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LTRAPURE WATER SUPPLY SYSTEM 5 Techni cal Field The present invention ,4(
el ates to a nethod of cl eani ng, an ultrapure water supply system and nore

articularly, to mm cl eaning a system for supplying ultrapure
wat er used in se nuf acturi ng process etc. 10 Bagkground Art As

for ultrapure wa us .in the cleaning dtep of sen conductor

manuf act uri ng process or the i ke, an ultrapure water S
known which circulates 15 ultrapure BESERIBFIMY¥en an ul mmm mm‘mmw
production apparatus and a point of use. In such a system {hge.ultrapure
wat er produced by the ultrapure water production apparatus is supplied

through a pi meTHODt be¢ poEANISG ANEUL@RAPURE WATERNSOPPRET SYSTEMhe ul trapure
wat er that was not 20 used in the point of use is returned through a
different pipe to the ultrapure water production apparatus. The ultrapure

wat er usegl '@eEﬂﬁiEﬁﬁ‘?QQiHCtor manuf acturing process or the like is
required that It ould not contain fine particles, organic matter and 25

i norganic matter. TEpepréseatIynveheluhtrematesmmbea methmneofedlbanmngt
requi renents_of sistivity g M5~cm_or _nore

le, th
o el pahRarRed Refag TRpTE, Sraten’, panl Boze) PerEAPaRKLd . bEPng

1/'L or Iess,atﬂéahoaraanbmeaaahgna(§§E%eﬁoabalaagph§uﬁg 4132apdrk Qété@ss)
silica contained being 1 ug/L or less, netals contained being 1 ng/L or

less, and i oH8e@ohRaFARUCERANGLID MANUEAFtNELRY FEASESE| 65Cin the above
ul trapurg water supply system

Background Art

As for ultrapure water used in the cleaning step of
semiconductor manufacturing process or the like, an
ultrapure water supply system is known which circulates

15 ultrapure water between an ultrapure water production
apparatus and a point of use. In such a system, the
ultrapure water produced by the ultrapure water production
apparatus is supplied through a pipe to the point of use,
and the remaining part of the ultrapure water that was not

20 used in the point of use is returned through a different
pipe to the ultrapure water production apparatus.

The ultrapure water used in the semiconductor
manufacturing process or the like is required that it
should not contain fine particles, organic matter and

25 inorganic matter. Specifically, the ultrapure water is
expected to meet requirements of, for example, the
resistivity being 18.2 MQ-'cm or more, fine particles
contained being 1/mL or less, viable cells contained being
1/L or less, total organic carbon (TOC) contained being 1

30 pg/L or less, silica contained being 1 pg/L or less, metals
contained being 1 ng/L or less, and ions contained being 10
ng/L or less.

Thus, also in the above ultrapure water supply system,



- 2 the ultrapure water supplied to the point of use nust satisfy these

ter quality requirenents. However, external fine particles or particles’
roduced i nside the system can beconme m xed with the ultrapure water,
ausing 5 deterioration of the water quality. For exanple, as the ultrapure
wat er keeps circulating through the ultrapure water supply system the
surfaces of a filtration nenbrane, pipes,2etc. of the systemare worn away,
and the worn-of f substances (fine particles) becone 10 m xed with the

ul trapure walRy ulArsputdhers e uppatien as tirepasiimpread sy nfudtong term
fine particles such as dead bacteria or iron dust becone m xed with the raw

wat er or ul SRty hiese Jted@Talquid ity Meauhramants=ur HREPYErn the case of
a new y instaldesd 4l E{i@%ﬁrpﬁ]fﬁﬂreﬁzﬁgl%%&%%ﬁ lp].:%d(ﬁfédo‘i%rﬁdédstr&f fine

particles remain stu e sur tration nenbrane and pi pes
whi ch are ceystesnicas deenie ounsd twitthngheheldysipeame Aadmr wWudus inige

systemis under constructiaon, fine particl such as dust in the air,
silica anhd %I%ﬁr&?rﬁaéﬂto_é‘r ﬁéhfyé"taé:ﬁrarﬁl_aég%é’dh_ere to various parts of the
system Wen t he pegWekdnipited! la@d thes APriapus® walt e@P KeRipOlbirddiarfioige,
such fine particles adhering to the interior of the system becone m xed

with the ul thaowad tdeeuldinapurat Wag oth SORPH 1t 199 sdpiterhepsunfaces ©for der
to renove S%Crfifl't'}%t?%rgt 'rr{élm%%an he YllApW e .W%tferthgg%?syceﬁy aﬁtr%?‘%‘?:‘ﬁds to

be cleaned prior to start of ‘opération as well t reg I nterval s
of time. Coawayti and lthe wamm-wdtfesubistantcers ddrina parg ilvledrsdgdeqoeeoxi de

IS use o cl.ean the system. However, in 30 e casge of rmwater,, for
evamt ol ¢ BiEel il ¥Rt RS e ekt AlSo ¢ hetaptBe REE LR RS
particles ipekhes A GAFNQAL 188 oS e, a¢tivlel Partaresd sudh adneean ned

Japanese Patent Publication (KOKAI') No. 7-19507/3 is - 3 proposed a
cl eani ng t ebAStgFdausrndranc anst Beceme gixed with the raw water or

ultrapure water stagnating in the system. Further, in the
case of a newly installed ultrapure water supply system,

15 various kinds of fine particles remain stuck on fhe
surfaces of the filtration membrane and pipes which are
component elements constituting the system. Also, while
the system is under construction, fine particles such as
dust in the air, silica and aluminum enter the system and

20 adhere to various parts of the system. When the newly
installed system is set in operation, therefore, such fine
particles adhering to the interior of the system become
mixed with the ultrapure water circulating through the
system.

25 Thus, in order to remove such fine particles, the
ultrapure water supply system needs to be cleaned prior to
the start of operation as well as at regular intervals of
time. Conventionally, warm water or water containing
hydrogen peroxide is used to clean the system. However, in

30 the case of warm water, for example, the cleaning
capability is low and it is probable that fine particles in
the system cannot be satisfactorily removed. In Unexamined

Japanese Patent Publication (KOKAI) No. 7-195073 is




¢l eaning capability. To renove fine particles to a satisfactory |evel,
however, it is essential to use al cohol having relatively high
concentration (about 10 to.80~). 5 Since alcohol, if left in the system
deteriorates the quality (increases the TOC) of the ultrapure water
produced by the system a residual alcohol renoving operation (rinsing)
must be performed, which, however, prolongs_ the overall cleaning tinme. 10
Such a long cleaning tine | owers the operating efficiency of the ultrapure

wat er suppl qxﬁt ' i \

t heref ore, )rﬁhe C sgegan%?\ggf‘%#eﬁ?s%%ﬁéﬁe%?a Sliﬁ%g% %??Eni%ﬁné%e}gi ally in

t he case of cdeamilng idegiabdileidtwl t Tapueaowat €insupalntisysisernio @ set 15 up or
preparatory tinme required for. the systemto produce ult ure water eting
the requiref@itiSHactiytgyels R‘tﬁ’fbéy"a?sr a Whot® ‘?ﬁﬁﬁ'ht,laa%gt_p%c‘t‘:%‘? o‘?ﬁb‘ﬂ}r}ﬁ
there has begR idemmangd fwi1yd etﬁfggi Bt forPf (St end ngo tdsy pet - up
time. A cleaning nethod i1s al so known in which, en a 20 filtration

menbr aneb coddniceutalmphdie ulfi rlgfilr elivatthes sy siRIts idgtepirates the

manuf actured or. .attached to the.a t e fd j rane. |

cl eaned usi ﬁé‘%’tq:ryagl.ﬁné:ﬂevaatseers t%gleggﬁe tg)f\ft é}{t}chthﬁéaz{&%%eg%ﬁ%t%ﬂdy&adnd
TOC of the wiyt maeursystriner d aldsMiddli ra sl trrenewaid @vepd ea o anges. Wt h
this method using ultrapure water, fine particles that affect the
resistivity (GATFEADaMUsE RemRrFfomiad i HiChyr ST hRTDLINGS Kids of

fine particlheer@ng RAleatalidfanedrily renoved. 30 Disclosure of the
I nvention An object of the present invention is to provide a cleaning

met hod E@&pabl e ofSusdt iasflastordleandingntiime dpwans dhe oreEafingpply system
and conponent. el enent. s S ' [ t] T hi eve
etf ec}:}re Sgérntoﬁ the ulq:?:ragﬂlfré gvaaceﬁ.hcquteoafglﬁ]gﬁ%ef%% ddﬁel £

t he object, i nventi-on provides a c cl eani ng

at | east pabtt aheamplant apume waieersysitem y SySttdratefomy, arhelldTepirey wat er
5 production apparatus connected to a_point of use of ultrapure water via a

passage. Thé&iftee&Mong drdafddadis e HHEEHRNGGr eEPEHLEdMET 18edPPhE3SPeps
of : (a) chapging n%u{lfya%&%tla_@d 1 tHairee aldrd o 1@; asfitlent N 4 heotat

| east part of the ultrapure water supply system an b) "10 di scharging the
fine patdi clps ofr Pmepiaaadonye ddmep areudiradchdan thhegp axs iem do Asiucesyst em

to outside. Fi ticl i l,tra . t
occasi onal | ylﬁg%g%giegg%t\%ﬁ:t h ettrelgltgritf:hlet %Lérq%fl tt"%rnstu%rjﬁgcél%%atslel iagafrlc?fngsuch
charged fi naspar wholles monthy @b sidoerdingdlyar itherteo Hadwmtbesn & etamarsl

Const L U LGk ehsteled DR le PY UELSS AT o DS psta of e
and the fine part ¢1@unif@KimdEndad disf fd18¥ tknown in which, when a
20 filtration membrane constituting the ultrapure water
production apparatus is manufactured or attached to the
apparatus, the filtration membrane is cleaned using
ultrapure water to an extent such that the resistivity and
TOC of the ultrapure water fall within respective allowable
25 ranges. With this method using ultrapure water, fine
particles that affect the resistivity or TOC can be removed,
but it is probable that other kinds of fine particles are

not satisfactorily removed.

