-1- CLEANI NG AND STERI LI ZI NG METHOD FOR ULTRAPURE WATER MANUFACTURI NG
SYSTEM Field of the Invention [0001] The present invention relates to a
nmet hod of cleaning and sterilizing an ultrapure water nanufacturing
system and particularly relates to a nethod for highly cleaning

contam nation due to netals, organic substances, particles, and bacteria
in an ultrapure water manufacturing systemin fields such as electronic
industry by efficiently cleaning and sterilizing the system Background of
the Invention [00023 In the electronic  ndustry field, ultrapure water is
used for cleaning water of materials and’parts In particular, the quality
of ultrapure water used in a sem conductor nanufacturing factory or a

f fact trictl t d, f | e
rae st byt g Ol AN AL YRR R e Ble TR At er o
50 nmor nore: one/nL or |ess, @MHB% Bﬁlﬁﬁgﬁﬁﬁ%M"‘ one/L or Iless, TCC
or less,

(total organic carbon): 1 gg/L lonic ™ 'silica: 0,1 g/L or Iess,
nmetals: 1 ng/L or less, and ions: 5 ng/L or |ess. [0003] -2-

Field of the Invention
{0001]

The present invention relates to a method of cleaning
and sterilizing an ultrapure water manufacturing system, and
particularly relates to a method for highly cleaning
contamination due to metals, organic substances, particles,
and bacteria in an ultrapure water manufacturing system in
fields such as electronic industry by efficiently cleaning
and sterilizing the system.

Background of the Invention
000271

In the electronic industry field, ultrapure water is
used for cleaning wazter of materials &nd parts. In
particular, the guality of ultrapure water used in a
semiconductor manufacturing factory or a wafer manufacturing
factory is strictly controlled, for example, resistivity:
18.2 M{-cm or more, number of particles having a diameter of
50 nm or more: one/ml or less, number of bacterium: one/L or
less, TOC {total organic carbon): 1 pg/L or less, icnic
silica: 0.1 pg/L or less, metals: 1 ng/L or less, and ions:
5 ng/L or less.

f0003)



The place where ultrapure water is used (point of use) is connected to an

ul trapure wat er manufacturing apparatus and ultrapure water supply piping
(channel ), and residual wultrapure water that is not used at the point of

use returns to the ultrapure water nmanufacturing apparatus through

anot her ultrapure water supply piping, resulting in formation of a
circulatory systemto configure an ultrapure water nmanufacturing system as
a whole. [0004] Conventionally, cleaning with alkaline solution is used
when an ul trapure water manufacturing systemis newly or additionally set,
nmodi fied, or nmintained so that particles such as dust, silica, and
alumnumin the air that exists into the system particles included in

wat er, such as fe o) ns of bacte5| a and rust, refuses which occurred during

o

t he system produ AhCHHS BHEFITER YBEBF g é‘ﬁﬁdrrﬁP%mt( Rérefdaf t er,
these are colilegtjyelotd ebers %tﬁ%p@ e wa‘%%rtﬁnglnﬁ tuar e? gafsp;%giltﬁ el i mi nat ed

to the outsi de of the system an nunber par
di ameter of &0d amepurer @aid: RGP m}z|ﬂ>jﬂllntgerc19$ndélt)raQHc"ieré’ﬁTd%l' S one or

| ess (foz exanple, Patent Docunment 1) [0005] |In addition, a nethod of
sterilizing aAtbdrwepuasenatiert 1&&nu¢agﬁmﬂangt@ygﬂﬂntl@fQﬂﬁﬁﬁet@rﬁyppress
bacteria in ultrapure water is proposed (Patent Docunents 2 and 3) -3-

to the ultrapure water manufacturing apparatus through

another ultrapure water supply piping, resulting in

formation of a clrculatory system to configure an ultrapure

water manufacturing system a&s a whole.

[0004]

Conventionally, c¢leaning with alkaline solution is used
when an ultrapure water manufacturing system is newly or
additionally set, modified, or maintained so that particles
such as dust, silica, and alwminum in the air that exists
into the system, particles included in water, such as
remains of bacteria and rust, refuses which occurred during
the system production, such as & filter, piping and more
{hereinafter, these are collectively referred to as
"particles"”) are properly eliminated to the outside of the
system, and the number of particles having a diameter of 50
nm or more in one milliliter of ultrapure water is one or
less (for example, Patent Document 1) .

[0005]
In addition, a method of sterilizing an ultrapurs water

manufacturing system in order to suppress bacteria in

ultrapure water is proposed (Patent Documents 2 and 3).



[ 0006] Furthernore, a nethod of cleaning and sterilizing an ultrapure

wat er manufacturing systemby cleaning the inside of the ultrapure water
manuf acturi-ng systemw th al kaline solution and then with hydrogen
peroxi de solution is proposed (Patent Docunent 4). [0007] Incidentally,
the principle of renoving particles with the alkaline solution is as
follows. [0008] The adhesion of particles to piping and others of an
ultrapure water nmanufacturing systemis electrical, i.e., electrostatical
due to the surface potential. In general,_the surface potenti al of
particles in solution such as cleaning fluid varies depending on the
solution characteristics and, particularly, can be significantly changed

by varying tﬁ@oﬁH of the solution. A shift in the pH of the solution to
t he al kal i ne &) makes the particles negatively charged and al so nmakes

b0l ymor it er Al T S eV (oIS ST SLs RS SPSPE L B bphenyl ene

pol ymer material, such as po yV|nyI

sul fide), fonrrkRgpthe RiRENGSHSLEN: dh@enl ke afantife bhd rigRune water
manuf acturing systemis caused, and the material has négative charge

regardl ess ObfthE“FﬂitHﬁh&ﬂ@GWKﬁeﬁ:hentf&n&hnlmg09ﬁ$ﬁﬁﬁ viilber emdiineTher ef ore,
the -9- solution and then with hydrogen peroxide solution is

proposed (Patent Document 4).

[0007]

Incidentally, the principle of removing particles with
the alkaline solution ig as followsg,
[0008]

The adhesion of particles o piping and others of an
uitrapure water manufaéturing system 1s electrical, i.e.,
electrestatical due to the surface potential. In general,
the surface potential of particles in solution such as
cleaning fluid varies depending on the solution
characteristics and, particularly, can be significantly
changed by varying the pH of the solution. A shift in the
pH of the solution to the alkaline side makes the particles
negatively charged and also makes the charge increase.
However, no change in surface potential of an organic
pelymer material, auch as PVC (polyvinyl chloride} or PPS
(polyphenylene sulfide), forming the piping svystem and the
like of the ultrapure water manufacturing system is caused,
and the material has negative charge regardless of the pH

change of the fluid in contact therewith. Therefore, the



particles negatively charged by shifting the pH of the fluid in contact
therewith are electrically repelled fromthe material formng the system
and are easily peeled and renoved. [0009] Furthernore, the peeling and
removi ng action can be sufficiently achieved even if the concentration of
al kaline solution used as the cleaning fluid is |low (for exanple, several
tens mlligranms per liter). Therefore, the cleaning fluid can be used at a

| ow concentration. Consequently, the ratio that a conponent of the
cleaning fluid remains in the systemis;reduced, and the increase of TOC

by cleaning fluid is inhibited. As a result, the cleaning work can be
finished within a short period of tinme, and the build-up of the quality of

p0sS1 bl e, [ OBEOT L& haG RL Y 1A FRD O Gheherar il Phaplrdndagie
Tanuf act ur i N Syskem ik aLial e soLuLion hs exgahlent Lor.,  emoval
e

efficiency of particles, particles adhering ih ul'trapure wat er
manuf act uri nghasystemicanibe Homytkynpeel ede and remaveds 44y addition,

since the concentration of the cleaning fluid is |ow, the conponent of the
cl eani ng fluitgmohgddly remains after cleaning, and 'thereby TOC is hardly
i ncr eased. Tq%gggfre, the cl eaning work can be perforned -5-

Furthermore, the peeling and removing action can be
sufficiently achieved even if the concentration of alkaline
solution used as the cleaning fluid is low (for example,
several tens milligrams per liter). Therefore, the cleaning
fluid can be used at a low concentration. Consequently, the
ratic that a component of the cleaning fluid remains in the
system is reduced, and the increase of TOC by cleaning fluid
is inhibited. As a result, the cleaning work can be
finished within a short period of time, and the build-up of
the quality of ultrapure water produced by the ultrapure
water manufacturing system is possible.

[0010]

Since the method for ¢leaning an ultrapure water
manufacturing system with alkaline solution is excellent for
removal efficiency of particles, particles adhering in the
ultrapure water manufacturing system can be promptly peeled
and removed. In addition, since the concentration of the
cleaning fluid is low, the component of the cleaning fluid
hardly remains after cleaning, and thereby TOC is hardly

increased. Therefore, the cleaning work can be performed



within a short period of tinme. [0011] |In Patent Docunent 4, efficient
cleaning and sterilizing is possible by the cleaning and sterilizing

met hod in which hydrogen peroxide is further injected for sterilization
after the cleaning with al kaline solution. Patent Document 1: Japanese
Unexam ned Patent Application Publication No. 2000-317413 Patent Docunent
2: Japanese Unexam ned Patent Application Publication No. 2002-166283

Pat ent Docunent 3: Japanese Unexani ned Patent Application Publication No.
2004- 275881 Patent Document 4: Japanese Mnexam ned Patent Application
Publ i cati on No. 2002-192162 Summary of the Invention [00121 when the

nmet hod of cleaning and sterilizing an ultrapure water nmanufacturing system
of Patent Docunent 4 is ag ljed to a new or additional ultrapure water
manuf act uri ng'* "8y &t i 4iid gfﬁﬁﬁéﬁibhmﬁf ultrapure water is started after

t he cl eani ng g, terilizing treatnent, imediately after the cleaning and
sterilizing, arequired ultrapure water quality that the nunber of

bacteria in one |if e @fttH&undhtl aPUL & WALEE LS QN8 0k,4ESS can be
satisfied, but it 6- takes 2 weeks for satisfying a required ultrapure

wat er sterilizing is possible by the cleaning and sterilizing

method in which hydrogen peroxide is further injected for
sterilization after the cleaning with alkaline soluticgn,

Patent Document 1l: Japanese Unexamined Patent
Application Pubklication No. 2000~317413

Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2002-166283

Patent Document 3: Japanese Unexamined Patent
Application Publication No. 2004-275881

Patent Document 4: Japanese Unexamined Patent

Application Publication No. 2002-192162

Summary of the Invention
[0012}

When the method of cleaning and sterilizing an
vitrapure water manufacturing system of Patent Document 4 is
applied to a new or additicnal ultrapure water manufacturing
system, and production of ultrapure water is started after
the cleaning and sterilizing treatment, immediately after
the cleaning and sterilizing, a required ultrapure water
quality that the number of bacteria in one liter of the

ultrapure water is one or legs can be satisfied, but it



quality that the nunber of particles having a dianeter of 50 nmor nore in
one milliliter of the ultrapure water is one or less, and also it takes 2
weeks for satisfying a required ultrapure water quality that the
concentration of nmetals is 1 ng/L or less. [0013) However, recently, a
new or additional ultrapure water system has been bei ng denmanded to
satisfy required ultrapure water qualities within one week after cl eaning
and sterilizing treatnment. Therefore, it is a situation that the nethod
of cleaning and sterilizing an ultrapurg water manufacturing system
proposed in Patent Docunent 4 cannot conply with such requirenents. [0014]
Accordingly, it is an object of the present invention to provide a nethod

of cleaning %%%egtfrJéégglg an ul trapure wat er manuf acturing system

| t
wherein netal's, -organic §u55?éﬁ€5¥ %é?ﬁ?@Pég?ﬁdH&rBBHf%ﬁﬁﬁlrnside t he
ul trapure V"ﬁ‘;{u@ﬁif@%fa%mtﬁﬁé | ngsysLem.gan heshi ghly ef ik Gl &kl v egroved,

and t hereby trapure water satisfying required water qualitiées can be
produced W t hisnoa sher tinperd ad 10fi1itee &f tae ¢lweaping ang:stierbhbzi ng.

[ 0015] The present inventors have conducted intensive 7 investigations for
sol vi ng the aboVvessrentidonete priobkéas angeks for satisfying a reguired

ultrapure water quality that the concentration of metals is
1 ng/L or less.
{00137

However, recently, a new or additional ultrapure water
system has been being demanded to satisfy reguired ultrapure
water qualities within one week after cleaning and
sterilizing treatment. Therefore, it is a situation that
the method of cleaning and sterilizing an ultrapure water
manufacturing system proposed in Patent Document 4 cannot
comply with such requirements.
{0014]

Accordingly, it 1s an object of the present invention

to provide a maethod of cleaning and sterilizing an ultrapure
water manufacturing system, wherein metals, organic
substances, particles, and bacteria inside the ultrapure
water manufacturing system can be highly efficiently removed,
and thereby ultrapure water satisfying required water
qualities can be produced within a short period of time

after cleaning and sterilizing.

