DESCRI PTI ON
Title of Invention: WET CLEANI NG APPARATUS AND WET CLEANI NG
METHOD
Technical Field
[ 0001] The present invention relates to a wet cleaning
apparatus and a wet cleaning nethod used for cleaning an
itemw th carbon di oxi de gas-di ssolved water. The present
invention relates specifically to a wet cleaning apparat us
and a wet cleaning nethod used in a wet cleaning process
performed using carbon di oxi de gas-di ssol ved water in the
sem conductor industry, the wet cleaning apparatus and the
wet cl eani ng net hod being capable of cleaning an itemwth a
hi gh degree of cleanliness by reducing contam nation wth
unwanted microparticles present in the carbon di oxi de gas-
di ssol ved wat er
Background Art
[ 0002] Since the manufacturing process rul es of
sem conduct or products have been reduced in order to
increase the density of 1Cs, mxing of trace inpurities
greatly affects the performance and yield of the
sem conductor products. In the steps of manufacturing
sem conduct or products, a strict contam nation control has
been required for reducing the mxing of trace inpurities.
Various types of cleaning are performed in the respective

st eps.



[ 0003] Wat er containing a dissolved gas such as hydrogen
nitrogen, or ozone and al kalis have been used as vari ous
types of functional water for cleaning sem conductor
products. As described in, for exanple, PTL 1, it is
becom ng conmon to use carbon di oxi de gas-di ssol ved wat er
(i.e., carbonated water), which is produced by dissol ving
carbon dioxide gas in ultrapure water, for preventing
charging fromoccurring during cl eaning.

[ 0004] In the case where an itemis cleaned with carbon
di oxi de gas-di ssol ved water, the carbon di oxi de gas-

di ssol ved water used for cleaning is likely to contain

m croparticles as a result of unwanted m croparticles
generated in a carbon di oxi de gas-di ssol ving device that
controls the concentration of carbon dioxide gas entering
the water or unwanted mcroparticles entering the water
while ultrapure water fed froman ultrapure water-produci ng
apparatus is transported to a cl eaning apparatus through a
pipe. As a result, the itemcleaned with the water becones
contam nated wth the mcroparticles and a suitable cleaning
effect may fail to be achieved.

[ 0005] A known net hod for reducing contam nation by
inpurities is to arrange a nenbrane nodul e on a cl eani ng-
wat er feed pipe included in a cleaning apparatus. For
exanpl e, PTL 2 proposes a wet cleaning apparatus capabl e of

inhibiting inmpurities, such as mcroparticles and heavy



nmetal s, which degrade the properties of devices, from
adhering onto the surface of a substrate by renoving trace
inmpurities, such as heavy netals and col | oi dal substances,
whi ch are present in ultrapure water used as rinsing water
in a sem conductor cleaning process. The wet cleaning
apparatus includes a porous nenbrane di sposed on a pipe

t hrough whi ch hydrogen-containing ultrapure water is
transported, the porous nmenbrane including an ani on-exchange
group, a cation-exchange group, or a chelate-form ng group.
PTL 3 describes a technique in which ultrapure water used
for preparing a cleaning liquid is treated through a porous
menbr ane havi ng an ion-exchange function.

[ 0006] However, in the above patent docunents, there is no
menti on of the renoval of mcroparticles present in carbon
di oxi de gas-di ssol ved water.

[ 0007] Al t hough there has been a demand for the renoval of
ultra-mcroparticles having a diameter of 20 nmor |ess and,
in particular, 10 nmor less in the field of sem conduct or
product cleaning, no attenpt has been made in the rel ated
art to renove even such ultra-mcroparticles.

[ 0008] In PTLs 4 and 5, pol yketone nenbranes nodified with
various functional groups are used as a separator nenbrane
included in a capacitor, a battery, or the like. In PTL 5,

t he pol yket one nenbranes are used also as a filter nmedi um

for water treatnent. However, in PTLs 4 and 5, there is no



mention of the fact that, anong the nodified pol yket one
menbr anes, a pol yketone nenbrane nodified with a weakly
cationic functional group is particularly effective in
removing ultra-mcroparticles having a dianeter of 10 nm or

| ess present in carbon dioxide gas-di ssol ved water.

[ 0009] PTL 6 descri bes a porous pol yketone nenbrane that

i ncl udes one or nore functional groups selected fromthe
group consisting of a primary am no group, a secondary am no
group, a tertiary am no group, and a quaternary anmoni um
salt and has an ani on-exchange capacity of 0.01 to 10 neq/g.
PTL 6 describes that the above porous pol yket one nmenbrane
can be used in the production of sem conductors and

el ectroni c conponents and in a manufacturing process used in
the field of biomedicine, chemstry, food industry, or the
like for efficiently renmoving inpurities, such as

m croparticles, gels, and viruses. It is also suggested in
PTL 6 that even 10-nm m croparticles and anion particles
having a dianeter smaller than the pore size of the porous
menbr ane nmay be renoved.

However, it is not described in PTL 6 that the above
por ous pol yket one nenbrane is effective in renoving the
ultra-mcroparticles present in carbon dioxi de gas-dissol ved
water. In PTL 6, it is considered that a strongly cationic
quaternary ammoni um salt can be al so used as a functiona

group introduced to the porous pol yketone nenbrane simlarly



to a weakly cationic am no group. The inpact of the type of
functional group (cation strength) on the renoval of ultra-
m croparticles present in carbon di oxi de gas-dissol ved wat er
is not studied in PTL 6.
[ 0010] PTL 1: JP 2012-109290 A

PTL 2: JP 2000-228387 A

PTL 3: JP H11-260787 A

PTL 4: JP 2009-286820 A

PTL 5: JP 2013-76024 A

PTL 6: JP 2014-173013 A
Summary of Invention
[ 0011] An object of the present invention is to provide a
wet cl eaning apparatus and a wet cleaning nethod used in a
wet cl eaning process performed using carbon dioxi de gas-
di ssol ved water, the wet cleaning apparatus and the wet
cl eani ng nmet hod bei ng capable of cleaning an itemwth a
hi gh degree of cleanliness by renoving even ultra-
m croparticles present in the carbon di oxi de gas-di ssol ved
water at a high rejection rate and thereby reducing
contam nation by the m croparticles.
[ 0012] The inventors of the present invention found that
ultra-mcroparticles having a dianeter of 50 nmor |ess or,
in particular, 10 nmor |ess present in carbon dioxide gas-
di ssol ved water can be renpoved at a high rejection rate by

usi ng a porous nenbrane including a cationic functional



group and that the mcroparticle rejection rate can be
further increased when the cationic functional group

i ncluded in the pol yketone nenbrane is a tertiary anm no

gr oup.

