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PRODUCT - FROM DI FFERENT TFC MEMBRANES 5 Technical Field The PLESEFEB 2005
invention relates generally to a process and apparatus for the treatnent

" of - waMed 02im2épy nenbrane technol ogy to separate, the C?E?hﬁh? of a f-eed
liquid, and specifically to a process and apparat.us for puriticati on and

. blending of an ..aqueous solution utilizing one or nore first nmenbrane
process units having a first 10 permeability connected in series with one
or nore second neghrane orocess unlts haV|ng' a second perneability to
produce a desir edtBO&ENSAND ARPARARUS FOR Bl

characteristics. Baclgkods . - INBS

provi de a better understandlng of .. the present speC|f|cat|on and cl ai ns
Thin film conposite menbrane (TFC) process: Purification of liquid - oeccurs
through 5% thin f|In1conp05|te e Jeciaieal Wiwdd e a feed liquid is separated

into retentate and Retentate: The portion of a feed -
liquid which is ret a.lﬁln@d&%ﬁ mﬁ% %ﬁ?% e‘ﬁbﬂ?é‘a&"‘é‘m sehdenpeRis Srist a f eed
liquid whi dmmmmgmemb@mogyﬂ%ﬁiﬂéﬁﬁe%hﬁﬂwﬁ@%}a fhdgl tration of

aliquid thr%ﬁ%m rane Such menbranes are usually 1on selective
and rej ect d speg a‘&%’ﬁé‘?‘l’d? cagign andfelendingof anp| arl ty of

the feed | gubek ﬁmﬂ:oﬁhﬁhﬁh beﬁo?éﬁish%ae%%&??&?s Eﬂ.g%gg\a? l{%ﬁ
f||trat on negaiﬁnes t plcally have a pore siz BMTo 0. 007 Oom
such pd W@éﬁyﬁ oBe oyFoE et membuné processweits evpgng from
140- A t 0 1bseihd piiaieasitg mas @gg)ad gl:g L aGess in which
a solution.is put.- through a saem pernewﬁq nenbrangh%weaé?udes nost
sol ubl e i ofRPRYRIE Esteshwastenslics ng undesired sol ubl e and i nsol ubl e species in

the retentate. Such nenbranes 30 allow the passage of sonme ions.in the size

range of 0 omto 0.0015 Om which
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15 'Ihe followmg expresmons are deﬁnedtoprov:deabetlzrundetstandmg of.
" the prasent speclﬁcatlon and claims. - : :
'Ihm film composxte membrane ('IFC) process: Punﬁcauon of liquid
ocours through a thin film composite membrane where a feed qumd is scparated into
‘retentate and a permeate, '
20 - Reﬁentate: 'Ifhe portion of a feed liquid which is retained by a membrane.
Permeate: The portion of a feed liquid which pesses through 2 membrane.
Nanoﬁlt:ratxon (NF): F i!trat:lon of a Liquid through a NF-membrane, Such
membran&c are usually jon-selective and reject ions at varying percentages depending on
the fotal molarity of the feed liquid and the chemistry of the membrine. Further, such .
25  filtration membranes typlcally have a pore size of 0.0007 ®m to 0. 007 ®m, such pore
sizes comesponding to a molecular cutoff value ranging from 140 Ato15 ,000 A

Reverse osmosis (RO): A quid separation process in whlch asolution is
put. through a scmi—pemwble membrane that excludes most sbluble jons thus
concentrating undesired soluble and msoluble species in the retentate. Such membranes

30 allow the passage of- some jons in the size range of 0 ®m to 0 0015 ®m, which

 corresponds to a molecular cutoff value of between 0 A and 300 A. RO separation of

‘solution where water is the solvent ‘typically resulis in a permeate consisting of enly'
water with most ions being exluded,



corresponds to a nol ecul ar cutoff val ue of between 0 A and 300 A RO
separation of 'solution where water is the sol vent- typlcalhyLrEEBIE&k:n a
perneate consisting of only water with nost ions being exluded. 4 FEB 2005
WO 02/ 463691d36sT/ US01/ 26582 2 Perneabl e sol utes: Substanees/musismsssed in the
| i qui d which are capable of passing through the nenmbrane enpl oyed. Such
subst ances -may be el ectrolytes, nonebectrolytes, colloidal dispersions,-
and/or particles. Feed liquid: Liquid.fed to the first of a series of
menbrane process units. Such a liquid could be a solution wherein the .
'solutes may be dissoWwﬁdeh@MuﬁsSmhdhm&nﬁqndmﬁhﬂhﬁ@dﬂm@&hm&qubbbfnay need

to be filtered, ou eth nmbr ane, pr Hardn h conblned
concentrat i B?Fémgfé’ma (?511’ Yedh séc)ﬂcﬁ ﬁseﬁjé"ﬁr epd IB%‘ .

Al kalinity: n&{&-&ﬁ%&!l‘c@]@&ﬂ@%&gﬂﬂg end/6rigagtickgnat e, and hydroxi de as CaCG?M
When a feed liquidis fed into a nmenbrane process unit, the feed liquidis

separated into a ret &hedliguidhigud fod fofbedist ofpierigef B0P BOFRSE UMY t | on of
the feeds! i gyid, HRiaCHuRPBSSSsdlioRUdRerBinBERLRAS HOP LRI ARHNA tHAR; t he ;

process unlt Oont alned wthin 15 the perneate are perneabl e solutes. Those
sol utes whi uiissolvecth Windissplred matstialymay need to bh filtengh ophlestore fin membrann g

enpl oyed, or _non-perneable solutes, are retained wwthin the ‘retentate.
Wiet her a sBPOTe 1 s per meabl e or non-perneabl e depends upon the type of
merbr ane used. = Cer t aiHardnessh T wesnbimey chvcentrtiooy efinagnesitm axichioie selid ut es
based. 20 upon m@%§0¢aﬁ§f size. As the perneability or pore size increases,
so does the® e perneable solutes. In addi-tion, an ion selective