30 Disclosure of the Invention
An object of the present invention is to provide a
cleaning method capable of satisfactorily cleaning an

ultrapure water supply system and component elements



fo renove the fine particles. In the nmethod according to 20 the present

I nvention, the surface potential of the fine particles is changed,
preferably into the sanme polarity as that of the systemelenents, to
elimnate the electrostatic attractive force acting between the fine
particles and the systemel enents, preferably to produce el ectrical

repul sive 25 force between the fine partigles and the system el enents, so
that the fine particles can be renoved with ease. Wile in this state,

ul trapure walfdpedOriEX2EH Rt IpeCidtd & toind ow through the system thereby
to discharge the fine particles fromthe systemto outside. According to

the 30 present i rReemdhdreve Hdveefalriect.hehehdre santapgreprtiian pravidss t he
ul trapure ter,.s |y syst . ' [ |.n a short
e A so. 3§ et AL ARG S B A T TRt a e
system - Wt aldter isuppleyy syeqtema)havigy famellpardpurtee weelreer nade t o
contact with a basic or alkaline solution or a solution of surfactant

Accor di ng t @TRHIUE o8y SPRAF Ao FATRRCT Ay tid RP e F Mk Harti cl es
contact W t R i RAY Gaddlih Lpdditageo) Utl‘h@”c?ifaaﬁihbaﬁnbi%ﬂbd biee taur f ace

potential of thefine particles can be changed wi thout fail. Also, even if
t he sol uti opredesdniimy dnitguwind)compad sess the @t epsnodvt r(@)i ehasfgingse or

surfactant, the solution.can pr ce a satisfactary 1Q effect of I ng
the surface sbﬁ%@rﬁq 5101:81“':[]1‘?9‘ Tolf(r)&ulﬁ’a?r t“-)lacrlat ca'e\ﬁé)rree&é‘éaqqoﬁnco Corith g’t%%%%
sol ution i s pagad Jfortheha 1drepuireg wated cupgilyt WrHteni; tdirl Sad)ution
remaining in the cleaned system thz%:t_ i.s, the base or the surfactant, is

smal | i B0 quaiSahRrIdd g, theh Lddige R L it &S From g at 12353 PaKY idy t hat

the TOC of Whid AYTRPIRLEE walte2d e 1ivh A& et HEBAldiRle t he cl eaning will
i ncrease due to the residual constituent of the solution. Al so, in cases
wher e addi ti onal Fdingamianicdiessiimg)thies yldirfapuned Wwadiety sWppdap evsteat er, for

o o+ ARSI Y S e haba ) ot he
as a whol e, siftifelcel poltetedalhefclstan rhadryed fineofparitd cdlezarisng | i qui d
(SO|UtIfQ) %%%o%g%ecE%?gbqgr&Ebnibn%%a%yo@g%ﬂimgkt%h%onstituting the
system, the fine particles adhere to the system elements
due to electrostatic attractive force acting between the
system elements and the fine particles, making it difficult
to remove the fine particles. In the method according to
20 the present invention, the surface potential of the fine
particles is changed, preferably into the same polarity as
that of the system elements, to eliminate the electrostatic
attractive force acting between the fine particles and the
system elements, preferably to produce electrical repulsive
25 force between the fine particles and the system elements,
so that the fine particles can be removed with ease. While
in this state, ultrapure water, for example, is caused to
flow through the system, thereby to discharge the fine
particles from the system to outside. According to the
30 present invention, therefore, the whole or appropriate part
of the ultrapure water supply system can be cleaned

satisfactorily in a short time. Also, it is possible to

shorten the set-up time of a newly installed system.



ultrapure water, to be conpleted in a short period of tine. 25 In the step
(b) of the preferred enbodi nent, the basic solution or the solution of
surfactant, which was nmade.to contact with the fine particles, is nmerely
di scharged fromthe ultrapure water supply system for exanple.
Alternatively, after the solution is discharged, ultrapure 30 water for
rinsing is introduced into the system andsthen the fine particles are

di scharged fromthe systemto outside together with the rinsing ultrapure

wat er. According ppet8gapi§sent £H¥EEEE?”(a?59£§éa?hﬁeiﬂaEﬁ%cles frestep
(a), not only the surface potential of the fine particles is changed but

al so physi cahaflerte centpptieithoat hasicnerpatkatine. sbhuthps preferred
enbodi ment, wi Q thg sgrfaog 5 gogential of the fine particles changed so
as to elimn3PeUFh PEcEPEEREEFR  attractive force acting between the fine

particles and t heagoopanegt t6! enest prefethedubnbapunenvat by mERRhyY SNetem
or to produce electrical repul sive force between the twy, physical force is
appl i ed o thinejpartbchestrenkact Wwekhpyhenkasifesphrtieneerchhi®be renoved

nor e eaSi|Y-sgﬁ?{féﬁb$fzsﬁPfé@@aﬁ%?p¥§é)su%P§cQﬁﬁ%Eeﬁ9iHii8? Phel Ben

solution of surfactant is caused to Tl ow throug e at least part o? t he
ul trapure wapartiubes ycayshenchanged | witidutefatlty Afsd. eveseit tthe2. 0

m sec. A di t hi f d di nent . when the basi L ut i
The:sol ut 1 orsordetfe ol Sedh o g LEERFED e PR ahag oF che¥  ReReRnBrRBISR oPF ot «
W th the fingapardr CteBradtihe, sysé e6d bition Nc@lldpid@lice appPkatssphysoERl

force thereto, 20 thus pronptirghéhe renoval of the fine particles.
Al t er natlifvel §tfeqt 1 of changing thetsurkrcepotenblalioh bhetfdngol uti on of

surfactant £%t'@1&§nt%&kf@té]qu;éqyé_ atddd f1dtifon! {4 AUEE Mt er
supply syste the solution is applied wth small-anplitude vibration. 25
Accor di ng tothéiclearirgr ethenbons hitient hef stheit sohutbon acesawnihgtie fine

i t1 on. snERT SFETTRCHE OTEY At | SR BT het ol DR ToreT sobe RSt FEEeh to The
fine particl@paiD apphyapbysy CalAd of e@ndeyrinte Witiery iden Ihnalanoval of
the fine particles can be pronoted. Preferably, the basic solution is an
aqueous 18o| (RPPHLbility that the TOC of ultrapure water produced in the
system after the cleaning will increase due to the residual
constituent of the solution. Also, in cases where
additional cleaning (rinsing) is performed using ultrapure
water, for example, to remove the residual constituent of
20 the solution, the cleaning time may be short in length,
thus permitting the system cleaning as a whole, which
includes the cleaning by means of the cleaning liquid
(solution) and the cleaning (rinsing) by means of the
ultrapure water, to be completed in a short period of time.
25 In the step (b) of the preferred embodiment, the basic
solution or the solution of surfactant, which was made to
contact with the fine particles, is merely discharged from
the ultrapure water supply system, for example.
Alternatively, after the solution is discharged, ultrapure
30 water for rinsing is introduced into the system and then
the fine particles are discharged from the system to
outside together with the rinsing ultrapure water.

According to the present invention, preferably in the



of ammoni a or ammonium salt, or an aqueous solution of alkali netal
hydr oxi de, or a m xture of an aqueous sol ution of ammoni a or ammoni um
salt and an aqueous sol ution of, al kali netal hydroxide. Alternatively, the
basi c solution may be pure water or ultrapure water in which al kaline gas
is dissolved. 5 The basic solution used in this preferred enbodi nent can
change the surface potential of the fine garticles without fail, thus
facilitating the renoval of the fine particles. 10 Brief Description of the

Drawi ngs Fl Giep iG R %f&ler&{idf HAHARSAOWNB AL (gAPHE #afer supply
system accordi ng to one enbodi nent of the present invention; FIG 2 is a
chart show mamtidles ptamngdd mft falss hymiadlc|foramstd tappliged to

subst ances aﬁﬁ S sten}cqpstituting materials as a function of pH, FIG 3 is
a chart show eg HE A3t fi ne particles in ultrapure water used in

rinsing after systrereileprdfarisd enfbominedit ofwite ftHeowwtdad ty of a
cleaning liquid 20 used in the systemcleaning; FIG 4 is a schenmatic

di agr am ShoRgmiad faghee Mo Pailisies ydhaigedt & dhda &lmigiadiang
exanpl e of qg;g% [ i.Qn; j i e

changes in H%’ge %’E’ nu oeért%\c?fe&% iaﬁ'g’"r{grtﬁvc efs&ldn% %%&&%S:}%#J{%&waﬁt% qg@gegr di ng
t o exanpl es pat iz leenEardatihee corgguien tafalements dfedmegldfrahereaulwatapur e

wat er supply syste FIG 6 is a_graph showi ng ti.ne-based ch es in the
TOC in the ﬁ%&i‘ﬁu%’%ﬂ%?ract@orp&l%ﬁgp % ep“r?é’t ELPhFIE P Fonpar ati ve
exanpl e af t e thizRrC t@RN G ,0fpHyRA dal1t FFYee W laip1SHE It e eineand FIG 7
is a graph showi ng tinme-based changgs in the nunber of fine particles in

the ul t}@pum@n saciyedighy the §ine pagtdfliess cafd be dsmeyest MAreexanpl e
after the cl%gq]ilgg. of a filtration nmenbrane. Best Mdde of Carrying out the
cl éan

. e . : .
I nvention 5 A i ng met hod according to one enbodi nent of the present

i nvention will b@rdedegiabdfyt.ednddder istegp Vialh rtdfeebasde tsplittd.odr aw g The
cl eani ng nmet hqd .qof this enhodinment .is applied tq.cleaning of .the whole or a
par t (systeﬁOgWSﬁ‘er?lfsglué: taps dgofrapses ?cﬁ %rl ¥ %ﬁrﬁgﬂ%% ag] an

ul trapure WaleRlstSpRRILY oFY Th@MulAFaphired plate taiu@p 15U RSt eny Hite@ k1w Whi ch
the cleaning method is applied includes, as shown in FIG 1, an ultrapure

wat er pFddudtelesidyp@fatlus MYeesndar ¥ -Sufd SR&t-er 15 production apparatus) 2
for obtaining u'%ﬁ%%%%ﬂn@@ﬁﬁy HHT%”breferred embodiment, when the basic

solution or the solution of surfactant flows through the
system, the solution contacts with the fine particles in
the system and, in addition, applies physical force thereto,

20 thus promoting the removal of the fine particles.

