- 1- Title of the Invention Method and apparatus for further purifying
ultrapure water Field of the Invention [0001) The present invention
relates to a nethod for further purifying ultrapure water, which has been
produced by an ultrapure water production system imediately before a
point of use in an institution where the ultrapure water is to be used,
and an apparatus therefor. Background of the Invention [0002) Wth the
advance of sem conductor production technology in recent years,
sem conductors are to be produced with a higher and hi gher packing density
and a smaller and smaller line width. -Utrapure water for use as a
cleaning liquid in sem conductor production processes is therefore
required to have contents of inpurities such as trace netals and netal
i ons bei ng regugedskochdevieii-ton Accordingly, strict denmands are nade on
the techniques for removing inpurities fromultrapure water to be used in
t he seni conduct or Methddistindy app@o@B}s Tkt Eaptire Warefy-hd ghityapuFsfi ed by an
ul trapure water

water

Field of the Invention

(0001}

The present invention relates to a method for further

purifying ultrapure water, which has been produced by an

ultrapure water production system, immediately before a

point of use in an institution where the ultrapure water is

£to be used; and an apparatus therefor.

Background of the Invention

(0002}

With the advance of semiconductor production technology

in recent vears, semiconductors are to be produced with a

higher and higher packing density and a smaller and smaller

line width. Ultrapure water for use as a cleaning liquid in

semiconducter preduction processes is therefore reguired to

have contents of impurities such as trace metals and metal

ions being reduced to the limit. Accordingly, strict

demands are made on the techniques for removing impurities

from ultrapure water to be used in the semiconductor

industry.

[0003]

Ultrapure water, highly purified by an ultrapure water

production system, is subjected to further removal of



production system is subjected to further renoval of -2 inpurities

i mredi ately before a point of use (PQU) in sem conductor production
processes. Filtration is the only one technique as a technique for
removing inpurities inmmediately before the point of use. [0009] However,
in an ultrapure water production system conplicated operations such as
oxidization with ultraviolet rays, ion exchanging, and ultrafiltration are
conducted. If conplicated operations are further conducted at the point of
use, therefore, the system should have an increased size. This causes
probl ens or troubles such that an instal Fation space for the systemat the
point of use is hardly allocated, a |arge power is required, and the
systemitself causes inpurities such as netals and netal ions.

Accordi ngly, ampstitdeg temahdthayg bebraraedecint cgnsiseu¢POl@N lappar at us and
method for filtration, which require a small place and which are capable
of further pupsmtidonguarer apwdechhblerriegsear gdt L tpariaty 15 5885971 ¥The nost
general process for renoving trace ions Jin water is a

e nmetals and netal i
process of ca??yiTeG BHEYT o ek RN Hy OF AelAl L %ant et E%S ons with a
bead-1i ke ion;, exahange &8I Ohe Ch&! AL IR, EESIN to renove the netal s and

[(00Q4]

Howgver, in an ultrapure water production system,
complicated operations such as oxidization with ultraviolet
rays, ion exchanging, and ultrafiltration are conducted. If
complicated operations are further conducted at the point of
use, therefore, the system should have an increased size.
This causes problems or troubles such that an installation
space for the system at the point of use iz hardly allocated,
a large power 1s required, and the system itself causes
impurities such as metals and metal ions. Accordingly, &
strong demand has been made to construct an apparatus and
method for filtration, which require a small place and which
are capable of further purifying ultrapure water te a target
purity.

[0005]

The most general process for removing trace matals and
metal iens in water is a process of carrying out ion
exchanging of metals and metal ionsg with a bhead-like ion
exchange resin or chelating resin to remove the metals and
metal ions from the water.

[0006]



metal ions fromthe water. [0006] - 3 Wen netals and netal ions are
renoved by using such a bead-like ion exchange resin, however, the netal
ions are renoved only at a |low rate, because a speed at which the netals
and netal ions diffuse into the ion exchange resin |limts this rate. For
provi di ng such an ion exchange efficiency as to be usable in actual
process, therefore, an apparatus for use herein should have a | arge size
to increase the capacity of the ion exchange resin. Thus, size reduction
of the filtration apparatus is difficult. [0007] As a possible solution to
t hese problens, there are proposed fiktérs each including a porous

menbr ane, such as a porous flat nenbrane or holl owfiber nenbrane, or a
nonwoven fabric as a base material, in which the base nmaterial bears a
functional group sueh r@%aas koM exechangnhygugr aepooed ghelsatyngudr aup
(Japanese Unexam ned Patent Application Publication No. 11-99307 and
Japanese UnexafichddkPat@ntexchpphe caaiion POBETat itdf R 20055218947) .

[0008) A filter of this type. acts to renove netal i.ons, , .bec e the
functional gricify Ras® éﬁ?@i%?wcﬁay%n% Fﬁﬁseﬁ%ﬁgﬁegoﬁ%fﬁﬂﬁﬁi??%nalIy, t he

filter achie%&g%g%shggg ﬂéﬁéﬁ ions diffuse into the ion exchange resin
limits this rate. For providing such an i1on exchange
efficiency as to be usable in actual precess, therefore, an
apparatus for use herein should have a large size to
increase the capacity of the ion exchange resin. Thus, size
reduction of the filtration apparatus is difficult.
[00GC7]

As a possible solution to these problems, there are
proposed filters each including a peorous membrane, such as a
porous flat membrane or hollow-fiber menbrane, or a nonwoven
fabric as a bkase materizl, in which the base material bears
a functional group such as an ion exchanging group or
chelating group {Japanese Unexamined Patent Application
Publication No. 11-98307 and Japanese Unexamined Patent
Rpplication Publicatien No, 2005-218947).

{0008]

A filter of this type acts to remove metal ilons,
because the functional group hag an ability of removing
metal ions. Additionally, the filter achieves a high rate
of removing adsorbed mclecules, because the metal ions are
tLransported into pores of the filter by convection of

ultrapure water.



of renoving adsorbed nol ecul es, because the netal ions are transported
into pores of the filter by convection of ultrapure water. 4 - [0009]
However, this filter, if using a hollow-fiber nmenbrane as the base
material, causes increased cost. [0010] The filter, if using a flat
menbrane as the base material, undergoes breakthrough within a short tine,
because the nenbrane thickness thereof is small, although the filer can
renove netals and netal ions at a high renoval rate in early stages of

wat er passing. For avoiding this problem the nenbrane is to have a |arger
size so as to reduce the amount of netal®ions to be renoved per unit
menbrane area. This, however, nakes the filtration apparatus have a | arger
size. For avoiding the |arger-size apparatus, two or nore plies of

menbr anes may 8€CBsed. This, however, increases pressure |oss. [0011]

Japanese Exam ned Pat ent plication Publication No. 3- 9798 describes a
treat ment typical I8PY6 €1 t Yivatier PqF t hifa UshaEr drivtiieur P eorind%RERAfge resin
and an ion ex% apge fiber. Patent Docupent 1: Jgggg§§e Unexam ned Pat ent

{

P L e
0010]

The filter, if using a flat membrane as the base
material, undergoes breakthrough within a short time,
because the membrane thickness thereof is small, although
the filer can remove metals and metal ions at a high removal
rate in early stages of water passing. For avoiding this

roblem, the membrane is to have a larger size so as to
reduce the amount of metal ions to be removed per unit
membrane area. This, however, makes the filtration
apparatus have a larger size. For avoiding the larger-size
apparatus, two or more plies of membranes may be used. This,
however, increases pressure loss.
[0011)

Japanese Examined Patent Application Publication No. 3-

9758 describes a treatment typically of city water with a
macroreticular ion exchange resin and an ion exchange fiber.

