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[0003]Water containing high levels of calcium and magnesium ions is called "hard

water" because these two ions can combine with other ions and compounds to form
a hard, unattractive scale. Millions of homes have hard water supplies, particularly
homes that use groundwater as their water source, either through a residential well
or as part of municipal water supply. Hard water can result in formation of an
unattractive film around sinks and dishes, and hard water deposits can form on
clothing, resuiting in discoloration and reduced fabric softness. Also, some soaps
and detergents do not work as well with hard water as with soft water. In such
situations, uncomfortable or unsightly soap films can be left behind on the person or
object being washed.

[0004] Approximately 7 to 12 percent of all private homes have water softeners. The
rate of water softener use is higher in rural areas than in cities, with an estimated 3

percent of urban dwellers using a water softener. An estimated one million ion
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[OOOGi\I/ggaj@\M of Heaweigaificant problems associated with hard water, as well as the
limitations of ion exchange water softeners, recent developments have been made in
the creation of water softeners that use nanofiltration elements to soften residential
water at relatively low pressures and with high efficiency. United States Patent
Application Serial No. 09/909488, entitled Nanofiltration Water-Softening Apparatus
and Method to Muralidhara et al, is particularly noteworthy in this regard. However,
despite significant recent advances in softening technology, a need remains for
improved methods and systems for softening water using nanofiltration filter
elements, in particular a need remains for even longer-life membrane elements

requiring less frequent membrane replacement.
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concentrate
softening systems, potable water enters a first nanofiltration element and is divided
into softened permeate water flow and a concentrate flow of water containing
retained calcium and magnesium ions. The softened permeate water flow is diverted
for use, while the concentrate water flow from the first membrane is delivered to a
second nanofiltration element. At the second nanofiltration element the concentrate
water from the first nanofiltration element is again divided into a softened permeate
flow and a concentrate flow containing retained calcium and magnesium ions. In a
three element system, the concentrate flow from the second nanofiltration element is
delivered to a third nanofiltration element, where it is again separated into a softened

permeate water flow and a concentrate flow of water containing retained calcium and

magnesium ions.
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t hese
useful for multi-element nanofiltration systems having one, two, and more typically,
three or more, nandfiltration elements assembled in series. Among these
improvements are methods for periodically reversing the flow of water through the
nanofiltration softening system, thereby reducing scaling and fouling of membranes.
In addition, said embodiments provide for a flushing mode of operation in which each
of the nanofiltration membranes is flushed with potable water to remove excess
calcium and magnesium from the nanofiltration elements. In certain embodiments,
this flushing includes using a mild acid to dissolve calcium and magnesium

precipitates within the nanofiltration elements. These precipitates are then removed

from the system and discarded in the wastewater stream.
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present invention. The Figures and the detailed description which follow more
particularly exemplify these embodiments.

FIGURES
[0014]Embodiments of the present invention are set forth in the following description
and are shown in the drawings. Similar numerals refer to similar parts throughout
the drawings.
[0015] Figure 1 shows a simplified schematic design of a nanofiltration water
softening system made in accordance with an implementation of the invention, the

nanofiltration system containing three nanofiltration elements.
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configured for, and operated with, an acid flush mode to remove precipitates from
the nanofiltration elements.

[0020]Figure 6 is a graph indicating the effect of acid washing on the flux of the
water softening system.

[0021]Figure 7 is a graph indicating the effect of flushing the nanofiltration elements
on flux of water through the softening system.

[0022]Figure 8 is a graph indicating the effect of flushing and flow reversal on flux of
water through the softening system.

[0023]Figure 9 shows the effect of acid washing on flux of water through the
softening system.

[0024]Figure 10 shows the effect of time on permeate flux and rejection.

[0025]Figure 11 shows the effect of time on permeate flux and hardness.
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wat er through the softening system [0024] Figure 10
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oosop A AING B oo S v or
sof‘:en"ﬂ*g)gp\"i\l/'faE"er}J ih ggianrfi icular po apparatus and methods for softening water without
the addition of ions to the wastewater stream is provided. The present embodiment
provides methods and systems for extending the operating life of nanofiltration filter
elements used within the softening systems, and also methods and systems for
improving the performance of the softening systems. Among these improvements
are methods for periodically reversing the flow of water through the nanofiltration
softening system, thereby avoiding scaling and fouling of membranes.

[0031]In addition, the present embodiment provides for a flushing mode of operation
in which each of the nanofiltration membranes is flushed with potable water to
remove excess calcium and magnesium from the nanofiltration elements. In certain
embpdiments, this flushing include uses a mild acid to dissolve any calcium and
magnesium precipitates, which are then removed from the system and discarded in

the wastewater stream.
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calciusohne maghesjighdoms, and al so nmet hods and systems for
I mproving the performance of the softening systens.

[0033]T11 CoMBhGP BBrrABteSY AP B Si\%?{eH‘fSPh%:%ﬂég e Sorlchtrate

mul ti-el enment nanofiltration systens
water 081 G4 Rt oM B A3 B e

nefltration softening systens, potable water enters
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softened perneate water flow and a concentrate fl ow of
”a“Of'@'@tt'an lemeat if agpin divider inte al softened permegtesBow manidens .
concentrate flow containing retained calcium and magnesium ions. In a three
element system, the concentrate from the second nanofiltration element is delivered
to a third nanofiltration element, where it is again separated into a softened permeate
water flow and a concentrate flow of water containing retained calcium and
magnesium ions.
[0034]Having multiple nanofiltration elements is advantageous because it allows a
higher efficiency of water usage, thereby typically resulting in less water being
discharged into a wastewater stream. Each subsequent nanofiltration element
receives increasingly high concentrations of calcium and magnesium. This can

result in various problems, most notably fouling of the membranes with calcium and

magnesium precipitates. Thus, for example, in a three-element system, the third
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that tHd of b retai ned cal ci um and
a yanu _bé"’BFeﬁ‘ﬁal%Pé]ggéﬂ?é‘%jd
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elemegﬁ% {yh&sduth camestechin seyiag. t As motet aloove, By steinesmade in

nost notably fouling of the nmenbranes with cal ci um and

accordengrenithitheppreseni inaemrtion damudnclids e ®P fdwver thad three
three-el ement system the third [ 33449-8030/LA061
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significant cal ciumprecipitation on the sur
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10 I 1.0 r [t in fouli of the nenbrane to

0 inolBUEE, Uk veRdr bl eRtiuttsptn0 crrrliln ppects of imvention, such
A eralized schematic di agramof a first

as f'usf’ﬁl%ﬁgﬁé}ﬂnﬁﬁﬁ@ﬁoef&%m@nﬁ Wila @ lowhpiHSolriom are switahle forluse with
.lf%stem 10, shown in Figure 1, includes three

even Jysi poeinancitiatienglement.s 12, 14, and 16 connected in
series. As noted above, systens nmade in

[0036] System 10 of Figure 1 includes a supply 70 of source water, such as water

from a residential well or from a municipal source. Figure 1 and subsequent figures
have been simplified for clarity to indicate the primary elements and arrangements of
those elements. For example, the system 10 generally includes numerous valves
allowing changes in flow directions. Typically these valves are not depicted in the
figures but inferred from the description of the water flows.

