﬁﬁo%ﬁéﬂ@smzs(?%d & ’ylﬁlﬁ'oﬁcg(ﬁﬁ%‘ﬁ’cé%fasai d

f eedwat er strea 94. \Water produced cording tq_the process.of claima1l,
said water RYAFYHe FHHRRT %?%%ﬁ?&'}a d eggrom ac?crf%%ﬁ?vatae‘?gstream

L;r'ﬁ] | n;ogperﬁééggxggggn, and wherein said product streamis characterized

35. The process as set forth in claim 33, whérein said

feedwater stream is further characterized by the

presence of 1live wviruses, ana wherein the step of

raising said pH kills live viruses present, so that séid.

1s product stream is essentially free from live viruses.

36. The process accprding to claim 2, wherein the ratio

of the quantity of the permeate product stream produced

t<-> the quant.ity of the feedwater stream provided is

greater than about 50%.

20  37. The process according to claim 2, wherein the ratio
of the guantity of permeate product stream produced to
the quantity of the feedwater stream provided is about
85% or more.

38. The process according to claim 2, wherein the ratio

25 of the quantity of permeate product stream produced’to
the quantity 6f the feedwater stream provided is about
95% or more.

39. The process according to claim 2, wherein the ratio

of the gquantity of permeate product stream produced to

* [ L L] s *
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boron content of about one and one-half percent (1.5%, or less, of the
boron content of said feedwater stream 95. WAter produced according to
t he process ‘ggg? s 1, said -water being the product stream opcHass14239
process, sal eedwat er stream further conprising boron, and wherein said

product stream.is characgterized_by _.having a . . _ - -
boron content Yt afYGRtHR p%fcgﬁgdf’f@ﬁ:go?rt?ee%‘g,pﬁ?vfﬂ?d Bt oRPRBht é%’% of
sai d feedwater stream 96. Water produced according to the process of
claim1, sai Pwat@F pei ng the product stream of said process, said
feedwater stream f er ISl 1) yﬁg{ I n, sal t
streamis chargﬁg el#izlgd ngﬁ\%%gggﬁs%c#%% g%ten o'ﬁ Iriesgrghggggb“gu?'

0.05% of the 'ﬂxéfaincogaﬁgt (#Ihﬁféﬁef §£i§hre gi,tm%zntv\éécﬁ@?ﬂg@gced

according to the process o alm1, sald water bel he prod stream

of sai d gr ocesganoffi drhesenakefnipmeddm f urt her conprising bacteria, and
wherein said product streamis characterized by having essentially zero

bacteria contesf, BPRe WiSteBE0HESSrdLag dtHJ dlmite 2)r oghevredn chaid 1,
said water being the product stream of said process, said feedwater stream
further conprimémifrahee separatsion aghijraert n compdtipesdurdvet seaokimsosis
characterized by having essentially zero live viruses therein. 99. The
process as setedwipienn.cl ai m 42, wherein after said Nth reverse osnosis
unit, said product streamis further treated in.a.cation exchange unit.
100. The proces?. acEbedipxotess| Agsaudingr thwer cleamprédi nghereint egadd
passi ng said product streamfrom said reverse osnosi s equi pnment through at

| east ni YERVeESe| ARMSRHRn§IuiRMent 109MPYAgegy M FEYELES SREMPEAEL i n
claim58, further conprising, . downstream,of an Nth reverse 0snpsi a
-102- units operated in series with respect to said product

stream, and wherein N is a positive integer.
43, The process accordipg to claim 41, further
comprising the step of passing said product water

15 through at least a prirﬁarir .r_nixed bed ion-exchange unit
and a secondary mixgd bed ion-exché.ngé unit.

44. The procesé according to claim 43, further
compiising the step of _runnihg said primary mixed bed
ion-exchange unit to a preseleqtgd leakage rate with

20 respect to one or more of (a_) s.ilica, (b) boron, or (c)
TOC, and thereupon, discarding media resin of said
primary mixed bec_l ion-exchange unit, and substituting
therefor the media of said secondary mixed bed ion-
exchange unit.