[0015]

The present inventors have conducted intensive



as a result, have found the fact that by treating a cleaning and
sterilizing process including cleaning with alkaline solution and then
sterilizing with sterile water twice or nore, contam nants such as netals
and m croorgani sns can be highly renoved and the period fromthe start of
ultrapure water production after the cleaning and sterilizing till the
required water qualities are satisfied (hereinafter, sonetines referred to
as "build-up period") can be shortened to within one week even in the
requirement itens that take 2 weeks as the build-up periods in the
conventional nethods. [0016] The present invention has been achi eved based
on these findings and is characterized in that in a nethod of cleaning
and steriliz%ggean,ultrapure wat er manufacturing systemincluding an

ul trapure water SRahifEctdr fRY Hppardt bS ebvEornttichegds 8 el Hlt Fapur e

wat er, and an .ult r.e r nel . connecting .the ultrapure water
nanufacturingS gp%araﬁﬁsﬂgkg ?ﬁgggngtf%ﬁiugé% %gclégﬁ?ﬁa And SP&PP1i zi ng

process incl udiangcan 1al-kaki ncbaani RE-SIER o QfghLaNI AL 1838t part of
the inside of the systenlgj%h alkaliﬁé sgiut?ohggﬁé anster%fagﬁng step for

sterilizing tsheusyst emd whth steefiill eivptenhabteritheaakkatiicd @aning is
treated twi ce or nore. [0017] -8- According to the nethod of cleaning and
sterilizing a&nre, contaminants such as metals and microorganisms can be

highly removed and the period from the start of ultrapure

water production after the cleaning and sterilizing till the

required water qualities are satisfied (hereinafter,

sometimes referred to as "build-up period") san be shortened

te within one week even in the requirement items that Take 2

weeks zs the builld-up periods in the conventional methods.

[0016]

The present invention has been achieved based on thesze
findings and is characterized in that in a method of
cleaning and sterilizing an ultrapure water manufacturing
system including an ultrapure water manufacturing apparatus,
a point of use of ultrapure water, and an ultrapure water
channel connecting the ultrapure water manufacturing
apparatus and the point of use, a cleaning and sterilizing
process including an alkali cleaning step for cleaning at
least part of the inside of the system with alkaline
solution and a sterilizing step for sterilizing the system
with sterile water after the alkali cleaning is treated

twice or more.

[0017]



ul trapure water manufacturing systemof the present invention, the

buil d-up period can be significantly shortened by highly renoving netals,
organi ¢ substances, particles, and bacteria inside the ultrapure water
manuf acturi ng system Brief Description of Drawings [0018] Fig. 1 is a

fl ow di agram of an ultrapure water manufacturing system show ng an

enbodi nent of the nethod of cleaning and sterilizing an ultrapure water
manuf acturing system of the present invention. Fig. 2 is a graph show ng
changes in the nunber of particles in._wtrapure water wth the passage of
time in Exanple 1 and Conparative Exanples 1 to 3. Fig. 3 is a graph
showi ng a rel ati onshi p between the flowrate during flushing and the
period of tine of, qikkU erd e ntal exanples 1 to 6. Fig. 4is
a graph showi ng a‘%nﬁgt oné%l g?mé %‘?ﬁg “HetiHd of St e IGAEhe) al kal i

cl eani ng st emiandpthe \.M@QeﬁianL(ﬂ’a@t@L:kr\fg é}}é@%ﬁrbfaéhaoz;%ggh?s in alkaline
solution in experinental exanples 7 to 12 : a graph showi ng a
rel ati onshi p ibetnesm t hae pethbdmobetiﬂfcﬁﬁ.bhesﬁyﬁmhthtDQ step and the
metal 9- concentration (relative value) in sterile water in experinental

exanpl es 13 tsgoxgened by highly removing metals, organic substances,

particles, and bacteria inside the ultrapure water

manufacturing systemn.

Brief Description of Drawings
[00183

Fig. 1 is a flow diagram of an ultrapure water
manutacturing system showing an embodiment of the method of
cleaning and sterilizing an ultrapure water manufacturing
system of the present invention.

Fig. 2 is a graph showing changes in the number of
particles in ultrapure water with the passage of time in

Example 1 and Comparative Examples 1 to 3.

Fig. 3 is a graph showing a relationship between the
flow rate during flushing and the period of time of the
flushing in experimental examples 1 to 6.

Fig. 4 is a graph showing a relationship between the
period of time of the alkali cleaning step and the number
{(relative number) of particles in alkaline solution in
experimental examples 7 tTo 12.

Fig. 5 15 a graph showing a relationship between the

period of time of the sterilizing step and the metal



Det ai |l ed Description of the Invention [0019] Enbodi ments of the method of
cleaning and sterilizing an ultrapure water manufacturing system of the
present invention will be described below [0020] It is characteristic of
the present invention that in a nethod of cleaning and sterilizing an
ultrapure water nmanufacturing systemincluding an ultrapure water

manuf acturing apparatus, a point of use of ultrapure water, and an

ul trapure water channel connecting the ultrapure water manufacturing
apparatus and the point of use, a cleanjng and sterilizing process
including an alkali cleaning step for cleaning at |east part of the inside
of the systemw th alkaline solution and a sterilizing step for

sterilizing the Sﬁgtenjmﬁth s;erileﬁﬁater_after,the al kali cleaning is
treated tw ceBFrehbFeatiqrod2 ¢} 2t Hife Vet Rod b tEFdaRi fiF &nd st eri | i zi ng an
ul trapure ter facturin tem the present invention is thus
characterizgghiﬁr %ﬁ% 5&8F8%ﬁ?ﬁ§ §8d9éterilizing process including the

al kali cleanipg.step and the: st erd khai ng.&igR, 1S treated twice or nore,
and the nethod preferably includes -~ 0 a first flushing step for cleaning

t he inside ofjoche;system w th flushing water consisting of primary pure
wat er or

Embodiments of the method of cleaning and sterilizing
an ultrapure water manufacturing system of the present
invention will be described below.

[0020]

It is characteristic ¢f the present invention that in a
method of cleaning and sterilizing an ultrapure water
manufacturing system inciuding an ultrapure water
manufacturing apparatus, a point of use of ultrapure water,
and an ultrapure water channel connecting the ultrapura
water manufacturing apparatus and the point of use, a
cleaning and sterilizing process including an alkali
cleaning step for cleaning at least part of the inside of
the system with alkaline solution and a sterilizing step for
sterilizing the system with sterile water after the alkali
cleaning is Lreated twice or more.

[0021]

The method of cleaning and sterilizing an ultrapure
water manufacturing system of the present invention is thus
tharacterized in that the cleaning and sterilizing process
including the alkali cleaning step and the sterilizing step

is nreated twice or more, and the method preferably includes



ultrapure water between the alkali cleaning step and the sterilizing step.
In addition, the nmethod preferably includes a second flushing step for
cleaning the inside of the systemw th flushing water consisting of
primary pure water or ultrapure water inmediately after the sterilizing
step. That is, one cycle of the cleaning and sterilizing process according
to the present invention preferably includes at |east four steps: the

al kali cleaning step, the first flushing step, the sterilizing step, and
the second flushing step, in this ordQF&_[OOZZ] In the present invention,
the al kaline solution used in the alkali cleaning step is preferably a

wat er solution prepared by dissolving one or nore of al kaline conpounds

sel ected from the group.consi sti of . amoni a, amoni um_ comnpounds,
hydr oxi des of" éfﬁﬁﬁgi&ﬁgs{%f“%,s%er?dr}g%i GERTB%ar REI 1756t 8F sEPY FYFAREI cul ar, a

vater so Ut QA" eRRLEd, DY A SRALYLOG, A0 ALORLIT 9RLE analor, @ hydr oxide
of an alkali netal. Thé alkaline solution s no§i‘prefera21y a wat er

sol ution preparcedpby: diasgel Méfi@GamIBAI A kAR MDA AYMS8btanB the
t et raal kyl ammoni um conpound, sodi um hydroxi de, potassium hydroxide, or the
like. In addisteohlizing stewentini sddrieher it yneddiodnp zetk watier, nore
preferably p&%%égasp%r %e&%&é f\lﬁ.%tslelg_ngstu;pt r‘fgguéleeavl\“ﬁtner th ( 0'023]d £
g the inside o
the system with flushing water consisting of primary pure
water or ultrapure water immediately after the sterilizing
step. That is, one cycle of the cleaning and sterilizing
process according to the present invention preferably
includes at least four steps: the alkali cleaning step, the
first flushing step, the sterilizing step, and the second
flushing step, in this order.
[0022]

In the present invention, the alkaline solution used in
the alkali cleaning step is preferably a water solution
prepared by dissolving one or more of alkaline compounds
selected from the group consisting of ammonia, ammonium
compounds, hydroxides of alkali metals, and oxides of alkali
metals, in particular, a water solution prepared by
dissolving an ammonium salt and/or a hydroxide of an alkali
metal. The alkaline solution is most preferably a water
solution prepared by dissolving ammonia, an ammonium salt, a
tetraalkylammoniuvm compound, sodium hydroxide, potassium

hydroxide, or the like. In addition, the solvent is

preferably deionized water, more preferably primary pure



The peeling efficiency of particles is |ow when the pH of the al kaline
solution used in the alkali cleaning step is less than a certain val ue,
i.e., when the pHis less than 9. However, a too high pH of the al kaline
solution may corrode piping and ot her conponents of the system and al so
has a problemthat the subsequent first flushing has to be treated for a
| ong period of tinme. Therefore, the pH of the alkaline solution used in
the al kali cleaning has preferred upper and lower limts. [0024]
Specifically, the al kaline solution prqﬁ?[ably has a pH of 9 to 12, nore
preferably a pH of 9.5 to 11. [0025] The tenperature of the al kaline
solution is not particularly limted, but is preferably 20C or nore and
40C or less with considerati on of the resistance of parts constituting the
ul trapure wat@ Srafbf At dPPAG $Y<S%em  [0026] When the sterile water used
in the sterilhﬁbgg step is primary pure water or ultrapure water, the
sterile water 1s "preferably hot pure water having a tenperature of 600C or

more. A higher tempenabutgyWihineac) ange ot 100t exceadi g, the gﬁat
resi stance tenperatures of the parts and piping -12- constituting the
ul trapure watedr chanaflactivei BglLsyshemsts iprebesl peh Atc1bhgi PPidtepof st he
cleaning effect, as in the
less than a certain value, i1.e.,, when the pH is less than 9.
However, a too high pH of the alkaline solution may corrode
piping and other components of the system and also has a
problem that the subseguent first flushing has to be treated
for a long period of time. Therefore, the pH of the
alkaline solution used in the alkali cleaning has preferred
upper and lower limits.
{0024)
Specifically, the alkaline solution preferably has a pH
of 9 to 12, more preferably a pH of 9.5 to 11.
[0025)
The temperature of the alkaline solution is not
particularly limited, but is preferably 20°C or more and
40°C or less with consideration of the resistance of pArts
constituting the ultrapure water manufacturing system.
[0026]
When the sterile water used in the sterilizing step is
primary pure water or ultrapure water, the sterile water is
preferably hot pure water having a temperature of 60°C or

more. A higher temperature within a range of not exceeding

the heat resistance temperatures of the parts and piping



al kaline solution. In the case of PVDF having a heat resistance
tenperature of about 80C, the tenperature of the sterile water may be 75
to 80C, and in the case using stainless steel as the constitutional
material, cleaning can be treated at a tenperature of about 100C. [0027]
When the sterilization cannot be treated at a high tenperature because of
| ow heat resistance of the nmaterial of the piping or another conponent, it
is preferred to use ozone water or hydrogen peroxi de water to prevent
contam nation with inpurities in the subsequent stage. The control of
ozone water concentration is difficult, and, in sone cases, the piping and
the like may be corroded by its too strong oxidizability. Accordingly, it
is nore preferr 0, use hydmp en peroxi de water. The sterilizing power of

ed, t : .
hydr ogen perd%?ﬁglﬁ%?ﬁp i"8° gt Wrhin e d" bYE hAPRHERC Bt iREehY = HFdi§gen per oxi de
concentr ati on,ad, 504 uld 0. LSIMAr BLULL, o THRLELONS, @ necessaty sterilizing
y ' t he "hy i'e

power can be obtal ned I ncreasi ng ro%en peroxide concentration

even if the Sohuli®ndleAPssat dhechs QW o HoMBMe ., SEACE 1@, Ri gher
concentration of hydrogen peroxi de nakes the period of time necessary for

t he subsequenessetont: fleughramprst ep dlomgenf an trexcesseyedyrehibvghthe
concentration is undesirable. -13- (0028) Therefore, the hydrogen peroxide
concentrati oft8fithevater may be 75 to 80°C, and in the case using

stainless steel as the constitutional material, cleaning can

be treated at a temperature of about 100°C.