[ 0013] The summary of the present invention is as follows.
[0014] [1] A wet cleaning apparatus that cleans an item

wi th carbon di oxi de gas-di ssol ved wat er produced by

di ssol ving carbon dioxide gas in ultrapure water, the wet

cl eani ng apparatus conprising a carbon di oxi de gas-

di ssolving unit that dissolves carbon dioxide gas in
ultrapure water, a cleaning unit that cleans an item the
cl eaning unit receiving carbon di oxi de gas-di ssol ved wat er
fed fromthe carbon dioxi de gas-dissolving unit, and a
filtrati on menbrane nodul e di sposed on a pi pe through which
t he carbon di oxi de gas-di ssolved water is fed to the
cleaning unit, the filtration nenbrane nodule being filled
with a porous nenbrane including a cationic functional group.
[0015] [2] The wet cleaning apparatus according to [1],
wherein the ultrapure water is fed to the wet cleaning
apparatus froman ul trapure water-produci ng apparat us

t hrough an ultrapure-water feed pipe, the ultrapure water-
produci ng apparatus including a primary pure water system
and a subsystem

[0016] [3] The wet cleaning apparatus according to [1] or

[2], wherein the carbon dioxide gas-dissolving unit is a



car bon di oxi de gas-di ssol vi ng menbrane nodul e.

[0017] [4] The wet cleaning apparatus according to any one
of [1] to [3], wherein the cationic functional group is a
weakly cationic functional group.

[0018] [5] The wet cleaning apparatus according to [4],
wherein the cationic functional group is a tertiary am ne
group.

[0019] [6] The wet cleaning apparatus according to any one
of [1] to [5], wherein the cationic functional group is
changed into a carbonate-type cationic functional group by
substitution.

[0020] [7] The wet cleaning apparatus according to any one
of [1] to [6], wherein the porous nenbrane is a
mcrofiltration or ultrafiltration nmenbrane conposed of a
pol ymer .

[0021] [8] The wet cleaning apparatus according to [7],
wherein the porous nenbrane is any one of a pol yketone
menbrane, a nylon nenbrane, a polyol efin nmenbrane, and a
pol ysul f one nenbr ane.

[0022] [9] The wet cleaning apparatus according to any one
of [1] to [8], wherein the porous nenbrane is capabl e of
rejecting 99% or nore of mcroparticles having a di aneter of
10 nm present in the ultrapure water.

[0023] [10] A wet cleaning nmethod conprising cleaning an

itemw th carbon di oxi de gas-di ssol ved water by using the



wet cl eani ng apparatus according to any one of [1] to [9].

[ 0024] [11] An apparatus for producing carbon di oxi de gas-
di ssol ved water, the apparatus conprising a carbon dioxide
gas-di ssolving unit that dissolves carbon dioxide gas in
ultrapure water, and a filtrati on nmenbrane nodul e t hat
filters carbon dioxide gas-dissolved water fed fromthe
carbon di oxi de gas-dissolving unit, the filtration nmenbrane
nodul e being provided with a porous nenbrane including a
cationic functional group

[0025] [12] A nethod for cleaning an itemw th carbon

di oxi de gas-di ssolved water, the nmethod conprising filtering
t he carbon di oxi de gas-di ssol ved water through a porous
menbr ane including a cationic functional group and cl eaning
an itemwith the filtered carbon di oxi de gas-di ssol ved water.
[0026] [13] A wet cleaning systemconprising a carbon

di oxi de gas-di ssolving unit that dissolves carbon dioxide
gas in ultrapure water, the ultrapure water being filtrate
through an ultrafiltration nmenbrane device included in a
subsystem of an ul trapure water-produci ng apparatus, a
filtration nenbrane nodule that filters carbon di oxi de gas-
di ssol ved water fed fromthe carbon di oxi de gas-di ssol ving
unit, the filtration nmenbrane nodul e being provided with a
porous nenbrane including a cationic functional group, and a
cl eani ng apparatus including a cleaning nmachine fed with

filtrate through the filtration nenbrane nodul e provided



wi th a porous nenbrane including a cationic functional group.
[ 0027] [ 14] The wet cl eaning system according to [13],
wherein the carbon di oxi de gas-dissolving unit is disposed

i nside the ultrapure water-produci ng apparatus, the cleaning
machi ne i s di sposed inside a housing of the cleaning
apparatus, and the filtration nenbrane nodule filled with a
porous nenbrane including a cationic functional group is

di sposed i nside or outside of the housing.

Advant ageous Effects of Invention

[ 0028] According to the present invention, it is possible
to renmove even ultra-mcroparticles present in carbon

di oxi de gas-di ssol ved water used for cleaning an itemat a
high rejection rate. This enables the itemto be cl eaned
with a high degree of cleanliness while reducing

contam nation by the m croparticles.

Brief Description of Draw ngs

[ 0029] Fig. 1 is a systemdiagramillustrating an exanpl e
of a wet cleaning apparatus and a wet cleaning system
according to an enbodi ment of the present invention.

Fig. 2 is a systemdiagramillustrati ng another exanple
of a wet cleaning apparatus and a wet cleaning system
according to an enbodi rent of the present invention.

Fig. 3 is a systemdiagramillustrati ng anot her exanple
of a wet cleaning apparatus and a wet cleaning system

according to an enbodi ment of the present invention.



Fig. 4 is a diagramillustrating an exanple of the
| ayout of the nenbrane nodul es included in a wet cleaning
apparatus and a wet cleaning systemaccording to the present
i nvention.

Fig. 5is a systemdiagramillustrating a common
ul trapure wat er-produci ng apparatus and a wet cleaning
appar at us.

Fig. 6 is a graph illustrating the detection
sensitivity of a mcroparticle nonitor used in Test exanple
1

Figs. 7a and 7b are graphs illustrating the results
obtained in Test exanple 1.

Fig. 8 is a graph illustrating the results obtained in
Exanpl e 1.

Descri ption of Enbodi nents

[ 0030] An enbodi ment of the present invention is described
bel ow i n detail.

[ 0031] In the present invention, mcroparticles present in
carbon di oxi de gas-di ssolved water are renoved by filtering
t he carbon di oxi de gas-di ssol ved water through a porous
menbrane including a cationic functional group.

