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METHOD FOR MEASURI NG NUVMBER OF FI NE PARTI CLES I N
ULTRAPURE WATER, FI LTRATI ON DEVI CE FOR MEASURI NG
NUVBER OF FI NE PARTI CLES, METHOD FOR MANUFACTURI NG
THERECF, AND HOLLOW FI BER MEMBRANE UNI T FOR USE | N
THE DEVICE 5 Technical Field [0001] The present
invention relates to a nethod for measurin t he

AR FO1FAHE 3 VOUPES O P it i 1§ ULTRAPURE WATER,

f||trat|on devi ce or neasuring. the n

Wﬁ@e?ﬁvéc%&%&%ﬁUWﬁuF%?% o ¥t papzapLes,
325. ce. B‘;Vﬁg heﬁhﬁ%ﬁ%%e%%ﬁ%ﬁﬁ% @JI,B in
i it oSO 5 TR ABphf: G ot RS v, AP, Do
and 15 the like, the nunber of fine partlcles in

ultrapure water is nmeasured, for exanple, by an online

melt hod a@,p % ng | aser scattering and sound waves,
cr gcopy (for exan‘pl e, see Non- Pat ent

[dr:@ﬁglnemﬁet Heeg&n rI\)E?x olﬁereigl)?@so’]tﬁ fle %&‘%rf fReasuring

uri ng |ne par icles

_ tr(k)% RLAR&F %f"?f Sg&'f‘*f@léé“?n q{l[tﬁ'%%u% GIAARTORY £ 1§tf‘§%fl‘%j dev:.ce

causi ng npl1ng pipe to branch off froma pi p _
| £ t
fcyxt‘rﬁ%j%% \o’i‘%] bt em%of‘@&ﬁé pattidled] h!’m@FEHBS f\b@tn&rnu acturing

pro 'tering part of the
t&grtero&fpuréﬁd"‘@tl%liﬁw FYGR rambibtdrid WRILtTEBRI &€ fiPfche device.
“measuring the number of fine particles, trapping the

fine particles in the ultrapure 25 water on a nenbrane

surface, subjecting this nenbrane. surface to imging

' BaKgromage ApEocessi ng by a scanning el ectron nmicroscope

or the |like, and counting the nunber of fine

[0z cl €dnivenpionasty, (hordeexanmetimeehdateetrequired water

Docunent 1). However, when the nunber of fine 1
wﬂ’dycissnamtaduaded'; ultragupe aettecagptoduitioncfaeiticies and
directly observe the entire nenbrane surface by the

thechilee nghe hasbeowfnf ineopanpe les in hbtrajerevaer ipaeasured,
filtration menbrane has a dianeter of about 25

for example, by an online method applying laser scattering and sound

waves, direct microscopy (for example, see Non-Patent Documents 1,

2) or the like.

{0003] As a method for measuring the number of fine particles in
ultrapure water using the direct microscopy, a method of causing
a sampling pipe to branch off from a pipe through which outlet water
of an ﬁltrapure water productién system flows, filtering part of
the ultrapure water through a filtration membrane for measuring thé
number of fine particles, trappingthe fine particles intheultrapure
water on a membrane surface, subjecting this membrane surface to
imaging and image processing by a scanning electron microscope or
the like, and counting the number of fine particles is proposed (for

example, see Patent Document 1). However, when the number of fine
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mm Therefore, usually about 0.001%to about 0.1% of
an effective 5 filtration area is actually observed by
noving a field of view, and the nunber of fine
particles (nunber of trapped particles) in the
uItrapure water trapped by filtration in the entire ef

pa[ré:g.% g%s%m{ e 1ta{§ﬁr?§ti‘.<‘ﬁée%ﬁ 8ys £8h L4 24 BQPectly observe

I'n recent years urt hprovenent |1 n water

th%uéh’cii’e 'n‘%rngl'gné eqiif-ed bﬁ‘%@s@éﬂﬂlﬂf‘é‘l'el‘:%%ﬂtmlc&oscope or

al so 1 nposed on the nunb fine particles in the

tHe ﬁ.&ﬁ@%ﬁld’@ttﬁé me@a&r&ﬁl Qlfern}ﬁ@hﬁé Katald BYame0sh IgH about 25
itens of the ultrapure water. in sone cases, the |evel

mRl ThéEe R G8GalBf @bolkad | §01% %o £96ue ARl 6f @seffective
high as one or less fine particles with a particle

fidiaaRish edidRdBuRll 1F0sEs&fveDblmainees Eifdldeof view, and
particles with a particle dianeter of 0.03 mor nore