[0037]Water from supply 70 typically first goes through one or more prefilters or
treatment steps, such as through a particulate filter 60 and an activated carbon filter
62. These filters 60, 62, while generally optional, can significantly improve the
operating life of the nanofiliration elements 12, 14, 16. After passing through

prefilters 60, 62, the water travels along conduit 20 (typically a plastic or metal pipe
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accordance with the present invention can include nore
or fewer than three nanofiltration elenents. Thus, for
wez@mpbssso i n sone i npl enentations the system 1BCT/US2006/026812
i ncludes just two nanofiltration elenents, while in
ot her inplenentations the system 10 i ncl udes, four,
fizve, or nore elenents. Al so, certain aspects of the
or tue) fg enfer irstyyanef gation alamegt § Re Watebentering hanofétratiemélement
. wWth alowpH solution, are suitable for use with even
12 Is paparaieintaiwe iflbwsata permeatediow. of[S0R8ARd SyateeRndQ &dncentrate
Figure 1 includes a supply 70 of source water, such as -

flow afatnsoftenedwaters shisleohcartrate bwHaide s h&;
source. Figure 1 and subsequent fi g%r@mggﬂggggs than the

watersthBPenteredtHePhartdfitdiioh él@rﬁeﬁfib %.a‘r?\eteq%ﬁ%%tg’_?fo\éb?xits the

el ements and arrangenents o IIos.e e
nanoff B Biemalft e I By Pttt PG PRRer STuioa tegk 40 or
can b EEHY RolieiRR ek uss) SHchas b beiRG RkTBEG dicadl into a

, 037] Water fromsupply 70 typically first goes
reSld%r]%,agW]QFprow@pM more prefilters or treatment steps,

such as through a particulate filter 60 and an
[0038}Ehe vaneentrate low éxitstthe naRofififation eldrhéemtr 52 69d i§ Jiverted by
whil e generally optional, can significantly inprove

conduitr2? tapitieatecopd ahefiRfatibh @Ienendt 14.t ki g
14, 16. After passing through pref\?\ﬁt%%h%(g, 6 Fessteéénd

nanofMiRtRIn SleARk 244 9B ' (Jofp! APLLT 2O
netal pipe [ 33449-5%83%()8/2)%%‘6;?%@gd}.%lgf]cp%ré{ea%? Moyt a
i I nof.iltration el nt 12. Water
conoo 38114 AL SterEbdd TSRt S S8r U bl 0 o
flows: a rneate flow of softened water and a
can b%ﬁggﬁ}{ JQvered a0 dags ohyRisRlly Resmeate flows feonconduiizd and
fl ow havij n% a hi gher hardness than the water that
32 arechandieq sinpikariya heingl deliveleshios) eomntoniibldifigetapdraratiteetly
 flow exits the nanofiltration elenment 12 and is
delivergid,igta @ avatgr suppiyii The@ohcereiath dlowafrdval rinesfiltratitn Rnnt 14
exits the element 1 by way of conduit 24, which delivers the flow to nanofiltration
element 16. Nanofiltration element takes this concentrate flow from element 14,
which is more concentrated than the concentrate flow from element 12, and delivers
it to nanofiltration element 16. Nanofiltration element 16 again separates the
incoming flow into two distinct outgoing flows. First is a flow of softened permeate
water, which exits element 16 by way of conduit 34, where it is directed into holding
tank 40 or otherwise used as softened water. Concentrate flow from nanofiltration

element 16 is discharged through conduit 26 to discharge destination 50, which is

typically a sanitary sewer line or other wastewater destination.
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can be directly delivered for end use, such as by
bei ng plunbed directly into a residential water
wa aploysss§ 0038] The concentrate flow exits thePCT/US2006/026812
nanofiltration elenent 12 and is diverted by conduit
22 to the second nanofiltration el ement 14. \Water
er| t he secopd nanofiltration elenent 14 is again
[003@?,!% 8 2ee Vit 8 SBlaY nanoiitrationesysterw asrthabshaw émFigatre 1,
flow The perneate flowis diverted by conduit 32 to
excepidhainagofiliiakion sysient 40 ibaludes tet Alyilityebireesed fow t h the
use. Typically perneate flows fromconduit 30 and 3

nanofiltratiometénechtsi2, Hay 1§ in bRigdo PRéverR P fediReAthE HEWRIbpment of
hol ding tank or directly delivered into a water

salts BURRbrecipliaing PRARS aRbfiiat Bl & ABh A BRhecibl IR ot sploium and
' ' . f. . fi i I t 16.
magriShy, Afioliedchiba e dBiag of RBRr ol Aith iy syt 1thef Floure 2.
: I . Which i [ dth h
Nanofifyalb WEEEESqfesiing Susiom Zainlices adbnssicpadkie 2Bithatallows
nofiltration elenent 16. Nanofiltration el enent 16

n
for th%agwrpf yeiar Bedssaquiee i7 Adamionepridui26, mifter wiicidit ehterst
outgoing flows. First is a flow of softened perneate

out g ! . :
nanofijisatem elammart 16x then rdrefifiratiotelbienty404n6€ BREN hasdiltration
where it is directed into holding tank 40 or "ot herw se

elemant d4d, exitssedrisfitestionéRmerfancant Saiforldd By EbRRE 27 back to a
nanofiltration elenent 16 is di scharged roug

discharg8duhbuR 8118a8ths 4 L&  CORh G

a?gpi cally a san@a??q%@\?g@%%%@ﬂoﬁe?mﬂg 'Fseé\‘g’t:ae?r’ and 30

. i ' . /[ LAO61 85Q.002] - 10- :
coniF 3 8 o8 2198 RS Bt st we
t.em that shown in Fiqure 1, except the

condufis 247 Bnd 22 chipegt tedhangitrshan aletnerts abi | i y to

fl verse flow through the nanofiltration elenments 12,
[0040f1he agvaniage Epperation @i dhe systemeasiskowhdn Higues Gpiseingt it

of salts fromprecipitating on the nanofiltration
allowsetysting 0E thecwptec flalsysosthiat flowfis paticdigayrsiersed in its order
through the membranes. For a first period of time the water flows in a first direction,
while in the second period of time the water flows in the opposite direction. This
avoids the development of excessive concentrations of calcium and magnesium ions
on the final nanofiltration membrane, which results in precipitation of ions onto the
membrane. Depending upon feed water characteristics, some precipitates can even
be removed from the nanofiltration membrane upon reversal of flow
[0041]Figure 3 shows the same nanofiltration softening system as that depicted in