[ 0032] It has been considered inpossible to adsorb

m croparticles to a nenbrane nodified with a cationic
functional group in carbon di oxi de gas-di ssol ved wat er

because, in carbon dioxi de gas-di ssol ved water, the cationic



functional group i Mmedi ately changes into a carbonate-type
cationic functional group by substitution and, consequently,
adsorption sites are elimnated. It has been al so
considered that the surfaces of mcroparticles are
positively charged in carbon di oxi de gas-di ssol ved water and
charge repul sion occurs on a nenbrane nodified with a
cationic functional group, which makes it difficult to
remove the mcroparticles through the nenbrane.

[ 0033] However, as a result of the studies conducted by
the inventors of the present invention, it was found that

m croparticles present in carbon di oxi de gas-dissol ved wat er
can be renoved at a high rejection rate by using a porous
menbrane including a cationic functional group.

[ 0034] Wil e the mechani sms by which mcroparticles are
removed through such a porous nenbrane are uncertain, it is
considered that mcroparticles are renoved through the
menbrane by the foll ow ng nmechani sns.

M croparticles present in carbon dioxide gas-dissol ved
wat er are nore stable when adsorbed on a porous nenbrane
including a cationic functional group at multiple points
t han when subjected to carbon di oxi de gas-di ssol ved wat er,
which is a carbon dioxide-rich environnment, while the carbon
di oxi de gas adsorbed on the cationic functional group is
likely to diffuse into carbon dioxi de gas-di ssol ved wat er

passed t hrough the nmenbrane. This enables mcroparticles



present in carbon di oxi de gas-dissolved water to be renoved
at a high rejection rate by using a porous nenbrane

i ncluding a cationic functional group.

[ 0035] [ Car bon Di oxi de Gas-Di ssol ved Wat er]

The carbon di oxi de gas-di ssol ved water used for
cleaning an itemvaries also with the purpose of cleaning.
Car bon di oxi de gas-di ssolved water is conmonly used as
rinsing water for rinsing sem conductor products, such as
silicon wafers, after the products have been cleaned with
chem cals. The concentration of carbon dioxide gas in the
car bon di oxi de gas-di ssolved water used as rinsing water is
preferably about 5 to 200 ng/L.

[ 0036] The tenperature of the carbon di oxi de gas-dissol ved
water is not limted; the carbon dioxide gas-di ssol ved water
may have a normal tenperature of about 20°C or may be heated
to about 60°C to 80°C.

[ 0037] The carbon di oxi de gas-di ssolving unit used for
produci ng the carbon di oxi de gas-di ssol ved water is not
limted but preferably a carbon di oxi de gas-dissol ving

menbr ane nodul e.

[ 0038] The cl eaning chem cal, ultrapure water, and
functional water used prior to the cleaning using the carbon
di oxi de gas-di ssolved water are not |imted.

[ 0039] [ Por ous Menbrane | ncluding Cationic Functional

G oup]



The cationic functional group included in the porous
menbrane including a cationic functional group is preferably
a weakly cationic functional group, because weakly cationic
functional groups have higher stability than strongly
cationic functional groups. Strongly cationic functional
groups are not preferabl e because they di sadvant ageously
i ncrease the anount of TOC conponents contained in the
perneate by desorption. In the present invention, a porous
menbr ane including a weakly cationic functional group is
preferably used.

[ 0040] Exanpl es of the weakly cationic functional group
include a primary am no group, a secondary am no group, and
a tertiary amno group. The porous nenbrane may incl ude
only one of the above weakly cationic functional groups.
The porous nenbrane nay include two or nore of the above
weakly cationic functional groups.

Anmong t he above weakly cationic functional groups, a
tertiary amno group is preferable since it has a strong
cationic property and is chemcally stable.

[ 0041] While a quaternary ammonium salt is considered in
the sane bracket as a tertiary amno group in PTL 6 as
descri bed above, a quaternary ammoni um group i s not
preferable because it is a strongly cationic functional
group and poor in chemcal stability and may contam nate the

ultrapure water by desorption.



[ 0042] It is not necessary to introduce a strongly
cationic functional group to the porous nenbrane in order to
remove weakly anionic ionic substances, such as silica and
boron, contained in the water because these substances can
be renoved principally using a strongly ani on-exchange resin
included in a subsystem of an ul trapure water-producing
apparatus and are not the substances that are to be renoved
in the present invention.

[ 0043] The chem cal stability of an am no group and the
chem cal stability of an amoni um group, which are cationic
functional groups, in an ani on-exchange resin have been
described in terns of service tenperature limt; the service
tenperature imt of an OHtype strong ani on-exchange resin
i ncluding a quaternary ammoni um group i s 60°C or less, while
the service tenperature limt of a weak ani on-exchange resin
including a tertiary amno group is 100°C or less (DI AlION 2
Manual of |on Exchange Resins and Synthesis Adsorbent,

M t subi shi Chem cal Corporation, I1-4, DIAION 2 Manual of

| on Exchange Resins and Synt hesis Adsorbent, M tsubish

Chem cal Corporation, 11-8). Furthernore, the properties of
a strong ani on-exchange resin becone degraded with tine.
Specifically, the salt splitting capacity of a strong anion-
exchange resin changes nore rapidly than the total ion-
exchange capacity of the strong ani on-exchange resin. This

means that a quaternary ammoni um group changes into a



tertiary amino group as a result of an al kyl group desorbing
fromthe quaternary ammoni um group (DIAION 1 Manual of |on
Exchange Resins and Synthesis Adsorbent, M tsubishi Chem cal
Cor poration, pp. 92-93).

[ 0044] For the above reasons, in the present invention, a
porous nenbrane including a weakly cationic functional group,
such as a tertiary amno group, is preferably used. The
porous nenbrane is preferably a mcrofiltration (M)
menbrane or an ultrafiltration (UF) nenbrane in order to

mai ntain a mcroparticle-capturing capability and to control
the pressure | oss during cleaning.

[ 0045] The cationic functional group included in the
porous nenbrane including a cationic functional group
changes into a carbonate type cationic functional group by
substituti on when the porous nmenbrane is used for treating

t he carbon di oxi de gas-di ssol ved water. M croparticles
capable of multi-point adsorption have a | arger capacity to
adsorb to a cationic functional group than carbon di oxide
gas even when the cationic functional group is a carbonate-
type cationic functional group. |In addition, carbon dioxide
gas adsorbed on the nmenbrane is likely to diffuse into the
gas-di ssol ved wat er passed through the nenbrane.
Consequently, the carbonate-type cationic functional group
has a mcroparticle rejection capability conparable to that

of an unsubstituted cationic functional group.