Alternatively, in the step (a), with the basic
solution or the solution of surfactant kept in contact with
the at least part of the ultrapure water supply system, the
solution is applied with small-amplitude vibration.

25 According to this preferred embodiment, the solution
contacts with the fine particles in the system and changes
the surface potential thereof, and in addition, small-
amplitude vibration of the solution is transmitted to the
fine particles to apply physical force thereto, whereby the

30 removal of the fine particles can be promoted.

Preferably, the basic solution is an aqueous solution
of ammonia or ammonium salt, or an aqueous solution of

alkali metal hydroxide, or a mixture of an aqueous solution



primary pure water 10. The primary pure water 10 is obtained) for exanple,
by passing raw water through a reverse osnosis nenbrane, then treating the
wat er by using anion and cation exchange resins in order, and further 20
passing the water through a reverse osnbsis nmenbrane. The ultrapure water
production apparatus 2 is connected through an ultrapure water supply
passage 6a to a cleaning apparatus 4a arranged at a point 4 of use of
ultrapure water. The cl eani ng apparatus 4a cl eans objects 25 to be cl eaned,
such as sem conductors, _b Log..t I pur.e S [ f ,@m t he

ul trapure wd erBPB&ﬁcPFoémﬁgggggtEglg.%&gnépy? %ghﬁ|%?ggﬁ§§“mg?er supply
system 1 of a8 hiasiembedlnBptroxideit edl fernatppéyy ngthet bapicesohutionsed in
sem conduct or nmanufacturing process. 30 The ultrapure, terkproduction
appar at us (B8¥oRBaPYrpurateat er HFGHG@PF&nW5§6§r u?ﬁlg%hgé RS 997 ¢ or
storing the;priyaEy1PHEe water 10. The tank 21 is connected via an

ul trapure water return passage 6b to the g _ cleaning apparatus 4a at
the poird 4 of uSbesbashet sphutpant usedt A8 Ghidsapaed oxE GHMERS not

used by the cl eaping apparatu .URN _t-0 e fiank ; he

ul t rapure mﬁFBrCBF8§ﬁc?BSnSBE§S§§t§§¥E§%§§é gkpﬁb% &%?%r %ﬁébgfknary pur e
water 10 angitheutl! Faapyr ehwet eachietitanddf the temoyailntof thle Fdae in t he
tank 21 is fed by the action of a punp 22 to a heat exchanger 23 where the
wat er tenpeParti€lp§-adjusted, and then to an ultraviol et oxidation device
2a where organic matter is 10 renoved fromthe pure water. Further, the
pure water is treated in an ion exchange resin tower 24 and then subjected
to a filml Breéefnbescrapidon ofathet Dxawdnd®enbr ane device 2b where fine

particles are repoyed,fromth Le. I er, O AUC NG Adlplr@pur e
wat er neeting 15g3§al%t%srgqﬁgpgﬁgﬁﬁgébﬁﬁg I@.S%?mgéégrenéﬁ nu#@fal 30
denot es a byptes pappage skppassapngotiriddnigonoexrieaegboddgiemtt okerth24. The
ultrapure water is supplied fromthe ultrapure water production apparatus~2

to the cl eaRFB§eRypaP¥LOEIRRi20 at the point 4 of use through the ultrapure

wat er supply pasggge 6ajsPar thakrt! BRowing?RUTrE avRl Potientisdd ki Hime
cl eani ng apparatus while the unused ultrapure water is returned to the tank

21 of tife uptrapoie-wenetipusdost subsigpges: a8 syHtedyconmd LHYHRGur e
S col | oct BeRETIATE A8 ar 2aetlh BERBH T ie"and [ treated. To oxplain
the ul trapure wargG.sgppaky asyhiaet ishoming ddteainumbeac ¢ foff imiee pgaddades 6a
and 6b basig%lh t%gp EES%%ter used in rinsing after system cleaning,
as a function of the flow velocity of a cleaning liquid
20 used in the system cleaning:
FIG. 4 is a schematic diagram showing an ultrapure
water supply system according to a working example of the
present invention;
FIG. 5 is a graph showing time-based changes in the
25 number of fine particles in the ultrapure water according
to examples and a comparative example after the cleaning of
the ultrapure water supply system;
FIG. 6 is a graph showing time-based changes in the
TOC in the ultrapure water according to the examples and
30 the comparative example after the cleaning of the ultrapure
water supply system; and

FIG. 7 is a graph showing time-based changes in the

number of fine particles in the ultrapure water according



a pipe and may include a tank, a punp, joints, valves and 30 ot her devices
arranged in the mddle thereof. The pipes (passages) 6a and 6b may be nade
of any material insofar as the constituents of the nmaterial used are not
eluted fromthe pipes into the ultrapure water. - 10 For exanple, the

pi pes 6a and 6b may be nmade of PVC (polyvinyl chloride), PPS (polyphenylene
sul fide), PVDF (polyvinylidene difloride), FRP (fiber-reinforced plastic),
PFA (tetrafl uoroethyl ene-perfluoroal kyl vinyl ether 5 copolyner), stainless

steel, etc. The cleanin thod according to this odi.nent wi | 1. be now
descri bed. fi%% e&ﬁ@?ﬁi%g%ﬁﬁod”@%?&&@o?%ﬁrﬂ r??q) e W% rca{';?ﬁné'l\ﬂatoglr)
supply syst gmeias y@ibnonRhbagee, or a conponent 10 el ement thereof (e.g.,
filtration menbrane), and is characterized in that the surface potential of

fine particles present in the systemis changed to facilitate the renoval

of the fine particles. Fir e prinegipl val of fine particles 15
enpl oyed in it éﬂ%ggnioﬁgcr?%h&h@moﬁt %@%)%&V%F%S’EDPH marily due to the
flow of %iquid (pucaesatitg methodpaceordiag, tol eme rmbodimenht efc.thew thin
the ultrapure water supply system 1, the system elenent, .2b, 4a, 6a,

6b, 21 to 2RT&F§™0 pventieryddld g &e 8?%@5&@} 5@5§ﬁai§%§81%$ne particles
inside the syu§HeEnkeat® ¢har @edwinlg.el ectricity. The polarity and

magni tude of the surface potential of the fine particles are heavily

dependent on t he Tieogdeandng pEthedpaft ithdisaembedimeat] ilguiaPp Liteek d8s t he
Tade of ' mat GACAFATGI0h S0epYRoldoBoR Barhc(Finstn, Sompanent elEEht e
properti@s @uchhesl iaqiidtréita ohemembaasiel)p ofetane el tifapuser Waterp cupptlyal
and the pHof the liquid is illustrated in FIG 2. FIG 2 shows

system.

An ultrapure water supply system 1 to which the
cleaning method is applied includes, as shown in FIG. 1, an
ultrapure water production apparatus (secondary pure water

15 production apparatus) 2 for obtaining ultrapure water from
primary pure water 10. The primary pure water 10 is
obtained, for example, by passing raw water through a
reverse osmosis membrane, then treating the water by using
anion and cation exchange resins in order, and further

20 passing the water through a reverse osmosis membrane.

The ultrapure water production apparatus 2 is
connected through an ultrapure water supply passage 6a to a
cleaning apparatus 4a arranged at a point 4 of use of
ultrapure water. The cleaning apparatus 4a cleans objects

25 to be cleaned, such as semiconductors, by using the
ultrapure water supplied from the ultrapure water
production apparatus 2. Namely, the ultrapure water supply
system 1 of this embodiment is suited for supplying
ultrapure water used in semiconductor manufacturing process.