25 45, The process according to claim 43, wherein said
said primary mixed bed ion-exchange unit is not
regenerated and reused in said process.

46. The process according to claim 1 or claim 2,

wherein the atep of adding a selected base to raise the

* c L M S *
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menbrane unit, at |east one m xed bed ion-exchange unit to process the
product streamfromsaid Nth reverse osnobsis unit. 102. The process as
set forth in claiml, or inclaim2, or claim68, or claim®69, or claim
78, or cl ai nY*RPBIO8#EY | ai g7, or claim92, further conprisi nggCHUSYHEPne
step of renoving alkalinity, the additional step of renoving substantially
al | al kal i ni t ypHOti sas s@cicapelli sheed h Hyar ddéssionl®@E AhcbpgHCEIS aguedis
forth in any one of clainms 78, or 79, or 86, or 87, or 88, or 92, wherein
during the stepluttionsisedatedH fstomaitdre egawatper conizsd sidng ofai $8d to
bet ween about 9 and about 10, = 104. The process as set forth in any one of
claims 78, orsediug, yyirexidey, Jblggsodium) caghardte durlclg PaBassivp of
rai sing the pl-hof sai,gsf egg ter, the pHis raised to between about 10 and
about 11. 04YgRexifge e d8) s POLas 4 (warbonateme of clains 78, or 79,

or 86, or 87, or.88, . 0or 92, wherein the step of .raising the pH conprises
control I3 ng th%’pH ihe ProcsasAcHIrIRS . t 16&‘?“”‘*h@'pr"§€é§“gst§%t SEBPt h

(1,2, 0re o 64 dndBg % 1SertclBa ohle ¥o0%a g S thonthn gLlCr
oL oSt ahoula ot 0GB PRORAYS G G ol Uil S 06 Shash ™ 1

or claim2, or ¢C or claim . ( .
-103- 48, 87ThHE' p(ijoi‘:'e'§§8ac&5r&if MY2c1446" 8N vﬂ-ﬁelbféi@r@{é‘ngtep
separation equi pnent conprises a thin-fiTmconposite” nenbrane.

of adding a selected base to raise the pH -is

10 accomplished by use of an anion ion-exchanger to
increase the number of hydroxide ions present in said
feedwater stream.

49. The process according to claim 2, wherein said
feedwater comprisés cooling tower blowdown.

15 50. The process accérding to claim 2, wherein said
feedwater comprises scfubb_er blowdown.

51. The process accordihg-;' {:o claim 2, wherein said
feedwater comprises Qate‘r utilized in ash transport in a
coal fired steam-electric pbwer plant.

20 52. Water produced according to the process of claim 2,
said water being the product stream of said process and
characterized by having a boron content of less than
about two perceht (2%) of the boron content of said
feedwater stream.

25 53. Water produced according to the process of claim 2,
said water being the product stream of said process and
characterized by having a boron content of about one and
one-half percent (1.5%), or less, of the boron c¢ontent

of said feedwater stream. )
________’_',_———*——'——"’—’
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107. The process as set forth claim90, wherein said reverse osnosis

equi prent gPOPsHERS a thin-film conposite nenbrane. 108. Ap@rosep@Rzioor
treatment of a feedwater streamin nenbrane separation equi pnent, said
menbrane separgiio [ rJsi. ' vihg.

! rhat?@i’ ahcga"pgﬁ%;cgaﬁ écogn e %@oé‘é‘é& o8 Ei‘g%ﬁég f1 and

menbrane separator, {0 produce a 1'’hg product

a high solute a9 89 Ho; éﬁ?ﬂ:ﬁ'd PEQHE 'mi I Jo g
providing a fee agter s?reaﬁ$§%nt§f ngéngu?gs%aﬁhgﬁ%in, S dag%_ﬁtgéd
CONprising  chakddtdP{488SHy havind |3 VR NebiicedRd of abdit | dndt