menbr ange may be enpl anetininhi The memi-mdb&ﬂamstej bibab&m:aedndmgdmmﬂesasc har ge
)Separ ation 8%/ t he reverse osnosi s ‘process, .and nore particularly, .
‘When a feed liquid is fed into 2 membrane process unit, the feed liquid is
separated into a retentate and a permeate. The peﬁncate is the portion of the feed liquid
which passes through a membrane contained within the process unit. Contained within -
15 - the permeate are permeabié solutes. Those solutes which are not capable of passing
 through the membrane being employed, ornon—permcable solutes, areretained within the
h retentate. ‘ . .
' Whetherasolutelspermeable ornon-permeable depends uponﬂletypeof
: membranc used Certain membranes may be employed which exclude solutes based.
20 uponmolecular size. As the permeabihty or pore: size increases, so does the passage of |
: the permeable salutes In addition, an jon selechve membrane may be employed which
excludes a solute based upon its charge 7 _ _
“ ) . o , Separatlon by the reverse osmosis process, -and more parucularly,
purification of water by reverse osmosis in o;dgsrto produce drinkable or potablc water, is
25 Vlc.nown. U.s. 'Patent No. 5,238, 574 to Kawashima e;t al. describes an apparatus for-
treating salt water usmg a plurality of reverse osmosis membrane units,” However, a
disadvantage of these typ&s of membrane systems is ‘that they produce product water
which is of sucha high guality that its taste characteristics may be unacceptable. These
unacceptable taste characteristics result because the permeates produced by suchreverse
30  osmosismembrane systen{s tend to have low alkalinity levels, and significantly reduced
levels of dissolved salts. Asa result, the product water has an offtasieora flat taste.
The pdor taste characteristics of product water produced by reverse
osmosis- can be overcome by two known post-filtration blending methods. The first
method employs blending a portion of the feed liquid or untreated water with the



purification of water by reverse osnosis in order to produce drinkable or
potable water, is 25 known. U S. Patent No. 5,238,574 to Kawashi et _al.
descri bes an apparatus for treating salt water using.a pl uraf”i’ingg 408%er se
" osrmsigvdr@ﬁtg%@ne units. However, a disadvantage of thgsgsypasspf nmenbrane
systens 1s that they produce product water which is of such a high quality
that its taste characteristics may be jqunacceptabl e. These unacceptable
taste characteristics result because the perneates produced by such reverse
30 osnosi s nenbrane systens tend to have |ow alkalinity |evels, and
si gni fi cant hatmessisgRsiicd PRYRICEwAEr htin s SdsiBlieddM dfalkality Sod dB3MEd safide Product
water has an off taste or a flat taste. The poor taste characteristics of
product wat é¥ @f this mattyodyis Ratk rguires consiand adjuspment gfthe Nolumaof known post

of the fcod ety AT RARER: Bl 18 contBhi -G /e TUBIELERRE "R 2005

PCT/ US01/ 2688¢er ipduertetht eonstnily chauging ¢hemitatthametesstichandprgsuiesfithefied evel s of
al kalini{y and diss GhatathadR ok Sateafls U3ANANLROR, Dloal DS MELNOd 8 LhAt 11
requi res constant adjustment of the Volume “URtreated: er Meeded f or
bl endi ng. Tditeinakslebénafits ofitiy meinbyand protest aenovibgmwahtel edtdtancse fom the due to
t he constar}%#/ changi ng chem cal characteristics and pressure of the feed
wat er Al en ¥8Tucti on of untreated water back into the product wat er

reduces the attai nableettndaettod emibloyithe FRIRGPSTIRIREEIE B5Ee peimeRERV 1 NQ
unwant ed substances fromthe feed water. The second. nethod enpl.oys the

addi ti on of**hpyrehedesirediastarbarprnsbics. ol bisdatienmethed 8 vpdrsinthladue dofitstgh o
char act gy | $hitafd indfficiendy2ihédthd WéGeEnd prosidsieflobithCexiitife miderdld & gl gh 10
_-"*)-cost and inefficiency, since the menbrane process renoved the existing
Zninerals i ACFRECY. st pl ace. Therefore, it is a first object of the present

invention to provi dengRfors, LY Hbt UHREE 86 1R LRPAVAKYS +f ProvideSal | N9 a feed
liquid to produce a product liquid : :
. Improved process and apparatus for treating a feed liquid to produce & product liquid
having certain desired physical properties, resulting in improved taste.
15 .  Asecond bbjectofﬂlepresmt-ﬁnvenﬁdnistopmvideanhnpmvedproom
and apparatns for freating a feed liquid without the necessity of blending 2 portion of the
feed Hquid with the permeate in order to produce a product liquid having certain desired
physical properties. | .
’ It is a further object of the present invention to provide an improved

-

20 process and‘apparatu_s for treating drinking water By membrane processes without the
‘necessity of mtroducing minerals to the permeate to produce a product liquid having
desired taste properties. . | ' _ V
) ' - _' - It is another objéct of the present invention to providg an improved
- process and apparatus for treating drinking w_ater using membrane processes having
25  different permeablities or porosities which can be arranged to produce a blended product
liquid having certain desired chemical characteristics regardless of the chemical
properties of the feed liquid. ‘

Disclosure bf The Invention 7 _
30 The above-listed objects are met or exceeded by the present process and

apparatus for membrane processing of a feed liquid to produce a product liquid. In the
present system, at least two distinet membrane types are employed, each type having a
distinct permeability. Pemmeates of the two types are blended to produce a treated
product liquid having the desired water quality. Preferably, the permeability of the first



havi ng certain desired physical properties, resulting in inproygd %ag@s. 15
A second object of thepresent invention is to provide an inproved E Ss
and apparatus for treating a feed liquid without the necessity of blending
a port ﬂiazk e feed liquid with the perneate in ordepci@s@yeshice a
product Trqurd having certain desired physical properties. It is a further
obj ect of the present invention to proyide an inproved 20 process and
apparatus for treating drinking water Dy menbrane processes w thout the
necessity of introducing mnerals to the perneate to produce a product
liquid havi %&&e%&dﬁsmﬁpﬁfsmm@mﬁnwt&eﬁd Bk Sfher® thet he
present inveéntion to provi nproved process and apparatus for

treating dmmﬁ@mmwﬂymuﬁferﬁﬁwe@k@se havi ng. 25 different

perneablltles or porqQgitie ggﬁ gﬁ ended Ty
product liquid having& ain d%sﬁ}e é%&iépﬂ@ggrgfg &ﬁgﬁﬁcs regardl ess -
of the chem@wsﬂﬁﬁ@ﬂu&h&ﬁamﬁawﬂmﬁmﬁdwammadym&mbnhmwmm | nventi on

30 The above-1jsted object e or. exceed rocess anq
appar at us fpﬁu%@ﬂﬁﬁﬁﬁﬁipﬁp%ﬁgéﬁﬁ'“%ﬁ = LS g" %§ﬁ$%’ m'ei’a"gﬁroduct

liquid. In ghge Q{&nb%&tﬁﬂhpﬁimfﬁﬁ@bﬁﬂ@eﬂmﬁﬁ Tt pHmERRAdAEPeS ar e

enpl oyed, each type having a distinct perneability. Pernmeat-es of the two
types are bieaRtEds tben fod ia reerndamy e TYpe o QRASEOqIRYRFNERNC APERIRE desi r ed
vat €7 gual T gy o fnfembalnx retidifte BES SRBM dabyi herStrarlet8teftateShich is refaided B 2005, WO