Patent Document 1l: Japanese Unexamined Patent Application
Puplication No. 11-9%307

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2005-218947

Patent Document 3: Japanese Examined Patent Application

Publication No. 3-9798



Pat ent Docunent 2 Japanese Unexam ned Patent Application Publication No.
2005- 219947 Patent Docunent 3: Japanese Exam ned Patent Application
Publication No. 3-9798 - 5 - [0012] As is described above, demands have
been nade to further inprove the quality of ultrapure water. However, no
t echni que has been found, according to which very trace anounts of netal
ions contained in ultrapure water can be stably renoved to a high degree
within a limted space, such as one imedi ately before a point of use,
over a prolonged period of tine. Summary of the Invention [0013] An

obj ect of the present invention is to previde a nethod for further
purifying ultrapure water, according to which inpurities contained in
ultrapure water can be stably renpved to a high degree within a snall
space over a [{pridionged period of tine; and an apparatus therefor. [0014)
According a first enbodinent, there is provided an apparatus for further
purifying ultrapufe iatdEscrihfe ey, confrrdedais BPFTUMEASpE? e- wat er i nl et

of an institution in, which the ulfrapyre yalel i, LeePe H38he NG
appar at us
technique has been feound, according to which very trace
amounts of metal ions contained in ultrapure water can be
stably removed to a high degree within a limited space, such
as one immediately before a point of use, over a prolonged
period of time.
Summary of the Invention
[0013]

An object of the present invention is to provide a
methed for further purifying uvltrapure watex, according to
which impurities contained in ultrapure water can bhe stably
removed to a high degree within a small space over a
prolonged period of time; and an apparatus therefor,

[0014)

According a first embodiment, there is provided an
apparatus for further purifving ultrapure water, which is
connected to an ultrapure-water inlet of an instituticn in
which the ultrapure water is to be used. The apparatus
includes an ion exchange resin layer and an ien exchange
filter, the ion exchange resin layer including a granular
ion exchange resin, and the ion exchange filter being
arranged dewnstream from the ion exchange resin layer and

including a membrane filter having the function of ion



i ncludes an ion exchange resin |ayer and an ion exchange filter, the ion
exchange resin layer including a granular ion exchange resin, and the ion
exchange filter being arranged downstreamfromthe ion exchange resin

| ayer and including a nenbrane filter having the function of ion 6
exchangi ng. [0015) In a second enbodinent, there is provided the apparatus
for further purifying ultrapure water, according to the first enbodi nent,
in which the ion exchange resin has a particle dianeter of 100 gm or nore.
[0016) In a third enbodinment, there is provided the apparatus for further
purifying ultrapure water, according to the first or second enbodi nent, in
whi ch the apparatus further includes a housing that houses the ion
exchange resin layer and the ion exchange filter. [0017] 1In a fourth
enbodi nent, tdwerhengsngrovi ded the apparatus for further purifying
ultrapure water, according to any one of the first to third enbodi nents,
in which the i®¥H>xchange resin includes a cation exchange resin al one or

in combination \M,[l’t] ha a"a%c%rqg:loenmbeoxcﬁrrlnaegg,e {ﬁgﬂen'is[g%ﬂded the apparatus

for further purifying ultrapure water, according to the
first embodiment, in which the ilon exchange resin has a
particle diameter of 100 um or more.

[COLG]

In a third embodiment, there is provided the apparatus
for further purifying ultrapure water, according to the
first or second embodiment, in which the apparatus further
inecludes a housing that houses the ion exchange resin layer
and the ion exchange filter.

{0017)

Irn & fourth embodiment, there is provided the apparatus
for further purifying ultrapure water, according to any one
of the first to third embodiments, in which the ion exzchange
resin includas a cation exchange resin alone or in
combination with an anion exchange resin.

[0018]

In a £ifth embodiment, there is provided the apparatus
for further purifying ultrapure water, according to any one
of the first to fourth embodiments, in which the ion
exchange filter further includes a2 microparticle removal
membrane having the function of removing microparticles, and

the microparticle removal membrane is arranged downstream



In a fifth enbodi nent, there is provided the apparatus for further
purifying ultrapure water, according to any one of the first to fourth

enbodi nent s,

in which the ion exchange filter further includes a

m croparticle renmoval nenbrane having the function of renoving
m croparticles, and the mcroparticle renoval nenbrane is arranged
7 - fromthe nenbrane filter. [0019] 1In a sixth enbodi nent,

downstr eam -

there is provided the apparatus
according to the
function of ion exchanging is pleated. -[0020]

for further purifying ultrapure water,
first enmbodinment, in which the nenbrane filter having the
In a seventh enbodi nent,

there is provided the apparatus for further purifying ultrapure water,
according to the fifth enbodinent, in which the nenbrane filter having

t he function ofcr encexehangiengiand:t he mcroparticle renoval

superposed to forman assenbly, and the assenbly is pleated. [0021]
ei ght h enbodi hEHt?] there is provided the apparatus for further purifying

for further purifying ultrapure water, according to the
first embodiment, in which the membrane filter having the
function of ion exchanging is pleated.

[0020]

In a seventh embodiment, there is provided the
apparatus for further purifying ultrapure water, according
to the fifth embodiment, in which the membrane filter having
the function of ion exchanging and the microparticle removal
membrane are superpcosed to form an assembly, and the
assemply is pleated.
oG21]

In an eighth embodiment, there is provided the
apparatus for further purifying ultrapure water, according
to the sixth embodiment, in which the apparatus further
includes a water-permeable inner cylinder and a water-—
permeable ouler cylinder being cocaxially arranged, and the
pleated membrane filter is arranged between the inner
cylinder and the outer cylinder so as to surround the inner
cylinder,
fo022]

In a ninth embodiment, there is provided the apparatus

for further purifying ultrapure water, according to the

nmenbr ane are

In an

Ultra ur e V\/ater accordln tot.he SlX e a ar at us
R e s 15 ottt afifaddfiety f ke FEIA D ged Tl h B 15 2PP



per neabl e outer cylinder being coaxially arranged, and the pleated
menbrane filter is arranged between the inner cylinder and the outer
cylinder so as to surround the inner cylinder. [00221 1In a ninth

enbodi nent, there is provided the apparatus for further purifying
ultrapure water, according to the - B seventh enbodi nent, in which the
apparatus further includes a water-perneable inner cylinder and a

wat er - per neabl e outer cylinder being coaxially arranged, and the pleated
assenbly of the nmenbrane filter having the function of ion exchanging and
the microparticle renoval menbrane is arrfanged between the inner cylinder
and the outer cylinder so as to surround the inner cylinder. [0023] 1In a
tenth enbodi nent, there is provided the apparatus for further purifying
ul t rapur e wat eryeatic amdodgnsot t e whickstitenbodhnents flumthbi cincdubesst er
punp for pressurizing water to be fed to the ion exchange resin |layer is
arranged. [ 08243t¢iTREFMERRYR iR cENBBH FRsH 2reheretes-pravealed &ufef hod

for further purifying ultrapure ter to be fed.tqQq an_ instituti i n which
the ul trapur ec%gf%c#eﬁgge%gb "4iséd; ytﬁlérarfggtdhoan%oﬁﬁ PIFAGS Hﬁegséﬁlggg of
al lowing ultrapurge water 19 rijter having the function of iecn exchanging

and the microparticle removal membrane 18 arranged between

the inner cylinder and the outer ¢ylinder so as to surround

the inner cylindsar.