[0627]

When the sterilization cannot be treated at a high
temperature because of low heat resistance of the material
of the piping or another component, it is preferred to use
czone water or hydrogen peroxide water to prevent
contamination with impurities in the subsequent stage. The
control of ozeone water ceoncentration is difficult, and, 1in
some cases, the piping and the like may be corroded by its
too strong oxidizability. Accordingly, it is more preferred
to use hydrogen peroxide water. The sterilizing power of
hydrogen peroxide water is determined by balance between
hydrogen peroxide concentration and solution temperature.
Therefore, a nscessary sterilizing power can be obtained by
increasing the hydrogen peroxide concentration even if the
solution temperature is low. However, since a higher
concentration of hydrogen peroxide makes the period of time

necessary for the subsequent second flushing step longer, an

excessively high concentration is undesirable.



hydr ogen peroxi de water used has a predeterm ned preferred range.
Specifically, the concentration is preferably 0.01 to 10% by weight, in
particular, 0.01 to 5.0% by weight. In addition, the solvent of the

hydr ogen peroxide water is preferably deionized water, nore preferably
primary pure water or ultrapure water. [0029] Furthernore, the
tenperature of hydrogen peroxide water as the sterile water is preferably
in arange of 10 to 50C and is properly determ ned according to the

hydr ogen peroxi de concentration and thﬁgheat resi stance tenperatures of

the parts and piping constituting the ulfrapure water manufacturing

system The tenperature |ower than 10C cannot provide sufficient
sterilizing ef%g&ﬁ, and also a device for producing cold water with the
tenperature bl 10C is additionally necessary, which is high cost. Thus,

there is no adva - e r e higher_than 50C . causes
deconposition ofn%y ggag%’d%ggggagégféégfgfhaei??@ge“gf%%ﬁrﬁ@%nfh%ecrease in

sterilizing %@E@G%er} %%r@%@éimté@c%_r _@rQQél'ehase‘éeBr«iscﬁegél%iE@gpﬁfeaite%r@dOf sterile

water is low, sufficient sterilizing effect can be obtained by using

hydrogen per axhde. wapecifkhanef otes ahernther consti pusianally oaterial of
the ultrapure water manufacturing systemis |ow -19- in heat resistance, it
is preferredtPoliisehydishen erexideslagt &r Chsta He 0§t by i Wl avat erin

addition, the solvent of the hydrogen peroxide water is

preferably deionized water, more preferably primary pure

water or ultrapure water,

[0029]

Furthermore, the temperature of hydrogen peroxide water
as the sterile water is preferably in a range of 10 to 50°C
and is properly determined according to the hydrogen
peroxide concentration and the heat resistance temperatures
of the parts and piping constituting the ultrapure water
manufacturing system. The temperature lower than 10°C
cannot provide sufficient sterilizing effect, and also a
device for producing cold water with the temperature below
10°C is additionally necessary, which is high cost. Thus,
there is no advantage. The temperature higher than 50°C
causes decomposition of hydrogen peroxide, resulting in a
significant decrease in sterilizing effect. Aas described
above, even if the temperature of sterile water is low,
sufficient sterilizing effect can be obtained by using

hydrogen pesroxide water. Therefore, when the constitutional

material of the ultrapure water manufacturing system is low



[0030] In a conbination of the hydrogen peroxi de concentration and the

t enperature of hydrogen peroxide water for providing sufficient

sterilizing effect, a preferred fluid tenperature corresponding to a

hydr ogen peroxi de concentration of 0.01 to 0.5%by weight is 30 to 50C,

and a preferred fluid tenperature corresponding to a hydrogen peroxide
concentration of 0.5 to 5.0% by weight is 10 to 30C. (0031] 1In the alkal
cleaning step and the inmediately following first flushing step, too slow
flow rates of the alkaline solution angythe flushing water cause a problem
that particles peeled by the al kali cleaning adhere again to the piping or

anot her conponent. Therefore, the flowrates of the al kaline solution used
used in the first flushing

in the alkall ckeanlgg agd t he tflush %vyater
are preferably "hel d Bt padet dfnitied T EVers b Hr SYCTRE PSRCFaes hel d

at predeternk@@gllquLé ggeppgewgk§p have an advantage that a turbul ent
flow is generated and thereby particles staying at a fluid renmaining

portion in thHeosystem can be pronptly renoved. [0032] However, an
excessively high flow rate has a problemof -1.5- an increase in | oss of
pressure and may Gaésecotirigakage of |@ekaygdyorhre peoovidyr atdnernofatine j uncti on

area of the
and the temperature of hydrogen peroxide water for providing
sutficient sterilizing effect, a preferred fluid temperature
corresponding to a hydrogen peroxide concentration of 0.01
to 0.5% by weight is 30 to 50°C, and a preferred fluid
Lemperature corresponding to a hydrogen peroxide
concentration of 0.5 to 5.0% by weight is 10 to 30°C.
(00317

In the alkall cleaning step and the immediately
following first flushing step, too slow Flow rates of the
alkaline solution and the flushing water cause a problem
that particles peeled by the alkali cleaning adhere again to
the piping or another component. Therefore, the flow rates
of the alkaline solution used in the alkali cleaning and the
flushing water used in the firat flushing are preferably
neld at predetermined levels or more. The flow rates held
at predetermined levels or more also have an advantage that
a turbulent flow is generated and thereby particles staying
at a fluid remaining portion in the system can be promptly
removed.
[0032]

However, an excessively high flow rate has a problem of



pi pi ng or anot her conponent. Therefore, the flowrate has a preferred
upper limt. [0033] Specifically, the flowrates of the al kaline solution
used in the alkali cleaning step and the flushing water used in the first
flushing step are each preferably held at 0.3 to 2.0 msec, nore
preferably 0.5 to 1.5 nmisec. [0034] Furthernore, the flowrate of the
flushing water used in the second flushing step inmmediately after the
sterilizing step is preferably held at a predeternmined level or nore in
order to reliably discharge remains of bacteria fromthe system However,
as in the above, an excessively high flow rate has a probl emof an
increase in loss of pressure and may cause breakage (|eakage) due to
vibration of_ _the juncti,on area of the ipi g or anot her conponent.

Therefore, tHfe FPEWF 3% éha8%h Hr BFEFTRC el?Yi T4Se PSpREddd cal ly, the
flow rate of S - th . d flushing step is
preferably helggkg&%)gh%gt 0ﬁ{ﬁ¥§§g bﬁﬁ?@ glﬁgera I 7°0. 5" t'6' 1. 5pnisec

[0035] on the ehhes: hapdnesi As@onbatS O8SHEADIE tcﬂe'f'fédua@gehaé he sterile
water into the system the flowrate of the -16- sterile water used in the

sterilizing strepermmy hepskowerit.t han those of the al kaline solution and the

flushing water.
[0033)

Specifically, the flow rates of the alkaline solution
used in the alkali cleaning step and the flushing water used
in the first flushing step are each preferably held at 0.3
to 2.0 n/sec, more preferably 0.5 to 1.5 m/sec.

(0034}

Furthermore, the flow rate of the flushing water used
in the seccnd flushing step immediately after the
sterilizing step is preferably held at a predetermined level
or more in order to reliably discharge remains of bacteria
from the system. However, as in the above, an excessively
high flow rate has a problem of an increase in loss of
pressure and may cause breakage {leakage) due to vibration
of the junction area of the piping or another component.
Therefore, the flow rate has a preferred upper limit.
Specifically, the flow rate of the flushing water used in
the second flushing step is preferably held at 0.3 to 2.0
m/sec, more preferably 0.% to 1.5 m/sec.
f0035]

On the other hand, since it is desirable to infiltrate

the sterlle water into the system, the flow rate of the



However, since an excessively high flow rate has a problem of an increase
in loss of pressure and may cause breakage (| eakage) due to vibration of
the junction area of the piping or another conponent, the flow rate has a
preferred wupper limt, as in the alkaline solution and the flushing

water. Specifically, the flowrate of the sterile water is preferably held
at 0.1 to 2.0 nisec, nore preferably 0.3 to 1.5 nisec. [0036) In the case
that the first flushing step is performed after the alkali cleaning, the
conpl etion of the flushing can be detefjgined by the pH of the flushing
water, specifically, when the pH of flushing water in ultrapure water
supply piping (channel 3b in the belownentioned Fig. 3) for returning the
fl ushi ng wat er been,sent_to int of use to the ultrapure

that h t he .
wat er nanufaé%ﬁfﬁg% w%ﬁ%ﬁa?ﬁ?ﬁ§”}§§8h§§e¥% pﬁﬂ%t%ﬁ%ﬁ A8d PevEI°“6F 8 or |ess,
for exanpl ena,pHofe Qfotkgyﬁk -1iﬁ£t§%£H%HkKe£%§ %ﬂ%:fﬁﬁﬁﬁﬁiﬁid%@erOf the

flushing can be determ ned the resistivity o ['ushi ng "wat er,

speci fi cal | y Howbesr t henceskstdAddsyi 081y Hilgushing Mmakerat i Wibapure water
supply piping (channel 3b in the belownentioned Fig. 3) for returning the
flushi ng wat@r aphatcrsasebéenlasentitpradwerpornd rofy usest G tdadagd7-

ul trapure water manufacturing apparatus reaches a predeterm ned |evel of
10 MB2cm or rfofdkaqdr dugakpl BLbIEgipn of the junction area of the

piping or another component, the flow rate has a preferred
upper limit, as in the alkaline solution and the flushing
water. Specifically, the fiow rate of the sterile water is
preferably held at 0.1 to 2.0 m/sec, more preferably 0.3 to
1.5 m/sec.

[0036]

In the case that the first flushing step is performed
arter the alkali cleaning, the completion of the flushing
can be determined by the pH of the flushing water,
specifically, when the pH of flushing water in ultrapure
water supply piping (channel 3b in the below-mentioned Fig.
3) for returning the flushing water that has been sent +o
the point of use to the ultrapure water manufacturing
apparatus reaches a predeternined level of 8 or less, for
example, a pH of 6.0 to 8.0. Alternatively, the completion
of the flushing can be determinad by the resistivity of the
flushing water, specifically, when the resistivity of
flushing water in ultrapure water supply piping (channel 3b
in the below-mentioned Fig. 3) for returning the flushing

water that has been sent to the point of use to the



to 18.2 MQ cm [0037] Furthernore, in the case that the second fl ushing

step

conpl etion of the flushing can be confirmed by

is perfornmed after sterilization wth hydrogen peroxide

wat er, the

t he hydrogen peroxide

concentration in the flushing water, specifically, when the hydrogen

per oxi de concentration in

flushing water in ultrapure water supply piping

(channel 3b in the belownentioned Fig. 3) for returning the flushing

wat er that has been sent to the point of use to the
manuf acturing apparatus is reduced to 1,pg/L or less, that is,

peroxide is detected. Here, the concluSion that no hydrogen peroxide is

ul trapure water

no hydr ogen

detected refers to, for exanple, that no change in color of hydrogen

per oxi de t est

i s observed when the test paper is saturated with the

aper
Flushing wat 6t SBFEERAL"F odety St Y AR8 67 3 ThARSgen per oxi de
concentratloguggggéﬂﬁ%ﬁggfebgﬁ:t 160MHOmR L (ﬁ%trggégﬁgggﬁhoquy% reduced

to 1 ng/L or " |ess.

ernore, in thé tase t

Re ‘second

flushing step, hs.pardasmed after sterilization with hot pure water, the

conpl etion of the flushing can be determ ned when the 18
flushi ng wat d60Bn] ul trapure water supply piping (channel

bel ow-nmentioned Fig. 3) for
Furthermore, in the case that the second flushing step

is performed after sterilization with hydrogen peroxide

resistivity of
3b in the

water, the completion of the flushing can be confirmed by

the hydreogen peroxide concentration in the flushing water,

specifically, when the hydrogen peroxide concentraticon in

flushing water in ultrapure water supply piping (channel 3b

in the below-mentioned Fig. 3) for returning the flushing

water that has been sent to the point of use to the

ultrapure water manufacturing apparatus is reduced to 1 ng/L

or less, that is, no hydrogen peroxide is detected. Here,

the conclusion that no hydrogen peroxide is detected refers

to, for example, that ne change in color of hydrogen

peroxide test paper 1s observed when the test paper is

saturated with the flushing water or that a measurement

value of a hydrogen peroxide concentration meter by an

iodine coulometric titration method is reduced to 1 mg/L or

less.