[ 0046] The material for the porous nenbrane is not
limted; the porous nmenbrane may be conposed of any nateri al
that includes a cationic functional group. Exanples of the
porous nenbrane include a pol yketone nenbrane, a m xed
cel lul ose ester nenbrane, a polyol efin menbrane conposed of
pol yet hyl ene or the |ike, a polysul fone nenbrane, a
pol yet her sul fone nmenbrane, a polyvinylidene fluoride
menbrane, a pol ytetrafl uoroethyl ene nenbrane, and a nyl on
menbrane. The porous nenbrane is preferably a pol yket one
menbrane, a nylon nenbrane, a polyol efin nmenbrane, or a
pol ysul f one nenbrane. Comrercially avail abl e exanpl es of
t he above nenbranes include Posidyne (Pall Corporation) and
Li feAssure (The 3M Conpany) that include a quaternary
cationic functional group
[ 0047] Anmong t he above nenbranes, a pol yketone nenbrane is
preferabl e because it has a |l arge surface aperture rati o,
which allows a high flux to be achieved even at a | ow
pressure, and a cationic functional group can be nore easily
i ntroduced into the porous nenbrane by chem cal nodification
when the porous nenbrane is a pol yket one nenbr ane.

The pol yket one nenbrane is a porous pol yket one nenbrane
i ncluding 10%to 100% by nmass pol yketone that is a copol yner
of carbon nonoxide with one or nore ol efins and can be
prepared by a publicly known nethod (e.g., JP 2013-76024 A
or WD 2013-035747 A).



[ 0048] Since the MF or UF nenbrane including a cationic
functional group captures and renoves mcroparticles present
in the carbon di oxide gas-di ssolved water due to its

el ectric adsorption capacity, the pore size of the M or UF
menbrane nmay be | arger than the dianmeter of the

m croparticles that are to be renoved. However, if the pore
size of the nenbrane is excessively large, the efficiency
with which the nenbrane rejects the mcroparticles is | ow
On the other hand, if the pore size of the nenbrane is
excessively small, a high pressure is required for the
menbrane filtration. In the case where the porous nenbrane
is an MF nenbrane, an M- nenbrane having a pore size of
about 0.05 to 0.2 umis preferably used. In the case where
t he porous nenbrane is a UF nenbrane, a UF nenbrane having a
cut-of f nol ecul ar wei ght of about 5000 to 1 mllionis
preferably used.

[ 0049] The shape of the M- or UF nenbrane is not |limted,
menbranes commonly used in the field of ultrapure water
production, such as a hollow fiber nmenbrane and a fl at

menbr ane, may be used.

[ 0050] The cationic functional group nay be introduced
directly to a conponent of the MF or UF nmenbrane, such as a
pol yket one nmenbrane, by chem cal nodification.
Alternatively, the cationic functional group nay be

introduced to the MF or UF nenbrane as a result of a



conmpound or ion-exchange resin that includes a cationic
functional group being supported on the MF or UF nenbrane.
[ 0051] Exanpl es of the nmethod for producing the porous
menbrane i ncluding a cationic functional group include, but
are not limted to, the following nethods 1) to 6). These
met hods may be inplenented in conbination of two or nore.
[ 0052] 1) Introduce a cationic functional group directly
to a porous nenbrane by chem cal nodification.

One of the nmethods for introducing a weakly cationic
am no group to a pol yket one nenbrane by cheni ca
nodi fication is to cause a chemcal reaction with a primary
am ne. Miltifunctional am nes, such as diamne, triamne,
tetraam ne, and pol yethyl eneimne, that include a primary
am ne, such as ethyl enedi am ne, 1, 3-propanedi am ne, 1, 4-
but anedi am ne, 1, 2-cycl ohexanedi am ne, N
nmet hyl et hyl enedi am ne, N-nethyl propanedi am ne, N, N
di met hyl et hyl enedi am ne, N, N-di net hyl pr opanedi am ne, N
acet yl et hyl enedi am ne, isophoronedi am ne, and N, N-
di mret hyl am no- 1, 3- propanedi am ne, are preferable because
t hey are capabl e of introducing a nunber of active spots to
t he porous nenbrane. |In particular, it is nore preferable
to use N, N-di net hyl et hyl enedi am ne, N, N-
di met hyl pr opanedi am ne, N, N-di net hyl am no- 1, 3- pr opanedi am ne,
or pol yet hyl enei m ne because they are capable of introducing

atertiary amne to the porous mnenbrane.



[ 0053] [ Chem 1]

C H chz - N(CH3)2

o) o) | 0
| | — N |
|
@)
[ 0054] 2) Interpose a weak ani on-exchange resin (i.e., a

resin including a weakly cationic functional group) between
two porous nmenbranes after the resin has been crushed as
needed.

[ 0055] 3) Fill the inside of the porous nenbrane with

m croparticles of a weak ani on-exchange resin. For exanple,
a porous nenbrane including particles of a weak ani on-
exchange resin may be forned by addi ng the weak ani on-
exchange resin to a solution used for formng the porous
menbr ane.

[ 0056] 4) Deposit or apply a conpound including a weakly
cationic functional group, such as tertiary amne, onto a
porous nenbrane by i mrersing the porous nenbrane in a
solution of tertiary amne or passing a solution of tertiary
am ne through the porous nenbrane. Exanples of the conpound
i ncluding a weakly cationic functional group, such as
tertiary ami ne, include N, N-dinethylethyl enediam ne, N, N-

di met hyl pr opanedi am ne, N, N-di net hyl am no- 1, 3- pr opanedi am ne,

pol yet hyl enei m ne, an am no group-contai ni ng



poly(nmeth)acrylic acid ester, and am no group-contai ni ng

pol y( et h) acryl am de.

[ 0057] 5) Introduce a weakly cationic functional group
such as a tertiary amno group, into a porous nenbrane, such
as a porous pol yethyl ene nenbrane, by graft polynerization.

[ 0058] 6) Produce a porous nenbrane including a weakly
cationic functional group, such as a tertiary am no group,
by pol ynerizing a styrene nononer including a hal ogenat ed

al kyl group after the hal ogenated al kyl group has been
replaced with a weakly cationic functional group, such as a
tertiary am no group, and formng the resulting polyner into
a nmenbrane by phase separation or el ectrospinning.

[ 0059] The porous nenbrane including a cationic functiona
group which is used in the present invention is preferably
capabl e of rejecting 99% or nore of mcroparticles having a
di aneter of 10 nmpresent in ultrapure water as described in
Test exanple 1 bel ow.