[0C23]

In & fenth embodiment, there is provided the apparatus
for further purifying ultrapure water, according to the
first embodiment, in which a booster pump for pressurizing
water to be fed to the ion exchange resin layer is arranged.
[0024)

In an eleventh embodiment, there is provided a method
for further purifying ultrapure water to be fed to an
institution in which .the ultrapure water iz to be used, the
method comprising the steps of allowing ultrapure water to
pass through an ion exchange resin layer including a
granular ion exchange resin; and subsequently allowing the
ultrapure water to pass through an ion exchange filter
including a membrane filter having the functiocn of ion
exchanging.

[(0025]
According to the apparatus and a methed for further

purifying ultrapure water according to the present invention,



pass through an ion exchange resin layer including a granular ion exchange
resin; and subsequently allowing the ultrapure water to pass through an

i on exchange filter including a nmenbrane filter having the function of ion
exchangi ng. [0025] According to the apparatus and a nmethod for further
purifying ultrapure water according to the present invention, 9 wultrapure
wat er can be further purified to a high degree, because netal ions are
renoved to a certain extent by the 1ion exchange resin |ayer, and
subsequently the residual netal ions are further renoved by the ion
exchange filter. As netal ions are remoVed to a certain extent by the ion
exchange resin, the ion exchange filter arranged downstream fromthe ion
exchange resin layer has only to renove very snall anmounts of netal ions.
Thi s prevent suihepol exchange bk fiethdr porundser goi aghbylealilrough wit hin
a short period of tine, and further purification of ultrapure water can be
carri ed out ovetauseprelahgethsperkotefvad e, 2 ApRtEisnartsnt by fee net al

ions are renoved by both the ion exchange resin |a and .t he ion exchange
filter, the VHFUREORIPRE 10 BXChards FESFRIIEY cah Beibdldced as

conpared to the case, whel e mtal Lans . 8,7 ePVRY By.ALJO%igxchange resin

| ayer alone, and this contributes to the 5ize-reduction of the
As metal ions are removed to a certain extent by the ion

exchange resin, the ion exchange filter arranged downstream
from the ion exchange resin layer has only to remove very
small amounts of metal iona. This prevents the ion exchangs
filter from undergoing breakthrough within a short period of
time, and further purification of ultrapure water can be
carried out over a prolonged period of time. Additlonally,
since metal ions are removed by both the ien exchange resin
layer and the ion exchange filter, the volume of the ilon
exchange resin layer can be reduced as compared to the case
where metal ions are removed by an ion exchange resin layer
alone, and this contributes to the size~reduction of the
apparatus.

(0026}

According teo an embodiment of the present invention in
which the ion exchange resin has a particle diameter of 160
um or mora, the pressure loss of the ion exchange resin
layer is reduced, whereby a larger amount of water can pass
therethrough.

[0027]

According to another embodiment of the present



apparatus. [0026] According to an enbodi nent of the present invention in
whi ch the ion exchange resin has a particle dianmeter of 100 mor nore, the
pressure | oss of the ion exchange resin layer is reduced, whereby a | arger
anount of water can pass therethrough. [0027] According to another

enbodi nent of the present - 10 invention in which the apparatus further

i ncludes a housing that houses the ion exchange resin |ayer and the ion
exchange filter, the apparatus can further be downsized. [0028] According
to anot her enbodi nent of the present invention in which a cation exchange
resin alone is used as the ion exchangé“}éSin, cations such as netal ions
can be renoved, According to another enbodi nent of the present invention
in which a cation exchange resin and an ani on- exchange resin are used in
conbi nati on asneertixbure,viciath che apnrotitas feridier dnslades relovedndy t he
cation exchange resin, and, in addition, anions are renoved by the anion
exchange restbet 00897 tiihe dloR=eh@HEnGEStP| BT GRIuSRE (4t he present

exchange filter, the apparatus can further be downsized,
[0028]

According to ancther embodiment of the present
invention in which a cation exchange resin alcone is used as
the ion exchange resin, cations such as metal ions can be
removed, According to another embodiment of the present
invention in which a cation exchange resin and an anion-
exchange resin are used in combination as a mixture, cations
such as metsl ions are removed by the ¢ation exchange resin,
and, in addition, anions are removed by the anion sxchange
resin.

[0028]

The ion exchange filter for use in the present
invention may further include a microparticle removal
menbrane having the function of removing microparticles, and
the microparticle removal membrane may be arranged
downgtream from the membrane filter. In this embodiment,
microparticles, which have not been completely removed by
the ion exchange resin layer and the membrane filter, can be
removed by the microparticle removal membrane.

10030]
By pleating the membrane filter or a superposed

assembly of the membrane filter and the microparticle



invention may further include a mcroparticle renoval mnenbrane having the
function of renoving mcroparticles, and the mcroparticle renoval
menbrane nay be arranged downstream fromthe nenbrane filter. In this
enbodi nent, mcroparticles, which have not been conpletely renoved by the
i on exchange resin |ayer and the nmenbrane filter, can be renoved by the
m croparticle renoval nenbrane. [0030] By pleating the nenbrane filter or
a superposed assenbly of the nenbrane filter and the mcroparticle - 11
renoval nenbrane, filtration proceeds not only a direction perpendicul ar
to the menbrane plane of the pleated Tehbrane(s) but also in a
menbr ane- pl ane direction. Specifically, the pleated nenbrane functions as
a nmenbrane, the height of whose pleats corresponds to the thickness of an
adsor ption | aysrowfl tmhebraore.eXdhangeidn brecsedndicthiosly px gligrgsithe
lifetime of the filter. [0031 I n anot her enbodi nent, a booster punp is
arranged upsPPENMGFUERE EhparatedIde PURERAT Fiei PYediedl trapure  wat er

according to th re t._i.nvention whi iLs_arranged _iedi ately before
the point of %%@Fgﬁﬁﬁgpﬁgﬁﬁﬁﬁéoth% GS%%sgg?edﬁ%%mﬁ%lé_%ggﬁbn to punps in a
primary pure ygi8re;-ays)en:and: 8. sapseeabehe a0t 84 L4kl Yer@piio! |1 ng the

the height of whose pleats corresponds to the thickness of
an adscrption layer of the ion exchange filter, and this
prolongs the lifetime of the filter.

{0031]

In another embodiment, a booster pump is arranged
upstream of the apparatus for further purifyving ultrapure
water according to the present invention which is arranged
immediately before the point of uvase. By arranging the
booster pump in addition to pumps in a primary pure water
system and a subsystem, and by suitably cortrolling the
output of the booster pump, the ultrapure water can be fed
at a predetermined pressure (required pressure).

[0032)

In the case typically of a single wafer processing
cleanexr, ultrapure water is sprayed directly to the wafer,
and the ultrapure water is therehy required to be suitably
fed at a predetermined pressure.

F0033]

There can be the case where the apparatus is arranged

far from a clean room in which the cleaning system is placed

0¥ where the apparatus is arranged in another floor than



out put of the booster punp, the ultrapure water can be fed at a
predeterm ned pressure (required pressure). [0032) 1In the case typically
of a single wafer processing cleaner, ultrapure water is sprayed directly
to the wafer, and the ultrapure water is thereby required to be suitably
fed at a predeterm ned pressure. [0033] There can be the case where the
apparatus is arranged far froma clean roomin which the cleaning system
is placed or where the apparatus is arranged in another floor than - 12
that of the clean roan. Additionally, a | arge anount of water is required
for cleaning wafers, because recent waférs~ have |arge sizes of 300 mMmmin
di aneter and have large areas. [0034) In consideration of these
circunstances in addition to the pressure |oss of the ion exchange filter,
it is prefertred Pdrtheovidinngothe Adguiietigrvessute gt atmhenpagiint of use
that a booster punp is arranged and the pressure thereof is controlled by
setting the pra$duie BRItHedDEnEt RrCariippreNA ofEFHuSHiBSAEPY By
measuring the pressure at the | et .of .the ultrapure-water purifying
appar at us andﬁgghﬁﬁéﬁfys%%ﬁiPélgﬁiﬂmlﬁg BLEPUC 0PIt he™ Bo oSt 8F %ﬁﬁﬁxbased on
t he measured Rigssure.