Figure 2, but the order of flow through the nanofiltration elements 12, 14, 16 has

been reversed, as shown by the flow arrows.
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magnesi um Arrows depict the direction of water flow
W thin system 10 of Figure 2. Nanofiltration water
waedwemsssy system 10 i ncl udes additi onal conduP¢T/RS52006/026812
that allows for the flow of water from source 70 up to
conduit 26, after which it enters nanofiltration
enent 16, .t hen nanofiltration el ement 14, and
[00423 }‘/HHPW naaAdiration fiterplemants aan be, used with the present invention.
nanofiltration elenent 12 and is diverted by conduit
The filter glgments shodddishsuitpble tordisietinSottehrrhiard Waker at relatively low
di scharge destination 50. Conduits 34, 32, and 30
pressumstwhit&eptwidiﬁgreuﬁaﬁyﬂﬁg?ﬂﬁmﬁﬁfé%@ré%‘&g&/ :fag%;“ ggﬁs, not all

nanofiltration elenments, while conduits

nanofPaisit élehithid BRVidd E\Hé&lhélﬁtrﬁjg%ﬂ‘o:m'ﬁtes[oq(?é%r\-}r&h]s% igns, water flow,

advant age of operation'o system as

' i ata,l. QWS.. ling of the ter. flows
and wekditEodery afoRe SllatBunainf4fon Biksdints ive (eseird i greater
det .l&g[ough the menbranes. For a first period of tinme the
ctai %" flows in a first direction, while in the second

riod of time the water flows in the opposite
[0043fhe Beneitration slesesitdimeneioe ase generallycielectee bais¥€ upon the
_concentrations of cal ciumand magnesi umions on the
applicgtieraforrveiol itlwill bei usedneTtus tite nuhbfifaties élérﬁeﬁtg; length, width,
ng

precipitation of ions onto the nenbrane. Dependi

and surfave dreactanadiEe sBRERA & infirbes thes%ﬁ’erﬁﬁﬁéhg%gaﬁégasg@tﬁﬂility

even be renoved fromthe nanofiltration

for spé@icCisas. REnbfilERtioN Sfthhedts Bkt f S téongig?lﬁqr{g)@s; including

nanofiltration softening system as

: ' f fl h h th
Gk R g S e —
shown t\JA)/ t he flﬂ‘%}v arrows. [33449-8030/LA061

as.
elemeg@aaowial_ opng memb{args[ 0042] Var i ous nanofil trati on

filter el enents can be used with the present
[0044]TheaanddifiratipReslement generaliphes asunidcs dreasofidrebtes than 2.0

use in softening hard water at relatively | ow .
squarepmetara e lagssithan gomdudire metois, abdymbieatypfdafy/float #30 apd

recovery rates. Thus, not all
square meters. The nanofiltration elements should not be so long that they require
production of a large housing that will not fit in a residence. In general, the
nanofiltration elements are selected such that the softening apparatus will fit in the
utility area of a home. Suitable elements can have, for example, a total filter length
from 40 to 125 centimeters. Nanofiltration elements suitable for use with the
invention typically have a diameter of 5 to 25 cm.
[0045] Suitable nanofiltration membranes for use with the water-softening apparatus
include, for example, the Dow Film Tec NF90, which is a polyamide thin film
composite membrane, the Dow Film Tec NF270, which is a polyamide thin film

composite membrane, the Dow Film Tec NF 200, which is a polyamide thin film
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nanofiltration el enents provi de adequate rejection
rates of hardness ions, water flow, and water recovery
WO 200e088Sui t abl e nanofiltration el enents are deeT/USIOE026812
in greater detail below [0043] The nanofiltration
el ement di nensions are generally sel ected based upon

thﬁ qBEHicatLﬁg for which it will be used. Thus, the

COMPRSIRFNPtFSEPIS EBeYBifh is ancargmaticyiotamidarttinsfiinf meenbrane,
area_can all be selected to inprove the softening

the Trigapafl 8t which issdararngtic polyapds,fdnd thee=TI-AFM NP, which is a
Nanofiltration elenents cone in various

polyamide thd filrh icongiositocanditiegkssh MEmMRHRS TERIRENSSthin film
hol l ow fibers, and tubular. In general the ’

comp?ggﬁb?!ybhﬁ@é RbrEbRFBN THSNR méfh%ﬁg@égg?@r(ﬁ}%n%'particularly

4] "The nanofiltrati on el emen
. th .0 t but
usefubiehtrEnd i sAHEEhatead St o 3o e pvoant prirabfiuof 21.4
40 t Th filtrati I t
LMH, {57 108855 Of 55 §PiTh 28I Ay OR B Am AN TTagnBsiom of 2 ppm.

| arge housing that will not fit in a residence. In
[0046fEahle 31 belave shamsrresuitsiof usingIsbndiffeert meernblamseshd theh
that the softening apparatus will fit in the utility
analysi ehpefmeateamel feddiwatb fordlaetmsdsswiimuradiBal Wafer. Al
exanple, a total filter length from40 to 125

experioeits welre carridPoef At 20 §dji
with the invention tyd?%éﬁp&ﬁ%g%gagﬁgﬁgﬁgpg%ﬁ%%ﬂ@af%ﬁnn
tempefstufdy. [ 0045] Suitable nanofiltration nmenbranes for
use with the water-softening apparatus include, for
exanpl e, the Dow Film Tec NF90, which is a pol yam de
~thin filmconposite nenbrane, the Dow Fil m Tec NF270
which is a polyamde thin filmconposite nenbrane, the
Dow Fil m Tec NF 200, which is a polyanide thin film
[ 33449- 8030/ LA061 850.002] -12- 7/11/06conposite, the
Trisep TS 83, which is an aromatic polyamde thin film

menbr ane,
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the Trisep TS 80, which is a aromatic pol yam de, and

the PTI-AFM NP, which is a polyamde thin film
wa@eopoessse, and the Koch Menbranes TFC-SR1 , aPthiUs2006/026812

filmconposite pol yam de nmenbrane. The NF 90 has
denonstrated to be a particularly useful nenbrane,
havi ng sol ute passage of about 5 to 15 percent, and a
flux of 2 1.4 LMH, with aTableal hardness of 15 ppm
calciumion 3 ppm and nagnesiumof 2 ppm [0046]

Sample| e 1, | BaxdbMBhows Toeslul t s of [CdlB@N X 01 Mg\%gg,um
msrrbranes and the analysis of penneate and fe

Wﬁ@%@%ane

for hardness with nuwyﬁyaﬁésgvaterépﬁﬂgt experi
50. 002]

were carfried out at O psi using sheet
and at rjoom tenperaty Fﬁ%ﬂ [ 3344948030/ LAO61 8§
13 - 7/1 1/ O6Tab| el { )7 In general, the

t he

[al

uTl \,I \’IIL'

IIl. C|||fﬂh|n for use Wt
'n't'aijM hzlg%J ection 1

fl ow of

n tig

along W

erl‘eéve a hig

th sufficien
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he

i ons,
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order td
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provide a w
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ry rate

NF 2Thhat is
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A ficiently
i al custoner
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s. These div

3phe needs d
alent ions irn

Tg nDSt
cl ude

NF 20Qner ous

gwrdness 10
i's

N$eq1 such as
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%JIICDI Uit
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rate it age peakflc
tiEey it ter:
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he wat er sof
brs are all
188 of [ 3344
5e par anet er s
D provide a
esi dences ar
pei4d on filte
7e that perm

By fl ow
TRISEPTESION
per cent g
sof t eneq
83 enters f
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1/ 06t heg
80 order t
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PTI-AFahNP | 1
pore si

ant the

-----

wat er t hat

tive to the
tener. Altho
ndi vi dual | y

HAB030/ LA061
is particul
lat er softene
d smal | busi
r1el ement ty
ts

Tﬁecovered g

anmpunt of water that
ugh these specific
nportant, the

$50. 002] -140 7/1
arly inportamnt in

r that is sujtable for
nesses. [0048] The

pgal Ty has ag average

i B |

[0047]In general, the nanofiltration elements suitable for use with the invention have
a high rejection rate of divalent ions, along with sufficient flow of water through the
nanofiltration elements at relatively low pressures in order to provide a water flow
rate and recovery rate that is sufficiently high to meet the needs of most residential
customers. These divalent ions include numerous hardness ions, such as calcium
and magnesium. By flow rate it is meant the average peak flow rate through the
filter. By recovery rate, it is meant the percentage of input water that is recovered as
softened water, relative to the amount of water that enters the water softener.