[ 0060] The condi tions under which the carbon di oxi de gas-
di ssolved water is treated through a filtration nmenbrane
nmodul e provided with the porous nenbrane including a
cationic functional group in order to renove the

m croparticles present in the carbon di oxi de gas-di ssol ved
wat er nmay be set appropriately. The flow rate through the
menbrane nodule is 0.1 to 100 L/mn and is preferably 0.5 to

50 L/mn. The pressure difference (AP) across the nenbrane



nodul e is preferably set to 1 to 200 kPa.
[ 0061] [ Wet O eani ng Apparatus and Wet C eani ng Systemn

A wet cleaning apparatus and a wet cleaning system
according to the present invention are described below wth
reference to Figs. 1 to 5.
[ 0062] Figs. 1 to 3 are systemdiagrans illustrating an
exanpl e of the wet cleaning apparatus and the wet cleaning
system according to the present invention. Fig. 4is a
diagramillustrating an exanple of the |layout of the
menbrane nodules. Fig. 5is a systemdiagramillustrating
the wet cl eaning apparatus and an ul trapure water-producing
apparatus with which ultrapure water is fed to the wet
cl eaning apparatus. In Figs. 1 to 5, elenents having the
sane function are denoted by the sane reference nuneral.
[ 0063] In Figs. 1 to 4, ultrapure water produced in an
ul trapure water-produci ng apparatus 40 is fed to wet
cl eani ng apparatuses 10 through a circul ation pipe 32 and
branch pipes 31. Each of the wet cleaning apparatuses
includes a plurality of cleaning machi nes 3A and 3B arranged
in parallel to one another. Each of the cleaning machi nes
3A and 3B includes a plurality of cleaning chanbers 3a, 3b,
3c, and 3d arranged in parallel to one another, which are
used for cleaning an item The nunber of the cleaning
machi nes included in each of the wet cleaning apparatuses 10

is not limted to the nunber of the cleani ng machi nes



illustrated in the drawings. The nunber of the cleaning
chanbers included in each of the cl eaning nmachines is not
limted to the nunber of the cleaning chanbers illustrated
in the drawi ngs. For exanple, the nunber of cleaning

machi nes nmay be appropriately selected from2 to 10. The
nunber of cleaning chanbers included in each cl eaning
machi ne may be appropriately selected from2 to 10.

[ 0064] Each of the wet cleaning apparatuses 10 illustrated
in Figs. 1 to 4 includes a carbon di oxi de gas-dissol ving
menbrane nodul e 1 that dissolves carbon dioxide gas in
ultrapure water fed fromthe ultrapure water-producing
apparatus 40 and a filtration nenbrane nodul e (hereinafter,
may be referred to as "mcroparticle renoval nenbrane

nodul e") 2 di sposed downstream of the carbon di oxi de gas-

di ssol ving nenbrane nodule 1. The filtration menbrane
nodule is filled with a porous nenbrane including a cationic
functional group. Carbon dioxide gas-di ssol ved water
produced in the carbon dioxi de gas-di ssol vi ng nmenbr ane
nodul e 1 by dissol ving carbon dioxide gas in the ultrapure
water is fed to the mcroparticle renoval nenbrane nodul e 2,
in which mcroparticles are renoved fromthe carbon dioxide
gas-di ssolved water. The carbon di oxi de gas-di ssol ved wat er
is subsequently fed to the cleaning chanbers 3a to 3d

i ncluded in each of the cleaning machines 3A and 3B, in

which an item such as a silicon wafer, is cleaned.



[ 0065] The carbon di oxi de gas-di ssol ving nmenbrane nodule 1
and the mcroparticle renoval nenbrane nodule 2 may be

i ncluded in the sane housing (denoted by the dashed line in
Fig. 1) as the cleaning machines 3A and 3B. The carbon

di oxi de gas-di ssol ving nenbrane nodule 1 and/or the

m croparticle renoval nenbrane nodule 2 may be di sposed
out si de the housing and connected to one another with a pipe.
[ 0066] Fig. S5illustrates a case where ultrapure water
produced in an ul trapure water-produci ng apparatus 40
including a pre-treatnent system 11, a prinmary pure water
system 12, and a subsystem 13 is fed to the wet cl eaning
apparatus 10 according to the present invention illustrated
in Fig. 1, in which carbon di oxi de gas-dissolved water is
produced fromthe ultrapure water and used for cleaning
after mcroparticles have been renoved fromthe carbon

di oxi de gas-di ssol ved water.

[ 0067] The pre-treatnment system 11 including a coagul ation
device, a dissolved-air flotation (sedinmentation) device, a
filtration device, etc. renobves suspended solids and
col | oi dal substances present in raw water. The primary pure
wat er system 12 including a reverse osnosis (RO nenbrane
separation device, a degassing device, and an ion-exchange
device (a m xed-bed, two-bed-three-tower, or four-bed-five-

t ower ion-exchange device) renpves ions and organic

conponents present in raw water. The RO nenbrane separation



devi ce renoves salts and ionic, neutral, and colloidal TOC
conponents. The ion-exchange device renoves salts and TOC
conponents that can be adsorbed to an ion-exchange resin or
i on-exchanged with an ion-exchange resin. The degassing
devi ce (nitrogen degassi ng or vacuum degassi ng) renoves

di ssol ved oxygen (DO).

[ 0068] Primary pure water (normally, pure water having a
TOC concentration of 2 ppb or |ess) produced in the above
manner is passed through a subtank 21, a punp P;, a heat
exchanger 22, a UV oxidation device 23, a m xed-bed ion-
exchange device 24, a degassing device 25, a punp P;, and a
m croparticl e-separation UF nenbrane device 26 sequentially
in this order. The resulting ultrapure water (normally,
ultrapure water having a TOC concentration of 1000 ppt or
less) is transported to the wet cleaning apparatus 10
according to the present invention, which is the point-of-
use.

[ 0069] The UV oxidation device 23 is preferably a W

oxi dation device capable of emtting UV radiation having a
wavel engt h of about 185 nm which is used in ultrapure

wat er - produci ng apparatuses and is, for exanple, a W

oxi dati on device that includes a | ow pressure nercury |anp.
The UV oxidation device 23 deconposes the TOC conponents
present in the primary pure water into organic acids and,

finally, CQO.