[0038]

Furthermore, in the case that the second flushing step

is performed after sterilization with hot pure water, the

completion of the flushing can be determined when the



returning the flushing water that has been, sent to the point of use to
the ul trapure water nmanufacturing apparatus reaches a predeterm ned |evel
of 10.0 M| cmor nore, for exanple, 10.0 to 18.2 MS2cm [0039] The
flushing may be term nated according to the time schedule wi thout treating
t he above-nenti oned determ nation of conpletion, but in such a case, since
it is necessary to consider the remaining of chem cals such as the

al kaline solution and the sterile water or inpurities generated by the

cleaning and sterilizing, the period of sgine till the term nation of
flushing nmust include a certain level of buffer. Therefore, the period of
time till the termnation of flushing becones | onger than those in the

cases t hat tq%si%ggp eti S detergkged.as in above, and the anount of

I n i ! : n C
f1 ushi ng wat er "use %%yi %cr%%%%qumw Fti7 WhitCAPYE® VEFG® PHEH cient .
[0040] "In tha RRESEMadRYeBLT oD HthE. £l.eaning,a0¢ ;Sterk|izing process
including the alkali cleaning step and the sterilizi'ng step and preferably
i ncl udi ng t heeakkalig creatii fghsiepatbhecfdd sksfbashisagc st &mnd BBint

sterilizing step, and the second flushing step is treated twice or nore.
The -19- periQQjU§¢ t¢ ridef Bl teafinesratyclenofather gleappagetard  sterilizing
process (the r%g%é)éj aOfprteldgEeprr\eiCnee?:iS?xragef Oorf tl%?o MQ-cm or more, for

example, 10.0 to 18.2 MO -cm.

00392}

The flushing may be terminated according te the time
schedule without treating the above-mentioned determination
of completion, bhut in such a case, since it is necessary Lo
consider the remaining of chemicals such as the alkaline
solution and the sterile water or impurities generated by
the ¢leaning and sterilizing, the period of time till the
teriination of flushing must include a certain level of
buffer. Therefore, the period of time till the termination
of flushing becomes longer than those in the cases that the
completion is determined as in above, and the amount of
flushing water used is increased with it, which is very
inefficient.

(0040}

In the present invention, the cleaning and sterilizing
process including the alkall c¢leaning step and the
sterilizing step and preferably including the alkaii
cleaning step, the first flushing step, the sterilizing step,

and the second flushing step is treated twice or more. Ths



cleaning and sterilizing process neans the total tinme for the alkali
cleaning step and the sterilizing step, not including the tine for the
first and second flushing steps) is preferably shorter than the period of
time for a second or later cycle of the cleaning and sterilizing process.
More preferably, the period of tine for the alkali cleaning step and the
period of time for the sterilizing step in the first cycle of the cleaning
and sterilizing process are set to be respectively shorter than those in
the second or later cycle of the cleanipgg and sterilizing process. [0041]
This is based on the follow ng reasons. ""[0042] That is, in the alkal
cleaning step in the first cycle of the cleaning and sterilizing process,
a large amount of  inppurities, such as particles adhering to the piping and

ot her conpondit’d °fn°t ety dpeng THdadt © '{%{ﬁffgﬁg%l%ﬁﬁﬁﬁta6@ al kal i and
are thereby psec%lr%izjﬁggg;p‘%{ogregs gi‘x% ﬁg?ﬁ?@tc{fatt'i%re' ndledde atkal i 1s

(=]
decreased, which redu € cl eani pertormance and arso may nake the

impurities suQRadsng PAHd isekes1 AARRS §r888d I d@nkhenpiRing ol anether
conmponent in the system In addition, if the alkali cleaning step in the

first cycle afhst hekel eanieagiandkshenhd i ZingLREQCesnd $tkpNtho?20 the | arge
anount of the particles that have been peeled chemcally react with the
pi pi ng or anctépdeonpdrenting nfathghe first and second flushing steps)

is preferably shorter than the period of time for a sscond
or later cycle of the cleaning and sterilizing process.
More preferably, the perlod of time for the alkali cleaning
step and the period of time for the sterilizing step in the
first cycle of the cleaning and sterilizing process are set
to be respectively shorter than those in the second or later
cycle of the cleaning and sterilizing process.
[(0041)

This is based on the following reasons.
[0042]

That is, in the alkali cleaning step in the first cycle
of the cleaning and sterilizing process, a large amcunt of
impurities, such as particles adhering to the piping and
other components in the system, react with a large amount of
alkali and are thereby peeled. Therefore, the concentration
ol the alkali is decreassd, which reduces the cleaning
performance and also may make the impurities such as
particles adhere again te the piping or another component in
the system. In addition, if the alkali cleaning step in the

first cycle of the cleaning and sterilizing process is long,



system under the alkali condition, which may degrade the parts
constituting the ultrapure water manufacturing system Accordingly, it is
preferred that the alkali cleaning step in the first cycle of the cleaning
and sterilizing process be perforned for roughly renoving inpurities such
as particles by setting the cleaning time short and di scharging the
cleaning drain early and that the alkali cleaning step in the second or

| ater cycle of the cleaning and sterilizing process be perfornmed for

hi ghly cl eani ng by spendi ng enough timgg.[0043] On the other hand, in the
sterilizing step of the first cycle of the cleaning and sterilizing
process, a netal adhering on the surface or infiltrating in the surface

| ayer of no t@kk%g art ggn“titugkﬂ%%%p% uItrunre wat er  manuf acturing
systemis el uted as’metal i ons fhe di- 2P hg" PEWEF B PEHE St eri | e wat er
(hot pure watfer@ksory hascoxidizi-ng powel, due.} tﬁglgfeokggﬁ?de%{tatiw el hereof).
The netal ions physically erode or elute and thereby readily degrade
parts made ofsyatmmterdeal thbailis idebfierent,f vemt haly def-ide parts from
which the netal ions thenselves are eluted. Accordingly, it is preferred
that the stemritsi aeprepting tthe Rilrstpwyechketef ndhefebeanimyg sgadem.
sterilizing %%oce s he -21-,$erforned‘for roughly renoving netal ions
el uted from “HGRRBLH WY ctpatt £765y ©5821 itg tt RBS st Bl gierpinionstshort and

in the first cycle of the cleaning and sterilizing process

be performed for roughly removing impurities such as

particles by setting the cleaning time short and discharging

the cleaning drain early and that the alkali cleaning step

in the second or later cycle of the cleaning and sterilizing

process be performed for highly cleaning by spending anoudgh

time.

[0043]

On the other hand, in the sterilizing step of the first

cycle of the cleaning and sterilizing process, a metal

adhering on the surface or infiltrating in the surface layer

of nonmetallic parts constituting the ultrapure water

manufacturing system is eluted as metal ions by the

oxidizing power of the sterile water (hot pure water also

has oxidizing power due to high temperature thereof). The

metal ions physically ercode or elute and thereby readily

degrade parts made of a material that is different from that

of the parts from which the metal ions themselves are eluted,

Accordingly, it is preferred that the sterilizing step in

the first cycle of the cleaning and sterilizing process be



di scharging the sterilization drain early and that the sterilizing step in
the second or later cycle of the cleaning and sterilizing process is
performed for a period of tine sufficient for a high |level of
sterilization. Incidentally, exanples of nonnetal of the nonnetallic parts
herein include silicon, PVC (polyvinyl chloride), PPS (polyphenylene

sul fide), PVDF (polyvinyl difluoride), FRP (fiber-reinforced plastic), PFA
(tetrafl uoroet hyl ene/ perfluoroal kyl vinyl ether copolyner), EPOM (ethylene
propyl ene diene terpolyner), and Viton (registered trademark) (fluoro
rubber, manufactured by DuPont Elastoner Co., Ltd.). [00441 1In this case,
for exanple, it is preferred that the period of tinme for the alkal

cl eaning step of the beIom#descrlbed al kal i ne sol ution

I
in the systeﬁf&%Baﬁgﬁg‘#?E?ngggPémﬁV PR ianPRg eEéitéF‘i”I‘lzmg process
be set to 0. §m%8w%a9 a%tsz é tné-éygfr11£ﬂ¥ Qer 0 §g tl me for
}IZI % (C|rc I of 't ber’o

the subsequent steri ng ste ation & 3escr|bed

sterile wat erdlls@hgbglﬁysﬂﬁn%t@&llsz%tu&l@ el @5239 En'RiL'ﬁ:ﬁatfﬂ{e exarrpl e, 1
hour; the period of " tinme for the alkali cleaning step in the second or

Iater cycl e sakert.hez cleankepgimandesterohd zing apeocessicherseteto 1 to -22- 3
hours, for exanple, 2 hours, so as to be about 1.5to 2 tines that for the
al kal i cl eanicdgasiep 4 sherfl¥simdcpepesss is performed for a period

of time sufficient for a high level of sterilization.
Incidentally, examples of nommetal of the nonmetallic parts
herein include silicon, PVC (polyvinyl chloride), PPS
(polyphenylene sulfide), PVDF (polyvinvl difluoride}, FRP
{fiber~reinforced plastic), PFA
(tetrafluorcethylene/perfluoroalkyl vinyl ether copolymer),
EPDM {ethylene propylene diene terpelymer), and Viton
{registersd trademark) (fluoro rubber, manufactured by
DuPont Elastomer Co., Ltd.).

(0044]

In this case, for example, it is preferred that the
period of time for the alkali cleaning step (circulation
time of the below-described alkaline solution in the systen)
in the first cycle of the cleaning and sterilizing process
be set to 0.5 Lo 2.0 hours, for example, 1 hour; the period
of time for the subsequent sterilizing step (circulation
time of the below-described sterile water in the system) be
set to 0.5 to 2.0 hours, for example, I hour: the pericd of
time for the alkali cleaning step in the second or later

cycie of the cleaning and sterilizing process be set to 1 to



of the cleaning and sterilizing process; and the period of time for the
subsequent sterilizing step be set to 1 to 3 hours, for exanple, 2 hours,
so as to be about 1.5 to 2 tinmes that for the sterilizing step in the
first cycle of the cleaning and sterilizing process. [0045] Furthernore,
the primary pure water or ultrapure water in the present invention is
defined as follows: primary pure water: a resistivity of 10 MB2-cm or nore,
100 g/L or less of TOC, and ultrapure water: a resistivity of 15 MO cm or
nore, 1 g/L or less of TOC, 1 ng/L or hLess of netals. [0046) By thus
controlling the length of the cleaning tinme, the build-up period after the
cleaning and sterilizing treatnment can be further certainly shortened.