02116269 PCT/ 26552 4 type of nenbrane unit has a higher solid content
t han 't he selwhdsewpbrymbmn@d sepRiprpmembrrng prameste.s fhe fpabpioduathe f eed

liquid fer i RO qw%fy}{ypl e iy héifbdbale pdcfhic GAE o lBGnficp dUC!

liquid, af queous soI ution such as tap water, is
Zfirst fed tmelabrmﬂpmnsﬂtmenbrane type The primary menbrane separate the

o0 110U Tt o Dh e ARG Al 0L W lih LR ATy DY (e
poorer}qua]:ty than the secondary membrane. 'I'tus is because the permeable solate
concenh'aﬁoh of the primary membrane permeate is greater than the permeable solute

15  concentration of the secondary membrane permeate. Thus, the final product liquid is a
- blend of the products of two different levels of membrane treatment. In this marmer, the
taste of product drinking water can be adjusted without introducing untreated water, and
without adding supplemental minexals. | - :
~ Alternate embodiments mclude the addition of one or more supplemental
20 primary membranes connécted in series with the primary membrane, and also include one
or more supplemental secondary membranes connected i series with the secondéry
membrane. In this case, the primary membrane retentate is fed to a first supplemental
.pnmary membrane, and the retentate formed by the first supplemental primary mcmbrane
" 1s fed to a second mpplementa] primary membrane. The retentate formed by the last
25 - supplemental primary membrane is then fed to the secondary membrane as feed liquid.
_“The secondary membrane retentate formed by the secondary membrane may either be
collected and disposed of, or may be fed to one or more supplemental secondary
membranes. If the secondary membrane retentate is fed to a supplemental secondary
membrane, the secondary membrane rétentaté {or retentate from a prior supplemental
30 secondary membrane) 1s separated into a supplemental secendary membrane refentate
and supplemeatal secondary meinbrane permeate. ‘ -
The product water is formed by blending the primary membrane pérmeate -
and all permeates formed by the supplemental primary membranes with the secondary
membrane permeate and all penmeates formed by the supplemental primary membranes.



retentate is then fed to a secondary nenbrane type. The secondary- nenbrane

separates the primary nenbrane retentate into a secondary oemfitahells

retentate which is retained by the secondary nenbrane, and a secondary

- menbr rneate The f inal product 10 liquidis forngg blendrng t he
prlnaavf dne pernmeate with the secondary. menbr ane® In the

preferred enbodi nent, the primry nenbrane produces water of poorer

quality than the secondary nenbrane. $his is because the perneabl e solute

concentration of the primary nenbrane perneate is greater than the

per neabl e sol ute 15 concen_ra;bon Of. dary menbrane perneate. Thus,

the final product liquid i et sfogacts of two different

| evel s of menbrane tlem&bheﬂaﬂcaihgranw&egfmen&hembﬁa&@uﬁm@wﬂuct
dri nki ng water -can be adJ usted w thout introducing untreated water, and

wi t hout ~ add¥irh s Esbleferpse Pithficgresry mehodernat e enbodi nent s i ncl ude the
"~ addition of one or mor e supplenental 20 primary nenbranes connected in
series with the primary nenbrane and aI SO |ncI ude one or nore

suppl emeént al - secondary ‘ af : 1 piiow Wi t h t he secondary

menbrane. In this cagg, r &ﬁg%@ a first
suppl enental  pri nary ne ?%"E‘éf"ﬂ?n% rgdtgg?]r{ngte o%mﬂgﬁé%r rst
supplenentimn@mmﬁmnyapmﬂmndmpﬁimswmxmﬂumﬂyahsemomdﬁsﬂpghéHmeaﬂyqmw mary -
menbr-ane. | T e 0, Yis il t. 25 su Iene I ary
menbr ane i &4 so? %“&l He nggaoc%d]ﬁry e 'H%i’ mur%ﬂt lrB'Ia'he
secondary ﬁmm@hanpuﬂm@en@mmmménmmﬁdﬂbywﬁhhmsaaonﬂqnﬁmnymhmﬁmmenzy ei ther be
col | ect and .di.s e be f to on re.su l.enent al .
second °?‘Fg"r’f% g&mg ?&ré%?%ﬁgl %r%efigﬁl"gf’é F to a
suppl errent ﬂicmBﬁﬁ@fbtha:talb (mmﬁdaymowho)wmnﬁdaﬁmemmeWt e (or
retentate rior s enen ondar nbr par at ed
htoa suphh-anLhpEReS A PorEA A P RGP T ed Je Bidria
secondary ﬁ%ﬂbﬁ&&eﬂmﬁ@ﬁﬂﬁﬁhmﬁ®@xﬁmﬁGUQl water is forned by bIendrng t he
prinary menbrane perjrea and all, perng fornme t he suppl enent al
pri mary menbranes w %’ﬁ d’r‘ﬂ’aq‘% %F’Z“rﬁ‘“ﬁé\‘ %ﬁﬁﬂ%&q Sper neat es
f or med 1py ishanwmre@m;aim@y eRbYEREDCRRES onfler196mB id@dbced infoa
‘ first supplemental primary membrane unit 20 ﬂu'ough a first supplemental primary

* membidne imnit infet 22. A first supplemental primary membrane 24 contained within the

‘ ﬁrstmpplemmtalpnmmy_ i membrane unit 20 separates the primary membrane retentate

' 16 into a first supplemental primary membrane retentate (indicated by amrows 26) which

20  is retained-by the first supplemental primary membrane 24, and a first supplemental

primary membrane permeate (mdzcated by arrows 28) formed when the primary
mcmbrane zetentate passes fhrough the first suppleniental primary membrane 24. .
The first supplem&ntal primary membrané retentate 26 is removed from
the first supplemental primary membrane unit 20 through a first supplemental primary
+25  fltration unit retentate outlet 29 and introduced into a second supplemental primary
membrane unit 30 through a second supplemental primary membrane umt inlet 32. ‘A
second supplemental primary membrane 34 contained within the second supplemental
primary membrane unit 30 separates the first supplemental primary membrane Tetentate |
26 into a second supplemental primary menlbmne retentate (indicated by arrows 36j
30  which is retained by the second supplemental primary membrane 34, and a second
supplemental primary membrane permeate (indicated by amows 38). The second
supplemental primary. membrane permeate 38 is formed when the first suppléﬁlental
primary membrane retentate 28 passes thIOpgh the second supplemental primary

membrane 34,



‘WD 02/ 16269 PCT/ US01/ 26582 5 Brief Description O The Drawing FIG | is
schematic di agram of the present nenbrane treatnent system ,’v]hggzrgggi
suitable for .use with the present nethod.. s Best l\/bde O