| east one nol ecul ar species which is “sparingly ionized when in neutral or
near neutral PRrHEWEOUELSP) UldONlesd)) 60NAHY I BbkBa SebltéREdWH esaghr eam
in a first unit of said nmenbrane separation equipnent, after effectively

el i m natsi ng t Ifeddwatescysbream.d feedwater to formscale when said
feedwater is concentrated to a preselected concentration factor at a

sel ected pH, 85 ef flmténgproduced( apcoaddvrigndarthsf fpxrcess aobucladh 2,

har dness from said feedwater stream (ii) renoving an effective
anount of al kaddidtyater being the product stream of said procsssi andd
wi th hardness from said feedwater stream (tii)renoving an effective

anount of di ssBiazartesizedonysahaviegdat 8ilicrepantant hef ileas athgn
present or created duriqg said gardne s or said alkahénity renn¥§l st ep;
(c) raising tRPPHF o1 uERef ikt $FBp AL EBE 4 Ok et prAVRESE

| east %out 10,0 to urge said at |east one nolecular species which is
sparinaly I oni &Ben in neutral or near neutral pH aqueous sol ution

toward i ner eaged iign 25t 08auckd) aRRRHARY 1S R YSodLom SEoRAER FP0ve

t hrough said _
said water being the product stream of said process gnd

characterized by having essentially zero bacteria
content.

15 57. Water produced according to the process of claim 2,
said water being the product stream of said process and
characterized by having essentially =zero live viruses
therein. | |
58. Apparatus for treatment of a feedwater stream, said

20 feedwater stream characterized by the presence of (i)
hardness, (ii) alkaiinity; and (iii) at least one
molecular species which is éparingly ionized when in
neutral or near neutral pH aqueous solution, to produce
a low solute containing product stream and a high solﬁte

25 containing rejéct stream, said apparatus comprising:

(a) means for effectively eliminating the tendency
of said feedwater to form scale when said
feedwater is concentfated to desired
concentration factor at a selected pH,

-85-
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menbrane separation equi pnment, said nenbrane separation equi pnent
substantially resisting passage of dissolved species therethrough, to
concentrate said feedwater to said preselected concentration factor,
produce  WO9BI08483 hj gh sol ute containing reject stream ano"cm’s”“(‘ﬁ% a
| ow solute containing product stream 109. A process for treatnment of a
feedwater streamin revepsEsDiRGPSLiA anyt endexqi theamee for CATO IS ™YRE €M
conprising at |east one unit conprising a nmenbrane separator, to produce a
| ow sol ute containing gfodhetfoslawangand a high solute containing reject
stream said process conprising: é providing a feedwater stream

contai ning solutes théktkin, meang sbpyt esewonpngsi hgrdness (fyomaramids,

(ii) alkalinity, and -105- - (iii) at
| east one nol ecul ar speci es fRPdWarsr §§a’ﬁaﬁg| y ionized when in neutral or
near neutral- pH aqueous, sol ution; concentratjng sajd feedwater, K stream
inafiPrst unit of sa ﬂlfev@?éﬁsoﬁﬂﬁl TeRRYR B, a&f’f%r”éﬁ’éclfFPEH ysalg
elimnating the tendency of g Eedvvater to formscale when said
feedwater is concentrated to 3 P85&Fected concentration factor at a

sel ected pH, by effecting: tr al(nl removi ng an effective anount of
hardness from said feedwat ef ?ream (i1) renoving an effectlve

anount of al kalinity ?%E?Ci ﬁ%ﬁag}g\n tpogargg%(%sx{{jgm agls;eisrgfgg $é§eam

(c) raising the pH of e pro fromstep ecte

| east about 10.0 to urge sai dr@lad&@StquPPRgMOLESH ahaSREEAHS W@nﬁi\réﬁ
sparingly ionized when in neutral or near neutral pH aqueous sol ution