In consideration of these circumstances in addition to
the pressure loss of the ion exchange filter, it is
preferred for providing the reguired pressure at the point
of use that a booster pump is arranged and the pressure
thereof is controlled by setting the pressure of the booster
pump previously suitably or by measuring the pressure at the
outlet of the ultrapure-water purifying apparatus and
suitably c¢ontrolling the output of the booster pump based on
the measured pressure,

Brief Description of Drawings
[0035]

[Fig. 1] Fig. 1 is a schematic cross sectional view of
an apparatus for [urther purifying ultrapure water according
to an embodiment of the present invention.

[Fig. 2] Fig. 2 is an angular perspective view of a
filter module.

{Fig. 31 Fig. 3 is a schematic perspective view showing
the assembly structure of a filtration element.

[Fig. 4] Fig. 4 is a flow chart of a process for
producing ultrapure water.

[Fig. 5} Fig. 5 is a flow chart of another process for



Brief Description of Drawings [0035] [Fig. 1] Fig. 1 is a schematic cross
sectional view of an apparatus for further purifying ultrapure water
according to an enbodi nent of the present invention. [Fig. 2] Fig. 2 is an
angul ar perspective view of a filter nodule. [Fig. 3] Fig. 3is a
schemati c perspective view showing the assenbly structure of a filtration
element. [Fig. 4 Fig. 4 is a flowchart of a process for producing
ultrapure water. [Fig. 5) Fig. 5is a flow chart of another process for -
13 - producing ultrapure water. Detailed Description of the Invention

[ 0036] Enbodi nents of the present i nventlidon will be illustrated below with
reference to the attached drawi ngs. |t should be noted, however, that
these are not construed to limt the scope of the present invention.

[0037] Fig. drddscangchemepucecvass .sectional view of a ultrapure-water
purifying apparatus 10, according to an enbodi nent of the present
invention. This purifying apparatus 10 includes a housing 1 that is

SUbStantlall)%etailed Description of the Invention

[0032¢€]

Embodiments of the present invention will be
illustrated below with referernce to the attached drawings.
It should be noted, however, that these are not construed to
1imit the scope of the present invention.

[0037]

FPig. 1 i¢ a schematic cross sectional view of a
ultrapure-water purifylng apparatus 10, according to an
arbodiment of the present invention. This purifying
apparatus 10 includes & housing 1 that is substantially
cylindrical. The housing 1 has a water inlet 2 at its
bottom and an outlet 3 in its upper part. The housing 1 is
partitioned into a lower chamber la and an upper chamber 1b
by a perforated plate 4.

{4038]

The lower chamber lz is filled with a bead-like ion
exchange resin to gonstitute an ion exchange resin layer 5.
[0038]

An ion exchange filter 6 is arranged in the upper
chamber 1b. The ion exchange filter 6 is pleated, the lower
end thereof is sealed with a seal 6a, and the upper end

thereof is fixed to the housing 1. The inside of the ion



cylindrical. The housing 1 has a water inlet 2 at its bottomand an outl et
3inits upper part. The housing 1 is partitioned into a | ower chanber |a
and an upper chanber |b by a perforated plate 4. [0038] The | ower chanber
la is filled with a bead-like ion exchange resin to constitute an ion
exchange resin layer S. [0039] An ion exchange filter 6 is arranged in the
upper chanber Ib. The ion exchange filter 6 is pleated, the |ower end
thereof is sealed with a seal 6a, and the upper end thereof is fixed to
the housing 1. The inside of the ion - 14 exchange filter 6 comuni cates
with the outlet 3. [0040] The ion exchéﬁbé filter 6 may be conposed of a
menbrane filter having the function of ion exchanging, and a

m croparticle renmoval nenbrane having the function of renoving

m croparti cl estateygpe f ot raangedonhomig-ative Whtlerthecioptuef er.enti al surface of
the menbrane filter. Further, a cylindrical bobbin may be arranged al ong
the inner cifttf#fflerential surface of the nembrane filter or of the

Tl € § TR e a0, 20,3 k0 HRPAL! Sl Mkl "
filter having the functioen of ion exchanging, and a
micyroparticle removal membrane having the function of
removing microparticles may be arranged along the inner
circumferential surface of the membrane filter. Further, a
cylindrical bhobbin may be arranged along the inner
circumferential surface of the membrane filter or of the
microparticle removal membrane so as to support the membrane
filter or microparticle removal membrane.

[0041]

For further purifying ultrapure water using the
purifying apparatus 10 having this configuration, ultrapure
water, which has been produced typically by an ultrapure
water production system, is introduced through the water
inlet 2 into the housing 1. The introduced ultrapure water
passes through the ion exchange resin layer & in the lower
chamber la. During this process, the ion exchange resin
removes impurities such as metal ions from the ultrapure
water,
10G6462)

The pure water passed through the ion exchangé resin
layer > further passes through the perforated plate, flows

into the upper chamber 1b, and permeates the ion exchange



For further purifying ultrapure water using the purifying apparatus 10
having this configuration, ultrapure water, which has been produced
typically by an ultrapure water production system is introduced through
the water inlet 2 into the housing 1. The introduced ultrapurc water
chanber | a.
During this process, the ion exchange resin renoves inpurities such as
metal ions fromthe ultrapure water. [0042] The pure water passed through
the ion exchange resin layer 5 further passes through the perforated
plate, flows into the upper chanber | b, *2and perneates the ion exchange -
15 filter 6 fromthe outer circunferential surface to the inner
circunferential surface. During this process, the ion exchange filter 6
removes resi dialtermputien édiespoheastinetialf e remiisa Wshichadravie hot beerr
conpletely renoved by the ion exchange resin |layer 5. &0043&

passes through the ion exchange resin layer 5 in the | ower

wat er per neat @tFIReSreRt BlcFERGR~¢i | PEFL®Y FHicwe T opfw-d

"R &

The pure
‘tavity inside

the ion exchange filter, 6 %nge{névedi schanged fromthe oythet 3,.{0044] The
s a @ ‘i ameter of

g

i on exchange T'€Sin-ha partic

ions which have not been completely removed by the ion

exchange resin layer 5.

(0043]

The pure water permeated the ion exchange filter 6

flows upward in a cavity inside the ion exchange filter 6

and is discharged from the outlet 3.

[0044]

The Llon exchange resin has a particle diameter of

preferakly 100 pm or more, more preferably from 100 o 1200
pum, and especially preferably from 400 to §00 um. An ion
exchange resin, Lf having & particle diameter of 100 um or
more, may help to reduce the pressure loss of the ion
exchange resin layer and to increase the amount of water to
pass therethrough. As used herein a "particle diameter" is
defined in the following manner. Specifically, a particle
size distribution 1s measured according to the method for
measuring particle size distribution as specified in

Japanese Industrial Standaxds (JIS) K-1474, and a diamster

of the sieve mesh corresponding to a 50%-point cumulative
particle size distribution is defined as an average diameter,
and the average diameter is defined as the particle diametexr.