[0041] The p{ﬁ§ent i nvention mn%lhnow be nore specifically described with
reference to 1HR&UAP avi Ho§ X Boms]” "BRES: 1°9 &5ah0 d¥armpratot & M éw di agr am

showing an _enfiedi pRAt (. Lhe smL0d of. £lganing and,steril)zing.an -2 3
ul trapure wat er manufacturing systemof the présen I'nventi on.
of the c¢leaning and sterilizing process; and the peviod of
time for the subsequent sterilizing step be set to 1 to 3
hours, for example, 2 hours, so as to be about 1.5 to 2
times that for the sterilizing step in the firs:t cycle of
the cleaning and sterilizing process.
[0045]
Furthermore, the primary pure water or ultrapure water
in the present invention is defined as follows:
primary pure water: a resistivity of 10 MQ-cm or more,
100 ng/L or less of TOC; and
ultrapure water: a resistivity of 15 MO cm or more,
1 na/L or less of TOC,
1 ng/L or less of metals.
(00467
By thus controlling the length of the cleaning time,
the build-up period after the cleaning and sterilizing
treatment can be further certainly shortened.
f0047]
The present jnvention will now be more specifically
described with reference to the drawings.
[0048]
Fig. 1 is an example of a flow diagram showing an

embodiment. of the method of cleaning and sterilizing an



[0049] The ultrapure water manufacturing system1l1 is conposed of an

ul trapure water manufacturing apparatus 2, a point of wuse 4 of ultrapure
wat er, and ultrapure water channels (piping or tubes) 3a and 3b connecting
them The ultrapure water produced by the ultrapure water manufacturing
apparatus 2 is sent to the point of use 4 through the channel 3a and is
partially used at the point of use 4, and the remaining ultrapure water
not used returns to the wultrapure water manufacturing apparatus 2 through
the channel 3b to forma circulatory system [0050) The ultrapure water
manuf act uri ng apparatus (secondary pure water apparatus) 2 is conposed of
a conbination of a tank 21, a punp 22, a heat exchanger 23, a | ow pressure
ul travi ol et qgidation device 24, a deaerator 25,_ an ion exchanger 26, and

an ul trafilt ratiF6RY MR Ele™ P UF)2 devi B8 PETeNTRESE Y&FE88t are connect ed
W th pi ping QBﬁ%H@§ﬁm In sone cases, the ultrapure water manufacturing
apparatus nmay further include a nenbrane separation device including
reverse osnosig46RO nenbrane, an oxidant-renoving device, and an ion
exchanger that is different fromor simlar to the ion exchanger 26, -24-

[0051] In the enbbidi mentaghowwvatnr Fhghuthetbhend alst2h 1Sis composed
of an ultrapure water manufacturing apparatus 2, a point of
uge 4 of ultrapure water, and ultrapure water channels
(piping or tubes) 3a and 3b connecting them. The ultrapure
water produced by the ultrapure water manufacturing
apparatus 2 is sent to the point of use 4 through the
channel 3a and is partially used at the point of use 4, and
the remaining ultrapure water not used returns to the
vltrapure water manufacturing apparatus 2 threough the
channel 3b to form a circulatory system.

{0050]

The ultrapure water manufacturing apparatus (secondary
pure water apparatus) 2 is composad of & combination of a
tank 21, a pump 22, a heat exchanger 23, a2 low-pressure
ultraviolet oxidation device 24, a deaerator 25, an ion
exchanger 26, and an ultrafiltration membrane (UF) device 27.
These devices are connected with piping or tubes. In some
cases, the ultrapure water manufacturing apparatus may
further include a membrane separation device including
reverse osmosis (RO) membrane, an oxidant-removing device,
and an ion exchanger that is different from or similar to

the ion exchanger 26,



di sposed on the entrance side of the ultrapure water manufacturing
apparatus 2 and receives primary pure water froma primary pure water
manuf acturi ng apparatus 5 and wultrapure water returning through the
ultrapure water supply piping 3b. The punp 22 supplies raw water for
ultrapure water received in the tank 21 for treatnment wth the heat
exchanger 23, the | ow pressure ultraviolet oxidation device 24, the
deaerator 25, the ion exchanger 26, and the wultrafiltration menbrane
device 27, in series, for producing ultnapure water. [0052] In addition,
the primary pure water can be obtained, for exanple, by treating raw water
with a reverse osnosis nenbrane device, then with an ion exchanger, and
further mﬁth“{% irse osnosi s nenbrane. [0053] The point of use 4

i ndi cates the 6%& e where ultrapure water is used. The point of use 4 does

not have any partjcyl.ag.bimtati n .t he.conditiaons, [0054]
Speci fications of theepfg%ng Sgktgﬁggpdgb lgh ’héheuﬁ??%ﬁﬁrésmater
manuf act uri ngi:appaedtdis cBeansk thee RipE N ttubes; of 1 fhe ghannels 3a and 3b

are not particularly -25- limted, as |long as the conponent thereof is not
el uted i nto M@htfapurengatppardors éxanplecePVEs (palmeviynyhrchlageirde), PPS
from & primary pure water manufacturing apparatus 5 and
ultrapure water returning through the ultrapure water supply
piping 3b. The pump 22 supplies raw water for ultrapure
water received in the tank 21 for treatment with the heat
exchanger 23, the low-pressure ultraviclet oxidation device
24, the deaerator 25, the ion exchanger 26, and the
ultrafiltration membrane device 27, in series, for producing
uwltrapure water.
[0052]

In addition, the primary pure water can be obtained,
for example, by treating raw water with a reverse oswosis
membrane device, then with an ion exchanger, and further
with reverse osmosis membrane.

[0053)

The point of use 4 indicates the place where ultrapure
water is used. The point of use 4 does not have any
particular limitation on the conditions.

(0052]

Specifications of the piping or tubes used in the

ultrapure water manufacturing apparatus 2 and the

piping/tubes of the channels 3a and 3b are not particularly



(pol yphenyl ene sul fide), PVDF (polyvinyl difluoride), FR?
(fiber-reinforced plastic), PFA (tetrafl uoroethyl ene/perfl uoroal kyl vinyl
et her copol yner), EPDM (ethyl ene propyl ene diene terpolyner), or Viton
(registered trademark) (fluoro rubber, manufactured by DuPont El astoner
Co., Ltd.) can be used. [0055] 1In order to clean such an ultrapure water
manuf acturing system 1, the deaerator 25, the ion exchanger 26, and the
ultrafiltration nenbrane device 27 of the ultrapure water manufacturing
apparatus 2 may be provided wth bypass,piping 25a, 26a, and 27a,
respectively. In sone cases, the heat exchanger 23 and the | ow pressure
ul traviol et oxidation device 24 also may be provi ded mﬁth bypass pi pi ng.

0056 I t | d st | f t
ooy hct uri ngeusEm 49 RS RS Uig (REPh & St Eo b VDRt P dgtai or 25,

the ion exchqﬂgg<pg \éﬂ%Lth%xHJEr9$biér%%t°”pogﬁﬂﬁr§”8 Vk&ﬁ 2¢ps and the

wat er | evel of the tank 21'is adjusted. Wien t at “exchangeér 23 and t he

ultraviolet @whdghionAevicer k) ar@va#sga gwhglgchlvmmrba@ﬁwpw ping, the
i nes thereof are slightly opened Then, luted alkaline solution is

pour ed i nto t{febkankei2ifctroedhalhge itche P@B ultrapure water in the ultrapure
wat er nanufactur[ng system to aIKgllne sol ution having a pH of’Q or nore,
and t he punp tetrafluoroethylene/perflucroalkyl vinyl ether copolymer),

EPDM (ethylene propylene diene terpolymer), or Viton

(registered trademark) {(fluoro rubber, manufactured by

DuPont Elastomer Co., Ltd.) can be used.

[0G55]

In order to ¢lean such an ultrapure water manufacturing
system 1, the deaerator 25, the ion exchanger 26, and the
ultrafiltratrion membrane device 27 of the ultrapure vater
manufacturing apparatus 2 may be provided with bypass piping
25%a, Z26a, and 27a, respectively. In some cases, the heat
exchanger 23 and the low-pressure ultraviolet oxidaticn
device 24 also may be provided with bypass piping.

[0056]

In the cleaning and sterilizing of the ultrapure water
manufacturing system 1, first, valves are set to bypass the
deaerator 25, the ion exchanger 26, and the ultrafiltration
membrane device 27, and the water level of the tank 21 is
adjusted. When the heat exchanger 23 and the ultraviolet
oxidation device 24 are alsc provided with bypass piping,
the lines thereof are slightly opsned. Then, undiluted

alkaline solution is poured into the tank 21 to change the



22 is operated for circulating the alkaline solution in the wultrapure
wat er manufacturing systeml1l. [0057) Before the cleaning of the ultrapure
wat er manufacturing systemwith the alkaline solution is changed to
sterilization of the ultrapure water manufacturing system wth sterile
water, flushing is treated by expelling the alkaline solution in the

ul trapure water manufacturing systemto the outside of the system using
primary pure water supplied fromthe primary pure water manufacturing
apparatus 5 as the flushing water. It hg_preferred that the flushing for
expel ling the al kaline solution be determned to be conpleted when the pH
of the flushing water is reduced to 8 or less and/or the resistivity of

the flushing I |ncreas dt MO>-cmor nore, and then the step be
changed 't o tHE Spaht ST 101 WF ¢ ér?fa%ﬁedé“aésﬁrt%wﬁaﬁaﬁm% Suster

manuf act uri ng:osgskgmrge \@Otit]tgggrﬂalvg )rgyactj ey [:0958) rrg, the,sterilization
with sterile water, as in the cleanin th the a allne so utto val ves

are set to bypasSo@é&éﬂ@@&@bat@mxﬁﬁathﬂﬁ*%@naﬁx&hﬁﬂggﬁlgéuM@Q% the
ultrafiltration menbrane device 27, and the water level of the tank 21 is

adj ust ed. Whentrhputreattexchanyerct28iandyishen 27 ul travi ol et oxi dation
device 24 are Erovided with bypass piping, the lines are slightly opened.
Then, uItrade

Before the cleaning of the ultrapure water
manufacturing system with the alkaline solution is changed
Lo sterilization of the ultrapure water manufacturing system
with sterile water, flushing is treated by expelling the
alkaline solution in the ultrapure water manufacturing
system to the cutside of the system using primary pure water
supplied from the primary pure water manuracturing apparatus
5 as the flushing water. It is preferred that the flushing
for expelling the alkaline solution be determined to be
completed when the pH of the flushing water is reduced to 8
or less and/or the resistivity of the flushing water is
increased to 10 MQ-cm or more, and then the step be changad
to the step sterilizing the inside of the ultrapure water
manufacturing system 1 with sterile water.

[0058)

In the sterilization with sterile water, as in the
cleaning with the alkaline solution, valves are sat to
bypass the deaerator 25, the ion exchanger 26, and the
ultrafiltration membrane device 77, and the water level of

the tank 21 is adjusted. When the heat exchanger 23 and the



water in the ultrapure water manufacturing systemis altered to sterile
wat er by heating the ultrapure water with the heat exchanger 23 to
necessary tenperature or pouring hydrogen peroxide into the tank 21,
according to need, and the punp 22 is operated to circulate the sterile
water in the ultrapure water manufacturing system1. [0059) Before the
sterilizing of the inside of the ultrapure water manufacturing systemwth
the sterile water is changed to the subsequent cleaning of the ultrapure
wat er nmanufacturing systemwi th al kaling_solution, flushing is treated by
expelling the sterile water in the ultrapure water manufacturing systemto
the outside of the system wusing primary pure water supplied fromthe

primary pure ter manufacturin aratus 5 as the flushing water. Then,
in the case f%%%aﬁﬁg?%béﬁ”ﬁ@?b%&d@gﬁ§eug§d”§%pfﬁglgT%ﬁFFQ PWRRET, the

flushing for sxpgll!ng the nydroaan jpefioxide et ef.d.s deLerained to be

conpl et ed when thé hydrogen  peroxi de concentration o6f ushi ng wat er

is reduced taigkern®f Leigd Ji@espuandiat-Benniher 58P 685 28 ephanaed L9 4t he
second alkali cleaning step using al kaline solution.” [0060] Furthernore,

in the case thatthotlpwatenaberhds ingethas:1428pukbevsicer ivh €h wateer, the
flushing is determned to be conpleted when the resistivity of the
f 1 ushi ng wat ereateatfenger 23 to necessary temperature or pouring

hydrogen peroxide into the tank 21, according to need, and
the pump 22 13 operated to circulate the sterile water in
the ultrapure water manufacturing system 1.

[0054]

Before the sterilizing of the inside of the ultrapurs
water manufacturing system with the sterile water is changed
to the subsequent cleaning of the ultrapure water
manufacturing system with alkaline solution, flushing is
treated by expelling the sterile water in the ultrapure
water manufacturing system to the outside ¢of the system
using primary pure water supplied from the primary pure
water manufacturing apparatus 5 as the flushing water. Then,
in the case that hydrogen peroxide is used as the sterile
water, the f{lushing for expelling the hydrogen percoxide
water is determined to be completed when the hydrogen
peroxide concentration of the flushing water is reduced to 1
mg/L or less, and then the step can be changed to the second
alkali cleaning step using alkaline solution.

[0060)

Furthermore, in the case that hot pure water is used as



a predetermned | evel of 10.0 Mxmor nore, for exanple, 10.0 to 18.2

MO cm and the step can be changed to the second al kali cleaning step
usi ng al kaline solution. [0061] The second cleaning step using al kaline
solution can be treated by the sane operation and the sane conditions as
those in the first cleaning step using al kaline solution except that only
the ion exchanger 26 is bypassed. [0062] However, the second cleaning with
al kaline solution is not necessarily performed under the sanme conditions
as those of the first cleaning with alkaline solution. The pH and the
tenperature of the cleaning solution, the type of the alkaline conpound
used, and the flowrate and the tine of circulation may be different.