theehuhbst off fuherp@t i ¢hunb8O0R] tAlappgdvpaitidies) in the
above requirement of higher water quality of the

ultkapapeeteatenppedbycoiveat ionah theehedseedfective membrane

nmeasuri ng the nunber of fine particles have the

‘arkal iewfogngrigblaairulBaioaxanpl e, 20 when a fl at

menbrane is used as the filtration nenbrane, blank :
[00841]i c| s femttageans; ohuftiher paprovemant ini eaten quelity is -

result from the ultrapure water as a measuring object
regnévidabinyd tehdgh oregitigiegmentto is hel s rifposedf on Frélef ngmber of
~menbrane in a nenbrane manufacturing process,
fingnmarhic e das $heantt ¥arRune kates heénar@i@r@ﬁowgﬁer quality

surf ace is exposed. 25 As a result, even in the case

El@q},ﬁxrlé:gépupgrw%%| gn s%cases, the level of

particles/cn2 to 106, particl es/ch f ank articles

_thFCEﬂ%W%ff’laSﬁrf‘H‘h%hﬂ%’r tiSel €Y afphe or less

object is . a particle wth a partlcle dlarreter of

flﬁPoPaHH%le%rWlf@sﬁaPPFH%%? GEmELEg o6 p%h%%fﬂeﬁi or 10
orohebe DB ¢ s SRRBLETAIIR, b et 6 ox more

art] 03 pmor nore adhere to the
- peRRithe! e HATRLEE of e Tor ¢

ernas age before it is used. 5 [0006]

[0PBBY ©F Ohfond QW URE ddtfveBRLYUL e PWICHhELREr Ater quality
of the ultrapure water, the conventional methods for measuring the
number of fine particles have the following problems. For example,
wh%_n a flat membrane is used as the filtration membrane, blank
par:ticles (contamination fine particles) which do not result from
tﬁe ultrapure water as a measuring object inevitably tend to adhere
tothe surface of the flat membrane in amembrane manufacturing process,
ahandlingprocess, and the like, since themembrane surface is exposed.
As a result, even in the case of a new flat membrane, for example,
10° parti.cles/cm2 to 10° particles/cm’ of blank particles

(contaminationfineparticles)whenthemeasuringobject isaparticle

with a partiéle diameter of 0.05 ym or more, or 10°particles/cm?
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the analytical lower limt, such a volunme of water
that the nunber of trapped particles becone the sane
or nore than the nunber of blank particles
(contam nation fine particles) needs to be passed. For
exanpl e, when particles wth a particle dianmeter of
0..05 or re..10. ar Lo A Lsvielnof £i
topé\lr%t i%%“'llrﬁlfé%fggl n @:b%?%% %? F?t T a{‘% on vlo a&‘ r}fgni glne
E rtigch ot . rti e
pefEIEEHs) Wi B kR R SO M L DR ol g pareic
. pas t4 Gl-.e — feifiel j ;
aidpeRePE 0,020 Be oS o Mlps hotn® 1qe pEBH e in a stage
bkl @Li 98 Yddme is needed, and the filtration tine
tends to be 15 longer. (0007] Mbreover, when
(006! Cl eReYbibrsUad anBlhpdlEndAnlGhecall praiiyiod and lower
neasured using the conventional nmethods, 1t is
thREERSERF Meall Qowse Birid,! sAthQ) vaRIRE e waitkh thatrtheenumber
pore diameter, but the smaller the pore dianeter of
oft¥eadpdd pati el dd béesmé hheugimebi abrat Haret e humpar @f blank
water is passed, the slower the filtration velocity
pairendiesbgzorftemiesatiphef indgaiitiitlas ) areedd aoi by pHssede  For
flat menbrane filter (M- nmenbrane) with a pore :
exdinpnB} e/medf pArdi@res wi4hla paruiole (AaHeter7af KgD5qmpr more
and in contrast, in the case of the ME nenbrane being |
areheedsatedretia davehidthl pamriclei/mbet )’ mF =01 08 gfrfiiteation
filtration 25 velocity is .0.1 m/mn (25C, 0.75 ,
vollgiecirizheaded deEnetbes, giheat paxtiqlesoe] tiHenpartfge dianeter
exanple, a filtration device which shortens the .
off DL 03 atni om mdve e Mebayredrat iaf Legwel faft 48 paricles/ml, 10
pressurizing neans is comercially avail able.

mlhpdeveet fildtsathon vadvimees pegRefot 415 dwst described, a large

centrifugal_ force of a standard rqtati onal frequenc

£i§F TablonFOYIRE ie DERIPSr IS HIF CHAFEQY Phd i tads to be
itsel f becones expensive and- conplicated. Further,