[0045)



preferably 100 pmor nore, nore preferably from 100 to 1.200 pm and
especially preferably from400 to SO0 pin. An ion exchange resin, if
having a particle diameter of 100 pmor nore, may help to reduce the
pressure | oss of the ion exchange resin |layer and to increase the anount
of water to pass therethrough. As used herein a "particle dianmeter" is
defined in the follow ng manner. Specifically, a particle size
distribution is neasured according to the nmethod for neasuring particle
size distribution as specified in Japanese Industrial Standards (JIYS)

K- 1474, and a diameter of the sieve nesh®corresponding to a 50% poi nt
cunul ative particle size distribution is defined as an average di aneter,
and the average dianeter is defined as the particle diameter. [0045] - 16
The i nn exchange T&si howarkdbenae oresivamshebe anfdrorxaexbharkge iresi n for use

in a polisher of an ultrapure water ngrodu.ction system This ion exchange
resin may be S¥CHIGN TeBXENHgESPes P HAONENBF of HXUUF BT YEEET on

exchange resin . anj exghange resin. If the specific resistance at
o PP BN L BRD s chRane e RETAT

the outlet 3 S ess VWhen a ca ( inTs useq
al one, the catioMhR¥Change 418%lNoksa prafienably » Usedohn.caipifation, with an

ani on exchange resin as a mxture. A cationic organic substance can be
el uted from aand ani eniexchangegeeseénini f 1asad isneennbd natdienanbatat he
the outlet 3 1s 18 MQ.cm or less when a cation exchange
resin is used alone, the cation exchange resin is preferably
used in combination with an anion sxchange resin as a
mixture. A ¢ationic organic substance can be eluted from an
znion exchange resin, if used in combination, but the
cationic organic substance is removed by the icn exchange
filter & arranged downstream therefrom, and thereby the
cleanliness of the ultrapure water can be maintained.
[0046)

The cation exchange resin is preferably one that has
been conditioned typically with hydrochloric acid or nitric
acid to remove contained impurities to an absolute minimum
and to increase the substitutional rate with hydrogen atoms.
Likewise, the anion exchange resin is preferably one that
nas been conditioned typically with sodium hydroxide to
remove contained impurities to an absolute minimum and to
increase the substitutional rate with hydroxzyl groups.
[0047]

In the zbove-mentioned embodiment, the ion exchange

filter is pleated, but the shape of the ion exchange filter



cationic organic substance is renoved by the ion exchange filter 6
arranged downstreamtherefrom and thereby the cleanliness of the
ultrapure water can he maintained. [0046] The cation exchange resin is
preferably one that has been conditioned typically with hydrochloric acid
or nitric acid to renove contained inpurities to an absolute m ni nrum and
to increase the substitutional rate with hydrogen atons. Likew se, the
ani on exchange resin is preferably one that has been conditioned typically
wi th sodi um hydroxide to renove contained inpurities to an absolute

m ni rumand to increase the substitutidrdal rate with hydroxyl groups.
[0047] In the above-nenti oned enbodi nent, the ion exchange filter is

pl eated, but the shape of the ion exchange filter - 17 is not limted

t hereto and ney re, liweftekahpkes;o dd ndyisal .for] @848)1lheyiendrana filter
having the function of ion exchanging nmay be conposed of a pol yner base
mat eri al havi HF48a functional group. As the functional group, an ion-

exchangi ng group @E %yc&elgtigﬁg%ﬁﬁgg m t%% gsed.,Thef ?olyner base
material shoul d be*SHEH EAAE AnBant "o " s lBLt atfdes *di 30l ved or el ut ed
therefromis éﬁéﬁ%k&lng[d§§4%k composed of & peolymer base material having

a functicnal group. As the functional greup, a&n ion-

exchanging group or a chelating group may be used. The

polymer base material should be such that the amount of

substances disseclved or eluted therefrom is trivial.

[0049]

Exemplary materials for the membrane filter include,
but not limited to, polyolefins such as polyethylenes and
polypropylenes; flucrccarbon resins such as
polytetrafluoroethylenas (PTFES),
polychlorotriflucreoethylene (CTFE), tetraflucroethylene-
perflucrcalkyl vinyl ether copolymers {(PFAs), and
poly{vinylidene flucride)s (PVDFs); halogenated polyolefins
such as poly(vinyl chloride)s; polyamides such as nylon-6
and nylen-66; urea resins; phenolic resins; melamine resins;
polystyrenes; ceilulose; cellulose acetate; cellulose
nitrate; poly(ether ketone)s; poly{ether ketone ketone)s;
poly{ether ether ketone)s; polysulfones; poly(ether
sulfone)s; polyvimides: polyehterimides; polyamide-imides:
polybenzoimidazoles; polycarbonates; poly(ethylene
terephthalate)s, poly({butylene terephthalate)s;

poly (phenylene sulfide)s; polyacrylonitriles; poly{ether



Exemplary materials for the nenbrane filter include, but not limted to,
pol yol efins such as pol yet hyl enes and pol ypropyl enes; fluorocarbon resins
such as pol ytetrafl uoroethyl enes (PTFEs), polychlorotrifluoroethylene
(CTFE), tetrafluoroethylene- perfluoroal kyl vinyl ether copol yners (PFAs),
and poly(vinylidene fluoride)s (PVDFs); hal ogenated pol yolefins such as
pol y(vinyl chloride)s; polyam des such as nylon-6 and nyl on-66; urea
resins; phenolic resins; nmelamne resins; polystyrenes; cellul ose;

cellul ose acetate; cellulose nitrate; paly(ether ketones; poly(ether

ket one ketone)s; poly(ether ether ketéﬁ@§§j pol ysul f ones; pol y(ether

sul fone)s; polyimdes; polyehterimdes; polyam de-im des;

pol ybenzoi m dazol es; pol ycarbonates; poly(ethylene terephthalate)s,

pol y( but yl enertleridghthated eyeol vpery (Phéngendishppt dwigrg linmited to
polyacrylonitriles; poly(ether - 18 nitrile)s, and copol ne%s of them
Wt hout * bei ngPH? =64 P GRESBARH1 CLIVRE ol &b ATeR o5t IGFy "6 mat er | al s
can be selec or dj : C ity [0050] The nenbrane thickness of
t he nenbrane %?ﬂ?g%%'ég&%g%%lrgglﬁéé%%%ﬁéfl to 10 nm and especially
preferably froms.5 to 10 nm A nenbrane filter, if having a nenbrane

t hi ckness of smaller than 0.1 mm may undergo breakt hrough

The membrane thickness of the membrane filter 1is
preferakly from 6.1 te 10 mm, and especially preferably from
0.5 to 10 mm. A nmembrane Iilter, if having & membrane
thickness of smaller than 0.1 mm, may undergo breakthrough
in early stages. In contrast, a membrane filter, if having
A membrane thickness of larger than 10 mm, way show a large

ressure loss, and this may reduce the amount of water that
can be treated.
[0051;

The membrane filter preferably has an average pore
diameter of from 0.05 to 10 um and preferably has a porosity
of from 53% to 85%.