[ 0063] After 1h gani,ng . al kaline solutjon, flushing is
treated as in t %tgggf ‘Q& Ré” flﬁ%t%%ﬁeé%ﬁﬁﬁ‘ﬁFfﬁrmﬁﬁ%bFPnEesolutlon and

then the Steﬂxh?lghéﬁgﬁgntQhéhﬁﬁd%%Q999¥§h£E%g'fl&?mﬁsegaaglg%asherlle

wat er. [0064] he second sterilizing step using s can be
treated by thepsaretapenati davandz:t he. sane GO kbons @S =2%pitdose in the
first sterilizing step using sterile water except t hat only the ion
exchanger 26 1% CbypassedM?-cm, and the step can be changed to the

second alkali cleaning step using alkaline solution.
(G061

The second cleaning step using alkaline solution can be
treated by the same operation and the sazme conditions as
those in the first cleaning step using alkaline solution
except that only the ion exchanger 26 is bypassed.

(60627

Howgver, the second cleaning with alkaline solution is
not necessarily performed under the same conditions 25 those
of the first cleaning with alkaline solution. The pH and
the temperature of the cleaning solution, the type of the
alkaline compound used, and the flow rate and the time of
circulation may be different.

[0063)

After the second cleaning with alkaline solution,
flushing is treated as in that after the first cleaning with
alkaline solution, and then the step is changed to the
second sterilizing step using sterile water.

[00e4d]
The second sterilizing step using sterile water can be

Treated by the same operaticn and the same conditions as



[ 0065] However, the second sterilization with sterile water is not

necessarily perforned under the sane conditions as those
sterilization with sterile water.

or hydrogen peroxide water,
its concentration) of the sterile water and the flow rate and

of the first
The tenperature and the type (hot water

and in the case of hydrogen peroxide water,
the tine of

circulation may be different. [0066] After the second sterilization with
sterile water, the flushing is treated as in that after the first

sterilization

with sterile water. Thenygsthe step is changed to a third

sterilizing step using al kaline solution, or the production of ultrapure
water is restarted. [0067] In the present invention, the cycle of the

cl eani ng and
t he cl eani ng

process, that is, a series of steps includi

sterilizing,
LI N TR P R DD P R

Lot nO HEBNHLNG AT LR ALy cRllther! ] FEGAILLUST NO, ST eP,

treated three ti

clean g and sterilizing

process is trgaked tw ce or nDre. [00681 -30- Thus, according to the

met hod of cleaning and sterilizing an ultrapure water

of the

However, the second sterilization with sterile water is
not necessarily performed under the same conditions as those
of the first sterilization with sterile water. The
temperature and the type (hot water or hydrogen perozide
water, and in the case of hydrogen peroxide water, its
concentration) of the sterile water and the flow rate and
the time of circulation may be different.

[0066]

After the second sterilization with sterile water, the
flushing is treated as in that after the first sterilization
with sterile water. Then, the step is changed to a third
sterilizing step using alkaline soclution, or the production
of ultrapure water is restarted.

[0067]

In the present invention, the cycle of the cleaning and
sterilizing process, that is, a series of steps including
the cleaning step using alkaline solution, the first
flushing step, the sterilizing step using sterile water, and
the second flushing step, may be treated three times or more,
as long as the cleaning and sterilizing process is treated
twice or more.

{00e38]

ng

may be

manuf acturi ng system



present invention in which the cleaning and sterilizing process including
the cleaning with al kaline solution and the sterilization with sterile
water is treated twice or nore, in the production of ultrapure water after
the cleaning and the sterilization, ordinarily, ultrapure water can be
obtained after a build-up period of within about one week, though the

buil d-up period in the nethod described in Patent Docunent 4 is 2 weeks.
Exanpl es [0069] The present invention will now be nore specifically
described with reference to an Exanpl e,_sgonparati ve Exanples, and
experinmental exanples. Exanple 1 [0070] The ultrapure water nmanufacturing

systemshown in Fig. 1 was cleaned as follows. [0071] First, ammoni a

wat er having a copcentration of 50 /L s poured.into the tank 21 of the
P ASEURTHS tﬁptél?%tnt?sth\é\%t%qu &24"pH 10.5. The

ul trapure water manudfacturing a

resulting ampaira;waley Wag) st k0uLhe: heal,cexehanget  23.at.. g, Ll ow rate

of 1 msec using the punp 22 and was j uste enperatu?e t her eof
to ordinary temperatimentIbenn tihechampilaanet@ranesteb{ciiaked in the
ul trapure water
process including the cleaning with alkaline solution and
the sterilization with sterile water is treated twice or
more, in the production of ultrapure water after the
cleaning and the sterilization, ordinarily, ultrapure water
can be obtained after a build-up period of within about one
week, though the build-up period in the method described in
Patent Document 4 is 2 weesks.
Examples
(00697
The present invention will now be more specifically
described with reference to an Example, Comparative Examples,
and experimental exanmples.
Example 3
[0070}
The ultrapure water manufacturing system shown in Fig.
1 was cleaned as follows.
[0071]
First, ammonia water having a concentration of 50 mg /L
was poured into the tank 21 of the ultrapure water
manufacturing apparatus 2 to give a pH of 10.5. The

resulting ammonia water was sent to the heat exchanger 23 at

a flow rate of 1 m/sec using the pump 22 and was adjusted



manuf acturing apparatus 2, the channel 3a, the point of use 4, and the
channel 3b in order for one hour for cleaning the system However, the
cleaning fluid was bypassed through the bypass piping 25a, 26a, and 27a
not to wash the deaerator 25, the ion exchanger 26, and the
ultrafiltration nenbrane device 27. [0072] Then, the cleaning fluid was
di scharged from bl owout piping (not shown) . Primary pure water was
supplied to the tank 21 as flushing water, and flushing was perforned by
circulating the primary pure water in Lg?usystenlat a flow rate of 1 nm sec
for expelling the cleaning fluid remainrig in the inside of the system
[0073] This flushing was treated for one hour, and then when the pH of
the flushing water in the channel 3b was reduced to 8, hydrogen peroxide
was poured ints CRBPFEHIITS1CRY ST 1§ CHf vy EBHRRR TEEI- ot '6M - 0t 196 by

wei ght. The resultin hydr.ogen roxiLde ter.was circulated at 1 m sec
for one houf&aﬁ?g%ﬁggmﬁb%ﬁg,g%Cgﬁfgﬁ%e?éﬁﬁwbu% l?%ﬁmhya&%ﬁen per oxi de

wat er was Setmahn0r40Grifd0ZAbarahans, t bee fdiishknosyas e gat £d Jor,.2 hours as
in above, and when the hydrogen peroxi de water concentration was reduced

to a | evel thatahydtiegemnspeeoxiidert estiepaner caouhslr MRt deiacing the first
cycle of the cleaning and sterili zing
system. However, the cleaning fluid was bypassed through
the bypass piping Z5%a, 26a, and 2Z7a not to wash the
deaerator 25, the ion exchangsr 26, and the uvltrafiltration
membrane device 27.
[Ge72]

Then, the cleaning fluid was discharged from blow-out
piping (not shown). Primary pure water was supplied to the
tank 21 as flushing water, and flushing was performed by
circulating the primary pure water in the system at a flow
rate of 1 m/sec for expelling the cleaning fluid remaining
in the insgide of the system.

[0073]

This flushing was treated for one hour, and then when
the pH of the flushing water in the channel 3b was reduced
to 8, hydrogen peroxide was poured inte the tank 21 so as to
give a concentration of 0.1% by weight. The resulting
hydrogen peroxide water was circulated at 1 m/sec for one
nour. At this point, the temperature of the hydrogen
peroxide water was set to 40°C.

[0074]

Then, the flushing was treated for 2 hours as in above,



process was term nated. [0075) Then, the second cycle of the cleaning and
sterilizing process was carried out, at the sane concentrations and the
sanme tenperatures, by treating cleaning with amonia water for 2 hours,
flushing for one hour, sterilization with hydrogen peroxide water for 2
hours, and flushing for 2 hours. [00761 After the term nation of the
cleaning, the ordinary operation was carried out, and the change in
ultrapure water quality with the passage of tine at the point of use 4 was
i nvestigated by neasuring the nunber of_iparticles. The nunber of particles
in ultrapure water was neasured with an analyzer according to a | aser
scattering system and the nunber of particles in ultrapure water was

counted by a n-.lj Ltor that can nonitor the nunmber of particles
having a digﬁgkng%pﬁﬁyggdfé%%ﬁ’p%ﬁ?é}deﬁ§fT'cﬁ?ﬁ?ﬁ%&§ﬁf?%‘%¥% shown in

Fig. 2. (007%8h.kBqaddithefe) tmtuh%aﬁtpgg@p\é@gsid@ttets@epmﬂco%dUSe 4 -33-

was sanpled 36 hours after the start of "the ordinary operation, and the
amount of metal Hepurdtices firdtheycubtsmpeecnedemgasdeasunedihy | CP- M5
The results are

process was terminated.

{0075)

Then, the second cycle of the cleaning and sterilizing
process was carried out, at the same concentralbiens and the
same temperatures, by treating cleaning with ammonia water
for 2 hours, flushing for cne hour, sterilization with
hydrogen peroxide water for 2 hours, and flushing for 2
hours.

[Q076]

After the termination of the cleaning, the ordinary
operation was carried out, and the change in uwltrapure water
quality with the passage of time at the point of use 4 was
investigated by measuring the number of particles. The
nunbber of particles in ultrapure water was measured with an
analyzer according to a laser scattering system, and the
number of particles in ultrapure water was counted by an on-
line monitor that can monitor the number of particles having
a diameter of 0.05 um or more.

[0077]

The resultg are shown in Fig. 2.

[0078]

In addition, the ultrapure water at the point of use 4



shown in Table 1. Conparative Exanple 1 [0079] Cd eaning was perforned as
in Exanple 1 except that only the sterilizing with hydrogen peroxi de water
and the subsequent flushing were treated, without treating the cleaning
wi th ammonia water, in the first cycle of the <cleaning and sterilizing
process, and the second cycle of the cleaning and sterilizing process was
not treated (that 1is, only the sterilization was treated once). Then,
simlarly, the change in the nunber of particles with the passage of tine
in the ultrapure water at the point of_?§§ was investigated. The results
are shown in Fig, 2. Conparative Exanple 2 (0080) d eaning and
sterilization were perforned as in Exanple 1 except that only the first

cycle of the cleaniqﬁ 5% Lstefilizin rocess was treated and the second
cycl e of the‘”ﬁﬂéﬁﬁ?‘ﬁg dlgTiﬁiqﬁt?anh%ﬁH€%§sOﬁﬁ@“ﬁéFdﬂP%%Xed. Then,

simlarly, thechange Laqthe. nyber of PALLT ¢hes WA (he,, passage of tinme
tt use was I nv

in the ultrapure water a e point o estigated. The results

are shown in fiit@apdee I4telOPllnckRuaddiy} arp-g5 M akl Yos (e appunt of netal
inmpurities in the ultrapure water 36 hours after the start of operation

shown in Table 1.
Comparative Example 1
[0079]

Cleaning was performed as in Example 1 except that only
the sterilizing with hydrogen peroxide water and the
subseguent flushing were treated, without treating the
cleaning with ammonia water, in the first cyale of the
cleaning and sterilizing process, and the second cycle of
the cleaning and sterilizing process was not treated (that
ig, only the sterilization was treated once). Then,
similarly, the change in the number of particles with the
passage of time in the ultrapure water at the point of use
was investigated, The results are shown in Fig, 2.
Comparative Example 2
{00807

Cleaning and sterilization were performed as in Example
1 except that only the first cycle of the cleaning and
sterilizing process was treated and the sacond cycle of the
cleaning and sterilizing process was not treated. Then,
similarly, the change in the number of particles with the
passage of time in the ultrapure water at the point of use

was investigated. The results are shown in Fig. 2.