i nventi r|ng nowto MO 1, an apparatusfor ation of a
feed ‘9§ % form a product |IC]UId S schematlcally ?ﬁﬁ ﬁ& eed
liquid, typically an aqueous solution_such as tap water, is introduced
into a primary nmenbrane unit 10 throu@h a primary nenbrane unit feed
liquid inlet 12. A pri mary nmenbrane 14 1D contained w thin the prinmary

menbrane unit 10 sepapat 3”%:5,«3 ;&le 0 p mrrﬁggrsne ’
~retentate (indicated ?ro f%’?'%%ﬁk %tér g?alfﬁsetd ::%n I'mary nenbrane
1ﬁ ?ndda prmanﬂ)rqnd epamimarzﬁ Mrtmh E«md(supplnmxtzé;irﬂn;myanmﬁmncﬁ[ﬁz)méa&rmd when
the fee | es.throu t N primary
embr ane unlcic’lbllll é&ﬁg‘) rPﬁ‘W%' ?%ﬁem%%c'@ﬁi%% 3@5\‘ t hr ough
- a primary rr?ﬁﬁmnﬂemmaﬁemﬁqmﬁmeeuudtau aﬁdanﬁcwmqﬂmﬂml ptigay - first
suppl enental prinary, menbrane unit 20 tb_rg_ first. syppl egental primary

~ vkl nd A

menbr ane > unAPERYRRE paibpermoets piRlet 46 RIpTCH CYRIRRE O OB IEESD# 2c ont ai ned
W thin the phhhgifeauppygment al pr| mary rrenbrane unit 20 separates the
primary menbrané retentate 16 intg a first supplenental primary menbrane

retentate (indicated®ipeardornd eabpdipsntconchof the prmpryimragbransy 14, B8 3 r st

suppl enent a aw £ dfgk p%g | ary
menbr ane pelrmrrgate %ln I C tggggf/ggrroms é[ﬂ%%é&rgresdé ﬁ% ri matirgf/t
menbr ane r emmmgmmmmmcwm Mn@dﬂlctp’#mdﬂgrenenbr ane

the 11740 (b, BERRLL AEbEIRY 12T SOR5 Gl A el VEBACC TTOM

suppl enent ahanpfi¥méonmemincs pfetcomirenirlly available amihag wrpwith wspedigo thalt a
I nt roduced |n (40) p t rough a
second supp?“}n{emﬁmfeh@ff%&ngﬁ%&@ h&ﬁ#ﬁ%%#@ggf%@ cﬂgiétégl%g %ppl enent al

pri-mary nendepeaiapsd the physicahpdpertiesnf thetférd ligietdo iWhikeuixet sawefilhation 1pnts mar y
rrenbrane unlt SOwsdegetrI&tias thP,Ihlers't sulggng n‘}nziltmothc% m.?

retent ate
15  primary membrane wnit20, and the second supplemental primary membrane unit 30, the

invention is not so Yimited. One or more nanofiltration units, each havinga hoﬁsiilg 4]as
well as identical performance characteristics or having varying performing characteristios
with respect to each other, may be used to produce a produdt liquid having the desired
 physical properties. Variation of the number of nanofiltration units is contemplated
20 where the feed liquid is tap water, because the physica'l‘proiaerties of tap water vary
worldwide. However, itis contemplated that one with ordinary skill in the art would be
. able to select and determine, without undue expélimcntaﬁon,‘ 1mmber of nanofiltration
- units necessary to produce a product liquid having the desired physical pmperhes ata.
sufficient flow rate. :
25 . Further membrane treatment is performed by feeding the second
| supplemental primary membrane retentate 36 from the se(;ond'primary membrane unit 30
throngh a second supp'lemental primary membrane unit retentate ontlet 39. The second
' supplemental primary membrane retentate 36 is then infroduced throngh'a secondary
- membrane unit feed Hquid inlet 52 into a secondary membrane unit 50. However, where
30 freatmentis performed using one or more primary membrane vmits (10, 20, 30), the liquid
preferably introduced into the secondary membrane unit 50 will be the retentate formed
by the last operating primary membrane unit. For example, if only the primary
membrane unit 10 were employed, then the pnmary membrane retentate would then be



26 into a second suppl enent al

primary nenbrane retentate (indicated by

arrows 36) 30 which is retained by the second suppl enental pri zarg ngg&w ane
34, and a second supplenental prinmary nenbrane perneate (indi § J
- arromﬁggp }6&56 second supplenental primary nmenbrane perneate 38 is forned

when t

t he second suppl enent al
PCT/ US01/ 26582 6 The prinmary menbrane perneate 18,

pl’l mary -

12, ot r ot POREPS Bl Rodelt i R SRt orlR et epfieneaty

second suppfeediiqidinlgpf2.nracy nenbrane unit perneate outl et 46,

and conbi

~ preferred enbodi nent,

i denti cal ,

cont enpl at ed dependi ng, on.the desired

Nbr eSFBFEHIEFREE 0 [0 2 SHendy weRepe i (ndicaid by agaws S6)

wat er .

suppl emental primary nmenbrane retentat

8% t hrough

primary nenbrane 34. FEB 2Q05 WO 02/16269
fast suppl enment al

menbr ane perneaté 28, and the second suppl enental prinary menbrane

e outl et
4, and a

respectively,

ned-or bl ended together_ at a mac feedllne48 In the
b SEE B2 spionliy Tt But 53 is 2usecaniar, o

bbb, W&mmseﬁmﬁa&w uﬂ&mwraneé i s

aracteristics of th

pr oduct

nanof i | t r atcRmedBYRE #B6hdarydhéndibhe 55 éi&%ﬂ g@g&ﬁg@ Saomrercial ly
.avail able and may vary w't h respectaﬂt?o i 0 nance(l%har acteristics.
TH@’ WV§|5§)AI Tﬁm@%@e@mmmtmﬁatle ftprmedmheuhhecm%ﬂd upon-t he

Furt her;
physi cal

pr ﬁﬁ? filtration units
in *@ % name y,t |mar ‘?‘é‘rﬁrane Wthefll’st

are ' dep|

suppl ementaﬁl4 |5 primary nenbrane unit 20, and t he second suppl enent al

primary 0rnanbr ane un'ﬁrorﬁﬁms

' so. limt C@E nor e -
nanofiltration units, eachgﬁawﬁ E]h]‘oiu& ﬁgg e tf'ﬁel cal

per f or rrancéﬁc;dmmawdahmsgh zmdMeWmammwéMMdWer istics

wth respe h 0 use 0_pr.oduce .a_pr.odu t
t he desi reg %egﬁ%al %Fggf)"u rf%e/mslg? %ﬂé‘#‘)’gﬁm{ h'émhﬁ(ﬁﬁ‘g

units is
physi cal

15

20

30

C supiplenmehs mloﬂﬁlwdnanbramdﬂmf inded 62 QAltetinativelyafhe \ﬁ&hﬁﬁm %eiﬁ
PHRRRES b£5A Hrst LERIMRLE second¥ry membrane 64 contained within the first

supplcmcntal secondary membrane unit60 separates the secondary membrane retentate
56 into a first supplemental secondary membrane retentate (md:cated by arrows 66)

ui d havi ng
ofiltration
ausethe

which is retained by the first supplemental secondary membrane 64, and a first -

supplemenial secondary membrane permeate (indicated by 2ATOWS 68) The first
supplemenial secondary membrane permeate 68 is formed when the secondary
membrane refentate 56 passes through the first supplemental secondary membmne 64.