1oggRte the nunber of blank particles (nunber of

S L RGN SR R R T

SS O neasuré-a
dl%lmg{:%}: ! trgm%fatshggd?l%%%rﬁuetoéoT%r?ﬂ%gﬂ%?rﬁ%t‘i'o@% ,GWDRESessary
contam nati-on fine~partrcles) o rTtration _
oGS ARE S LAt 106 AR aREOFLCH 120Bmh Ple@HorBealdhd el | OBt the
smaller the pore diameter of the filtration filter through which
the ultrapure water is passed, the slower the filtration velocity
tendstobe. Forexample,thefiltrationvelocityof theflatmembrane
filter (MF membrane) with a pore diameter of 0.1 pm is 4.0 ml/min
(25°C, 0.75 kgf/cm?), and in contrast, in the case of the MF membrane

beingthe flat membrane with a pore diameter of 0.03 um, the filtration

velocity is .0.1 ml/min (25°C, 0.75 kgf/cm’) and decreases greatly.

- 10008] Hence, for example, a filtration device which shortens the

‘filtration time by using centrifugal force as a pressurizing means

is commercially available. However, in such adevice, high rotation
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menbrane used for sanpling and to cal cul ate the nean
val ue and standard deviation of the nunbers of blank
particles (nunbers of contam nation 10 fine particles)
of the filtration nenbranes. Non-Patent Docunent 1:
J1 SKO554- 1990 Non- Pat ent Docunent 2: "12 years of UCS

s AR PRSI ShEheLE el 580 on
T i afi

B R G el e o
R ared: ?%ﬁrgﬂgﬁf‘éﬂn@% o et b Yol iR O (number

o

r°f2ger e%& @% SO Sgt %‘Ié-tscggsﬁo c?lgé}:( g’]és?%ljl%?noé\rlt?) gng surface

vagF%EOdnf, s 'ﬁ%@:\%gghgf #@%J&gm@' ?luxf: i‘:@t}PQfﬂ kGkeRuhPers of

rApur e water tration dev measuri ng

© p1big ?HP@Eﬁlég 1HdeeE§rchééﬁtaﬁ&ﬂﬁﬂﬂa%dfﬁﬁé particles) of

manufacturing thereof, and a hollow fiber menbrane

._'f;EEkEtiéﬁ.ﬂéﬁ%ﬂaﬁe&hfh(¥ﬁé §8mé PR taon?2 Dol 44 AheatiDEration

a measurable particle dianeter, inprovenment in

| meﬁ\BEhﬁé ugaa FBERGS1 9Ag ahB 464 10 liaReftinlinicatn w4l s & standard

and sinmplification. Means for Solving the Problens 4.

. del9949bn 08 theRsdrsaif KBtk pavesd igal hatbés of tehtanhwation

above object, the present inventor et al. have found
fihBapabyieledlg of hokl 6wl trdeton membrameshavi ng a skin

| ayer capable of trapping nore mnute fine particles

at | emsi~-Pafeat Doacwmersturif:acdasSKieeséel9hen t he nunber

of 5 fine particles in ultrapure water is measured,

t he micm-Patahtoboctment izasililayeerpaofi El® i evstlopment of

i nprovenent in analytical precision, reduction in

-Sefiibondudiorr tindustaydasidnBrutiteaf d? xyeargossi BES" gited by

reached the present invention. [0011] hhnel¥ a net hod
Sembpeonductny Mpife TeghBelogY Resransdy Msspedatipn; pli-year
ul'trapure water of a first aspect of the p

re%ent
' Copmithes oRealize Inc., September 30, 2000, 1. 190 - 1. 128 pages

Patent Document 1: JP-A 59-83036

Disclosure of the Invention
Problems to be Solved by the Invention
[0009] An object of the present invention is therefore to solve

these problems and to provide a method for measuring the number of

 fine particles in ultrapure water, a filtration device for measuring

the number of fine particles, a method for manufacturing thereof,

and a hollow fiber membrane unit for use in the device capable of
minimization of a measurable particle diameter, improvement in
analytical precision, reduction in filtration time, and.
simplification.