Although these specific parameters are all individually important, the combination of
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t he passage of water and nonoval ent ions but
substantially rejects the passage of divalent ions, in
w@aoozioesss@r di val ent i ons associ ated w t h wat ePCT/US2006/026812
har dness. Al t hough various ions can be used to neasure
rejection rate, one suitable ion for making such
det erm nat.i ons,, i ? the cal ciumion. Typical
these pargmetens s iRarticylaeimrartans in ordesde provide a water soieret that is
. invention normally restrict greater than 80 percent of
suitahle fordigecinuiesidenses aoch sraalbbugjinessesugh the filter
el ement under operating conditions. Mire suitable
[0048] The manefikrationhsiltee elamhéiit tg5i i i
the calciumions from pasg'i5 gg“fﬂ?%Egh%vtéﬁaedéfpﬁﬁérlzﬁmaetrperm'ts

the payeagaldf Hih Oy ! ' ilten
P e%ent gﬁbﬁg\egﬁgw ej eggﬁﬁ%g?%te%@%ér@?tllgF éj@ﬁgfnthgooassage of

; n i um, The nanqgfil.tratiqn el ements
civaloBEIeFRIn Bl dBloNins astediaRiwitt Walsrdardrsss. Afhough
vari exangl eh in cerfain enbodinments, deionized water fl ux
arousPE, GAN Bgu NEEPYRS GIecipafale, onpsuitableniondor making such

ljters per square neter of filter menbrane per hour
dete”’("ﬂﬁ‘ﬁ?”%is the: eaiciym ionf Olypigal panofiltiation dittef eletmatts aseful with

el enments typically have a nol ecul ar weight filtration

the presentdinventicomeorenallyfregict greziér, thawmesn p&icentefietalcidlions
to 400, and nost conmonly 200 to 300. As used herein,

from paissngathiouge the fifdr dl@BREESRS dﬁéram{gegéﬁ)cﬁﬁor‘{@i 3t suitable

follows the convention used in filtrati

filter cMEPASHE FEBINCE ngré’aﬁgr {h%ﬁteibz?ér‘&eﬁt Biatﬁ?ﬁcgg%uﬁﬁloﬁg kfllﬁ% passing

wei ghts of terirals are exc
. I l..quantities of rial will
trouolHE e BAFY A3 A BHE" Eyb o oAb g dohonts
weights within the cut-off range. |n addition,
have g @%ﬁ%%’eﬁ% i gﬁaa?%'i n§0 @&r@ﬁngofo@al@ﬂmmn@c dihesnanofiltration
out si de of the cut-off range can occur, but such
elemegisdnyst ave suifeiest apiyeate fluxi afweater.aFer exampla, imtertaihe
cut-off range. By using a filter with a higher
embodimests ideionieed matenfiuxathfolgh tha IHRABAIMNLASHENESR £82hd 30
_ - 15 - 7/1 1/06is possible to increase water flow In
liters pehbquanenmeteri didilten idrabieie FFHouF (IRTh)Qlt 30266 bam
[0049] Suitable nanofiltration elements typically have a molecular weight filtration cut-
off diameter of 20 to 500, even more commonly 100 to 400, and most commonly 200
to 300. As used herein, filtration cut-off (expressed in molecular weight) follows the
convention used in filtration measurements, and refers to a range of molecular
weights of materials that are excluded at high rates. However, generally small
quantities of material will pass through such membranes that have molecular weights
within the cut-off range. In addition, relatively high rates of exclusion of molecules

outside of the cut-off range can occur, but such exclusion is generally at a lower rate

than within the cut-off range. By using a filter with a higher molecular weight cut-off it
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ions, and adequate water passage, occurs with a
filtration el enent having a nol ecul ar wei ght cut-off
WO 200g@ossto 200 t o 300. [ 0050] The apparatus i s PCT/US2006/026812
advant ageously constructed such that it does not
substantially increase the total salt levels relative
. t the_ingut flow of water. Thus, the softening
Is posgila fo inGEeaRsaates flowe d i thismasnenhevauficiest exciusion of calcium
i rat her renoves at |east sone of the ions fromthe
ions, ang adequain watdr passdge; gesutshwith iafilgatidrecleaitit haR
' output flow Various different nanofiltration filter

molecelaesight euteofbringallf@0ioto 3G Wi th the invention,
including filter elenents that contain a positively

00508 neral |
OO BB oo ROy SO TR R AT e B o
: t t he nmepbrane, [0051] The wat er
substarlEg iRA3300 e (TS VPR TEIRIVE S Ing Berbliawiog weter. Thus,
esigned to prpvide high quality water softening on
the s 8'@&993@@5@%@5& 8dd igps te $hejwatarstrepan dbud iratheargmoves at
applications. The water softener normally provides
least sqmhe pihedpnsdiost the ioput flew artsadischarges remistodhe aton-t 0

have a reservoir o r pressure tank containing softened

permeaitei otpoit 8dwwatarious Tifésreint nanbfileravieh e SEIERRIMS are suitable for
normal |y provi des adequat e instantaneous water

use witiofHesinvagtidr ilﬁ@@din? Hite P eRIRe s ’cﬁatt éﬁ?‘itﬁiﬂ' a PB&!E\?@? ltcgarged

Avoi di ng the use of storage tanks Is beneficra

R o S R SRR ebh{ e R vpient narcnss

cont am nat

ons apd FRAbIess PR Bl 8 HBR RSt or soft oni ng
o051 SBAESS e R TRAA=R Gone o v

, ter demands is used. [0052] Various pre-filters are
high q‘i‘l‘ﬁ%“@ﬁﬂt%ﬂe@lmn theesriallscaleenéenleshfor oesidentiz dand sfmilar)
applications. The water softener normally provides sufficient water flow such that it
is not necessary to have a reservoir or pressure tank containing softened and stored
water. Therefore the water softener normally provides adequate instantaneous
water softening to meet the needs of a typical household. Avoiding the use of
storage tanks is beneficial to consumers because it lessons the likelihood of
contamination in the storage tank by microorganisms. In addition, avoiding the use
of a holding tank reduces the size and cost of the water softening device. However,
in some applications a container for holding at least some softened water to meet
peak water demands is used.