towardg i ncreased ionizationgtepd) passing the product from step (c) above
t hrough said
(b) means for raising the pH of the product from
step (a) to a selected pH of at least about 2.0
by adding a selected base thereto, to urge said
at least one molecular species which is
15 sparingly ionized when in neutral or near
neutral pH agueous solution ‘toward increaéed
ionization; | | |
(c) a fifst reverse osmosis membrane unit for
passing the pfoduct from'step (b) above.through
20 a reverse osmosis membrane to produce a reject
stream and a product st:'reaﬁx, said reverse
osmosis membrane substantially résisting
passage of ionized species therethrough,
(d) v}he;rein the apparatus produces a product stream
25 which is éubstantially free of said species
which are sparingly ionized when in neutral or

near neutral pH agueous solution.
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reverse osnosis system said reverse osnpbsis system substantially

resi sting passage of dissolved species therethrough, to concentrate said

f eedwat er t ongidgiheasy €sel ected concentration factor, to producectiserifizd a
hi gh solute containing reject stream and (ii) a low solute

contai ning producgt, stream __110. A process for treatpent pf,a feedwater
streamin a rre ne ataaﬂad:r?té‘&%t &M %%‘I-'d ah® a8t & S?h W?%PBFPF

conpri sing at %Sunclég?tsllir}ivésgav' 8BS con LPAese osmosis memb:aagehivéﬂa.%'

separator, to pro ai'ni ng product ream an
sol ute contai ni NGISHAL G SERe YB3 dw Eﬁo‘i%%%e%mééslaaﬁd Cgf:?édx?é@"!s@k@ﬁma
f eedwat er stream contal ni ng sol utes ere| sal d sol utes conpri

(i) hardness, of ddid ﬁii@{:'fé%&rsén@smos:ts wenbrate |@@st , one m)l ecul ar
speci es whi ch is sparingly ionized when in neutral or near neutral pH

agueous sokutionigg (b)TKONGRHRtUY 88l Gsdeedutd $hI FTRAIM &4, rE{zrt'HéE
of said nenbrane separation systemafter effectively elimnating the

tendency of saiddogsivibd gt a fprfinss Rixelebeti tbn eedvhafigel Unit and a
concentrated to a preselected concentration factor at a selected pH, by:
(i) renoving an edemdary anixed bédhavdreschbngm wHitd f eedwat er stream
(i1) renoving an effective anount of alkalinity associated wth hardness
from sai d feedwatédr- stFramappesptvus shag s¢e Faxsh the prlafimt 6ronferther
(b) to a selected pH of at |east about 10.0'to urge said at |east one
mol ecul ar- speci esoOMREkEiRg spafingl ymicHrred i@ -in neutral or near
neutral pH aqueous solution toward increased ionization; - (d) passing the

product f#8m stef4 <) %vépﬂﬁw s&8d. sefentieHtd sbﬁar%@t?% i pheRED

sai d nenbrane se arat
R pr:.slng an ultraviolet sterilization unit.

63. The process as set forth in claim 42, further
comprising the step of treating the said product stream
in a continuous electrbdeionization unit .to produce a

15 purifed water stream.

64. The process-as ‘set forth in claim 63, further
comprisin'g the step of “ purifying 'said purified water
stream from said continuous electrodeionization unit in
an ultraviolet sterilization unit.

20 65. The process as set forth in claim 64, further
comprising the step of purifying the product stream from
said ultraviolet sterilization unit in a final sub-
micron filter to produce an ultrépure water product.

66. The process as set forth in claim 63, further

25 comprising the step of treating said purified water
stream E in a mixed bea ion-exchange system.