was investigated. The results are shown in Table 1. Conparative Exanple 3
[0082] Cdeaning and sterilization were perforned as in Exanple 1 except
that only the cleaning with ammonia water and the subsequent flushing were
treated, without treating the sterilization with hydrogen peroxi de water,
inthe first cycle of the cleaning and sterilizing process. Then,
simlarly, the change in the nunber of particles with the passage of tine
in the ultrapure water at the point of use was investigated. The results
are shown in Fig. 2. [0083] As obviouszfiromFig. 2, in Conparative Exanple
1in which only sterilization with hydrogen peroxide water was treated,

it took 1000 hours to reduce the nunber of particles having a dianmeter of
0.05 pm or ”Qﬁ%eﬁ the wultrapure water to one per milliliter or |ess.
[0084] Furthernore, in Conparative Exanple 2 in which the cleaning and

sterilizing process ddnet uei ngithea el ganinRg.wh i 2nppol A watet.and the

sterilization with hydrogen peroxide water was treated only once, it took
200 hours or imptketwltr3bure educe Bhenqunbertef far tstakeschayiengtacsi anet er
of 0.05 gm or nore in the ultrapure water to one per milliliter or |ess.
[ 0085] was investigated. The results are shown in Table 1.
Comparative Example 3
[0082]
Cleaning and sterilization were performed as in Example
1 except that only the ¢leaning with ammonia water and the
subsequent flushing were treated, without treating the
sterillization with hydrogen peroxide water, in the £irst
cycle of the cleaning and sterilizing process. Then,
sirmilarly, the change in the number of particles with the
passage of time in the ultrapure water at the point of use
was investigated. The results are shown in Fig. 2.
[0083]
As obvious from Fig. 2, in Comparative Example 1 in
which only sterilization with hydrogen perozide water was
treated, 1t took 1000 hours to reduce the number of
particles having a diameter of 0.05 um or more in the
ultrapure water to one per milliliter or less.
[00g4]
Farthermore, in Comparative Example 2 in which the
cleaning and sterilizing process including the cleaning with
ammonia water and the sterilization with hydrogen peroxide

water was treated only once, it took 200 hours or more to



I n Conparative Exanple 3 in which cleaning with amonia water was treated
and then the cleaning and sterilizing process including the cleaning with
anmoni a water and the sterilization with hydrogen peroxi de water was
further treated, it took 60 hours to reduce the nunber of particles
having a dianeter of 0.05 mor nore in the ultrapure water to one per
mlliliter or less. [0086] On the other hand, in Exanple | in which the
cleaning and sterilizing process including the cleaning with anmonia
water and the sterilization with hydrogen_peroxide water was treated
twice, the period of tinme necessary for reducing the nunber of particles
having a dianeter of 0.05 pmor nore in the ultrapure water to one per
mlliliter or_|ess s 20 hours, which reveals that the build-up period

coul d be si gfitiEahtT y"SREF t 8hdthm (6087)"=1"Hdi et HIFT Phe” thi M3- up.
Phe. requi romeit "t hat CHE RURBaT BT Barei of et maRingt S o det 8F S50 05 pni
or nore in ulgorapure water is one per milliliter or | ess when the
production of ultrapure water is started after the -36- term nation of
various cl eani ng andcsiberatizatixenpdé A imewhych seifeaptihg sysiremmtsgcondary
pure water manufacturing apparatus).

water was treated and then the cleaning and sterilizing

process including the cleaning with ammonia wéter and the

sterilization with hydrogen peroxide water was further

treated, it took 60 hours to reduce the number of particles

having a diameter of 0.05 pm or more in the ultrapure water

to one per milliliter or lessa.

[0GB6]

On the other hand, in Example ] in which the cleaning

and sterilizing process including the cleaning with ammonia

water and the sterilization with hydrogen peroxide water was

treated twice, the period of time necessary for reducing the

nunber of particles having a diameter of 0.05 pm or more in

the ultrapure water to one per milliliter or less was 20

hours, which reveals that the builld-up period could be

significantly shortened.

[G087]

Incidentally, the build-up period herein is defined as
the period of time necessary for satisfying the reguirement
that the number of particles having a diameter of 0,05 pm or

more in ultrapure water is one per milliliter or less when

the production of ultrapure water is started after the



Conparative Exanple 4 [0088] Ceaning and sterilization were perforned as
in Exanple 1 except that only the sterilization and the subsequent
flushing were treated, without treating the alkali cleaning, in the second
cycle of the cleaning and sterilizing process. Then, simlarly, the
bui |l d-up period was investigated from the change in the nunber of
particles with the passage of tinme in the ultrapure water at the point of
use and was found to be 180 hours. Conparative Exanple 5 [0089] C eaning
and sterilization were perforned as in_Exanple 1 except that only the
sterilization and the subsequent flushing were treated, w thout treating
the alkali cleaning, in the first cycle of the cleaning and sterilizing

process. Then,,siyiarlLy the huild: ri.0 s .i.nyestigated from the
change in the ﬁﬁnberlofcpayt?% esCﬁg?ﬁﬂPﬁgngag%%%§J6%¥l§?ﬁ%gﬁnnFHLY

ul trapure watser atntdig:pei mée&a‘ndla%g Bk Waserf eund-0,,penJ80 hours. [0090]
Table 2 shows the results of the above-described -37- Exanple 1 and

Conpar ati ve Exampiiess)l to 5. [0091] Table 1

Comparative Example 4
[0088]

Cleaning and sterilization were performed as in Example
1 except that only the sterilization and the subseguent
flushing were treated, without tresating the alkali cleaning,
in the second cycle of the cleaning and sterilizing process.
Then, similarly, the build-up period was investigated from
the change in the number of particles with the passage of
time in the ultrapure water at the point of use and was
found fto he 180 hours.
Comparative Example §
[0089]

Cleaning and sterilizazion were performed as in Example

1 except that only the sterilization and the subsequent
flushing were treated, without treating the alkali cleaning,
in the first cycls of the cleaning and sterilizing process.
Then, similarly, the build-up period was investigated from
the change in the number of particles with the passage of
time in the ultrapure water at the point of use and was
found to be 180 hours.

[CC90]

Table 2 shows the results of the above-describad



Exanpl e |

step was perforned,
and Second cycl e of cleaning and Buil d-up
process period Alkali
Exanple 1 0 0 0 O 20 Conparative . _

Conparative Exanple 2 0 O _ -

Conparative
Ca 0.4 0.6

Example 1 and Comparative Examples 1 to 5.

Exanmple 2 Na 0.4 1.2 A <0. 1 0. 2 KO0. 10.2
ul trapure water
[0092] Table 2 (O the

concentration in Fe 0. 2 0. 4
<0. 1 0.2 CQu<0. 10.1 Zn<0. 10. 2 Pb0.20. 4
-."the step was not perfornmed) First cycle of cleaning
sterilizing process sterilizing
cleaning Sterilizing

cleaning Sterilizing Al kali

200 or

mgF.e

o.- -

[(0091)
Table 1
Example 1 OETapri;?:iV;
Na 0.4 1.2
Al <0. 1 0.2
K 0.1 0.2
Metal | Ca 0.4 9.0
ey | To L 02| 0.4
(ng/L) Ni <0. 1 0.2
Cu <0. 1 0.1
Zn <0. 1 0.2
Pb 0.2 0.4
[0092]
Table 2

(O +the step was performed, ~--the step was not performed)

1000 Exanple |
Conmparative O _ O Q 60

First ¢yele of ¢leaning and | Second cycle of cleaning and Build-up
sterilizing process sterilizing process pariod
Alkali cleaning] Sterilizing | Alkali cleaning] Sterilizing (hr)
Example 1 O O O O 20
Comparative - - —
Example 1 o 1000
Comparative .
Example 2 O O — 200 or mors
Comparative
Example 3 © © o 60
Comparative
Example 4 o o 180
Comparative .
Example 5 O O 180

(ng/L) Ni




Exanpl e: 3 Conparative 0 O - O 180 Exanple Conparative - 0 0 0 180 Exanple
5 [0093] As shown in Table 1, in Exanple 1 in which the cleaning and
sterilizing process including the cleaning with anmmonia water and the
sterilization with hydrogen peroxi de water was treated tw ce, the anount
of nmetal inpurities can be reduced to less than 0.5 ng/L when the build-up
period is 36 hours, but in Conparative Exanple 2 in which the cleaning and
sterilizing process including the cleaning with ammonia water and the
sterilization with hydrogen peroxi de water was treated only once, a |evel
of less than 0.5 ng/L cannot be achieved at after 36 hours. Furthernore,
in Conparative Exanple 2, it took 240 hours to reduce the level to bel ow
0.5 ng/L. [0G%4bsylt is confirmed from Tables 1 and 2 t hat according to

t he present |nvent|on the buil d-up period can be significantly shortened

only by repeat edlas tsheahi Ng tahge ¢) eﬁﬂlmgmﬁf@ SN bhi Zh NG PLPELSS d ncl udi ng
the cleaning with alkaline solution and the sterilization with sterile

water tw cezor sorelliBEiperpmentsal iexanplestlet@ldaning with ammonia

water and the sterilization with hydrogen peroxide water was
treated twice, the amount of metal impurities can be reduced
to less than 0.5 ng/L when the build-up period is 36 hours,
but in Comparative Example 2 in which the cleaning and
sterilizing process including the cleaning with ammonia
water and the sterilization with hydrogen peroxide water was
treated only once, a level of less than 0.5 ng/L cannot be
achieved at after 36 hours. Furthermore, in Comparative
Example Z, it teook 240 hours to reduce the level to below
0.5 ng/L.
(G094

It is confirmed from Tables 1 and 2 that according to
the present invention, the build-up period can bhe
significantly shortened only by repeatedly treating the
cleaning and sterilizing process including the cleaning with
alkaline solution and the sterilization with sterile water
twice or more.
Experimental examples 1 to 6
[0095]

The cleaning and sterilizing process was performed as
in Example 1 except that flushing after the alkali cleaning

treated under the same conditions (except that the flow rate



[ 0095] The cl-eaning and sterilizing process was performed as in Exanple 1
except that flushing after the alkali cleaning treated under the sane
conditions (except that the flowrate -39- of the ammoni a water was about
1.0 msec) as those in the alkali cleaning in the first cycle of the

cl eaning and sterilizing process was treated at various flushing water
flowrates as shown in the followng Table 3. The period of tinme of
flushi ng necessary to reduce the pH of the flushing water in the channel
3b to 8 was investigated, and the perigg_of tinme of the flushing in each
experinental exanple was determned as a relative value by assum ng the
period of tine of flushing when the flow rate of the flushing water was
2.0 m sec as %.0 The results are shown in Table 3 and Fig. 3. [0096]
These resul t £ ED8aF™PHHE AFFFTiEt “RPRan Hg™ 85¢hAssithrae by ¥t ing t he

flowrate Inhihes Ll upling ol 0n Ok BLSeG O BN 8y I BRLLLChlpr, 0.5 nf sec

or nore. Furthernore, is confirmed th eani ng %f?lClency i's

hardly increasedigtzmmd bowckad arhi ghesrddhan %a5idl$60.usn[099HTabl e 3 -40-
Flow rate Flushing tine
flow rates as shown in the following Table 3. The period of

time of flushing necessary to reduce the pH of the flushing
water in the channel 3b to 8 was investigated, and the
period of time of the flushing in each experimental example
wzs determined as a relative value by assuming the period of
time of flushing when the flow rate of the flushing water
was 2.0 m/sec as 1.0. The results are shown in Table 3 and
Fig. 3.

[0096)

These results revaal that efficient cleaning is
possible by setting the flow rate in the flushing to 0.3
rn/sec or more, in particular, 0.5 m/sec or more.
Furthermore, it is confirmed that the cleaning efficiency is
hardly increased at a flow rate higher than 1.5 wm/sec.
[0087]

Table 3



(msec) (relative tinme) Experinental 0. 2 5. 0 exanple 1 Experinmental 0.3
2.2 exanple 2 Experinental 0 5 1. 5 exanple 3 Experinental 1 0 1 1
exanple 4 Experinental 1 5 1. 0 exanple 5 Experinental 2.0 1.0 exanple 6
Experinmental exanples 7 to 12 [0098] Differences in the nunber of
particles in alkaline solution were investigated by treating the cleaning
and sterilizing process under the sane conditions as those in Exanple 1
except that the period of time of the alkali cleaning step in the first
cycle of the cleaning and sterilizing_gpocess was variously changed. The
nunber of particles having a dianeter of 0.5 nl or nore in the alkaline
solution in each experinental exanple was neasured by an on-line nonitor
and relative values were _determned by assunm ng the nunber of particles

when t he a!kali cleaning step vas tpeafted flor rdshRuns §F 1. The results
are shown in (m/sec) (relative time)

oty B

S| 1.0 1

et 18

Experimental examples 7 to 12
[(0098)]

Differences in the number of particles in alkaline
solution wers investigated by treating the cleaning and
sterilizing process under the same conditions as those in
Example 1 except that the period of time of the alkali
cleaning step in the first cycle of the cleaning and
sterilizing process was variously changed. The number of
particles having a diameter of 0.5 um or more in the
alkaline sclution in each experimental example was measured
by an on-line monitor, and relative values were determined
by assuming the number of particles when the alkali cleaning
step was treated for 2 hours as 1. The results are shown in
Table 4 and Fig. 4.