{0052]

When such a membrane filter is arranged under regular
conditions, it may be typically designed to have a larger
membrane area in consideration of aveoiding clcgging.
According to the present invention, however, there is no
need of allowing the membrane filter to have a large
membrane area, znd it is enough for the membrane filter to
be closely arranged to have a sufficilent lifetrime. This is

because the object to be treated is ultrapure water, and



in early stages. In contrast, a nenbrane filter, if having a nenbrane

t hi ckness of larger than 10 mm nay show a large pressure |oss, and this
may reduce the amount of water that can be treated. [0051] The nenbrane
filter preferably has an average pore dianeter of from0.05 to 10 pm and
preferably has a porosity of from55%to 85% [0052] Wen such a nenbrane
filter is arranged under regular conditions, it may be typically designed
to have a |l arger nenbrane area in consideration of avoiding clogging.
According to the present invention, however, there is no need of allow ng
the menbrane filter to have a |large nenbPane area, and it is enough for
the nmenbrane filter to be closely arranged to have a sufficient |ifetine.
This is because the object to be treated is ultrapure water, and - 19
consi der abl e anpeiMsrapfle ensurdrse ofr éomy etk chyretbesd dry- exehamgexchesga
arranged upstream in the present invention. [0053] Exanples of the

mi croparti cl e FehoAHTREREr BT /AT ni® Hife PEGARRRT ditveRti@hovi ng
nicroparticlei05§ﬁlude mcrofiltrati on menbrane (M- nmenbrane),
nanofiltratio menbrane (NF nenbrane), ultrafiltration nenbrane (UF

Examples of the microparticle removal membrane having
the function of removing microparticles include
microfiltration membrane (MF membrane), nanofiltration
memprane (NP membrane), ultrafiltration membrane (UF
membrane), and reverse osmosis membrane (RO menbrane).

Among them, ME membrane and UF membrane are preferably used
from the viewpoints typically of removing ability.
L0054]

The thickness of a skin Jayer in the microparticle
removal membrane is preferably from 10 to 500 um, and
especially preferably from 50 to 200 pwm. A microparticle
removal membrane, if having a skin layer with a thickness of
smaller than 10 um, may be unendurable in view of its
strength and may suffer from breakage. A microparticle
removal membrane, if having a skin layer with a thickness of
larger than 200 um, may cause a large pressure loss.

T0G55]

According to the present invention, the membrane filter
having the function of ion exchanging may be pleated, On
the other hand, the membrane filter having the function of
ien exchanging and the microparticle removal membrane may be

superposed to form an assembly and the assembly may be



menbrane), and reverse osnosis nenbrane (RO nenbrane). Anong them M
menbrane and UF nenbrane are preferably used fromthe viewoints typically
of renoving ability. [0054] The thickness of a skin Jayer in the

m croparticle renoval nenbrane is preferably from10 to 500 pm and
especially preferably from50 to 200 Fun. A microparticle renoval

menbrane, if having a skin layer with a thickness of smaller than 10 pm
may be unendurable in view of its strength and nay suffer from breakage. A
m croparticle renoval nenbrane, if having a skin layer with a thickness of
| arger than 200 fun, may cause a | arge-pfeéssure |loss. [0055] According to
the present invention, the nenbrane filter having the function of ion
exchangi ng may be pleated. On the other hand, the nenbrane filter having

t he function pfeatah exchanging and the microparticle renpval nenbrane may
be superposed.to forman assenbly and the assenbly may be - 20 - pleated.

[ 0056] Fig. 20026 perspective view of a nenbrane assenbly 15, in which a

menbrane filter ﬁ%thvgn %pe funchhpn of .ion  exchanging and
mcroparticle remval fenbrahE& 12°are® Jdpérpoded® f%&?%ﬁfegﬂgytﬁ%n rol | ed
into a cylinder..\ig » membrane filter 11 having the function of ion
exchanging and a microparticle removal membrane 12 are
superposed, pleated, and then rolied into a c¢ylinder. The
microparticle removal membrane 12 is arrxanged inside of the
membrane filter 11. The membrane assembly 15 is arranged
between a water-permeable inner cyiinder (bobbin) 21 and a
water—parmeable outer cylinder (bobbin) 22 s0 as to surrxound
the inner ¢ylinder 21. The inner cylinder 21 and the outer
cylinder 22 are coaxially arranged. The innexr cylinder 21
and the outer cylinder 22 may be ones having many pores
being opened or may be porous sintered compacts of ceramics
or metals.
[0057]
A filtration element 20 composed of the membrane
agsembly 15, the inner cylinder 21, and the outer cylinder
22 can be used in the same manner as the ion exchange filter
6 in Fig. 1,
[0C58]
The membrane assembly may have supports 13 and 14 which
are composed of water-permeable membranes and are arranged
on inner and outer circumferential sides thereof, as

illustrated in Fig. 3. The supports 13 and 14 herein are



m croparticle renoval nmenbrane 12 is arranged inside of the nenbrane
filter 11. The nenbrane assenbly 15 is arranged between a water-perneabl e
i nner cylinder (bobbin) 21 and a water-pernmeable outer cylinder (bobbin)
22 so as to surround the inner cylinder 21. The inner cylinder 21 and the
outer cylinder 22 are coaxially arranged. The inner cylinder 21 and the
outer cylinder 22 may be ones having nmany pores being opened or may be
porous sintered conpacts of ceramics or netals. [0057] A filtration

el enent 20 conposed of the menbrane assenbly 15, the inner cylinder 21,
and the outer cylinder 22 can be used”if!the same manner as the ion
exchange filter 6 in Fig. 1. [0058] The nenbrane assenbly may have
supports 13 and 14 which are conposed of water-perneabl e nenbranes and are
arranged on eaperpard out Bre giembuaher@inttieal 131 ates thhentofgpaasgicilél ustrat ed
in Fig. 3. The supports 13 and 14 herein are 21 superposed on_the nenbrane
filter 11 and'®heVali ECBPERRST e ZPepdiialvermynbiathe hep, Plealebti Vel3R and

t hen pleated.ej Oéﬁgen%nygdgypn [ gﬁ :ié%’ %mg | i es_of tPgLn%n? ane filter
11 havi ng théﬂgund}lon of i%n éxgﬁa gi'ng are @§6§ 6884, “put” %e number
of plies of thg MRMHANELIdd el oFBYo D& QR8N ndBe superposed, but

the number ¢f plies of the membrane filter may be one or may

be Lhree or more.

[0059]

Figs. 4 and 5 show exemplary flow charts of processes
for producing ultrapure water using the purifying apparatus
according te the present invention.

[6060]

In an exemplary flow in Fig. 4, primary pure water is
allowed to pass through a subsystem 30, pressurized by a
booster pump 50, fed to the purifving apparatus ¢0, and the
resulting ultrapure water is fed to a point of use. The
subsystem 30 includes a pump 31, a heat exchangex 32, an
ultraviolel-ray (UV) oxidation device 33, an ion exchanger
34, and an ultrafiltration membrane {UF membrane) system 35,
and thesge are conngcted in series.