67. The process as set forth in claim 63, wherein said
ultrapure water product meets a 18.2 mégohm restivity

quality standard.
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equi pnment substantially resisting passage of dissol ved

-107- speci es therethrough, to concentrate said feedwater to
sai d presgFediqdssoncentration factor, to produce (1) pérRssin ute
containing reject stream and (ii) a low solute containing product

stream 111. A procesahagr treatnment of a feedwater streamin a nenbrane

separation sy&}em? 8¢ nbPENELBLLAREONS 1Y JOCHRATMS ithe Parmeatst one
broduct ot RFBARE S aR gRIth TS (BRIRSATE RUPELLY s @bant 8ras titttess
sal 8 sol Ufes ANFHTS 4§h0818 bFBRUR, BroariflTa" VUMY, BhaddR. Saf ' ™
heut Tl or nagtiefRE" Shxdant PERREAKREIS® by PRRETHaeq el T 0D

f eedwatger str hesfs firats unid1eLf i A2EG, "eRRAANE: $EParRE | A Sy St R&f ter

effectively elimnating the tendency of “said feedwater to formscale when
sai d feedwat gfio] 8cGREFENEpEELEst Gurti ¢¥i €38 C6HLFI n§PPCAMidtdPwhant Gp at a

sel ected pH, by: (i) renoving an effective anobunt of hardness from

sai d feedwat efewff£RNbr near ([MHeytF£LIOMi Nggadoasl eelluteoaNdwy ffoduce
al kalinity associated with hardness fromsaid feedwater stream (c¢)

rai sing the pH Déwtaelnteduohtaininsgt grodmett atream and a high solute
-108- sel ected pH of at |east about 10.0 to urge said at | east
containing reject stream, said.method comprising:
10 (a) reducing the tendendy of said feedwater to form
scale when said feedwater is concentrated .to
desired concentration factor at a selected pH,

by effecting, in any order, one or more of the

following:
1s (1) removing hardness from said feedwater

stream
(ii) remo&ing alkalinity from said feedwater
stream; |
(ii) removing dissolved gases created during
20 said hardness remoyal step;
(b) raising the pH of the product from step (a) to
" a selected pH of at least about 8.5, to urge
said at least one molecular species which is
sparingly ionized when in neutral or near
25 _ neutral pH aqueous solution toward increased
ionization;
(c) passing the product from step (b) abové through
membrane separation equipment, said membrane

separation eguipment of the type which
/ .

LI
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one nol ecul ar species which is sparingly ionized when in neutral or near
neutral pH aqueous solution toward increased ionization; (d assi ng the
product frdYQ 88483 c) above through said menbrane separatio %ﬁhﬁﬁ?
sai d nmenbrane separation equipnment substantially resisting passage of
di ssol ved species thesablstaighialdycopesitgta epsdishdecdviit @idspnlwvadd
presel ected concentration factor, to produce (i) a high solute
contai ning reject strespecaad therethxiough, ow sol ute containi ng product
stream 112. The process as set forth in claim4, wherein said feedwater
stream cont ai ns Cogﬂhihbﬁhﬁﬁebﬁar Prieodl ugahn Gl lal iPFOAYQEt hgt ream
conprising, before feeding said feedwater to said weak acid cation
exchange system the substAntdpdstyngErae rafi oSatchapdnedeast alaaginity
by adding a base to said feedwater, so as to raise the alkalinity of said
feedwaPer. 113. The pPPBLESVIZT sEPefdesh YRichailf 4sPafkdngly siepized
feedwater stream contains nore alkalinjty than _hardness, . fulther
conprising, before fee‘ﬁﬁﬁ& sHit d FEEGVRE erC% 0 Re8% dnﬁﬁgfaa‘ci BHc fA9yrrus
exchange system the Sé§?u§5 naddition of acid to said feedwater, so as to
destroy the excess al | |?y’in said feedwater. 114. The process as set
forth in claigg 6, LS| ; : | | he
Step of | remiang A deEipd S8R RIS it it Rothiit Heh PEHRLSCL
-109- | .00 t oaﬁgt) ) DX de. d T, o : St
forth in cl aiprﬁcidg'rc c %‘?mézi?é ere?’%ﬂ\é%‘t:gp I%%’il,}éYhegng%ﬁs) (r?-l?t;“'Sisé:a\:sdlIt'§
~great gp than peiitdnd 2separdRasd e dte here8t 88f &t MRUBwatlehd. sdh€am] OCESS
as set forth in claiml or claim2,” wherein in Step (c), the pHis raised
to greater thafidabestiwhierasstiedsn etaraduee izeide By Stheapresente Toe
process according to claiml or claim2, _