[0093]



Table 4 and Fig. 4. [0099] -41- Table 4 Cleaning tinme Nunber of particles
with [hr] a dianmeter of as pin or nore [relative value] Experinental
0.25 0.15 exanple 7 Experinental 0 5 0.4 exanple 8 Experinental 1 0
exanple 9 Experinental 1 5 0.9 exanple 10 Experinental 2 1 exanple 11
Experimental 3 i.05 exanple 12 [0100] As shown in Table 4 and Fig. 4, it
Is confirnmed that alkali cleaning is effectively perfornmed when the period
of time of the alkali cleaning step is 0.5 hours or nore. However, it is
al so confirmed that the cleaning perforggance is not very increased when

the period of tinme of the alkali cleaning step is excessively el ongated.
p 9 y
Table 4
. Number of particles with
cl \
eanE;f} tme g diameter of 0.5 1 m or mors
[relative value]

Experimental

example 7 0.25 0.15

Experimental

example 8 0.5 0.4

Experimental

example 8 ! 0.8
Experimental

axample 10 1.5 0.5
Experimental
2 1

example 11
Experimental

example 12 3 1.05

[010¢])

Ag shown in Table 4 and Fig. 4, it is confirmed that
alkali cleaning is effectively performed when the period of
time of the alkali cleaning step is 0.5 hours or more.
However, it is also confirmed that the cleaning performance
is not very increased when the period of time of the alkali
cleaning step is excessively elongated.

Experimental examples 13 to 18
[0101]

Differences in the metal concentration in sterile water
were investigated by treating the cleaning and sterilizing
process under the same conditions as those in Example 1

except that the pericd of time of the sterilizing step in



Experinental exanples 13 to 18 [0101] Differences in the neta
concentration in sterile water were investigated by treating the cleaning
and sterilizing process under the same conditions as those in Exanple 1
except that the period of time of the sterilizing step in -42- the first
cycle of the cleaning and sterilizing process was variously changed. The
nmetal concentration in the sterile water in each experinental exanple was
nmeasured by ICP-PMS, and relative values were determ ned by assum ng the
metal concentration in the sterile watgp.when the sterilizing step was
treated for 2 hours as 1. The results are shown in Table 5 and Fig. 5.
[0102) Table 5 Sterilizing tinme Metal concentration (hr) (relative val ue)
Experi ment al {Q,.25%; 3 nt al exanpl e 14
Experinentalt%mﬁﬁégsifgﬁg%gpggt%&5&??%&1 éﬁmﬁéggiéhgfgg e 16 77"
variously changed. The metal concentration in the sterile

water in each experimental example was measured by ICP-MS§,
and relative values were determined by assuming the metal
concentration in the sterile water when the sterilizing step
was treated for 2 hours as 1. The results are shown in

Table 5 and Fig. 5.

[(0102)
Table 5
Sterilizing time Metal concentration
(hr) {relative value)
Experimental
example 13 0.25 02
Experimental
example 14 05 06
Experimental
example 15 1 0.9
Experimental
sxampla 16 18 L
Experimental 2
axample 17 1
Experimental 3
axample 18 !
[0103]

As shown in Table 5 and Fig. 5, it is confirmed that
sterilization is effectively performed when the pariod of
time of the sterilizing step is 0.5 hours or more., However,

1t is also confirmed that the sterilization ability is not



Experinmental 2.1 .exanple 17 Experinental 3 1 exanple 18 [0103) As shown
in Table 5 and Fig. 5, it is confirnmed that sterilization is effectively
performed when the period of time of the sterilizing step is 0,5 hours or
nore. However, it is also confirned that the sterilization ability is not
-43- very increased when the period of tine of the sterilizing stepis
excessively elongated. (0104) The present invention has been described in
detail with reference to specific enbodinents, but it is obvious to those
skilled in the art that various nndifigggions are possible wthout
departing fromthe spirit and the scope of the present invention. [0105]
The present application is based on Japanese Patent Application
(Application No. 2007-91667) filed on,N?rch 30, 2007, the entire contents
of which are "EREorPOTHET HeFeithe B et stfehidBe °adne eEAFMS #2329 A net hod

of cleaning and,sierd.)d.zng. An MLLLapyge water
{0104)

The present invention has been described in detail with
reference to specific embodiments, but it is obvious o
those skilled in fthe art that variocus modifications are
possible without departing from the spirit and the scope of
the present invention.

[0105]

The present application is based on Japanese Patent
Application (Application No. 2007-91647) filed on March 30,
2007, the entire contents of which are incorporated herein

by reference.



manuf acturi ng systemincluding an ultrapure water manufacturing apparatus,
a point of use (PQU) of ultrapure water, and an ultrapure water channel
connecting the wultrapure water manufacturing apparatus and the point of
use, the method conprising: a cleaning and sterilizing process including
an alkali cleaning step for cleaning at |east part of the inside of the
systemw th al kaline solution and a sterilizing step for sterilizing the
systemwith sterile water after the alkali cleaning, wherein the cleaning
and sterilizing process is treated twice or nmore. 2. The nethod of
cleaning and sterilizing an ultrapure water manufacturing system according
to daim1l, wherein the alkaline solution is aqueous sol ution contai ning
an anmoni um salt and/or an hydroxi de“6fI%%H al kali metal and having a pH

of 9 or nore. ;3. Jh t.h of cleaning and sterilizing an ultrapure water
manuf act uri ng ls:ys%rergrﬁt;%gorggi o°10"E §inﬂ1 i?e‘i/harérzéf‘ﬁ ‘i“ﬁe‘*gl%‘%aé’t“irﬁewm%r is

hot pure MBIﬁgn&@ﬂﬁh%&h&gﬂg%éﬂgﬁgﬁg%?ggé%n W@EE&)%@ ultrapure water having

a tenperature of 60C or n per oxi‘de water “havi ng a hydrogen
per oxi de - 4%nanMmeenti Al i b0k s0la to 20%bY, el Ghiy)and g1 smeat ure of

10 to 50C. 4. The nethod of cleaning and sterilizing an ultrapure water
manuf act ur i riYptedrst enfagc oridimeagutre Ghiadmchbannberainhecheng the
ultrapure water manufacturing apparatus and the point of use,
the method comprising:
a cleaning and sterilizing process including an alkali
cleaning step for cleaning at least part of the inside of
the system with alkaline solution and a sterilizing step for
sterilizing the system with sterile water after the alkali

cleaning, wherein the cleaning and sterilizing process is

treated twice or more.

2. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 1, wherein the
alkaline solution is aqueous solution contzining an ammonium
salt and/or an hydroxide of an alkali metal and having a pH

of 9 or more.

3. The methed of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 1, wherein the
sterile water is hot pure water consisting of primary pure
water or ultrapure water having a temperature of 60°C or

more or hydrogen peroxide water having a hydrogen peroxide



period of time of the alkali cleaning step in the first cycle of the
cleaning and sterilizing process is set to 0.5 hours or nore, and the

al kali cleaning step in the second or |later cycle of the cleaning and
sterilizing process is treated for a period of tinme |onger than the alkal
cleaning step in the first cycle of the cleaning and sterilizing process.
5. The nmethod of cleaning and sterilizing an ultrapure water manufacturing
system according to Claim1, wherein the period of tine of the sterilizing
step in the first cycle of the cleaniffg-and sterilizing process is set to
0.5 hours or nore, and the sterilizing step in the second or later cycle
of the cleaning and sterilizing process is treated for a period of tine

| onger than ddweestestidrziofgosbeptd nNLdtheyf vestht aypcl e oénpdmtal-eanf ng and
sterilizing process. 6. The nethod of cleaning and sterilizing an ultrapure
wat er nmanuf ddét Gei A System according to aim 1, the nethod further
conprising a first flushing step for substituting -4 6 al kaline solution
for primary pure water or ultrapure water in this systemimrediately after

the al kali cl ganijig siepd e each, eheaping.and sterd Lhziog.gracess, 7. The

met hod of cleaning and sterilizing a trapure ter manuf'acturing system
accor di ng t@qa@e@' ﬂ&zﬁ;fa‘&ﬂ%ﬁ:@h@_ fheced eworatfy ab theiml kKalineee$gl tHd on used
in the alkali cleaning step is set to 0.3 to 2.0 m sec.

period of time of the alkali cleaning step in the first

cyele of the cleaning and sterilizing process is set to 0.5

hours or more, and the alkali cleaning step in the second or

Jater cycle of the cleaning and sterilizing process is

treated for a periced of time longer than the alkali cleaning

stap in the first cycle of the cleaning and sterilizing

Lrocess.

5. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 1, wherein the
period of time of the sterilizing step in the first cycle of
the cleaning and sterilizing process is set to 0.5 hours or
more, and the sterilizing step in the second or later cycle
of the cleaning and sterilizing process is treated for a
period of time longer than the sterilizing step in the first

cycle of the ¢leaning and sterilizing process.

&. The method of c¢leaning and sterilizing an ultrapure
wataer manufacturing system according to Claim 1, the method

further comprising a first flushing step for substituting



8. The nmethod of cleaning and sterilizing an ultrapure water manufacturing
system according to Claim6, wherein the flowrate of the flushing water
used in the first flushing step is set to 0.3 to 2.0 m.sec. 9. The nethod
of cleaning and sterilizing an ultrapure water manufacturing system
according to Claim6, wherein the first flushing step is changed to the
subsequent step after that the pH of the flushing water is reduced to 8 or
| ess and/or the resistivity of the flushing water is increased to a
predeterm ned val ue of 10 Mxmor nore._,10. The nethod of cleaning and
sterilizing an ultrapure water manufacturing system according to Claima1l,
the method further conprising a second flushing step for substituting
sterile vvaterfl or . re water or uItra%ure matﬁh in -47- this system
r

u
|nned|ately afte lf e stérlTl g Sré?%iV'Q¥r3a8 Yok | hiP ¢ Y8EFT 1 zi ng
process. ihhen rethedaf ; éﬁ%@%@ %b%haLPE@HQ %Tﬁgﬁ [ARYLS ;yater

nanufacturlng systenlaccor ng to erein H%w T te of the

f 1 ushi ng mateécuS@gbaman@h§m§QQ@@Q1l£h§§mm@g¢§5gp is set to 0.3 to 2.0
m sec. 7,2. The nethod of cleaning and sterilizing an ultrapure water

nanufacturing system according to Caim10, wherein the sterile water used
in the ster|I|Z|ng step is hgdrogen peroxi de water, and the second
flushing step 1-s EHaMGEdOR0OT tHe2SHBY etfrbrittest &hz afa én phexamhe hydr ogen

er oxi de
P water manufacturing system according to Claim 6, whersin the
flow rate of the alkaline solution used in the alkali

cleaning step is set to 0.3 to 2.0 m/ssc.

8. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 6, wherein the
flow rate of the flushing water used in the first flushing

step is set to 0.3 to 2.0 m/sec.

9. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 6, wherein the
first flushing step is changed to the subsequent step after
that the pH of the flushing water is reduced to 8 or less
and/or the resistivity of the flushing water is increased to

a predetermined value of 10 MD-cm or more,

10. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 1, the method
further comprising a second flushing step for substituting

sterile water for primary pure water or ultrapure water in



concentration of the flushing water is reduced to 1 ng/L or less. 13. The
nmet hod of cleaning and sterilizing an ultrapure water manufacturing system
according to Claim10, wherein the sterile water used in the sterilizing
step is hot pure water, and the second flushing step is changed to the
subsequent step after that the resistivity of the flushing water is

I ncreased to a predeterm ned value of 10 MO cmor nore.

47—

this system immediately after the sterilizing step in each

cleaning and sterilizing process.

11. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 10, wherein
the flow rate of the flushing water used in the second

flushing step is set to 0.3 to 2.0 n/ssc.

}12. The method of cleaning and sterilizing an ultrapure
water manufacturing system according toe Claim 10, whersin
the sterile water used in the sterilizing step is hydrogen
peroxide water, and the second flushing step is changed to
the subsequent step after that the hydrogen peroxide
concentration of the flushing water is reduced to 1 mg/L or

less.

13. The method of cleaning and sterilizing an ultrapure
water manufacturing system according to Claim 10, wherein
the sterile water used in the sterilizing step is hot pure

water, and the second flushing step is changed to the

subsequent step after that the resistivity of the flushing
water is increased teo a predstermined value of 10 MQ-cm or

more.