30 The ultrapure water production apparatus (secondary
pure water production apparatus) 2 has a tank 21 for

storing the primary pure water 10. The tank 21 is

connected via an ultrapure water return passage 6b to the



30 surface potentials of four kinds of substances constituting the fine
particles and of two kinds of materials constituting the system el enents)
as a function of the pH The surface potentials were nmeasured by an

el ectrophoretic - 11 light scattering neasurenent nethod with the pH
varied as indicated by individual marks in FIG 2. In FIG 2, the solid
lines indicate the surface potential -pH cpharacteristics of the respective
fine 5 particle-constituting substances and the dashed lines indicate the

surface poteptial. isfi ﬁgbq S [ t ituting
materi al s. %leea?rlalrrﬁi{ aﬁbagr]ﬁagé usﬁz ac§ t(Het I anr{_:jtlee‘io((%&E %Ee Sé'sloz]utg{rgetc( ; and
circle () prart hef sld dilltiregmimowaaspomwhirads pect incetl yudesd iyt itdee (Si Oz), 10
al um na (A1203), polystylene | atex PSL% and silicon nitrjte ( Si3N )

The narks ofCJe?sacIEﬂ%I@Rga_“)t"e?ncﬁaci"fa&l & t-ur.)n P (e g‘fs’ﬂ%od]i’i nes correspond
to PVC and PVDF, fesiRetiMapurdS liaw drvdddeich afpraddie 4 auid has a
pH value 15 smaller than "7" "and thus shows near neutrality or acidity, the
surface pot gurelvater f(the parinatepusnstdtan df mndithealltmanagem, PSL
and Si 3Nd take val ues cl to nmv or. Ros; ti val ues. liquid
has a pH val“lféze!rarrgee u:[%egdzefrf’m %r?o? 03‘\/@: aﬁ Iégaﬁ/ﬁlns‘leta) ,L!thteh\gﬂﬁl%%ar i'de 20
constituti nFedihst ameadwmon rEpat ipuenps X ane Patextt iatchar(gen (B3 otteare
hand, the system el enents consti tu_tSred bé PVC or PVDF show negative surface

potential s tHeoHHAR HOTPARIIW HHS HMGHS tehartNBSL Dt FhThH of the
liquid. The AhQug fAGl IJ3didAliSh dRatide) 2 GRIdAl biddiad iiytedd ddhe
surface potentials of the systemel ements and those of the fine particles
have opp0si tremmiest ififass thendune MatewasEurtherfi §hep@utiecWagereddi n st uck
on the surfaces ,of. t.he system gl S { t [ tractive
force pr oducercfac;ceetdwéléln atr%ém yset%{ec(r?nl% éanen%g'naﬁ:é)%e}%g %f?\éer?%ar e%:I es. 30
Accor di ng t Guthedtedaiong maEiiadd tofe dtitiesn te nfyo ginmaritt ragfii It el iare | i qui d,

for exanple, is made to contact with the fi nei%gl_rticles in the, systemto

negativel y deFyanedevige 2h whars fdhe par it e AR FEMVER i of the
fine - 123, PandieChRtdY tifevy i mPharidap e sy Heddigystem

el enments, thereby elimnating the electrostatic attractive force acting
bet weenl$ he duaid yameigsiigement s.he InyELEm &l eFefiesencepnymgsng30

el ectrostatigc repul si faorce 5 t t ra%ﬁ#.l 1o 1 ine
particles cgcf?nt?g%gasﬁ I\Bs'praesr?o 55%%%?&3%&&%%hﬁoﬁhe C eag”r%engeerrgelt%od

based on thaoalave4qrinciple, a cleaning liquid (chem cal) having the
ef fect of changi otential is _us in Iiequi d

ng the surface ed._ As cle
havi ng 10 such arﬁ‘@f ARG %%ﬁsoﬁqp?lﬂﬁéfgﬁoé‘ﬂihﬁél ¢*Sol ut i on

to be used iyt Rl lapgdratrd J neofille as ddig mpldfparatius s@l ubl e
in water and the pH thereof falls witHin a_predeterm ned range, and may

preferabfy I¢ dheadeddds 4 efutissh tronahhite S EHARHUNAEAT SURRYexanpl e.
15 Qther pr a%rsraf?q., hasi afng Ye QaR, :ﬁ@ﬁ%x@ WRIEOUS Spldd IR tofe

tetraal kyl a ni-um conpou or tetraal kyl'anmoni um salt, an aqueous sol ution
of tetranet wlleamimy @ppayctos dhiTEVAHE vangesgh Wduamwres alafteoiisof a net al

hydr oxi de such as sodi ump hydr.oxi ar. t assi hydr oxi i

sol ution naf%ré‘le?ie&r?a{{:}\%%?rﬁce%gbtofi %g‘(? Blétg’{ygs“é%v%gt%}.n pghi\da | neochgas
such as amMmpparédus 2 Whircayl ehetArtrafurep waeted amtoent rpessaygeofot.he
basic solution are determ ned princjpally i

) t hat t he basi | i
oy haved s alTher SUCHAPUTR. AR Ghth 3 o AR dnPlaiused S el e e

that the regdyalsteatied WttH Jddigtsa Wi esd arndaswsteaitgmy be sml .
In the case of the aqueous solution of amoni a or sodi um hydroxi de, the pH

thereof is set tdo7explpdn pihef erldmapune, Watey BRPRIY TS t&hdehtoAS on of
o/ L) pr of oSkt goth BEHHSE sl e G A AT o 2 e
aqueous sol & ipdpeofansodiaymimednmde de tHamk ,cleegumpg tjeeints, valves and
30 other devices arranged in the middle thereof.
The pipes (passages) 6a and 6b may be made of any
material insofar as the constituents of the material used

are not eluted from the pipes into the ultrapure water.



- 13 systemis set to 0.01 to 4000 ny/L, preferably, to a range of 0.4 to
40 ng/ L. The concentration of the aqueous sol ution of amonia for cleaning
the filtration nenbrane is set to 20 to 5 2000 ng/L, preferably, to a range
of 100 to 1000 ng/L, and the concentration of the aqueous sol ution of

sodi um hydroxi de for cleaning the filtration nenbrane is set to 0.4 to
10,000 ng/L, preferably, to a range of_19$ to 1000 ng/L. 10 The
concentration of the agueous solution of "TMAH may be 10 to 100 ppm

preferably, 40 to 60 ppm, ln the case of the basic solutio ai ned by

B ocol ainy Epe A i P Has ARGl M o et g B “exampl o,

i's introducqthdiia dyie chideieo H (}ﬂtlﬁiyﬂ;ﬁlé@l@ﬂ@%ﬂ@ﬂiéﬁd F@F have a
a In

pH val ue and an ammoni a concentration g within the above respective
ranges. The (Podgennydtiidanepfditfioridedni FRFad fibaw nsafdrcatbpi@atticul arl y

[im ted and iy &% ahadh 4 AU L. e LAl 0 PsYiRes he mmnner

of how t he ul'tTapure water y f'system™1 0 s cleaned using
t he af or enemridparlsthdigs, G tadlnlidsan saedlhe etleccaning liquid. First, a cleaning

liquid 8 of which the pH and the concentration are adjusted in advance so
as o fal | withi Fhen@ LT me ek AAearene, & b ridridt RPoimans Wid bos

i ntroduced iy dhdsttipel. Alternatively, a basic salt, for example, is
put into the tank 21 storing the primary pure water 10 or the ultrapure

wat er returned fIhe eapding mefthede ist gsese oy qglreanding tihe ¢lldamapvwre
0,2, A U A O SENE nP 00 50 S P
10 element thereof (e.g., filtration membrane), and is
characterized in that the surface potential of fine
particles present in the system is changed to facilitate
the removal of the fine particles.
First, the principle of removal of fine particles
15 employed in the cleaning method will be explained.
Primarily due to the flow of liquid (pure water,
ultrapure water, cleaning liquid, etec.) within the
ultrapure water supply system 1, the system elements 2a, 2b,
4a, 6a, 6b, 21 to 24 and 30 are charged with electricity
20 and also fine particles inside the system 1 are charged
with electricity. The polarity and magnitude of the
surface potential of the fine particles are heavily
dependent on the properties, pH in particular, of the
liquid, whereas the polarity and magnitude of the surface
25 potential of the system elements made of materials such as
PVC are not so heavily dependent on the properties of the
ligquid.
The relationship between the surface potential and the
pH of the liquid is illustrated in FIG. 2. FIG. 2 shows
30 surface potentials of four kinds of substances constituting
the fine particles and of two kinds of materials
constituting the system elements, as a function of the pH.

The surface potentials were measured by an electrophoretic



production apparatus 2, passes through the passage 6a, the point 4 of use
and the passage 6b, and returns to the - 14 ultrapure water production
apparatus 2, the cleaning liqui.d 8 is caused to circulate through the
system 1 once or repeatedly for several hours, preferably, 0.5 to 3 hours.
In this manner, the basic solution as the cleaning liquid 8 5 is nade to
flow through the circulation path, whereby the basic solution contacts with
the individual parts of the systeml1, th I's, the punp 22, the heat

exchanger 23,, e ultraviol et oxidation device. 2a,, .t ultrafiltration
devi ce 2b, Lh&l FEATESTIRG MEFHENS He T AR hht}epﬁiavgaersl % and

6b, and cl egpdikeeddy oG RIPeariarHimgide x| eaning, the flow
velocity of the cleaning liquid 8 is set to 0.5 m sec or higher,

preferably, to aWalFd&.f A ithg Walhith ldnegmdadicarerLhe sufagesec. FIG 3

shows the r g’?cteig,fq:r}% %&Pﬁ%ﬁ}%%tter}%.gt{i% Joaf Vt‘ﬂeoﬁ{eﬁsﬁ)ecgtfxnae £l ganing liquid

and the nu I'cl'es contained in u pure water used for
ri nsi ng ®f t parttieleyrsonstdteayiingy .subs tancesn and |the \GE s d yifriere particle
count curve as shown in FIG_ 3, the nunber of fine particles \3%5 nmeasur ed

after the cle®ddicife ithe FurfeceRoded als B shaka P19 &F %citi es
of 0.25, 0. fRspbctidRd o HetCordt it iGR] athtirildles MrkelmaRkEl 6 3.