[0052] Various pre-filters are also suitable for use with the invention in order to

improve the performance and longevity of the nanofiltration element. For example, a
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I nprove the performance and | ongevity of the
nanofiltration elenent. For exanple, a

w@ 38148888030/ LA061850. 002] - 16 - 7/ 11/ 06pre- f PCT/@B2006026812
be used to renove | arge suspended material that woul d

otherwi se clog the nanofiltration filter el enment.
re-filters suitable for use with the invention

X her
Pre'f'éérecﬁr}'g%uaﬁ%m rerpeye large seapansded mateénalithaheouldmptherwise clog
wat er source, sedinment pre-filters to renove sedi nent
the nanafilration filigs elemeant r Otrmupreiltetsl suitate Fsreudd Witk He fention

renmove chlorine fromthe input water source, and
are irti prefiterslto pemrole lifodr fiorh 3hé HPRY WRSCES)cR: sBdi i
and ot her m croorgani sns. [0053] In %‘gud:ctei %ﬁélﬁge%gf%dlters to
removs Sedildr@ : deof O_i prove .
per f or mnc@mbgﬁppﬁ%\rﬁéhegga Prr:]%’ te h@'\h%%r% @{ﬂ‘r? itch%npy@chlor Ine
o, rates.w t.hgut usi ng scaling, or by
from $18 IWTREr Sodte: PadBialtatere et famove biweris plotozoa,
cali.ng. Ot her pretreatnent steps, such as chem cal
and o éf‘?'&&%qf@?n'?"@re suitable for use with
irrpl enentati ons of the invention. [0054] In general
[0053] Incadghiien tosusing peetfitterst the wates eah benprsitdated tsinpioes! e
water, such as that provided froma groundwater
perforgiancedy d@ither dveatipg ¢he watermalfitiersthtotitnfro8 iBuliEta@h hout
residential well, froma nunicipal water supply
causir(g sazling byby Arighiefiag Srefead i inARR 8
Al t hough thyé suppl i eg, @Et er %‘@Eﬁbgj?;’vﬁ%@@fwiﬁ%‘gl@g'
Other PRStRdthnt e 2 k [0 specific .
Prrpl ementnatg E ns> n§p3$ gb?@l‘%é%tgéq’th%’r e gplliablesfor wse with
i ] . h as Cryptosporidium. [0055] The
Imple%%?%%?f@%éﬁ%&'qrhe invention is normally sized so
hat it can b | aced in a space equal to or smaller
[°°54i'ﬂ9ﬁ”FF?é?%%ﬁ’@§e$ neddn the presephinventionds potaieshatargsuch
wat er softener. This allows the softening device to be
as that Rroyided fiomapgrasiedweterisauresi Eoi exarapid, ¢newaiter ¢an be from a
. certain inplenentations the softener of the
private residential well, from a municipal water supply (typically containing

groundwater), or other source. Although the supplied water is usually potable, it is
possible to use non-potable water in specific implementations by providing pre-filters
that remove contaminants (such as cryptosporidium).

[0055] The water softener of the invention is normally sized so that it can be placed
in a space equal to or smaller than the space required for a conventional ion-
exchange water softener. This allows the softening device to be used as a
replacement for existing softeners. In certain implementations the softener of the
invention is constructed such that it is significantly smaller than ion exchange
softeners of similar softening capacity. Such savings in size are possible because it

is not necessary to have ion exchange media or a recharge tank.
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invention is constructed such that it is significantly
smal l er than ion exchange softeners of simlar

W@ edor@nsssy capacity. Such savings in size are POFSESIN@026812
because it is not necessary to have ion exchange nedi a
or a recharge tank. [33449-8030/LA061 850.002] - 17-

Oosqi/l%/ 06 085 As di scussed above, water softeners of
[0056]1As ?%gﬁ 3oRyenwals seftenessoidhe ipyesantsventivadiramgbically
arranged so that they can be operated at relatively

constiusikee pad amangedgeribabiiey du bmopsites btrel FiVely loWbressures
pressure avoids the use of expensive pressurization ’

generatiyibeiem250 Peizci Mhis lewbedisEBrRE Svods tHeeudd e d.teg'%h'gve

provi de an apparatus configured and arrange
ressefzatiBrPeduibm@nt. 08 pe '8%‘?‘& f Ll ons .or
P nor e pe‘?@ Zg-hour Beﬁﬁo : ®%§ﬁ§r§|th§%’e§‘§88rpé?w§e@an
fl rate of permeate water that is
apparpitCodh i St Bianbedh Wil aheo a6t BSigasnte vator of 200
eak oqut put ow rate of perneate water that is from5
gallor ot 1rB°5ea‘F‘?fo%‘£"l‘8%éfr PeRat b genesaktbetanpenetuasearhaves peak
g‘l so generally highly efficient, and able to produce
outpuliow iatsaf Rerdwats Wetenthat ie less thanciingaliomseraniagte bven more
than 80 percent of the input flow In certain

generalisha eals ougput flevorate of peimuatefwater FRAISHTHR o §6 9%%ﬁ§per
greater than 90 percent of the input flow The oltput

minutd.| Bhe abftoRingRApRIraRESS AR RIrAl
exanpl e, a har (ﬁess bel OWr*%r 55%@?@”@‘982{ %@H_able to

produ¢d8h Gutpiit fled by ! A T
menbr anée el emﬁ&@%ﬁﬁémﬁwgiﬁgn?'Flgofﬁe&%\‘?”t of the
, . an enents and flushing the )
mout (054 BE L S AR SHS TR, R et conais
fo nce and reduced fouling behavior, thereby
gr eateﬁgrfem %@%@qupgpﬂ{% Pyt domt dihgMiteutiflaw of poEsite water
I?&bodi ments of the invention are also directed to
generglycanehiams, &r eramplaoa herdrassdrelowfit & graigs peegaiiirs by
flushing the menbranes with an acidic solution
[0057]In certain'embodiments the function of the membrane element is improved by
reversing the flow between the membrane elements and flushing the concentrate by
the feed, resulting in improved performance and reduced fouling behavior, thereby
helping to maintain a sustainable flux.
[0058] Embodiments of the invention are also directed to regeneration of
nancfiltration softening elements by flushing the membranes with an acidic solution
to dissolve calcium and magnesium precipitates. The acid rinse is typically
performed while the nanofiltration system is not functioning to soften water for end
use, and thus it is desirable to schedule any acid rinse function for hours when water

usage is low, such as late at night. Also, in general the nanofiltration elements to be