[ 0070] The water treated by the UV oxidation device 23 is
passed into the m xed-bed ion-exchange device 24. The

m xed- bed i on-exchange device 24 is preferably a

nonr egenerative m xed- bed i on-exchange device filled with an
ani on-exchange resin and a cati on-exchange resin that are

m xed with each other in accordance with ionic |oads. The
m xed- bed i on-exchange devi ce 24 renpoves cations and ani ons
present in the water and increases the purity of the water.
[ 0071] The water treated by the m xed-bed i on-exchange
device 24 is passed into the degassing device 25. The
degassing device 25 is preferably a vacuum degassi ng devi ce,
a nitrogen degassing device, or a nenbrane degassi ng devi ce.
The degassi ng device 25 efficiently renoves DO and CO
present in the water.

[ 0072] The water treated by the degassing device 25 is
passed into the UF nenbrane device 26 with the punp P,. The
UF nmenbrane device 26 renobves mcroparticles present in the
wat er, such as microparticles of an ion-exchange resin

di scharged fromthe m xed-bed ion-exchange device 25.

[ 0073] A requi red anount of the ultrapure water produced
in the UF nmenbrane device 26 is fed to wet cl eaning
apparatus 10 through a pipe 31, while the excess water is
returned to the subtank 21 through a pipe 32. Part of the
ul trapure water which has not been used in the wet cleaning

apparatus 10 is returned to the subtank 21 through a pipe 33.



[ 0074] The I ength of the ultrapure-water feed pipe that
extends fromthe UF nenbrane device 26, which is the | ast
one of the devices constituting the subsystem 13 of the

ul trapure wat er-produci ng apparatus, to the wet cleaning
apparatus 10 is commonly 10 mor nore and, in many cases, 20
mor nore. There are not a few cases where the | ength of
the ultrapure-water feed pipe is 100 mor nore. Wile the
ultrapure water is transported through such a | ong pipe,

m croparticles may again enter the ultrapure water as a
result of production of dust particles although

m croparticles present in the ultrapure water have been
renoved in the UF nenbrane device.

[ 0075] The m croparticles present in the ultrapure water
may be renoved by arranging a microparticle renoval nenbrane
nodul e upstream of the carbon di oxi de gas-di ssol ving
menbrane nodule 1. In such a case, however, it is not
possible to prevent the water from becom ng contam nated by
the mcroparticles generated in the carbon di oxi de gas-

di ssol vi ng nenbrane nodule 1

[ 0076] Since the wet cleaning apparatus and wet cl eaning
system according to the present invention includes the

m croparticle renoval nmenbrane nodul e 2 di sposed downstream
of the carbon di oxi de gas-dissolving nenbrane nodule 1, it
IS possible to reduce contam nation by mcroparticles

generated in the carbon di oxi de gas-di ssol ving nenbrane



nmodule 1 as well as the contami nation by the mcroparticles
generated during the transportation of the ultrapure water.
[ 0077] Some ul trapure water-produci ng appar atuses produce
carbon di oxi de gas-di ssol ved water inside the apparatus and
feed the carbon di oxi de gas-di ssolved water to a wet

cl eani ng apparatus through the pipe 32. In such cases, the
m croparticles can be renoved in the mcroparticle renoval
menbrane nodul e included in the wet cleaning apparatus. In
this case, the wet cleaning apparatus does not necessarily
i ncl ude the carbon di oxi de gas-di ssol ving nenbrane nodul e.
The m croparticle renoval nenbrane nodul e may be di sposed
either inside or outside the housing of the wet cleaning
appar at us.

[ 0078] Fig. 2 illustrates a wet cleaning apparatus that

i ncludes, instead of the mcroparticle renoval nmenbrane
nmodul e 2, mcroparticle renoval nmenbrane nodul es 2A and 2B
di sposed on the branch pipes through which the carbon

di oxi de gas-di ssolved water is fed to the cl eaning machi nes
3A and 3B, respectively. The other nenbers illustrated in
Fig. 2 are the sane as those included in the wet cleaning
apparatus illustrated in Fig. 1. The microparticle renoval
menbr ane nodul es may al ternatively be di sposed on the
respective branch pipes through which the carbon dioxide
gas-di ssol ved water is fed to the cleaning chanbers 3a to 3d

of each of the cleaning machi nes 3A and 3B.



[ 0079] Fig. 3 illustrates a wet cl eaning apparatus that
i ncl udes the carbon di oxi de gas-di ssol vi ng nenbrane nodule 1
di sposed on a pipe 30 branched fromthe ultrapure water
circulation pipe 32 of the ultrapure water-producing
apparatus 40 and the mcroparticle renoval nenbrane nodule 2
di sposed inside the housing of each of the wet cleaning
appar at uses 10.
[ 0080] As described above, in the present invention, the
m croparticle renoval nmenbrane nodul e is di sposed downstream
of the carbon di oxi de gas-dissol ving nenbrane nodul e and the
filtrate through the mcroparticle renoval nenbrane nodul e
is fed to the cleaning machi nes. Exanples of the |ayout of
t he carbon di oxi de gas-di ssol ving nenbrane nodul e and the
m croparticle renoval nmenbrane nodul e i nclude the foll ow ng
i) to iv).
[ 0081] i) Arrange the carbon dioxi de gas-di ssol ving
menbr ane nodul e downstream of the UF nmenbrane device
i ncluded in the ultrapure water-produci ng apparatus and the
m croparticle renoval menbrane nodule at the position B, the
position D, the positions F1 and F2, or the positions Gla to
Gld and Qa to &Qd illustrated in Fig. 4.

i) Arrange the carbon di oxide gas-dissol ving nmenbrane
nodul e at the position Aillustrated in Fig. 4 and the
m croparticle renoval menbrane nodule at the position B, the

position D, the positions F1 and F2, or the positions Gla to



Gld and Qa to &Qd illustrated in Fig. 4.

iii) Arrange the carbon dioxi de gas-di ssol ving nenbrane
nodul e at the position Cillustrated in Fig. 4 and the
m croparticle renoval menbrane nodule at the position D, the
positions F1 and F2, or the positions Gla to Gld and (Qa to
&d illustrated in Fig. 4.

iv) Arrange the carbon di oxi de gas-dissol ving nmenbrane
nodul e at the positions E1 to E4 illustrated in Fig. 4 and
the mcroparticle renoval nenbrane nodul e at the positions
F1 and F2 or the positions Gla to Gld and Qa to &d
illustrated in Fig. 4.

[ 0082] In any of the above cases, the mcroparticle
renmoval nenbrane nodule is di sposed downstream of the carbon
di oxi de gas-di ssol ving nenbrane nodule. This reduces the
contam nation by the mcroparticles generated in the carbon
di oxi de gas-di ssol ving nenbrane nodule 1 as well as the
contam nation by the mcroparticles generated during the
transportation.