[0061)

In another exemplary flow in Fig. 5, a hooster pump 50
is arranged in the midway of 2 subsystem 30A. In this
embodiment, the booster pump 50 is arranged between an ion
exchanger 34 and an ultrafiltration membrane (UF membrane)

system 35, but it may be arranged at another position. With



be three or nore, [0059] Figs. 4 and 5 show exenplary flow charts of
processes for producing ultrapure water using the purifying apparatus
according to the present invention. [00601 In an exenplary flowin Fig. 4,
primary pure water is allowed to pass through a subsystem 30, pressurized
by a booster punp 50, fed to the purifying apparatus 60, and the

resulting ultrapure water is fed to a point of use. The subsystem 30

i ncludes a punp 31, a heat exchanger 32, an ultraviolet-ray (UV) oxidation
device 33, an ion exchanger 34, and an ultrafiltration nenbrane (CF
menbrane) system 35, and these are confécted in series. [0061] In another
exenplary flowin Fig. 5 a booster punp 50 is arranged in the mdway of a
subsystem 30A. In this enbodinment, the booster punp 50 is arranged between
an ion exchargered4eand . ubt redidyd fabmonhererdsgaee URAresbt apa)ed syst em
35, but it may be arranged at another position. Wth 22 reference to Fig.
5, water fromt HéSsHBEyStids 30RaTat sy &3t 8¢ F9f ttRe “ParkFyitngfapplar at us 60

and fed to tthe point of use. . The ather nfiquration of the flow chart in
Fig. 5is the '%& eés“%ﬂﬁﬁ“ﬁﬁ%%m?ﬁ) FS? ﬁg”éﬁ%mf e %a 'réfé?eﬂg% numer al s

same as with that in Fig. 4, and the same reference numerals
refer to the same components, respectively.
[0062]

As materials for the booster pump, especialy for 1its
part that iz in contact with water, metallic materials are
not preferred because heavy metals can leak therefrom, but
materials that do not suffer from ion leakage, such as FVDFEs,
are preferred. For the same reason, the booster pump is
preferably a vortex pump or magnet pump.

[0063]

The bhooster pump can be arranged at any position, =g
long as being upstream of the apparatus according to the
present invention, but it is preferably arranged upstream of
the UF membrane of the subsystem so that dissolved oxygen
derived from the booster pump is removed by the UF membrane.
In this case, the UF membrane should be one that is
enduralble against pressure (b to 12 MPa}. By configuring
thus, microparticles leaked from the booster pump can be
removed by the UF membrane. More preferably, a degassing
membrane i1s arranged between the booster pump and the UF
membrane so as to remove dissolved oxygen further reliably.

EXAMPLES



refer to the same conponents, respectively. [0062] As materials for the
booster punp, especially for its part that is in contact with water,
netallic materials are not preferred because heavy netals can | eak
therefrom but materials that do not suffer fromion | eakage, such as
PVDFS, are preferred. For the sane reason, the booster punp is preferably
a vortex punp or nmagnet punp. [0063] The booster punp can be arranged at
any position, as |long as being upstream of the apparatus according to the
present invention, but it is preferably arranged upstream of the OF

menbr ane of the subsystem so that di ssol4®d oxygen derived fromthe
booster punp is renoved by the OF nenbrane. 1In this case, the OF nenbrane
shoul d be one that is endurable against pressure (5 to 12 MPa). By
configuring {®usi] mcroparticles | eaked fromthe booster punp can be
renoved by the OF nmenbrane. More preferably, a degassing nenbrane is
arranged bet ween FRe Besstiér 1pugip- iowd vihe TF ldwabratrd so fsctier enove

di ssol ved oxyﬁgrgffJ%tpgr_%égi %Qly. <:EXAI\/I;EES 23]f [OOSQ%FThe resent
i nvention wilTeBe i MHadt TEBE R FUriher 2l aefdinlesi A9 r S BPEREL 0 several
exanpl es and camaLabb¥&s. 1+ should be noted, however, these are never
construed to limit the scope 0f the present invention.
[00635]

In the follewing examples and comparative example, the
ultrapure-water purifying apparatus illustrated in Fig. 1
was used.

[00686]

[EXAMPLE 1]

A cation exchange resin "E¥-CG" (supplied by Kurita
Water Industries Ltd.) was sequentizlly conditioned with
hydrochloric acid and then with ultrapure water and charged
inte the lowexr chamber la of the ultrapure-water purifying
apparatus 10 in Fig. 1,

[Q0E7)

In the apparatus in Fig. 1, a filtrastion element having
the structure shown in Fig. 2 was used as the ion exchange
filter &, this was sequentially conditioned with
hydrechloric acid and then with ultrapure water, and
arranged in the upper chamber 1b of the ultrapure-water
purifying apparatus 10 in Fig. 1. 1In the filtration element,
the outer cylinder 22 has an inner diameter of 80 mm and a

height of 210 mm, and the inner cylinder 2] has an outer



exanpl e below. It should be noted, however, these are never construed to
limt the scope of the present invention. [0065] in the foll ow ng exanpl es
and conparative exanple, the ultrapure-water purifying apparatus
illustrated in Fig. 1 was used. [0066] (EXAMPLE 1) A cation exchange
resin "EX-CC' (supplied by Kurita Water Industries Ltd.) was sequentially
conditioned with hydrochloric acid and then with ultrapure water and
charged into the | ower chanber |a of the ultrapure-water purifying
apparatus 10 in Fig. 1. [0067) |In the apparatus in Fig. 1, a filtration
el ement having the structure shown in-R4g.-2 was used as the ion exchange
filter 6, this was sequentially conditioned with hydrochloric acid and
then with ultrapure water, and arranged in the upper chanber |Ib of the

ul t rapur e- wat @krangigri byi AY rappadat us=ikht BfF2D0 ofn, In the filtration
el ement, the outer cylinder 22 has an inner dianeter of 80 nmand a
hei ght of 210[#%4%)and t he i nner cylinder 21 has an outer 24 - dianmeter of

40 mm and a heighEnoﬁug%ﬂagHLaILg~§%Le assembly used herein, a
polystyrene grafted with sulfonic groups was used in the ion
exchange membrane, and a polystyrens porous membrane was
used in the microparticle removal membrane. The number of
pleats in the pleated membrane assembly is 70.

(0069)

The outer circumferential edges of the pleated azsembly
are in contact with the inner circumferential surface of the
outer cylinder 22, and the inner circumferential edges of
the pleated assembly are in ¢ontact with the outer
circumferential surface of the inner cylinder 21.

[0070]

Next, a sample water was prepared by adding a sodium
icn standard scolution, for use in 1CP~MS analysis, to
ultrapure water to a sodium concentration of 1.0 ng/liter,
and the sample water was introduced through the water inlet
Z into the purifying apparatus 10 at a rate of 20
liters/minute. Then, the sodium ion concentration of water
discharged from the outlet 3 was analyzed.

[0071)

Az a result, the number of days before breakthrough

occurred, namely, the number of days before the sodium

concentration of the outlet water reacked the same level



In the pleated nenbrane assenbly used herein,

a polystyrene grafted with

sul fonic groups was used in the ion exchange nenbrane, and a pol ystyrene
porous nenbrane was used in the mcroparticle renoval nmenbrane. The nunber
of pleats in the pleated nenbrane assenbly is 70, (0069) The outer
al edges of the pleated assenbly are in contact with the
inner circunferential surface of the outer cylinder 22, and the inner
al edges of the pleated assenbly are in contact with the
outer circunferential surface of the inner cylinder 21. [0070] Next, a

circunferenti
circunferenti

sanpl e wat er

was prepared by adding a 5ot Um i on standard sol ution,

for

use in ICP-Ms analysis, to wultrapure water to a sodi um concentrati on of
and the sanple water was introduced through the water inlet

1.0 ng/liter,

2 into the pubefyingrappdratdisni0 abe pumtigiof Afpadaitber 5¢mMingt e.

sodiumion concentration of water discharged fromthe outlet 3 was

anal yzed. [00%4{1i%&5 avpestfit ,(dgKe) nunber of days before breakthrough

occurred, nan?by52fhe nunber of days before the sodium concentration of
wat er

the outl et

rreached the sane |level - 25 before introduced into

purifying apparat ygodParsh®s EXaMPLE 1)

A test was carried out by the procedure of Example 1,
except for not using the cation exchange resin.
[0073]

As a result, the number of days before breakthrough
oceurred, namely, the number of days before the sodium
concentration of the outlet water reached the same level
before introduced into the purifying apparatus 10, 1.0
ng/liter, was 3 (days).