flushed are readily isolated from the rest of the water system so that the acid may be
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to di ssolve cal cium and nmagnesi um preci pitates. The
acid rinse is typically perfornmed while the
W a00af0pdsse at i on system i s not functioning to spET/@R2006/026812
water for end use, and thus it is desirable to
schedul e any acid rinse function for hours when water
u e is.low, such as |late at night. Al so, in general
ﬂUSh‘?qi@#ﬂ%\Wbﬂ?q pagefilsatien eleprants inalsibsedustp thatidoesamdideliver
_.isolated fromthe rest of the water systemso that the
acidicwaieriejhe enf 36enoaee, e lusiifg M2 hord thfbughlhs
1/ 06f 1 ushed through the nanofiltration elenents in a
nanofiltratien elemognts Hisé adidrswardr B8!He/8i el r
end user. Instead, after rf(%ﬁsbtﬁlﬁlgcﬁggggp@%pﬁraoﬁvéﬁ{e{\&%ter
line, t ' ' e AE | di rcan. b e
PROah i g Mk uReeles I AL FraliEh i BRdef papgtration
elemeif® line that carries the concentrate fromthe final
nanofiltration elenent. [0059] The acids used to

enerate the nanofiltration el ement are desirably
[0059%£fi6 55 foAgHENEELe e pangfifraoragiement drd desitabipFood

consunpt i on and _are foodgrade. Suitable acids include,
and Dyyg Adpairistration ¢ePA} apprayedifor hiaman cacisdmpéion anacireGood-
acid, and conbinations thereof. O her suitable acids
grade; Sulitabie atids imdude, facexhmpiel btsticadid, m‘ﬂuirl'bfidi: BcRC hfd lactic acid,
e, for

sul phuric acid etc. Desirable m xtures include,

and cambimaltions thiereol Othet RREBRYciAS ﬁ"%?%&&h&ﬁe Do &:ﬁrié acid,

percent nuriatic acid, and from perce

nitric dois,idufpRficdacid %?@PPS%%&??"SR@& kﬁ%@rﬁs’ ééqn%%rgﬁpe{;gqrrg to 3

exanple, a pH o
' . . . typically. below 5.0, can be bel ow

P erce'ﬂ%ﬁgi'g%%d;?@?ﬁlgﬁ8% REETMUERtC PRIG: 8RdAiom D&iSsto Bl percent
aci,d solution can be nore effective at el evated

lactic qcé?rperat ures, and thus the systemal so can include a
to warmthe acid solution before directing it

eat er
[OOGO]M@QEWHH@VEPEMWQ,rfal examplec gt of frémi 2 &2 6. Acceptable pH
levels is often below 6.0, typically below 5.0, can be below 4.0, and are below 3.0 in
some implementations. The acid solution can be more effective at elevated
temperatures, and thus the system also can include a heater to warm the acid
solution before directing it through the nanofiltration elements. Suitable
temperatures for the acid flush are, for example, above 25 °C, above 30 °C, above
40 °C, and below 50 °C. Similarly, temperature ranges of 25 to 45 °C can be used,
as can temperatures of 30 °C to 40 °C, and temperatures of 40 to 45 °C.
[0061]Figure 6 shows the effect of using an acid rinse through the nanofiltration
membranes to promote increased flux from the nanofiltration elements. The
experiments shown in Figures 9, 10 and 11 were undertaken using a Dow Film Tec

NF90-4040 membrane, with a membrane area of approximately 22.3 square meters.
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tenperatures for the acid flush are, for exanple,
above 25 0C, above 30 0C, above 40 0C, and bel ow 50
wao780sss0 arl y, tenperature ranges of 25 to 45POCUSZENG/026812

be used, as can tenperatures of 30 0OC to 40 0C, and
tenperatures of 40 to 45 0OC. [0061] Figure 6 shows the
.effect .of usin n acid rinse through the

Munlq%@%feg yaier %ﬂ%@?ﬁfﬁ% dinpesqinovan pracessedistd préssure of 47 psi
fromthe nanofiltration el ements. The experinents

and adRBReraiNreDf B segeeesi Oelsius. IhevaTemibipeHaRKER oH§iNBPDA. water
Dow Fil m Tec NF90-4040 nenbrane, with a nenbrané area

flux 0b2. 25rgailons et ehigui? bat SANALSS I Leh: nwhi
[33440. 8030/ LAOGLES0. 003] 10" S qriodaf 169 hours, in whigh
14,250@f286n$ 0P WaBse r e a_ . .
pressure of 47 %f?o%%wée?pp&eﬁgwﬁﬁg%ﬁ?%@eﬁé’g? gaint that its
wat er fl ux

S _ i gi D. I,
o PO NHNE EFBIARR 2 BBUTHL B0l oy G i

rs, I n which 14,6 250 gall ons of water was
membg%?%g‘&tgw ORlonScoRYaIRE cRRamoy Beaipereat pulriatictaid solttion for a
. ({1‘!?% ggd di m ni shed to approximately .75 gallons per
perio -89 NEpuiass et westintreasedrtor i 2ingalisinspet Oninatd. 0By
of water containing 3-5 percent nuriatic acid solution

washing theafosded swnatirae-with 10 galiess of £8-5 beicaM iR :
to 1.25 gallons per mnute. By washi Eg t he fcgﬁlg(?%ﬁego'u“on

along withitr. 6510 V%tlbcﬂd)a@é'fdnoélﬁeﬁf)d ?f goﬁ@ﬁg@.ﬁ@g, tﬂgr%ﬁtvﬁtegﬂux was

acid solution along with 0.05-0.1% I'c acidf

increapéd t9. 20§ alRfPrs . ZI’Wéig fee.SFighnae1g:shoy\éﬁhgegr&:cgéflfgnaémg\,%ermeate

i ncreased to ons~per mnu
flux andheik j ermeate flux and rejection o
den%%'%ﬁ%"ﬁ%”%@gg%ﬁe‘(m W 2 A0Taatin ot PYar tBrerrejection
1 r&igection. remaing above 95% and Figure 11 shows
rema"{shéer’e"é’ﬁ@é’g’ A Fighze o theceffeql of ime orapermaeate flux and
hard denpnstrating that even with a decrease in flux over
ardness gemensiiatingdhabaren wih erdanseaserini fisx bedrihabow! pbhmeate
ppm Both Figure 10 and 11 denonstrate that
hardnesgteiaismbelonf alidut 15rEErn Batin FegUirb oD @i 1 Palchishduaid Wat
guited for extended softening
embodiments of the present invention are particularly suited for extended softening
applications
[0062]In some embodiments the nanofiltration membranes are flushed every 100
hours for a period of 5 minutes with an acidic solution having a pH of 4 to 4.5 at a
temperature of at least 30°C. In other implementations, the nanofiltration
membranes are flushed every 100 hours for a period of 5 minutes with an acidic
solution having a pH of 3to 3.5 at a temperature of at least 25°C. In yet other
implementations, the nanofiltration membranes are flushed every 100 hours for a
period of 5 minutes with an acidic solution having a pH of 2 to 2.5 at a temperature of

at least 20°C.
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lications [0062] In some enbodi ments the
ﬁggofiltratiok nen%ranes are flushed every 100 hours
wo e007m0§360 i od of 5 m nutes with an aci di ¢ sol uPCDNS2006/026812
having a pH of 4 to 4.5 at a tenperature of at |east
300C. In other inplenmentations, the nanofiltration
mbranes are flushed every 100 hours for a period of
[00633}3’}@%%3& eodimanief the presenttinventioay amgethodtaraf agodratus are
3.5 at a tenperature of at |east 250C. In yet other
providaghlosiesnve hardbess frermbuoiterifeed atatemforene s AasH cAbRg term use of

flushed every 100 hours for a period of 5 m nutes

the baileradydnimimizing therhdravicss oftHHb@ifer Zed @ fife of the boiler
tenperyature or;g at | east 20C. [33449- 80%%}%A8i391

can b8%ktdHeld al%pthe7ér?]étr{r;ggzbgg6a?ﬂq #@eﬁﬁ%‘ Hgégﬁ%)q%?sg%ogérate the

t he present inve a ne and " a
P boi l er feed water for

i i r v dness fro

boilerf2el e iEukBq.. TR TeDaht HaB8cigHeHoBrars the s of any one or
Lpim zing the hardness of the boiler feed water, the

comblﬂ'?ﬁgn 8? *hﬁ%@ree{tﬂqse?mgaa'wt%f@réha digaiment akthertmilgy feed water.
costs and chem cal treatnent costs to operate t he