Specifically, as in the'case of the fine particle count nmeasurenent
per for med i whowdus d ) deteiangte | 6Adr, sauagend Masandreizeileut® oPhowi ng

the system Greaniid Y 1R b lrethdrld® HUNG U s Nt 4IRAd gpse of a

whol e day a thé start of the nsi ng, e ultrapure water used'for the
ri nsi ngLevas alaminad (a1dof) ) tes Bys bylemansabéx a( P$1 ) eand Thehicome nunber of

fine particles trapped on the filter was counted _using a scapni ctron
ni cr oscope. PASTddEn (5G3F¢ bm FhG “@,rktsné’fclaéé:r‘ﬁrr?@]%f(fﬂégta’&%tﬁ?‘ﬁ‘éggv\f# t he

flow vel oci by @ndd a¥s$e 19 e Rfrredigo@dPpy drvalvpnd the cleaning
ef fect does not significantly inprove and becones al nost saturated at a

fl ow vel oci respecdddiedy-2. 0 nl sec.

As shown in FIG. 2, where the liquid has a pH wvalue
15 smaller than "7" and thus shows near neutrality or acidity,
the surface potentials of fine particles constituted by
silica, alumina, PSL and Si;N, take values close to 0 mV or
positive values. Where the liquid has a pH value larger
than "7" and shows alkalinity, the fine particle-

20 constituting substances have negative surface potentials.
On the other hand, the system elements constituted by PVC
or PVDF show negative surface potentials throughout the
whole pH range, regardless of the pH of the liquid.

The above fact indicates that in a certain situation,

25 the surface potentials of the system elements and those of
the fine particles have opposite polarities, and in this
case, the fine particles remain stuck on the surfaces of
the system elements due to electrostatic attractive force
produced between the system elements and the fine particles.

30 According to the cleaning method of this embodiment,
an alkaline liquid, for example, is made to contact with
the fine particles in the system to negatively charge the

fine particles so that the surface potentials of the fine



- 15 Accordingly, a preferred range of the flow velocity is considered to

be 0.5 to 2.0 msec. In the case of cleaning a filtration nenbrane such as
the ultrafiltrati on nmenbrane, the flow velocity of the 5 cleaning liquid is
set to 0.5to 2.5 nisec, preferably, 0.75 to 2.0 misec. As the cleaning
liquid 8 is caused to flow through the system 1 in this manner, the
cleaning liquid 8 cones into contact m[tg fine particles in the system1,
so that the 10 polarity of the surface p ?ential of the fine particles

changes from positive to negative while the negative ,olarit f the
surface pot ARG HCIHS MY g’cﬁrpﬁ’ofln € S pcogﬁrtji LttHhg e s%fs/t el enent s
remai ns the Haitm CRsRAUEN |therdlyy irinfiGatiaieilieleldcttmsfdtie particl es
15 has the sane polarity as the surface potential of the system e] enents,

with the reffitragidive forgeaatdnmmeatwaan dhe Vel moRarbdiaf ad vdeh the
fine particles Al ety YR :EUmg RIRVBIALRAL O ARV Foroe

repul sive force 1s produced fine particles a e system 20
el enent s5 f acitveeat ithg tdwe r eAsval rekufiie theefpaet palreéd cilesncanebsur f aces

of the systemelenents. Further, the flow of the cleaning liquid 8 applies

physi cal ~f of@8 ity HfPIvetk fRom it SYSHIY naking it easier to renove the
fine particles. Ngymine diRRufinyVritHdiE vdsRaidi0 dHelpb v Prkiscidhnd !l a

possi ble or makes it easier to separate fine particles adhering to the

surfaces of alleandyg dratighdmhemijcal Joaiping thee affartcifahapgingui d 8

whi ch has b ' | at r.re tedl y tAor : '
di schar ged Eﬁlo%mg%% gj%t%%%ga?no S Sﬁ%vd\fi) )éf ?hgigegégﬁl ixaktg@t &ialgi'?igme)
t he fineoparstuct] e edFactt,edafsiemsiois tsiyst de gmrfientredand Thenbasned i n t he

| eani ng | i qui r i.schar fr h m.1l ' |
tC hgad egni n uq]?u[f?}iogl %_od IbseC uase ec:iLs n%’P tpaertsi%st}learly tl%.m%%esd C%.ens}oquaexl Qlesr W th

the solution is soluble in water and the pH thereof falls
within a predetermined range, and may preferably be an
aqueous solution of ammonia or ammonium salt, for example.

15 Other preferred basic solutions include an aqueous solution
of tetraalkylammonium compound or tetraalkylammonium salt,
an aqueous solution of tetramethylammonium hydroxide (TMAH),
and an aqueous solution of a metal hydroxide such as sodium
hydroxide or potassium hydroxide. The basic solution may

20 alternatively be obtained by dissolving an alkaline gas
such as ammonia gas in ultrapure water. The pH and
concentration of the basic solution are determined
principally in order that the basic solution may have
satisfactory system cleaning capability and at the same

25 time that the residual constituent of the solution in the
system may be small.

In the case of the agqueous solution of ammonia or

sodium hydroxide, the pH thereof is set to 7 to 14,
preferably, to 9 to 11.

30 The concentration of the agqueous solution of ammonia
for cleaning the system is set to 5 to 500 mg/L, preferably,
to a range of 50 to 100 mg/L. The concentration of the

aqueous solution of sodium hydroxide for cleaning the



- 16 The used cleaning liquid 8 is subjected to adsorption by neans of a
weak acid cation exchange resin, for exanple. According to the system

cl eani ng nmet hod descri bed above, even in the case where the base or basic
salt 5 contained in the cleaning liquid 8 has a | ow concentration of, for
exanpl e, several tens of ng/L, the cleaning liquid 8 can produce a

sati sfactory effect of separating/rennyi@? the fine particles. If
necessary, after the cleaning using the cleaning liquid 8, ultrapure water

is introduced into 10 the sys to vV h es constjt of
the sol uti or?X%te{r?lei%ﬁ%erﬁ I%‘ﬂétoca'isc{e%/eﬂt ﬁpef%féelgénlrl?in%’ |*in‘§u4 dé%%esed
has a | ow cyrats aid o0 ngry. a snal | anmount of the basic constituent of
the cleaning liquid 8 remains in the system1., and this 15 makes it

possi bl e to shor tB¥ tqRAGEEHAHPR idfe Tha IBRRHHSVHEE 1AL Ay Ammonia
constituent. g Qlelih 1P HET A1 e U Mo 1 A0 ot TRf gl sl ng the
and t

cleaning liquid e ultrapure water can be conpleted in a short tine.
Thus, whsere 2400 wig Aap e featarlyups \a ssestgendf i 10 hewe y1 GO0 imgstlal laad] onl y
a short set- time is required, Al so, in the subseque roducti on of

ul trapure wdt ,cqr}ﬂﬁrbtarsaet%&n f%cté"tet ABIRWUT SR boglttsigt)o%o%ti tuent can
be suppressefsdriidd B8 A dahide tHEroMeRi o e tdne ofs tder wd rapure
wat er produced. 25 There are no particular restrictions on the tenperature
of the cleaflrfg 42 gl AW maAL f RRRETAPH nitofa wargorok | hitRy
capability, fqy% %&ﬂﬁﬁrature of the cleaning liquid should desirably be as
hi gh as possible thin a range such that the heat resistance tenperatures
30 of the parts dmke pigesrcorstiduteihhgdhhagqiaowpuelwaier supiMAH snast em 1

are not exceeded, .an re specificall [ et 20 to 100C. For exanple,
when cl eani ﬁ’d‘ tlﬂje t:%/gto@%m' }ﬁeeéﬁr&b@%@ntio ?Faodeéogquﬂfc havi ng a heat
resistance - 17 t@i@eiaid!icx afhelili A ¥eldtiod ameiaidd eowf the
cleaning liquid 8 is set to approximtely 40C, and for the systemor system

el enents nadk s INDE RV iddd el ieatIase sits AR Wi Sttt H e AMABGUIFOC,
the tenperatdye Qf %.,C'fiesaf}mgco%ddwi%& 36 stiﬁ;@err\’aédJQ:HEﬁI tHgher than

75 to 80C. I'n'the case of the systemor system el’enents made of stainless
steel, 18e dodartiig labhdichedhosy theseraatnit e7dldieading tagd amnaap® oxi mat el y

100C may b d. Wil |eani d di | 10
of the. br e HPIRERTEN s tath "edin o SHOUE s e R TR

present invedd Pordent@atich tofd tihe tddmilLapingemwdisentialmyte and may
be nodified in various ways. For exanple, the ultrapure water supply system

to 15 whi ch REEiquWanlyy Hatiied dmd maphsahouthviedia JdP4% PRpl i ed i s not
limted to the OW%é“%@Mleldﬂ‘éeébrfﬂ&éiﬁhe manner of how the

20 ultrapure water supply system 1 of FIG. 1 is cleaned using

the aforementioned basic solution as the cleaning liquid.
First, a cleaning liquid 8, of which the pH and the

concentration are adjusted in advance so as to fall within
the aforementioned respective preferred ranges, is

25 introduced into the tank 21. Alternatively, a basic salt,
for example, is put into the tank 21 storing the primary
pure water 10 or the ultrapure water returned from the
point of use, to thereby prepare the cleaning liquid 8
within the tank.