Means for Solving the Problems
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conprises: subjecting the ultrapure water to interna
pressure filtration through a hollow fiber nenbrane
having a skin |layer capable of trapping the fine
particles in the ultrapure water at |east on an inner
surface thereof; exposing the inner surface of the

(40 PR AT e Ep e b LR G dgect
or; [ h oLl (AN ' :
<A PSR R A0 L B Gy MG 1B aber
RS R, 3 pREh P CCaMRBRU g5 Bp A TRie Bhnuce eine
partiiaki o0 192\%Conf & i'ﬁ'?l%%%ﬁ%é@%h@%@@?rwl‘i’%n fiHaenumber of
particles in ultrapure water conprising: a hollow
fi&'eﬁ%ﬁif@dﬁ‘l{@ﬁlﬁ Wi dapuT@NSaid M 8dndye 5o | Ble MG iMiGatlion of

ow fi ber nmenbrane having a skin l'ayer capabl e

amfadurapabidherbidiamBaetl Shgsovonéhieinbhhaptical poéSision,
at least on an inner surface thereof and fixing a

reldu¥k Ren BiFan + 28+ 16n Ainkyt 8hd REIM-1RET Y abebesre HYoesible and
seal ed portion and an open portion via a resin nold

rePahbd chaghessdiftiinveatiogxt ernal cylinder connected

'to one side of the fixing nenber while internally :
[0©dai] ppeNambly, bheethodaf @tmeasir any the hhmbbplofafife barticles

menbrane; and a water supply part 5 external cylinder
incabheaperk twatdre oft hefissteaspedtheff ithiengreseabterinvention

while internally equipped with the open portion of the

cohprlisesi i hevjeatdmy dhe nhtrapwiagiatenator istpphgl purassure

and a blow water drain port through which the

fidtrenpom thvangh adwdpbwdd berarenbirenedeai ng @it in bayry ¢apable
i's discharged, the method conprising: passing the

of trappine theaf éne frarhicdeswan cthe ydprappse twarer gé least on
wat er supply part external ,cylinder toward the bl ow

anyBRRET GUAEACPIrhereqfs) expeRing keeuinnan shEtagaqf thg hollow
dnternal pressure filtration thrau hol | ow fi ber

fiberidremRrangil end; BeasiGing thar?wbtrf% ﬁ’téhg#%? RARtIofgsepn the

suppl.ied from 10 the water supply port of the water
i

20

25

R fal cylinder to the blowwater drain

' ; ' ' f f .th I, ' .
(ofEhl o rATREHE AR, rRAGETHE Rl RSB, phtEfEaes 1o

ul@?a{a@ﬁe water of a second aspect of the present invention is a
method for measuring the number of fine particles in ultrapure water
using a filtration device for measuring the ﬁmnber of fine particles
in 'ultrapure water comprising: a hollow fiber membrane unit

constituted by sealing one end of a hollow fiber membrane having
a skin layer capable of trapping the fine particles in the ultrapure
water at least on an inner surface thereof and fixing a fixing member
to an outer periphery between the sealed portion and an open portion

via a resinmold part; a water drain part external cylinder connected

to one side of the fixing member while internally equipped with the

' sealed portion of the hollow fiber membrane; and a water supply part

5
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exposed inner surface. [0013] A filtration device for
measuring the nunber of fine 15 particles in
ultrapurewater of a first aspect of the present
invention conprises a hollow fiber menbrane unit
constituted by sealing one end of a hollow fiber

e??é@l{a?ln %?PL??%%Q ic%:nt?\%'c@e YL hEAPARL £ s‘:?.g{at cf:ﬁmﬁ'enﬂixfﬁlf member

ne par e ultrapure water east on an

whiTieh %gﬁﬁgflf%ﬁgﬂgﬁggé Wi g%éitcﬁ»‘énap&ﬁd?gofﬁméeﬁot@ow fiber

an outer per et ween e seal ed portion and

S . . | '
mﬁr&‘l‘i}]ﬁégﬁ%‘ F@g RaPhg/ h%aaqére§hﬁ?fiff gbrRakhd a Bﬂ&qﬁﬂagrér drain port

manufact uring a fration device f

t HEASIH W chl PRe NWTDRple (rhBEr PRSP TRE firdmUthé apiter supply
water of a first aspect of the present invention

p&PETId %&%bhﬁ@?éﬂip&tﬁa Rlchew &bSFidmigr Eesiﬁdlgiiﬁhé/\/idll‘trapure
- both ends sealed by sealing both ends of a hollow