In addiign, griog mnarofiteatioras deseripedabore, dhi bdilersedanmtepysay be
the use of any one or conbination of the previous

pretregiggodting eagbdnoor dther filteratorenherafedthenbehdtBbdd RRGwn in the art
water. In addition, prior to nanofiltration as

dependégron tredmaikeup of theinei beller reed V‘¥§Ff§le r RERrif fo Eigure 12, the

pretreated using carbon or other ters :3:] e he
in A en
O Rects W & i Al o '@Efggﬁ?ﬂ%g aflgr
extondES. e IR 1 B b R mB AR b ik S by

top operation, flux
33%. Fﬁ’g@h&@{t&gﬁg @ﬂg%o&'y{‘ég[ggafqrgggﬁréhg QM%iﬂalﬂUWiqaerbﬁ restored.
acid or simlar the original flux can be restored.
Referripgrta Fgyg 1% the gifeet aftjme oo perfreste Hx aindthapdness R0V
flux and hardness is shown.
As can be seen in Figure 13, after extended use, more than 800 hours of non-stop

operation, hardness remains below about 8 ppm, indicating the applicability of the
present method and apparatus for boiler feed water applications. Referring to Figure
14, the effect of time on permeate flux and rejection is shown. As can be seen in
Figure 14, after extended use, more than 800 hours of non-stop operation, rejection
remains above about 95%, again indicating the applicability of the present method
and apparatus for boiler feed water applications.

[0064] Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein.
It is intended that the specification be considered as exemplary only, with a full

scope and spirit of the invention being indicated by the following claims.
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As can be seen in Figure 13, after extended use, nore
t han 800 hours of non-stop operation, hardness remains
whedomossbout 8 ppm indicating the applicabiliPpgr/ob2006re26812
present method and apparatus for boiler feed water
applications Referring to Figure 14, the effect of
OOGEBNE ate flux and rejection is shown. As can
[ e in f@@ﬁlag sRecifieation ¥ iaventionibes beenelesbribed in
800 hours of non-stop operation, rejection remains
relatigndo eesiptiupredaved egwiodimenistheiend, arftenapy!detaily have/b&én set
the present nethod and apparatus for boiler feed water

forth dpmpurpate of Hlustrafiéd]it Wiles agpdent taerhbge%%nbaqn 1 the art that the

invention wll be apparent to those skilled

mverftfo‘hrfs e08sesitIate 9 dl% hﬁ‘gﬁﬁeﬁté}% an{j ?ﬁa%ﬁa@iggﬁteccﬁegalls

ot Re T e 10 SddHon rein
descﬁﬁﬁ%ﬁgﬁﬁh% g%%&ﬂ“%ﬁﬂﬁEﬁf Eﬂgyﬂ%ﬁg%épgglar%wngbgkgsm

i ndi ¢ by the follow ng cl ains.

principles; g gﬁ@d@b&ﬁ!&é‘msw 002] -21- 7/11/06[0065] While in
the foregoing specification this invention has been
described in relation to certain preferred enbodi ments
thereof, and many details have been set forth for
purpose of illustration, it will be apparent to those
skilled in the art that the invention is susceptible
to additional enbodiments and that certain of the
details described herein can be varied considerably
W t hout departing fromthe basic principles of the
i nvention. [33449-8030/LA061 850.002] -22- 7/1
1/06CLAIMS W claim 1. A nethod for softening water,
the nethod conprising: (i) providing at least a first
nanofiltration elenent; (ii) providing at |east a
second nanofiltration el enent configured, said second
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nanofiltration elenent in series with the first
nanofiltration elenent; (iii) providing a source of
wootsabbssswat er ; (iv) passing the potabl e wat er Pa)/US2006/026812

through the first nanofiltration elenent for a first
period of tinme to generate a first perneate stream of
sof tened water having a | ower hardness than the source
of potable water and a fi%lAIM@ncentrate stream of
wat er having a higher hardness than the source of

We clgipiabl e water, and b) subsequently passing the first
concentrate streamthrough the second nanofiltration

1. eRemetiod for gefteningavater, ¢he MibtRed EBAiRiskig:eam of
softened water having a | ower hardness than the source

ofi) PROWay HelbaSt #NFL AaRBARGoR RERBNE at © Stream of

wat er having a higher harﬁ'ness t e source of
o Bt Bt oz & GEYG0 PeRénbfian sBiing: caighited ek second

ter..passes: a) first thr h the second.
HETTERSE Blamentinsnties HTNS degmansbiraionaiement 1 o
generate a perneate stream of softened water having a
I@i)e?r%ﬁi'aﬁe%@lﬂﬁa@fpﬁ@%w&“; of potable water and a
concentrate stream of water having a hi gher hardness
t (\anpaksingdhe potalfle patiabl e wat er, and b) Subsequent | 'y
passi ng the concentrate streamthrough the first

[@314@{8ﬂﬁ@h&h@@&st&%dﬁﬂ?&tion?e?em%hilf&/é)ﬁr%tiﬁ?ﬁé&i Bgﬁﬁ{b%

el ement to generate a perneate stream of softene

ViRInRIraftay ifinék rfbrg%gﬁ% s8N SRS \AH?%S ﬁ%é& %}?{Ner hardness

pot abl e wat er; epeati ng steps
than the source of potable water and a first concentrate stream of water

—

having a higher hardness than the source of potable water, and

b) subsequently passing the first concentrate stream through the second
nanofiltration element to generate a second permeate stream of softened
water having a lower hardness than the source of potable water and a second
concentrate stream of water having a higher hardness than the source of
potable water;