30 Subsequently, following an ordinary ultrapure water
circulation path which starts from the ultrapure water
production apparatus 2, passes through the passage 6a, the

point 4 of use and the passage 6b, and returns to the



is not essential that the ultrapure water supply system be constructed such
that the ultrapure water which was not used at the point of use is returned
to the ultrapure water 20 production apparatus. Al so, a reverse 0Snosis
menbrane or other filtration devices, not shown in FIG 1, may be

i ncorporated appropriately into the ultrapure water production apparatus 2.
Further, the heat exchanger 23 and the igg exchange resin tower 24,
appearing in FIG 1, are 25 not indi spenSable system conponent elenents. In

t he forgoing enbodi ment, the cleaning liquid is circulated once qr, .
repeat edl y PH¢69§Hrﬁh¥aGPFrQﬁﬁpécﬁépgra? FERFUSy 2o o%i?aP&n@oﬁﬁ%&}thr1

fine particlkesgd pahded 78 %lﬁ.%tc@lﬁ:‘at}ah%h%laﬁgﬁh%ﬁ@ Rgstag uihaee opot enti al  of

the 30 fine particles and al so applying physical force to the fine
particl es. flepeatadlyelfpr wevieraiehgursapprefgxaddysu®pldy toy St &UES -par t

thereof filled th the cleaning_|liquid,. the cl.eaning J i qui. appl i ed
with small - Hp|t¥¥9§d5‘ann9r18%?\?i %Pé‘t‘%oﬁ%&&%g’& 6‘% e sdsand \iﬁ?ég{%qfiolra
exanmpl e.s5 | njkhinadease. £l1b& ¢hednighd thieqeidcuillbitédn patthe smetremycahieact s

with fine particles in the system thus changing the surface potential of
the fine pabgsdcesolykdogngontacispmithdéhe Brdivdadads paxdscrogaiPfy | qui d

are transm 0.t he . fing _pantic bhus +aRPLEIZRI SingRlr har cqplo the
fine partic%&ggehtléhggﬁ gg'n% gd?%ﬁgwg?ér, thatabogﬁgﬁbg%%répplying
physi cal fouderavibhetf iomddadribncldeviice Rat, dbeemilitaiafiid trjad iony devilge, and

the cleaning liquid 10 filled in.th t Ly, di df
he syst om 3Pt ot lengigser SRFRELAD HePEc AoV ares pAidot B nERE Ao ee O {1

t he cl eani nanlal @i, d ahid kadahheneise. devieesi anids pipesessential in the
present invention that the whole ultrapure_water supp%yfﬁystenl e cl.eaned,
atro

15 and part of tRETdpe: ke rcdeasiagpl &her Adow Vedrt thffe fPERE "evi ce
2b, the ulthauhalel a4 dakl 28 @24 f9seR SNRiGhReS fReddabnyandd Beir
joints, may individually cleaned. In this Case, the cleaning liquid is

i ntroduced waflaeafadliegcwiihdt parange oife 0sySt &m 2r.Omid slegcat i on 20

i rmedi ately upstream Qf the tog-be-cleaned part.and i Lscharged from a

| ocati on innediafgzy goﬁhgﬁﬁe HFoFe}ﬁglfgﬁgépcnggg&%pgbf,Q?ﬁgreby | etting
the cl epdi ngehiveditd bifownkhcaughinke 1igquia eh@annd pamber pEt €ddeof causi ng
the cleaning liquid to flow through _the to-be-cleaned part, 25 the

t o- be- cl eanP@TpardeFaFopdadngd yof HLtEFRRTEH YArE T MEES AGT FddtdP%nd after

a | apse of deher Bhviaedm ikiRantig.Cl 8nbpHalhadi f16RYvEEodisghaiged from
t he to-beclggﬁég Sartg&%urfher,axﬁtﬁ t he to-be-cl eaned part fil?ed with the

cl eani ng | i gairdicilee coua&nicugviei @§i shewyp Ba FTAGyvi Br.athe awmbegeffpdine

di scharged. _In, this manner., the sy c b I ' t S

el enent s, fBFré%g%ﬁﬁeythgGEFng |%#Eg%igﬁeng%%Pgﬁggdéﬁ?&gﬁég%foxgﬁggh

ul trapure wabeglpkodtckiach agpdlewuselbutities dE 0.6 ,sPst7ém dl.6nemds nmay

be detached fromthe apparatus for c% anin bp,th%ﬁﬁga%e, t he cl eani ng
liquid may Be™&8€-t &5f FBRCREEIgRYa ﬁﬁugﬁgﬁ ort'ai’nitig *tthe ultrafiltration
menbrane, ogpbhe rieusngg BRY ibe thieMRlakel ol etenitifet Dark idlearongt! i qui d,
with vibrations applied to the cl eaning ) L
measurement performed in Example 1 described later, rinsing
was carried out following the system cleaning by means of
25 the cleaning liquid, and upon lapse of a whole day after
the start of the rinsing, the ultrapure water used for the
rinsing was sampled and filtered by means of a filter.
Then, the number of fine particles trapped on the filter
was counted using a scanning electron microscope. As seen
30 from FIG. 3, the cleaning effect obtained with the flow
velocity 0.25 m/sec is not of satisfactorily level, and the

cleaning effect does not significantly improve and becomes

almost saturated at a flow velocity exceeding 2.0 m/sec.



liquid as needed. Further, in the present invention, a surfactant, water in
whi ch hydrogen gas is dissolved, or a mxture of the two, for exanple, may
be used as the cleaning liquid.in place of 10 the basic cleaning |iquid.
Alternatively, electrode plates nay be i Mmersed in pure water together with
a to-be-cleaned part of the system and with a separating nenbrane arranged
between the el ectrode plates, electric current is passed through

t he~el ectrode pl ates, thereby to change !fe sur face 15 potential of the
fine particles. Wiere a surfactant is used as the cleaning l'iquid, cation

surfactant ARIPEENFIVardy RFCFRITRY | T2RIS OB tRRaf LPWaY§LladHbYi 4%h sal t, or
neut r al surf@ﬁﬁ}ieloéqc&%@%(ydjéz Iy ylgfz%gé.sul fate type may be used.
act an

Al so, an 20 anion sur such as al kyl benzenesul fonate nmay be used in
conbi nati on w th basthe ssdade dheclhoamimg ratfdohtoitide semboatansuch a8t to

1 to 1000 ng/.L sual ly, to several tens of. ngll. In order to_enhance the
cl eani ng e% ,utﬁ[qﬁagjé%?ﬁ'ﬁgmkén?wwrbe mf/h%eé#%‘fr%%g%%ﬁéh%% &h% out | et
of the uktradiddd@ig oni refesed tHt@. § heo U 15 apps€c \Vap pEEPRSSBPE 6a.
Exanple 1 1. Ceaning of Utrapure Water Supply System 30 An ul trapure

wat er suppl YO siBsttem2. gns3reEwn in FIG 1 was newy installed and was

cleaned 1 the mone desrLlhagh bl @it AR Gl 87 4ae Ao 00l g o

water in the tank rapur e wat er prodhctlon a us 2

to prepare aydteaniingid ithisl ntadreast hotlee coheamnin@t liguid SO0comed Hmico a pH

val ue of 10.5, and the .cl eanin qu%id 8 was nade to CJ'UrcuI ate at.a flow
S
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vel ocity of WPHHRGH R RPN St R rSYChotr sSAI UYL t Hee

circul aj pon gatd¥i t4f IFBRHE NatficdFEkE ¢ DA aPPaFiad UBi e -paPesSEge 6a ->
point 4 of use -> passage 6b -~ ultrapure water production apparatus 2. In

this case, tohandesmfinen IRQfitl v ke RedAkEVe o7ty the AREAEHE bypass
pasea0e 20 MR dE UL BEIAI IR b MR S e o
cl eani ng | i qrordst3 twetsi reylj tihsd ey g teendl (K doyeri thee 2hesad i rex ctizen geame 3.
Consequently, the surface potential of the fine particles
15 has the same polarity as the surface potential of the
system elements, with the result that the electrostatic
attractive force acting between the fine particles and the
system elements is eliminated or electrical repulsive force
is produced between the fine particles and the system
20 elements, facilitating the removal of the fine particles
from the surfaces of the system elements. Further, the
flow of the cleaning liquid 8 applies physical force to the
fine particles, thus making it easier to remove the fine
particles. Namely, the flow of the cleaning liquid 8 makes
25 it possible or makes it easier to separate fine particles
adhering to the surfaces of the system elements, for
example.
The used cleaning liquid 8 which has been circulated
once or repeatedly through the system 1 is discharged from
30 a blow pipe (not shown) of the system 1. At this time, the
fine particles separated from the system elements and
contained in the cleaning liquid 8 are discharged from the

system 1 to outside together with the cleaning liquid 8.