[ 0083] The m croparticle renoval nenbrane nodul e may be

di sposed at two or nore positions selected fromthe position
B, the position D, the positions F1 and F2, and the
positions Gla to Gld and Qa to &d. The closer to the

cl eani ng machi nes the position of the mcroparticle renoval
menbr ane nodul e, the larger the reduction in the degree of

contami nation by the mcroparticles generated while the



carbon di oxi de gas-di ssol ved wat er passes through the pipe.
However, arranging the mcroparticle renoval nenbrane nodul e
on, for exanple, the branch pipes is not preferable in terns
of cost, because this increases the nunber of the

m croparticle renoval nenbrane nodul es required.

[ 0084] The cl eaning machines (i.e., cleaning units) are
not limted and nay be either a single-wafer cleaning
machi ne or a batch-tank cl eani ng machi ne.

[ 0085] The wet cl eaning apparatus according to the present
invention may include, in addition to the mcroparticle
renoval nenbrane nodule that is a filtration nmenbrane nodul e
filled with the porous nmenbrane including a cationic
functional group, a catalytic resin colum di sposed upstream
of the mcroparticle renoval nmenbrane nodule, which is
capabl e of renoving oxidizing conponents in order to renobve
oxi di zi ng substances and the mcroparticles sinmultaneously.

[ 0086] An exanple of a wet cleaning apparatus in which the
above nenbrane nodul es are used in conbination with other
menbrane nodules is a wet cleaning apparatus that includes a
UF nenbrane nodul e, a heavy-netal renoval nenbrane nodul e
(e.g., Protego CF (produced by Entegris, Inc.)), a carbon

di oxi de gas-di ssol ving nenbrane nodul e, and the

m croparticle renoval nenbrane nodul e according to the
present invention that are arranged in this order.

EXAMPLES



[ 0087] The present invention is described bel ow nore
specifically wwth reference to Test exanple and Exanpl e.

[ 0088] The followi ng filtration nmenbranes were used in
Test exanpl e and Exanpl e.

[ 0089] Filtration nenbrane I (for the present invention):
Pol yket one MF menbrane (area: 0.13 nf) having a pore size of
0.1 umto which a dinethylam no group had been introduced by
i mrersi ng a pol yket one nmenbrane produced by a publicly known
met hod (e.g., JP 2013-76024 A or WD 2013-035747 A) in an
aqueous N, N-di net hyl am no- 1, 3- propyl am ne sol ution
containing a small amount of acid, subsequently heating the
pol yket one nmenbrane, then cl eaning the pol yket one nenbrane
with water and nethanol, and further drying the pol yketone
menbr ane.

Filtration nenbrane Il (for conparison): Commercially
avai | abl e pl eated pol yaryl sul fone nenbrane (area: 0.25 nf)
having a nom nal pore size of 5 nm
[ 0090] [ Test Exanpl e 1]

The m croparticle rejection capabilities of the
filtration nmenbranes | and Il were determ ned by conducting
a test using online mcroparticle nonitors "LiquiTrac
Scanni ng TPCL1000" produced by Fluid Measurenent Technol ogi es,
Inc. (capable of neasuring 10-nm mcroparticles; hereinafter,
referred to as "mcroparticle nonitor "TPCL000") which were

di sposed downstream of the respective filtration nmenbranes.



[ 0091] A di spersion containing 10-nmsilica particles
produced by Sigma-Aldrich was added to ultrapure water with
a syringe punp. The concentration of the mcroparticles in
t he di spersion was adjusted to be 1 x 10" to 1 x 10°
particles/nm. This dispersion was used as a test |iquid.
The test liquid was directly introduced to the mcroparticle
nmoni t or "TPC1000" wi t hout bei ng passed through the nenbrane
in order to determne the sensitivity with which the
mcroparticle nonitor detected the mcroparticles. Fig. 6
illustrates the results. 1t was confirnmed that the

m croparticle nonitor was capable of detecting silica

m croparticles having a particle dianeter of 10 nmw th high
sensitivity.

[ 0092] The test liquid was filtered through each of the
filtration nmenbranes | and Il at a filtration rate of 0.5
L/mn and a pressure difference (AP) of 10 kPa.

[ 0093] Figs. 7a and 7b illustrate the mcroparticle
rejection capabilities of the filtration nmenbranes | and I
respectively (i.e., the relationships between the injection
concentration of the mcroparticles and the detected
concentration of the mcroparticles in the filtrate).

[ 0094] The results illustrated in Figs. 7a and 7b confirm
that the filtration nmenbrane | had a larger mcroparticle
rejection capability than the filtration nmenbrane Il and was

capabl e of reducing the concentration of silica



m croparticles having a dianmeter of 10 nmfrom1 x 10’ to 1 x
10° particles/m. to 1 x 10° particles/m or less, that is, to
a concentration equal to or less than the detection limt
(i1.e., arejection rate of 99.9%or nore). |In contrast, the
filtration nmenbrane Il had a significantly |ow mcroparticle
rejection capability.
[ 0095] [ Exanpl e 1]

A carbon di oxi de gas-di ssol vi ng nmenbrane nodul e
("Liqui-Cel" produced by Asahi Kasei Corporation) was
di sposed on an ultrapure-water feed |ine. Carbon dioxide
gas-di ssol ved wat er having a carbon di oxi de gas
concentration of 20 or 40 ng/L was prepared. A dispersion
of 20-nmsilica particles produced by Sigma-Aldrich was
added to the carbon di oxi de gas-di ssolved water with a
syringe punp such that the concentration of the
mcroparticles was 2 x 10° or 2 x 10° particles/nL. Hereby,
a test liquid was prepared.
[ 0096] The test liquid was filtered through the filtration
menbrane | at a flowrate of 75 or 750 nmL/mn (pressure
difference AP. 1 or 10 kPa). The m croparticle rejection
capability of the filtration menbrane | was determ ned using
an online mcroparticle nonitor "Utra DI 20" (capabl e of
measuring 20-nm m croparticles) produced by Particle
Measuri ng Systens which was di sposed downstream of the

filtrati on menbrane |I.