(v) reversing the flow of the potable water such potable water from the source
of potable water passes:

a) first through the second nanofiltration element for a second period of
time to generate a permeate stream of softened water having a lower
hardness than the source of potable water and a concentrate stream of water
having a higher hardness than the source of potable water, and

b) Subsequently passing the concentrate stream through the first
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2. The nmethod for softening water of claim1, wherein
the first nanofiltration elenment is configured to
WO egogobssat | east 80 percent of cal ciumions. 3PCTE82006/026812
nmet hod for softening water of claim1l1l, wherein the
first nanofiltration elenent is configured to reject
e ercent of calciumions. 4 . The nethod of
cnavﬂﬁﬁat'%ﬁ nt lo gpNesaien permeats streaod of sofidnashwater
el enent internmediate the first and second _
nBAvNgIa lower bardsiessdhnan thé soilifoe ofgidtatleatatel:aing 1.
wherein the first period is less than 2 hours in

drepeating stéps (Weanwei/hod of claim 1, wherein the first
peri od |gs fpes(sl:\bt han ? hour in duration. 7. The nethod

2. 0Thé'n€’étﬂbéafoﬁ’§tﬁfe‘ﬁid%; \R/%’Fer’flgh‘réél r\}vl‘?gr II"F He tha fg&g fion

m nutes in durati

t mnut S, i duratlon
Qﬁﬁérﬁ% %W@?d Ikt tﬂ@ neqcﬁeFefeeaﬂﬁnanwnﬁod s
? S.in duration. 10. The nethod of claim

3. 1, 8‘?‘?1 U ¥@8@8ﬁﬁa 19f sdpims 1, | whereimthe firshoamofilination
duration. 11. The net hod of claim1, wherein the
seleBtent ifesandigured fovsieatratrieas 80 percest ofrcalciuat iops, 12.
The nethod of claim 1, wherein the second period is at

4. | 'Esmetibodiohcinins 1 furtﬂmraddrmr43|lh§a4l4i9d &aﬁaﬁlhéﬂ@ﬁ element
850. 002] -24- 7/1 1/0613. The nethod of claim1

fintteriveciiato s fisk BEd RUEBH A AIRRBATIGHEAL, on il ter

5. The method of claim 1, wherein the first period is less than 2 hours in
duration.

6. The method of claim 1, wherein the first period is less than 1 hour in duration.

7. The method of claim 1, wherein the first period is less than 30 minutes in
duration.

8. The method of claim 1, wherein the first period is at least 10 minutes in
duration.

9. The method of claim 1, wherein the second period is less than 2 hours in
duration.

10.  The method of claim 1, wherein the second period is less than 1 hour in
duration.

11.  The method of claim 1, wherein the second period is less than 30 minutes in
duration.

12.  The method of claim 1, wherein the second period is at least 10 minutes in

duration.
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13.

14.

15.

16.

17.

18.

19.

20.

[33449-8030/LA061850.002] -25-

elenents for a period of at |east 30 seconds. 14. The
nmet hod of claim 1, further conprising purging the

woa0aiondsse at i on el enents for a period of | ess POBNSE06/026812

mnutes. 15. The method of claim1, further conprising
purging the nanofiltration elenents for a period of

| ess than 10 percent of the softening period. 16.
%hﬁgmﬁ@e fclaimy] E‘u fther eampiising prrgingithg nanofitagon Hitter
nanofiltration elenents for a period of tine |less than
5ejesneniatforna petied sbat leastd0 pecorats. 17. The method of
claiml1, further conprising purging the systemwth an

athed methpdsificlaim 1, JurtAdrecombrivasy Bﬁrgihgitﬂé ﬁan&fg?lﬁ%ﬁbﬁ‘ elements

the acid is selected fromthe group consistin

Midrizabé o6 I@ss?ﬁ%ﬁwt??ni?tgﬂeg’ lactic acid, and

conbi nati ons thereo Tgef met ho;j] of claim 1, sting
' id | ected. fromthe group consi
of & Shanbde 88 1, o Piyait B¢ bBachatiomelements
[ [ .thereof. 20. A nethod for softening
B & P& aESHipe i@fsagﬁarww@em(qf)th% seiteainggperid. r st
nofiltration el enent configured to reject at |east
gbhe gratbad obelaimilc furthar@emprisirig punging thergaroftiesiioitelements

nanofiltration el enent configured to reject at |east

80r perarimat ofdime tessithan 5escertaifths sefadingasstidd, t r at i on
elenent in series with the first nanofiltration

eTrearatgthod of tlairdMORirtHed GompHalH; r@ﬁ%ﬁ{@sﬁ?ﬁf@&iﬂ{ an acid

(iv) passing the potable water “tt
nemepodifigt i on el ement and then into the second
nanofiltration elenent for a first period of tine;

The method of claim 1, wherein the acid is selected from the group consisting
of muriatic acid, acetic acid, lactic acid, and combinations thereof.

The method of claim 1, wherein the acid is selected from the group consisting
of phosphoric acid, sulphuric acid, citric acid, and combinations thereof.

A method for softening water, the method comprising:

(i) providing a first nanofiltration element configured to reject at least 80
percent of calcium ions;

(ii) providing a second nanofiltration element configured to reject at least 80

percent of calcium ions, said second nanofiltration element in series with the

first nanofiltration element;
(iii) providing a source of potable water:

(iv) passing the potable water through the first nanofiltration element and then

into the second nanofiltration element for a first period of time;

(v) reversing flow of the potable water such that it passes through the second
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21.

22.

23.

24.

25.
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(v) reversing flow of the potable water such that it
passes through the second [33449-8030/ LA061 850. 002]

WO 2607/0088%0 1/ O6nanofiltrati on el ement and t hen POTWS1006026812

first nanofiltration elenent for a second period of

time, wherein the second period of tine is shorter

than the first period of time, repeating steps (iv)

aﬁ'é‘”?f)'}faaa'ﬂ ie?raﬂg%fr@r& tendatoghetfiset nandfilitation demenefor a

met hod of claim 20, further conprising a third

f SPeeRd periodoétime; wheseid thésecorid péried bbtimeli€ 8RSiter than the

positioned internediate the first and second el enent

s ficdt pehiat dfltiove.bet ween said first and second el enents

passes through the third elenment. 22. The net hod of

C ki dBtiAe, st i) &n rihe to Pl f el LS from 20

to@%O mgnu?f!)e‘f,(I )andd pﬁg‘usr@@gnd rrJ@rgﬂg%Og;H%[ﬁ?@Qi from

2 ' . . oThe nethod of, clajm?20, further

conB ekl dfeldih 2 Hyrhicroraeiing 4 i BRSO sieme, said thir

spftening water i.n accordance with claim20, wherein

t ﬁ'&“’"ﬁﬂﬂ&?G’PPBW?%“%%'PE%H‘%&!@ the iest @nd ssicond elamattuch

p un?s per square inch. 25. The nethod for softening
lowrpeiwesn gaitirshand secendrelments passes threugnthe third

flowis provided at a pressure of 25 to 50 pounds per

selemranti nch. [ 33449-8030/ LA061850. 002] -26- 7/11/06

The method of claim 20, wherein the first period of time is from 20 to 30
minutes, and the second period of time is from 20 to 30 minutes.

The method of claim 20, further comprising the addition of acid

The method for softening water in accordance with claim 20, wherein the input
flow is provided at a pressure of 10 to 200 pounds per square inch.

The method for softening water in accordance with claim 20, wherein the input

flow is provided at a pressure of 25 to 50 pounds per square inch.
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