After the systemwas cleaned using the cleaning liquid 8, the cleaning
liquid 8 was di scharged fromthe. bl ow pipe, 15 not shown. Subsequently,
the primary pure water 10 was i.ntroduced into the tank 21, and the

ul trapure water produced by the ultrapure water production apparatus 2 was
circulated through the system 1l to renove the residual constituent of the
cleaning liquid remaining in the system 20 The ultrapure water containing
the constituent of the cleaning quuid'még Then di scharged fromthe system

to outside. 2. Eval uation of C eani n% Capabil ity After the constituent of
the cl eani nghe qsed wiearsneddmwd & & s tatted) e RdquEIiIRR Qe

system 1 was aper z%;tf:ec‘ij14 ) & é&rdrgal}ﬁgﬁﬂetf%qea%gﬂﬁ Wt Mater was

sanpl ed at {He poin use a mes at ‘gi'ven Intervals of
time. The sanpl ehdddrdipy eonaihey syateeasleasdiras ek hidde dastmiberd fine

particles contained and 30 the TOC, to obtain._a chan with ti in the
qual ity of tROURA 1 BHER dhdthe cafs r‘f@’fﬁﬁ(ﬁ’t%é’arﬁﬁrt? S19 ﬁ?lprgrticles, a

gi ven angun_tcd?i‘t&i%dﬂitr{ Y & 1WRAENGVAS RATE & HdY alalbwd ddrideéditratitid he
nunber of fine particles (wth a particle - 21 dianeter greater than or

equal to 0.@F ufjort rexsyed.eon severial ttemsneed @sidt.edhesiHgan g dni g d

el ectron m ¢raoscope. JThe TOC ngﬁﬂ qtﬁy tg.av ;
oxi dat i onr esl sqaﬂ/ipt’i?ddlecteecat isé'l\rllﬁr?et ogﬂryg eecﬁr:neaogilurs'reé%ea{rﬁ(:H t?LteIlsgu/IIiesrn Are shown
in FIGS. 5, themine pHitidasied L[Enfecessheyindifteduzhef cdenaingepséngnt s

the required quality of ultrapure water used at the,ﬁo,i t o usdg.. I;_r?arrpl e 2
10 Sodi um hyid¥eodledning ddeedd 8 -+ he LFARM TR MRS ket %e

system 44t 0 bt?feep;‘fa{s%é\'l al a@NifighdviedWHd FAE &orGaHdAt igi e 4 Mo/ L
and a pH value of 10.5, and the cleaning liquid 8 was circul ated through
t he system baluttilm dandheamystess in Exanple 1, to clean the system 1. 15

A time-based change d) (N YAl Y 9fe tdr}eealﬂitd’ AU Ry SUPL LD, B hE
t hus- cl eaned syst 1{1mas measured in the sa manher as I n anple 1. The
measur enent deditrationshonly & Bmadl amencht6.o e a8 @ohs Hhenita gas

inlet pipe 11 was added to the ultrapure water s I stem 1l s in
FIG 1, therdbyheorrseandtiohdigudes Be heMadisiv ﬁ‘f%"gysj.}’e %m@&ﬁ@ms
i nt rOdUﬁ?gllfn{anBst he igystli AP ol bHoter el Sty Waln®y fopRtdmsl ffigm

the tan , to obtain a 25 cleaning liquid 8 having an ammoni a
concentr at i drneofreBddnpll camd td tiental whegiebtn the py@rally aleasidY®e nanner

75 e Thebebadlip VLR MLl ERAARN B dd ppevstem
ul trapure waileirapuetlaectdyy cih thee colmpdredtbds yist emskecsr thgEisne .ed Thillse
measur ement wrh%Si:%l tt%earu%tsig%vg}é Qvali:le%S'suSPpelLrird s%st%xmaqplies l}lewly
20 installed, only a short set-up time is required. Also, in
the subsequent production of ultrapure water, increase of
TOC attributable to the basic constituent can be suppressed,
contributing to the improvement in quality of the ultrapure
water produced.
25 There are no particular restrictions on the
temperature of the cleaning liquid 8, but from the point of
view of cleaning capability, the temperature of the
cleaning liquid should desirably be as high as possible
within a range such that the heat resistance temperatures
30 of the parts and pipes constituting the ultrapure water
supply system 1 are not exceeded, and more specifically, is
set to 20 to 100°C. For example, when cleaning the system

or system elements made of PVC having a heat resistance



An ultrafiltration menbrane nmade of pol ysul fone was - 22 detached from
the housing and was imersed in the sane cleaning liquid 8 as used in
Exanple 1 for two hours with ul.trasonic waves applied to the cleaning
liquid 8 to vibrate the sane, thereby cleaning the ultrafiltration 5
menbrane. Subsequently, with the ultrafiltrati on nenbrane attached to the
housi ng, the ultrapure water was caused to flow through the housing) and

t he nunber of fine particles contained-i d@7the ultrapure water passed
through the ultrafiltrati on nmenbrane was neasured by the sane nethod as 10
used i n Exarm@mperhthore.ofl ebaasifi*éherthe dmnper arures hivtlien dlegning

Conpar ati ve Exanp] e 1 Usi war m wat er qf 40 t he ¢l eani I i gui t he
ul t rapure vvz%tlé@ms‘tﬁplﬂﬁ s%??etrﬂ \ﬁé&’%ﬂ’@ﬂ%{f%yn%(ﬁzcds%ézl Trerther® OSLs!teﬁjnn
Exanples 1 tfy Jytth td@mdltes Wddeps et elavimflucatkdty ddiei stfi@m was
sanpled at the point of use to exam ne the water quality. The neasurenent

resul ts are temparatume e abard &° Gorfdeer dtamre H te Bhepping

ul trapur t.er. .as it ni i.qui t rafdd toati rgpe was
cl eaned |§nmﬁhlguslzdsnelgggsr?(rﬁe&%as;?’r#lé%ar?%te rgiegﬂéélnzé t?{éeﬁn '{feﬁdr)uzb er’ o? fine
particl es i rHeheadd roaapuhe wtsarenp roxd wyesct dny e lemnen] teamedies yoft entatasless
nmeasured. The neasurenment results are shown in FIG 7. 25 Eva(ijuati 0.
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ul trapure waifrcdURRdte 19 St N ask Risddie cl eani ng nethods according to
Exanples 1 to 3, the nunber of fine particles in the ultrapure water

produced by the 3$¥sitlemtdveospekning nediad FEqENG Heth anf AMtskigent
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oper at i oh of*lt he system oW ng e conpletion of the cleaning. Nanely,
t he cl eani ngoteichadmtofthex amEsentl invedh tpraov dd tne thaldandtiegh to -tk fi ne

particle renoving capability. A cleanin t hod accoydinng. to Example 5 al so
had excel | er#tc’r(ﬁﬁ’&'rﬂq?@ ant fl%@g‘ﬁ{m sglreemldtjrjeegbllt% YHeT Bt are
not illustrg . On the other hand, in the systemcl eaned by 5 the nethod
according to nparative Exanple 1, nore than ei ght days were required for

the nunmber of fi Aepaxanples ithe W tHapnugsu M ot SURRHOH et 9% the system
to drop

o] l.eyel. .l ower d and thus, it
wes { ouhd”t MR ens” S Wi YL HiRsde vt i B10 poor
fine parti clappldrmliing neetpdbinliitted tdl dihe amesadrowr dm FIG. 6, iandEddhples 1
to 3, the tine required for, the TOC of _the ultrapure water. produced.by the
systemto drdp & fslséa\}’é:llqlo\ﬁg’ratt %%‘r? é}‘?‘tﬁqp&ﬁaeol“%%?ﬁbesrqqglr}{)ts%sa W
pg/ L) was sh@ns2irddida sudiolthatams ullt repite drd texmticts tvard mft

operation of the system pr oviorrg t hat. t he cl eani ng net hods of Exarq)l es 1to
3 al so have usece@tetheoRedmitc Gfatiss e RfEURP e Fbhiihe P LEFARNGS ¥ate e ase

wi th Exggpl r%d%%t‘éi?ds axfp?r?arﬁi:%so'[ hgh shand, rkdeFeBPakabkYe RéabRhfelor t

took four t0 five e 20 TOC fo decreas_e to a level |lower than the
al | owabl e upmdren fiitl trAtion dedidesyandtowhpwrhdn M clleamayy et hod of

Conpar ati ve .Exanpl e d _paor_.ar i.C .natt I Qﬁﬁ! ity. Further,
as is clear W@%pqﬂré]te%a qﬂroPrI?)anlp#:eg'yi Ahd }rherZE g\gheﬁﬁluxcr%er O‘fo'1 fine
particl es dexomrad do apgaretiud @ner Fulrahet/, nthbeheat exwhahgedayp3pasded
since the start of operation of the system having the cl e%&%j filtration

X

menbr ane at ttRE @™ FFRARIESSSERITIYCT (F 4 h SERLEF B9 B 4 HE nunber

of fineypar gt andrppadvie dysel cHhgoneit tdiaekts. in 12 hours. On the
ot her hand, in Conparative Exanple 2, the nunber of fine particles did not

drop bel ow 1/ nL dverthef faradiag frredmesto Haf CreBrmnhe GHd ot
operation OkfﬁgﬁfaﬁﬁdﬂBnce or repeatedly through the ultrapure water

supply system so as to contact with fine particles inside
the system, thereby changing the surface potential of the
30 fine particles and also applying physical force to the fine
particles. Alternatively, with the ultrapure water supply
system or part thereof filled with the cleaning liquid, the

cleaning liquid may be applied with small-amplitude



- 24 CLAIMS 1. A cleaning nethod for cleaning at |east part of an

ul trapure water supply system having an ultrapure water production
apparatus connected to a point .of use of 5 ultrapure water via a passage,
conprising the steps of: (a) changing surface potential of fine particles
present in the at |east part of the ultrapure water supply system and (b)
di scharging the fine particles fromthe at |east 10 part of the ultrapure
wat er supply systemto outside. 2. The cl®aning method according to claim
1, wherein in said step (a), the fine particles are nmade to contact with a
basi ¢ sol ut vdbretignsclausiedn byt udresendst wayesthd od] €XdMpd-enet kBgthis

according to_claiml1, erei .0 S, en ~( @k, f tential of

the fine paFFiS(?I'e s c\cbf%gﬁ‘gé‘% é.ﬁ.aﬂug. sglg%%;dl g‘a %%‘grtg its%“gggﬁ%g to the

fine partick@sh 4inEhpagiteaniesy ifetthed syetemdi duiso chlamiging, thieerei n in

said step (a), a basic solution or a solution.of 20 surfac%aﬂg I's caused to
y

fl ow t hr ougRuFk@cs Pr&sstisdr efothend 1ne: PATTAE RS e A< 5H) stemat a
flow vel oci ta\},\fﬁ(ifitgdi_ Pi$8a thdnd B£MHRC c12anihy AlieRiidGreetties saaeaed Ny

to claim 3, erein in said step (a), with a basic solution or a solution
of 25 surfatbarheképne pacdicdes withiwst RPrAY ingaPhysdcalofonee H tRsur e

wat er suppl y.system, .the solution is.appl] it -a (tude

vi brati on. é}n hEag#éSHFﬁg ng%hggogggog iggg?éiaﬁgégﬁékéfgg%gins 2, 4 and
5, wherein pbeikavedysappliydng physizaledosrca toolthie dinef pantcilasods
ammoni um salt, or an aqueous sol ytion of alkalj tal. hydroxide, .of a
mxture of PRE £§§EHEI ot itHE FVERTIA a SPdaﬁﬁﬁaﬂqiﬁiéﬁqg &ﬁ@hﬁﬁe agueous
sol uti ofy of (3hhald sEPicle BydilH Ay be ngPell diRerEload fgomPihed
according to any one of clains 2, X and 5, wherein the basic solution is
pure water ewsdiemr afes wieesyistemhilsh lgifitalbitn&egds fiox & Pysded@rmined