[ 0097] The test was conducted in a continuous manner while
the concentrations of carbon dioxide gas and silica
m croparticles in the test liquid and the flow rate of the
test liquid were changed in each Run as descri bed bel ow
[ 0098] Run 1: carbon dioxide gas: 20 ng/L (no injection of
silica mcroparticles, no filtration), flowrate: 75 nL/mn

Run 2: carbon dioxide gas: 20 ng/L, silica: 2 x 10°
particles/nm (no filtration), flowrate: 75 nL/mn

Run 3: carbon dioxide gas: 20 ng/L, silica: 2 x 10°
particles/nm, filtration: 75 nL/mn

Run 4: carbon dioxide gas: 20 ng/L, silica: 2 x 10°
particles/nm, filtration: 75 nL/mn

Run 5: carbon dioxide gas: 40 ng/L, silica: 2 x 10°
particles/nm, filtration: 75 nL/mn

Run 6: carbon dioxide gas: 40 ng/L, silica: 2 x 10°
particles/nm, filtration: 750 nlL/mn
[ 0099] Fig. 8 illustrates the results.

The results illustrated in Fig. 8 confirmthat the
m croparticles present in the carbon di oxi de gas-di ssol ved
wat er could be renpved at a high rejection rate through the
filtration nmenbrane | regardl ess of the changes in the
concentrations of carbon di oxide gas and m croparticles and
flow rate.
[ 0100] Al though the present invention has been descri bed

in detail with reference to particular enbodinents, it is



apparent to a person skilled in the art that various
nodi fications can be made therein w thout departing fromthe
spirit and scope of the present invention.

The present application is based on Japanese Patent
Application No. 2016-062178 filed on March 25, 2016, which
is incorporated herein by reference in its entirety.

Ref erence Signs Li st
[ 0101] 1 CARBON DI OXI DE GAS- DI SSOLVI NG MEMBRANE MODULE

2, 2A, 2B M CROPARTI CLE REMOVAL MEMBRANE MODULE

3A, 3B CLEANI NG MACHI NE

3a, 3b, 3c, 3d CLEANI NG CHAMBER

11 PRE- TREATMENT SYSTEM

12 PRI MARY PURE WATER SYSTEM

13 SUBSYSTEM

10 WET CLEANI NG APPARATUS

40 ULTRAPURE WATER- PRODUCI NG APPARATUS



CLAI M5
[Caim1]

A wet cleaning apparatus that cleans an itemwth
car bon di oxi de gas-di ssol ved wat er produced by dissol ving
carbon dioxide gas in ultrapure water, the wet cleaning
appar at us conpri si ng:

a carbon di oxi de gas-dissolving unit that dissolves
carbon di oxide gas in ultrapure water;

a cleaning unit that cleans an item the cleaning unit
recei ving carbon di oxi de gas-di ssolved water fed fromthe
car bon di oxi de gas-dissolving unit; and

a filtration menbrane nodul e di sposed on a pi pe through
whi ch the carbon di oxi de gas-di ssolved water is fed to the
cleaning unit, the filtration nenbrane nodule being filled
with a porous nenbrane including a cationic functional group.
[ O ai m2]

The wet cl eaning apparatus according to Claiml,
wherein the ultrapure water is fed to the wet cleaning
apparatus froman ul trapure water-produci ng apparatus
t hrough an ultrapure-water feed pipe, the ultrapure water-
produci ng apparatus including a primary pure water system
and a subsystem
[ O ai m 3]

The wet cl eaning apparatus according to Claim1l or 2,

wherein the carbon di oxi de gas-dissolving unit is a carbon



di oxi de gas-di ssol vi ng nenbrane nodul e.
[ O ai m 4]

The wet cl eani ng apparatus according to any one of
Clains 1 to 3, wherein the cationic functional group is a
weakl y cationic functional group.

[ aimb5]

The wet cl eani ng apparatus according to C aim4,
wherein the cationic functional group is a tertiary am ne
gr oup.

[ O ai m 6]

The wet cl eaning apparatus according to any one of
Clainms 1 to 5 wherein the cationic functional group is
changed into a carbonate-type cationic functional group by
substitution.

[Caim7]

The wet cl eani ng apparatus according to any one of
Clains 1 to 6, wherein the porous nenbrane is a
mcrofiltration or ultrafiltration nmenbrane conposed of a
pol yner.

[ aim 8]

The wet cl eani ng apparatus according to Claim?7,
wherein the porous nenbrane is any one of a pol yketone
menbrane, a nylon nenbrane, a polyol efin nmenbrane, and a
pol ysul f one nenbr ane.

[ C aim9]



The wet cl eani ng apparatus according to any one of
Clains 1 to 8, wherein the porous nenbrane is capabl e of
rejecting 99% or nore of mcroparticles having a di aneter of
10 nm present in the ultrapure water.

[ A ai m 10]

A wet cleaning nethod conprising cleaning an itemwth
carbon di oxi de gas-di ssol ved water by using the wet cleaning
apparatus according to any one of Clains 1 to 9.

[C aim11]

An apparatus for producing carbon di oxi de gas-di ssol ved
wat er, the apparatus conpri sing:

a carbon di oxi de gas-dissolving unit that dissolves
carbon dioxide gas in ultrapure water; and

a filtration nenbrane nodule that filters carbon
di oxi de gas-di ssolved water fed fromthe carbon di oxi de gas-
di ssolving unit, the filtration nmenbrane nodul e bei ng
provided with a porous nenbrane including a cationic
functional group
[C ai m12]

A nethod for cleaning an itemw th carbon di oxi de gas-
di ssol ved water, the nethod conprising:

filtering the carbon di oxi de gas-di ssol ved wat er
t hrough a porous nenbrane including a cationic functional
group; and

cleaning an itemwith the filtered carbon di oxi de gas-



di ssol ved wat er.
[C ai m 13]

A wet cleaning system conprising:

a carbon di oxi de gas-dissolving unit that dissolves
carbon dioxide gas in ultrapure water, the ultrapure water
being filtrate through an ultrafiltrati on nmenbrane device
i ncluded in a subsystem of an ultrapure water-produci ng
appar at us;

a filtration nenbrane nodule that filters carbon
di oxi de gas-di ssolved water fed fromthe carbon di oxi de gas-
di ssolving unit, the filtration nenbrane nodul e bei ng
provi ded with a porous nmenbrane including a cationic
functional group; and

a cl eani ng apparatus including a cleaning nmachi ne fed
with filtrate through the filtration nmenbrane nodul e
provi ded with a porous nmenbrane including a cationic
functional group
[ O ai m 14]

The wet cleaning systemaccording to Caim 13, wherein
t he carbon di oxi de gas-dissolving unit is disposed inside
the ul trapure water-produci ng apparatus, the cleaning
machi ne i s disposed inside a housing of the cleaning
apparatus, and the filtration nmenbrane nodule filled with a
porous nenbrane including a cationic functional group is

di sposed i nside or outside of the housing.