The first supplemental secondary membrane retentate 66 is removed fromr

secondary membrane unit retentate outlet 69 and either sent to'drain or introduced into a
second supplemental secondéry membrane unit 70 ﬂ]‘ro‘u‘gh'a second supplemental
secondary membrane unit inlet 72. A second supplemental secondary membrane 74
contained within the second snpp]ﬁmental secondary memi:rane unit 70 separates the first
supplemental secondary membrane retentate 66 into a second supplemental secondary
membrane retentate (indicated by arrows 76) which is retained by the second
supplemental secondary membrane 74, and a second suppIen‘wntal secondary membrane
permeate (indicated by arrows 78). The second supplemental secondary membrane
pemueate 78 is formed when the first supplemental secondary membrane retentate 66
passes through the second supplemental secondary membrane 74.

The secondary membrane permeate 58, first supplemental secondary

membrane permeate 68, and second supplemental secondary membrane permeate 78 are

. the first supplemental secondary membrane wnit' 60 through a first supplemental |



wor | dwi de. However, it is contenpl ated that one with ordinary ék:—FLfiﬂ;?@ %he
art would be able to select and determ ne, w thout. undue experk p n,
nunber of nanofiltration wunits necessary to produce a product liquid _
havi ng j red physical properties at a . sufficie te. 25 -
Furthe#&r@%ﬂ;ﬁ@ne treatnment is perforned by feeding the %%@%@WG%WI enment al
primary menbrane retentate 36 fromthe, second primary nmenbrane unit 30

t hrough a second suppl enental primry nmbrane unit retentate outlet 3 9.°
The second supplenental primary menbrane retentate 36 is then introduced .
through a s .Egagg;?aﬁs Hﬂ!&é | il d 4 t i ' condary -
menbr ane un?etﬁ%g%?%mver, ere cOLJtﬁg3 a H%%tg%ﬂgpgg?ﬁﬁe%g%ﬁ%ﬁone or

mor e pri mar secorgiatyrmembrane i feifeat® OutkO B4, dnkde decend sipplemeitelr sabdndarynt r oduced

i nto the secondary menbrane it 50 will be the.retentate forned by the _
et | by R e S A5, et ely, Rt cahined of Plegtrl s B ey
menbr ane uniebonBfty\Reddding 8] Thielquid berentsher ths bridRiry FEBAITAE 48 and 8k Gghiat € woul d
then be 4 . F E B 2005 W) 02/16269_ PCJ/US01/26582 7 introduced into the .
secondary nHSFERELHFIECEY tFiEn ghat fen sueemetrrpiaamipemer Wz e eed | i qui'd
inlet 52. Wt RGRA. MThd) bl odd Gipp RERAGP SetoRTP ki BSranb irbterafte 178 i@ gRgCONdary

- menbrane 54. The Secondary nenbrane 54 separates the second suppl enment al

primary 5 rrem@yeddien the seqensksupplemenitl geconday seenbrape wnitfi0 Saeughasesmndt e
(11 Cat e a5y SR it B SRS AR B BP° 52, a0 o
sécondary neitbrane pernedte (nedicate y arrows . € secondary
menbr ane permeat e 58nithe freferrediembeshimentethe eerondiry swpbraanesn, 44, Hraremr y ‘
secondalty ebeiehor ARRRy, (VAN Ho& SF TSRS cbridR B 0l O e
through a semowuily aveilable ambmayvary piéth mespect tootheit perfob@amuedhpuadristiab| y
rst  supprersifpvEEy sRa e Ha R s e AR A e TR e i Pl e
perneat e Stherefore govern the selection of the reverse osmosis membrane and: the number of -
| Teverse osmosis membranes to be employed. _ '
15 While fhree reverse osmosis membrane units. are depicted i FIG, 1,
‘pamely, the secondary membrane wmit 50, the first supplemental secondary membrane
" unit 60, hhd-secdn'd supplemental secondary membrane unit 70, the invention is not so
Limited. One or more reverse osmosis units, each having a_houéiﬁg 81, as well as
identical performance characteristics or having varying performing characteristics with
20 respect fo each other, may be used to produce a product liquid having the desired
~° physical properties. Itisalso contemphted that, while in the preferred embodiment, the
secondary membranes 54, 64, 74 have substantially identical separation properties,
depending on the desired characteristics of the product water, they may be different from
~each other. One with ordinary skill m the art conld select and determine, without undue
25  experimentation, the number of reverse osmosis units necessary to prbduce a product
 liquid having the desired physical properties at an acceptable flow raté.

Example 1

The rangés of acceptable hardness and alkalinity concentrations in product

30 water were determined by varying the number of reverse osmosis units and nanofiltration
units employed. It is known in the art that the upper limits for both hardness and
alkalinity are 100 ppm. After conducting a taste panel, product water having a hardness
concentration of at least 20 ppm and an alkalinity concentration of at least 21 ppm was

found to be superior to product water having lower concentrations.



di sposed of. A first supplenental secondary nenbrane 64 contained within:
the first 15 suppl emental secondary nmenbrane unit 60 separates ﬁtzrqg 2005
secondary nenbrane retentate 56 into a first supplenental secondary

- menbrang.retentate (indicated by arrows 66) which. is retained -by the
first Pt al secondary nenbrane 64, and a first PSEPSOHSER a

- secondary nenbrane perneate (indicated by arrows 68). The f-irst

" suppl enental secondary menbrane perne& e 68 is fornmed when the secondary 20
menbr ane retentate 56. passes through the first suppl emental secondary
menbrane 64. The first supplenmental secondary nenbrane retentate 66 is
renoved from the first suppl enent =2 ndary nenbrane unit - 60 through a
first supplemental  SREQRURSof pREBND WG Hioduced & £ Rl (hd BlmiRaA0d ©i ther
sent to drain_or introduced into a second suppl enental secondary nenbrane
uni t~ 70 t hr SERitYed wagdadsramedppl enental 25 secondary nmenmbrane unit inlet 72.
A second suppl enent ﬁgﬁ%g ' ah ned. wi t.hin.the second
suppl enent al _§econd§]§{ nme rg?e{“‘-ﬂﬁ‘?%%&g%%g}%@?g. Ibﬁaé'gfsiars legﬂ’ﬁlpl ement al
secondardy rienigen naiemationsl sfampeay ioft Nowhbseip dilinsisp p Thaeiiac MNR2msdary