Ar  Afh% A AL % AL LAY L% Ay A CAF AAAAL A A CACACA Ae. A
e.;Ae.A{4 Pﬁ&ngﬁ#tﬁ%tﬁe %lé%n@%gAlr%ugdA%I&le%.%h@%d%n. €

{val gb] X] ca] ca] cafiea],caltcafcaptafsapnliad] da] dilec presferdicajerdion) cal] ca] c
aj cajcTa UV%%%%]%%g]%%%h%aLE%L%L%L%ak%%éé supply system be cleaned,

15 and part of the system, for example, the ultrafiltration
membrane device 2b, the ultraviolet oxidation device 2a,
the pipes 6a and 6b and their joints, may be individually
cleaned. In this case, the cleaning liquid is introduced
into a to-be-cleaned part of the system from a location

20 immediately upstream of the to-be-cleaned part and is
discharged from a location immediately downstream of the
to-be-cleaned part, thereby letting the cleaning liquid
flow through the to-be-cleaned part. Instead of causing
the cleaning liquid to flow through the to-be-cleaned part,

25 the to-be-cleaned part may be simply filled with the
cleaning liquid, and after a lapse of a predetermined time,
the cleaning liquid may be discharged from the to-be-
cleaned part. Further, with the to-be-cleaned part filled
with the cleaning liquid, the cleaning liquid may be

30 vibrated and then be discharged.

In this manner, the system can be cleaned with the

system elements, for example, the ultrafiltration membrane,

attached to the ultrapure water production apparatus, but
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15 potential of the fine particles.

Where a surfactant is used as the cleaning liquid,
cation surfactant such as primary amine derivative or
quaternary ammonium salt, or neutral surfactant of
carboxylic acid type or sulfate type may be used. Also, an

20 anion surfactant such as alkylbenzenesulfonate may be used
in combination with basic salt. The concentration of the
surfactant is set to 1 to 1000 mg/L, usually, to several
tens of mg/L.

In order to enhance the cleaning effect, the cleaning

25 liquid may be introduced from the outlet of the
ultrafiltration membrane 2b into the ultrapure water
passage 6a.

Example 1

1. Cleaning of Ultrapure Water Supply System

30 An ultrapure water supply system 1 as shown in FIG. 1
was newly installed and was cleaned in the manner described
below.

Ammonia water was added to the pure water in the tank
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In this case, the cleaning liquid 8 was caused to flow
through the bypass passage 30 bypassing the ion exchange
10 resin tower 24, and thus the ion exchange resin tower 24
was not cleaned. Also, the temperature of the cleaning
ligquid 8 was adjusted to 40°C by the heat exchanger 23.
After the system was cleaned using the cleaning liquid
8, the cleaning liquid 8 was discharged from the. blow pipe,
15 not shown. Subsequently, the primary pure water 10 was
introduced into the tank 21, and the ultrapure water
produced by the ultrapure water production apparatus 2 was
circulated through the system 1 to remove the residual
constituent of the cleaning liquid remaining in the system.
20 The ultrapure water containing the constituent of the
cleaning liquid was then discharged from the system to
outside.
2. Evaluation of Cleaning Capability
After the constituent of the cleaning liquid was
25 removed following the system cleaning, the system 1 was
operated under normal conditions, and the ultrapure water
was sampled at the point 4 of use a plurality of times at
given intervals of time. The sampled ultrapure water was
measured as to the number of fine'particles contained and
30 the TOC, to obtain a change with time in the quality of the
ultrapure water. To measure the number of fine particles,
a given amount of the ultrapure water was passed through a

filter, and the number of fine particles (with a particle
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Example 2
10 Sodium hydroxide was added to the pure water in the
tank 21 of the system 1 to prepare a cleaning liquid 8
having a cohcentration of 4 mg/L and a pH value of 10.5,
and the cleaning liquid 8 was circulated through the system
1 in the same manner as in Example 1, to clean the system 1.
15 A time-based change in the quality of the ultrapure water
produced by the thus-cleaned system 1 was measured in the
same manner as in Example 1. The measurement results are
shown in FIGS. 5 and 6.
Example 3
20 An ammonia gas inlet pipe 11 was added to the
ultrapure water supply system 1 shown in FIG. 1, thereby
constructing a system 1 shown in FIG. 4.
Ammonia gas was introduced from the inlet pipe 11 into
the ultrapure water supplied from the tank 21, to obtain a
25 cleaning liquid 8 having an ammonia concentration of
50 mg/L and a pH value of 10.5. Then, in the same manner
as in Example 1, the cleaning liquid 8 was circulated
through the system 1 to clean the system, and a time-based
change in the quality of the ultrapure water produced by
30 the cleaned system was measured. The measurement results
are shown in FIGS. 5 and 6.
Example 4

An ultrafiltration membrane made of polysulfone was
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Comparative Example 1
Using warm water of 40°C as the cleaning liquid, the

ultrapure water supply system was cleaned in the: same

15 manner as in Examples 1 to 3, and then the ultrapure water
produced by the system was sampled at the point of use to
examine the water quality. The measurement results are
shown in FIGS. 5 and 6.
Comparative Example 2

20 Using ultrapure water as the cleaning liquid, the
ultrafiltration membrane was cleaned in the same manner as
in Example 4, and then the number of fine particles in the
ultrapure water produced by the cleaned system was measured.
The measurement results are shown in FIG. 7.

25 Evaluation of Examples 1-5 and Comparative Examples 1-2

As is clear from FIG. 5, in the ultrapure water supply

system cleaned by the cleaning methods according to
Examples 1 to 3, the number of fine particles in the
ultrapure water produced by the system dropped to a level

30 lower than an allowable upper-limit value (1/mL) before a
whole day passed since the start of operation of the system
following the completion of the cleaning. Namely, the

cleaning methods of Examples 1 to 3 proved to have high
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OAH} A<r SA! | L Y#heYraged) - O 0B ¢yher hand, in the system cleaned by
5 the method according to Comparative Example 1, more than
eight days were required for the number of fine particles
in the ultrapure water produced by the system to drop to a
level lower than the allowable upper-limit value, and thus,
it was found that the cleaning method of Comparative
10 Example 1 had poor fine particle removing capability.

Also, as seen from FIG. 6, in Examples 1 to 3, the
time required for the TOC of the ultrapure water produced
by the system to drop to a level lower than an allowable
upper-limit value (1 pg/L) was shorter than a whole day as

15 counted from the start of operation of the system, proving
that the cleaning methods of Examples 1 to 3 also have
excellent organic matter removing capability. This is the
case with Example 5 as well. On the other hand, in
Comparative Example 1, it took four to five days for the

20 TOC to decrease to a level lower than the allowable upper-
1limit value, and it was found that the cleaning method of
Comparative Example 1 had poor organic matter removing
capability.

Further, as is clear from FIG. 7, in Examples 1 and 4,

25 the number of fine particles decreased to a level lower
than 1/mL before a whole day passed since the start of
operation of the'system having the cleaned filtration
membrane attached thereto. Especially, in the case of
Example 4, the number of fine particles dropped to a level

30 lower than 1/mL in 12 hours. On the other hand, in
Comparative Example 2, the number of fine particles did not
drop below 1/mL even after the lapse of 300 hours from the

start of operation of the system.
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(a) changing surface potential of fine particles
present in the at least part of the ultrapure water supply
system; and

(b) discharging the fine particles from the at least

10 part of the ultrapure water supply system to outside.

2. The cleaning method according to claim 1, wherein
in said step (a), the fine particles are made to contact
with a basic solution or a solution of surfactant.

3. The cleaning method according to claim 1, wherein

15 in said step (a), the surface potential of the fine
particles is changed and also physical force is applied to
the fine particles.

4. The cleaning method according to claim 3, wherein
in said step (a), a basic solution or a solution of

20 surfactant is caused to flow through the at least part of
the ultrapure water supply system at a flow velocity of
0.5 m/sec to 2.0 m/sec.

5. The cleaning method according to claim 3, wherein

in said step (a), with a basic solution or a solution of

25 surfactant kept in contact with the at least part of the
ultrapure water supply system, the solution is applied with
small-amplitude vibration.

6. The cleaning method according to any one of claims
2, 4 and 5, wherein the basic solution is an aqueous

30 solution of ammonia or ammonium salt, or an aqueous
solution of alkali metal hydroxide, or a mixture of the
aqueous solution of ammonia or ammonium salt and the

aqueous solution of alkali metal hydroxide.
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