(i) hardness, (ii) alkalinity, and (iii) at least one

molecular species which .is sparingly ionized when in

neutral or near neutral pH .aqueous solution, to produce
15 a low soiute_containing product stream and a high solﬁte

containing reject stream, said méthod comprising:

(2) effectively eliminating the tendency of said
feedwater to form scale when said feedwater is
concentrated to desired cohcentration factor at

20 | a selected pH, by effecting, in any order, one
or more of the following:
(i) removing hardnéss from said feedwater
stream
(ii) removing alkalinity from said feedwater
-25 ' stream;
(ii) removing dissolved gases created during

said hardness removal step;
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‘wherein the ratio of the quantity of said perneate product stream produced
to the quantity of said feedwater stream provided is between 90 and 98

percent. 1 rocess according to claiml or claim2, | |.d

f eedwat er ft]}gpﬁMrrpri ses chlorine. 119. The process accormﬁé@liﬁgi m
1 or claim2, wherein the step of renoving said dissolved gas conprises
the step of passing(bai yaiséngathe M cefhthe pasdpetnmfaisie shamr bak to
barrier. 120. The process according to claim1, or claim2, or claim®69,
or claim79, or claima88, sglects 7ofoat dieash ghowr 24 &by ozddipgrain
said feedwater further conprises silica, and wherein said penbrane
separation equi pnent i §335€F§1deob%ﬁe atBerrEPent $QAI WG sBRE &td 1RAEFein

sai d process ‘i's further _characteri zgd by stabl.e normal.ized rate

T la '
of permeate productionPB® MOlggu aﬁaﬁlpfﬁ'?%c;wgéf t +6n PREEIRGUY

c) a stable differential. _pr . . - -

(12)1. Thegjlprocelss of cl :i?r%n@#%lrjgvﬁgpai %n6§,1e%rfr%?‘ai°n% 7g,earvm%%éigﬁa§'ai EHfI ux
f i d : , . | | ‘ _

oot per day and - about *S0oour Seius Aol ARsRAP Micrladl 0ay PRk 1oy " ©

process according t?c@”ﬁa@?@n%f the2bFodhct? frof® stih gg)%%v@rtﬁgﬁiélgh

wherein TOC renoval is at | east niinety-nine percent ( 123. T

process according to cl ﬁ!ieﬁﬂb%evwwéf&fatbénﬁﬁauﬁ.gﬂﬁ‘tﬁ t® aprbaazle a

ni nety-ni ne point six percent (99.6%. 124. The process according to

claim 123, wherein the T@ ecenmsateam aanbHeast produytni seyEam; ssxidi X

percent (99.66% .
0

1 membrane separation equipment of the type which

substantially resists passage of dissolved
species therethrough,
(d) wherein said product stream is substantially
free of said at least one molecular species
15 i which is sparingly jonized when in neutral or
hear neutral pH aqueous solution.
70. The method as set forth in claim 68 or claim 69,
wherein the steps of (a) removing hardness, and {b)
removing alkalinity; are accomplished in a éingle unit
20 operation. |
71. The method as set forth. in claim 70, wherein said
single unit operation comprises a:weak acid cation type
ion exchange system. |
52. The method as set forth in ciaim 71, wherein said
25 weak acid cation type ion exchange system is operated in
the hydrogen form.
73. The method as set forth in claim 71, wherein said
weak acid cation type ion exchange system.is operated in

' the sodium form.
I
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74. The method as set forth in claim 68 or claim 69,
wherein in step (b), pH is raised to between 9 and 10.

75. The method as set forth in claim 68 or claim 69,
wherein iﬁ'step (b), pH is raised to between 10 and 11.
76. The method as set forth in claim 75, wherein the pH
ié controlled at approximately 10.5.

77. The process as set forth in claim 68 or claim 69,

wherein in step (b), pH is raised to at least about 11.

-
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