“menbrane r Hr:ﬂﬂhﬁ%% A I 76 hi.ch is.retaine t he second
suppl enent a| se@gﬁ‘c’iary e ran@%%sﬁﬁwmﬂgﬂag condary
nmenbr ane 3Gropeilimget Gorporatitindaaied it imespolis Mithesotl By EGARE nSai-geENt al
secondary @é{%{e&l%ehavger rr{%gte 7 d'is f or med Y\Fgfﬁn the first supplenental
secondary MENDrane 1 eten ?31“5% 1Y Q€ BUOsIY), pfl @) Forrspondme Brrates el e nent al
secondary wsulith caneentéfon thaeths ROOMEEbMneENDr ane perneate 58, first

suppl enent al secondar nbr ape, perneate 68, and second suppl enent al
secondgﬁy menbr ane &%ﬁawﬁﬁ?%ﬁ%wwmmmmwusou 26582
8 fed thropghud vaefomWeEMs BENBARSE dfthdmtRAeSEREE s Wr belk Bingdided I St

suppl ementa'm.s con aré gﬁ;%rsane unit perneate outlet 84, and-a second
suppl ement %‘%‘gmﬁ?? " amEe ‘ ﬁﬁ%%ﬂvéddﬁtcb_@%geab? megbpeet i vel y, and
conbi ned oconibieMicRd ThOREL Hatkr wbd B cadhVPREHE I b SRGe LbRG. %u&%?k' qui d

contents of the prinmary feed line 48 and the liquid contents of the ‘
secondary P@éﬂﬂ?‘%@%@ﬁﬁt@dwe@emfﬁwnswmemmmm m ng the

15  resulting product water for each combination poss&ssed the following characteristics.

Table 1.
-Combination - Hardness .A]kalinity pH  Filtration Pressure Flow Rate
R (ppm)  (pm) . (psi®) (gpm)
Untreated water 334 262 736 - -
NF-45(3) -NF-255(3) 76 124 702 128 . 44
Untreated water " 332 256 - - -
NF-45(3) - RO(3) 6 38  6.64 135 44
Untreated water 338 260 — - -
NF-255(3) ~ RO(3) 50 8 7 140 >5

20
‘Hardness was  detsrmined by endpoint ftitration using
efhylenediaminetetraacetic acid (EDTA) as the titrant, as outlined in Standard Methods
2340C (EDTA Tiration Method). Alkalinity was determined by Standard Methods
#2320B (Alkalinity Titration Method). '



product |iquid. The second suppl enental secondary nmenbrane retentate 76 is
then renoved fromthe second suppl emental secondary nenbrane, WFEg??g%
t hrough a second supplenental secondary nenbrane.-unit retentate outlet 79
and di sposed of. In the preferred enbodi nent, the seconlgi‘g]w gB{anes 54
64, 74 VPE21QG0reverse osnpsi s nenbranes. Various types %@é 7% 0snDSi s
menbranes are commercially available and may vary with respect to their
performance characteristics. The desil®ed physical properties of the
product liquid and the required production rate will therefore govern the

sel ection of the reverse osnosi s ran nd-- t he, number o reverse .
osnosi s nenbranes to%m%af%iﬂ,em@@%w&?&%@m% nenbr ane
units. are gePifekbiiné fhifslifcordbinatiod 18 biate b BRnded protloy watergibvidudebettsti t 50, the

first supplenental secondary nenbrane wupit 60, and ..s,ec%lc‘i suppl.enment al

secondary nasslmiethatibey were dloser forfhe krgebherinesszpd allglmity . or nore'
reverse osw%m%&ﬁgﬁmg _a housing 81, as well as identical
performance characteristics or having varying perfarmng characteristics
with 20 sespect to eaWhiexragicnianeybisitnenselinamoqsesrad eppamigsigdiadog qui d

havi ng the desire Si erfi 1S Qe t hat,
whilé in th& %f%??@?"é‘lf?géﬂaﬁnﬁn%ﬁ% %%éé’%%"n%}%@ i deschited |-t%‘éﬁ?t’e64, 74
. have subst asppredidtsa bythoie skilledsie iz @t thehchanges end modificatihmp evaglibegnagie t he
desired-characteristics. af fhe product water,.th i | nt from
each ot her-%%ﬁ%‘%ﬁ’ﬁ‘%ﬂ%‘@%%?? ?P%’ﬁﬁ%ﬂ“%@%@?%&@r&a‘rﬁﬁ%et er ni ne,
W t hout undgflodsa i mentation, the nunber of reverse osnobsis units
necessary to produce a product liquid having the desired physical
A'")prop.erti es at an acceptable flow rate. Exanple | The ranges of acceptable
har dness and al kalinity concentrations in product 30 water were determ ned
by varying the nunber of reverse osnosis units and nanofiltration wunits
enployed. It is known in the art that the upper limts for both hardness
and alkalinity are 100 ppm After canducting a taste panel, product water
having a hardness concentration of at |east-20 ppmand an al kalinity
concentration of at |east 21 ppmwa found to be superior to product water
having | ower concentrations. i ' '




4 F E B 2005 WD 02/ 16269 PCT/ US01/ 26582 9 Exanple 2 The quality of product
wat er produced as a function of the nenbrane - enpl oyed was determ ned. The
Culligan RO-A6 Series reverse osnosis nenbrane is available fro ? 0
Cull'igan International Conpany of Northbrook, Illinois. The Fi“ng 5\12 t§55
nanofiltration nmenbrane and the Filntec NF-45 nanofiltrati on nenbrane are
available fromFlintec Corporationi]ocated in Mnneapolis, Mnnesota. By
definition nanofilters are rated to have greater perneability or porosity,
and a corresponding greater solute solids concentration than the RO
menbranes. 10 In each test, a tGLAIMS six nmenbranes were enployed to
produce the tested product water: two sets or - banks of nenbranes, each

set or bank havi g t hixe&ocLdqBF e briRIRARRDN.: ofa%%b§ M!e]{)&abl@%ﬁted or

removed to change the nbr ane conbl natrons. The f used in each

test was fro asm esour uct ter re.coll ected
after oFEhdg L]:Eﬁ?g ‘%éﬁ' & f@gﬁu&aiwmgnf}e? f%St resul ting

product water for each conbi nati on possessed the foll ow ng characteristics.
Tabl e XkhaGetepisties,icomprlsimgness Al kalinity pH Filtration Pressure Flow Rate
(ppm (ppm . - .(Psig) (gpm Untreated water 334 262 7.36 -- NF-45(3) --