[0074]

[EXAMPLE 2)

A purifying apparatus was prepared as in Example 1,
except for setting the number of pleats to be 40. A sample
water was allowed to pass through the resulting purifying

apparatus by the procedure of Example I, and the number of

days before breakthrough occurred was found to be 124 (days).

[0075]

While the present invention has been shown and
described in detail with reference to specific embodiments
thereof, it will be understcod by those skilled in the art

that various changes and modifications may be made without

departing from the spirit and scope of the present invention.

Then,

t he

t he



ng/liter, was 468 (days). [0072] [COWPARATI VE EXAMPLE 1] A test was
carried out by the procedure of Exanple 1, except for not using the cation
exchange resin. [0073] As a result, the nunber of days before breakthrough
occurred, nanely, the nunber of days before the sodium concentration of
the outlet water reached the sane |evel before introduced into the
purifying apparatus 10, 1.0 ng/liter, was 3 (days). [0074] [EXAMPLE 2] A
purifying apparatus was prepared as in Exanple 1, except for setting the
nunber of pleats to be 40. A sanple water was allowed to pass through the
resulting purifying apparatus by the pré€edure of Exanple 1, and the
nunber of days before breakthrough occurred was found to be 124 (days)

[ 0075] While the present invention has been shown and described in detai
with reference to Bfecrfientermpodi mente itsheneef or ta Whphnde wadenst ood by
those skilled, in the art _that various changes and nodifications may be
made without “HEPEFIiRG AYdmaiase Sprent Amid1sabpen ofo.t REOHr2¥EAB) i nvent i on.

26 filed on October 31, 2006, the entire contents of which

being incorporated herein by reference.



The present application is based on a Japanese Patent Application
(Japanese Patent Application No. 2006-296123) filed on Cctober 31, 2006,
the entire contents of which being incorporated herein by reference. - 27
- CLAIM5 1. An apparatus for further purifying ultrapure water, which is
connected to an ultrapure-water inlet of an institution in which the
ultrapure water is to be used, wherein the apparatus conprises: an ion
exchange resin layer including a granular ion exchange resin; and an ion
exchange filter being arranged downstream from the ion exchange resin

| ayer and including a nenbrane filter -having the function of ion
exchangi ng. 2. The apparatus for further purifying ultrapure water,
according to claim1l, wherein the ion exchange resin has a particle

di ameter of 100 Emor nore. 3. The appatztigs for further purifying
ultrapure water, according to claim1, wherein the apparatus further
conprises a hodsi My =ardrehes Housifngthousesithend anrexehangemcaresi n | ayer
and the ion e chﬁp e filter. 4. The apparatus for further purifying

ul trapure wat'@H,* gécB?%ﬁ%ﬁ}eFotEI%ﬁrH?fFaﬁHé?tﬁﬂiﬁﬁhénl@hCék@hange resin

conprises a cald:on,exshange; sl &l ane.9n. 4N, om0 nation o
wherein the apparatus comprises:
an icn exchange resin layer including a granular ion
exchange resin;: and
an lon exchange filter being arranged downstream from
the ion exchange resin layer and including a membrane filter
having the function of ion exchanging,

2. The apparatus for further purifying ultrapure water,
according to claim 1, wherein the ion exchange resin has a
particle diameter of 100 um or more.

3. The apparatus for further rurifying ultrapure water,
according to ¢laim 1, wherein the apparatus further
comprises a housing, and the housing houses the ion exchange
resin layer and the ion exchange filter.

4. The apparatus for further purifying ultrapure water,
according te claim 1, wherein the ion exchange resin
comprises a cation exchange resin alone or in combination
with an anion exchange resin.

5. The apparatus for Further purifying ultrapure water,
according to <laim 1, wherein the ion exchange filter
further comprises a microparticle removal membrane having

the function of removing microparticles, and wherein the



wi th an anion exchange resin. 5. The apparatus for further purifying
ultrapure water, according to claiml, wherein the ion exchange filter
further conprises a mcroparticle renoval nenbrane having the function of
removing mcroparticles, and wherein the - 28 mcroparticle renoval
menbrane i s arranged downstream from the nenbrane filter. 6. The apparatus
for further purifying ultrapure water, according to claiml, wherein the
menbrane filter having the function of ion exchanging is pleated, 7. The
apparatus for further purifying ultrapure water, according to claimb5,
wherein the nmenbrane filter having the- fanetion of ion exchanging and the
m croparticle renoval nenbrane are superposed to forman assenbly, and the
assenbly is pleated. 8. The apparatus for further purifying ultrapure

wat er, accor dingepardledbn-Grovwheneibrihe japparat sy buhhbefeaC BRI Ses a
wat er - per neabl e i nner cylinder and a water- perneable outer cylinder being
coaxi al | y arr &hgeemnsge fherei-n the pleated nmenbrane filter is arranged
between the inner_cylinder and the outer cylinder so as to surround the

i nner cylinder.®-9. Tﬁ%eﬁp&ﬁﬁ%‘é‘f UL T SPTERRE HRYT ISYATE yi i aphe  apiires wat er

according to géé%fgi%g %Qeéféf%_ﬁbewﬁgﬁéﬂﬁﬁﬂé %géggg%é filter having the
function of ion exchanging is pleated,

7. The apparatus for further purifying ultrapure water,
according to claim 5, wherein the membrane filter heving the
function of ion exchanging and the microparticle removal
membrane are superposed to form an assembly, and the
agsembly is pleated.

8. The apparatus for further purifying ultrapure water,
according to claim 6, wherein the apparatus further
comprises a water-permeable inner cylinder and a water—
permezble outer ecylinder being coaxially arranged, and
wherein the pleated membrane filter is arranged between the
inner cylinder and the outer cylinder so as to surround the
inner cylinder.

9. The apparatus for further purifying ultrapure water,
according to claim 7, wherein the apparatus further
comprises a water-parmeable inner cylinder and a water-
permeable outer cylinder being coaxially arranged, and
wherein the pleated assembly of the membrane filter having
the function of ion exchanging and the microparticle removal
membrane is arranged between the inner cylinder and the

cuter cylinder and surround the inner cylinder.



conprises a water-perneable inner cylinder and a water- perneabl e outer
cylinder being coaxially arranged, and wherein the pleated assenbly of the
menbrane filter having the function of ion exchanging and the
m croparlLicle removal nenbrane is arranged between the inner cylinder and
the outer cylinder and surround the inner cylinder. 29 10, The apparatus
for further purifying ultrapure water, according to claiml, wherein a
booster punp for pressurizing water to be fed to the ion exchange resin
| ayer is arranged. 11. A nethod for further purifying ultrapure water to
be fed to an institution in which the W% rapure water is to be wused, the
nmet hod conprising the steps of: allowing ultrapure water to pass through an
ion exchange resin laver including a granular ion exchange resin; and
subsequent |y alllbowimg tbgaidduapurernatiesr barpassg Lheosgh-amak-en, exchange
filter including a nenbrane filter having the function of ion exchangi ng.
according to claim 1, wherein a booster pump for

pressurizing water to be fed to the ion exchange resin layer
is arranged.

1l. A method for further purifying ultrapure water to be
fed to an institution in which the ultrapure water is to be
uszed, the method comprising the steps of:

allowing ultrapure water to pass through an ion
exchange resin layver including a granular ion exchange
resin; and

subsequently allowing the ultrapure water to pass
through an ion exchange filter including a membrane filter

having the functien of ion exchanging.