NF 255(3) 76 124 7.025c42&i -;f’cleals‘ﬂbﬁ@ﬁﬁlﬂﬁil%ﬁ@igﬁﬁﬁrﬁﬁﬁmbraxwfréﬁx(ﬁ)
RO(3) 6 .38 6.64 135 4.4 Untreated water 338 —- - NF-255(3) - RQ(3)

50 .78 quraf‘l% >f5nan0ﬁﬁaatgorrlleﬁsrsmy\a%smgmgea msned by endpoint titration using

selecting at least one reverse osmosis secondary membrane
from a plurality of reverse osmosis secondary membranes;

feeding said tap water to said selected at least one
nanofiltration primary membrane, said at least one primary membrane separating
said water into a primary membrane retentate retained by said at least one primary
membrane, and a primary membrane permeate;

feeding said primary membrane retentate directly to said
selected at least one reverse osmosis secondary membrane, said at least one
secondary membrane separating said primary membrane retentate into a secondary
membrane retentate retained by said at least one secondary membrane, and a
secondary membrane permeate;

and blending said primary membrane permeate and said
secondary membrane permeate to form a product drinking water by directly
passing said primary membrane permeate and said secondary membrane permeate

to a permeate blending point;



et hyl enedi am netetraacetic acid (EDTA) as the titrant, as outlined in
Standard Met hods 2340C (EDTA Tiration Method). Alkalinity was determ ned
by Standard Methods #2320B (Alkalinity Titration Method). £ @%)é)%?m

02/ 16269 PCT/ USO1/ 26582 10 Fromthe results of Table 1, it wll Dbe g’e%n
that the use of nanofilters and RO nenbrane units in conbination to create
a bl ended product water provided bepter results, in that they were cl oser
to the target hardness and al kalinity values, than the exclusive use of
nanofilters in series. 5 Wiile a particular enbodi mrent of the process and
apparatus for bl endi nghemitodusdlufer oonatinfriiorertt smdiprémeryt meabriegs been
shown and described, it will be appreciated by those skilled in the art

that c do O} frh &Rl SO RYnEStTRER off BEidesontidiorientinpas ting from
the i n@gﬁgﬁ%qﬁn itsf lglrl,%gder aspecrtls andl asoset1 fortoh ilﬁot he follow ng

claims. - 4 FER 20 | .l IMS 1. A process for I an ation of a
suppl ypﬁﬂn%?’a?&%egaf‘gglem%%}fwaeééimyﬁ@ (ﬁsﬁ?céﬁogﬁéﬁﬁl §F %{gesa\?é/a%?%r product
having desired taste characteristics, conprising: selecting at |east one
nanof i drinkinigorwaer rpaeoguatehivingedésitgt dastp| eiaapdienysitys MAWEP! | 490488 on primary
menbr anes; selecting at | east one reverse osnbsis secondary nenbrane from

a pl ur ghhdi¥mehital MBlesAs OSRRtrSate8 CRALR YodTeiFbAtaRAS, shidededipdsaiste tap wat er
to said selected at |east one nanofiltration primary nenbrane, said at

e ot TR RE PSPPSR abPIRifa Al b o ane

retent & one. p

between 20-100 ppm and an alkalinity value in the approximate range of between
21 and 100 ppm, said process including varying the number of at least one of said
at least one nanofiltration primary membranes and said at least one reverse

osmosis secondary membranes to achieve taste characteristics in said range.

2. The process of claim 1, wherein said primary membrane is an

ion selective nanofiltration membrane.

3. The process of claim 1, further including sequentially feeding
said primary membrane retentate to a supplemental nanofiltration primary
membrane for separating said primary membrane retentate into a supplemental

primary retentate and a supplemental primary permeate.

4. The process of claim 3, further including sequentially feeding

said secondary membrane retentate to a supplemental reverse osmosis secondary



menbrane, and a primary nenbrane perneate; feeding said primary nenbrane
retentate directly to said selected at |east one reverse ozrng'Bs E%econdary
menbrane, said at | east one secondary nenbrane separating $a pg -r?ary
menbrane retentate into a secondary nenbrane retentate retained by said at
| east one secondary nenbrane, and a secondary nenbrane perneate; and

bl endi ng said primary nenbrane perrgate and said secondary nenbrane
perneate to forma product drinking water by directly passing said prinmary
menbr ane perneate and said secondary nenbrane perneate to_ a perneate

bl endi mgenptaiané forl gppattinEBaRPsc@ndiryrieembeansaietengate orfoensunplémentak sai d
primary nmenbrane perneate is greater than a solute concentration of said
second qg@i}r emifh] S&lofdRhyanghegteof pernmeates having

di sti ng%%élon egfé&g%tfgﬁgg?ra@glt es a drinking water product having desired
taste characteristics wi thout adding supplenental mnerals or untreated
wat er post treatnent, said desired taste <characteristics being represented
by a hardness value in the approximate range of between 20-100 ppm and an
al kal i nity val ueSi n tHee apeeexphalagmrényaerom Bt ywoels coneeigiono® ppm sai d
process including varying the nunber of at |east one of said at |east one
nanof i kithat io¥Nsffi PRkaryeihdRese grdmeaied oat sdidastipplo@cnal efri@aryoSnosi s
secondary nenbranes to achieve taste characteristics in said range. 2. The
process of, claim 1, wherein i I I.S " tive
nanof i PISFIRTAB: PYEREHS AL .grg.atelsrﬁggbrg%écggfs&%g% ([:{P %Iﬁ%%f,h ?ﬁr% fthée};]o?%éﬁdi ng
sequentially feeding said primary nenbrane retentate, to a syppl enent al
nanof i beqoadaan memhEny PREREHANET THid sEPRIcmeHy SSPRRdSFY nlie lfz1‘i£’P‘Pt)rane
retentate into a supplenental primary retentate and a suppl enental prinmary
per meapermeate.

6. The process of claim 3, further including a plurality of

supplemental nanofiltration primary membranes connected in series.

7. The process of claim 6, further including a plurality of

supplemental reverse osmosis secondary membranes connected in series.

8. The process of claim 1, further including sequentially feeding
said secondary membrane retentate to a supplemental secondary membrane for
separating said secondary membrane retentate into a supplemental secondary

retentate and a supplemental secondary permeate.

9. The process of claim 8, wherein there is a plurality of

supplemental secondary membranes connected in series.



4. The process of claim 3, further including sequentially feeding said
secondary nenbrane retentate to a suppl enental reverse osnobsis secondary 4
FEB 2 005 13 nenbrane for separating said secondary nenbrane r tate into
a suppl enental secondary retentate and a suppl enent al seconﬁa&&‘;@;ﬁ% te.

5. The process of claim4, wherein the solute concentration of either of
said primary nmenbrane perneate or ddi d supplenental primary nmenbrane
perneate is greater than the solute concentration of either of said
secondary nenbrane perneate or said suppl enmental secondary nenbrane
pernmeate. 6. The process of claim3, further including a plurality of

suppl enental nanofiltration primary nmenbranes connected in series. 7. The

process of claimg@, furthef Arf3edsdofdOmenmbraicabégayatithh SERPlsapHipt 8f reverse
osnosi s secondary nenbranes connected in series. 8. The process of claim1,

o o SBEHPEnAn AR dih aai Pt ran ikl Sats AR R T o = ©

menbrane retentate into a supplenental secondary retentate and a
suppl emasit laryBIogar GONUIMRLt e. 9. The process of claim8, wherein there
is a plurality of supplenental secondary nenbranes connected in series. 4

FEB 2005 14 10. A profs&snihidi thefunsiee cfegranadyl membkarge snigphiyd die pot abl e
tap water for obtaining a treated drinking water product having desired Y

. bt a eated dr i nki ng | having
momor aHARY DL Sapondf, nERa? LAl STHRE S Wi SRR R UBATY

wat er product havi ng desired ) ) ) .
taste characteristics based on physical properties of said supply tap water, said

desired taste characteristics being represented by a hardness value in the
approximate range of between 20-100 ppm and an alkalinity value in the
approximate range of between 21 and 100 ppm;

feeding said tap water to a first primary membrane, said first
primary membrane separating said water into a first primary membrane retentate
retained by said first primary membrane, and a first primary membrane permeate;

feeding said first primary membrane retentate directly and
uninterrupted to a supplemental primary membrane, said supplemental primary
membrane separating said first primary membrane retentate into a supplemental
primary membrane retentate retained by said supplemental primary membrane,
and a supplemental primary membrane permeate;

repeating said second feeding step until said supplemental
primary membrane retentate has been fed to the number of primary membrane
units established in said determining step, feeding the retentate from each unit to a

subsequent unit until a last primary membrane retentate is formed;



taste characteristics based on physical properties of said supply tap
water, said desired taste characteristics being represented by a hardness
~value in the approximte range of between 20-100 ppn1and'gqb2§¥?gb ity
value in the approxi mate range of between 21 and 100 ppm f ing Said tap
water to a first primary nenbrane, said first primary nenbrane separating
said water into a first primary nengrane retentate retained by said first
primary nmenbrane, and a first primary nenbrane perneate; feeding said first
primary nmenbrane retentate directly and uninterrupted to a suppl enent al
primary nenbrane, sakgdingpphidntiat Prinparymareynbramnhewntats abeectlyi s sai d first
primary nmenbrane retentate into a supplenental primary nenbrane retentate

retai ned'n@mﬁ@%@ et?”ﬁ’qjiﬁ{msg&ﬁlda . gﬁé;xﬁﬁraﬂ@,”?éiﬁnﬁrst §ndarSURRETRIS al  primary

nenbraHglper repeati ng sai econd teeding step until said

suppl enmental primary nenbrane ret elr)‘nt ate has been fedﬁ.to t he nunber of
pri mar yepfsstitearfaid (ssrerd RHmYY; IARIBDIAAC SIRIGRE: A A AP SERP ¥ Bedi ng t he
retentate fromeach unit to a subsequent unit until a last primary

menbr apeninaent@tontits fetrimeld by4 sEEBIR00ScOBddnye diangbrone.d ahést il mary
menbrane retentate directly and wuninterrupted to a first secondary

menbr a i j ry nmenbrane separating said second primary
Econdly ki RincRARRHE

menbrane r rst secondary nenbrane retentate retained by
said first secondary nbrane,.and a f,irst econdar ] rmeat e;
feeding said first sgggﬁﬁéfwgﬁgﬁgfgﬁ@dwgigﬁ?ﬁ?%%ﬂggg%Fﬁ§&gﬁgﬂﬁﬁﬁfnterrupted
to a suppl enental secondary nenbrane, said sugplenental secondaLy menbr ane

separ athingersgited f o sa  seppdendentgl nesebndary meemhiagce $ad o supPlewERRbNent al
secondary nenbrane retentate retained by said suppl enental secondary

Mermbr aQgyond@Rd hePtRRME FBHratingS €41QNGARL ¥edtridhfaneeminaneatentateeata ng sai d
fourth feeding step until said suppl enental
supplemental secondary membrane retentate retained by said supplemental
secondary membrane, and a supplemental secondary membrane permeate;
repeating said fourth feeding step umtil said supplemental
secondary membrane retentate has been fed to the number of secondary membrane
units established in said determining step, feeding said retentate from each unit to
a subsequent unit until a last secondary membrane retentate is formed;
and blending all of said primary membrane permeates and said
secondary membrane permeates to form a product liquid;
wherein said primary membranes are nanofiltration
membranes, and said secondary membranes are reverse osmosis membranes and
said primary membrane unit permeates have a higher solute concentration than
said secondary membrane unit permeates, and said blending of permeates having

distinct concentrations creates a drinking water product having desired taste

characteristics without adding supplemental minerals or untreated water post



secondary nenbrane retentate has been fed to the nunber of secondary
menbrane units established in said determ ning step, feeding said
retentate fromeach unit to a subsequent unit until a | ast sac@rﬁ@gymw
menbrane retentate is fornmed; and blending all of said primary nenbrane
perneates and said secondary nenbrane perneates to forma product |iquid;
wherein said primary nmenbranes are Iganofiltration nenbranes, and said
secondary nenbranes are reverse osnosis nenbranes and said primry
menbrane unit pernmeates have a higher solute concentration than said
secondareptmanpsaideproness mehrdiag adjustingl tbainunibce mdi afgleast peas wéarel havi ng
di stinct concentrations creates a drinking water product having desired

taste CHLACHEMbEIIC RN bhEUaiRdeiddas BRIEFRAE alnill ReAdisvOkasunt r eat ed
wat er ﬁost - 4FE § 2005 16 treatnment,” said process including adjusting

t he nunber of, at |east ope of .sai.d. primary nmenbrane units and said
secondg’BQraﬁ’@ﬁ‘B?‘égn‘é‘t ﬁpf%{]“f’f)ﬁ‘&‘&lﬁiv@%nlsﬁl&%“ %haracteristics in the product
liquid within said range. 11. The process of claim 10 further including at

| east one supplemental nanofiltration primary nmenbrane connected in series
to said second primary nenbrane. 12. The process of claim 10 further

including at |eagf OMpe pHRRLELMEMERImI Q0e fignthds Mduding eaOre@t yomenbr ane
connected in series to said second secondary nenbrane.
supplemental nanofiltration primary membrane connected in series to said second

primary membrane.

12.  The process of claim 10 further including at least one
supplemental reverse osmosis secondary membrane connected in series to said

second secondary membrane.