whi P rdh FRERARe Sayhg partkbh dhayRatenpalpipdyopart external

trapping the fine particles in the ultrapure water at
cyERfde08oard Rierb kv vater idrediagforndshibiedigincathe xalngapure
menber to an outer periphery of a central portion
witer eaaf intetrhad pesssurelfiiltcatiect thgotdie fhexiheglow fiber
menber of the hollow fiber 6 nenbrane unit with both.
memisksarsewh EHe Hbsehardiarg pgant wipde ubktapuns watst sngplied from
internally equipped with the hollow fiber nenbrane and
thewstsal guppdzipertpush thet vatémvsunplanpanti skertdlaicylinder
effect from a water drain port side of the water
telcheploarvaten dratal peyt ! sapesbnashadnnezsurfiacerrf she hollow
end of the hollow fiber nmenbrane; and connecting, a
f il menbpphg; pid MERSHEARY 8 nvabert of tﬁi‘éleceﬁrgh‘él%‘ﬁdm the
side of the hollow fiber nmenbrane and reversely
expraghdnnes FUsRaGRter having the antibacterial

effect to fill an interjor of the filtratjon dﬁvice

zﬁ‘f‘e fine

o4 e P SR L « oo BS38R ol MR hrh pbent on
o, & WA B A B S0 AR S fing one
erg% Bg&r}géio]?o‘@({ £ J;%%eﬁeaﬁ{?ﬁ%ﬁ%ﬁﬁgtﬂﬁ& N0k % By LAYBE1e of trapping
the fine particles in the ultrapure water at least on an inner surface
thereof and fixing a fixing member to an outer periphery between
the sealed portion and an open portion via a resin mold part.

[0514] Amethod formanufacturingafiltrationdevice formeasuring
the number of fine particles in ultrapuré water of a first aspect
of the present invention comprises: forming a hollow fiber membranler
unit with both ends sealed by sealing both ends of a hollow fiber
membrane having a skin layer capable of trapping the fine particles
in the ultrapure water at least on an inner surface thereof and fixing

a fixing member to an outer periphery of a central portion thereof

with a resin mold; connecting the £ixing member of the hollow fiber

6
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15 particles in the ultrapure water at | east on an
i nner surface thereof and fixing a fixing nenber to
an outer periphery between the sealed portions at
both ends via a resin nold part. Effects of the
I nvention 20 (00161 The above constitutions make it
m&?ﬁ‘%n@ 8nif PAVHaeh 2R Bedied Wo HBRASYY ?Qaﬁ.ﬁepe[}}'ﬂ'eﬁf:ernal
~of fine particles In ultrapure water, a ITtration
cfeMides [QtePRABLY | LR AOWIRET tRE hdIEoWHildet! B8mbRane and
met hod for manutfacturing thereof, and a hollow fi ber
TR, e@.@e?agsimﬁ YPuskS@atb? hieideWnCantaBabterl effect from
m nim zati on of a neasurable particle 25 di aneter,
a WEte@Vergit pgortaBaly¥tef AhePWweELSidihin pauetéedermal cylinder
filtration time, and sinplification when the nunber of -
ad waEl pacuielasg onkrnldief thé hapLs:e £ 1BéLmembr AR@san@donnecting
Brief Description of Drawings [0017] (FIG1] FIG 1 is
a avadeet bapply et slxdeirnglt &gl hodet itouthencubforee end side of
filtration device for neasuring the nunber of fine
thralho 1 bdvefibew mendi- age eodxeviersele pasaiingrithe Pugh Wier Raving
] FIG 2 is a schematic diagram showi ng an exanpl e of
thee awet Hoatteirda Lresffenti ty £4he anuimber iof df tlee faltratien device
in ultrapure water using the filtration device for

theassrithag t he nunber of fine particles shown in FIG

1. [FIG 3] FIG 3 is a sectional view show ng the

[a935dt i t Furshens a twldow Eibarimsmya@necantbrofenddrsigaspect
the nunber of fine particles in ultrapure water

ofaéker Hraseth Mventden &RpdNNENY Iibpt mambrang wpits fgr use

sectional view showing the constitution of a hollow

AN Pl kAN BSHATE $ MRSSUFARY §e PUBPESOR TS PRSFicles

.- heasuring the nunber of fine rticles i trapur '
in BT Erapich, MAERE AnfopRS bl ik ed) DY ik bish Poth mnds gfja hollow

05 ki AL AR L RN g e on

pa\ﬁ\:@ti%&eg%.%o'{}% G%t%gpgré %ﬁ&é? atei@aoéjci,gg Qlth inner surface thereof

‘and fixing a fixing member to an outer periphery between the sealed

portions at both ends wvia a resin mold part.

Effects of the Invention

[0?16] The above constitutionsmake it possible toprovide amethod
fof measuring the number of fine particles in ultrapure water, a
filtrationdevice for measuring the number of fineparticles, amethod
for manufacturing thereof, and a hollow fiber membrane unii; for use
in the device capable of minimization of a measurable particle
diameter, improvement in analytical precision, reduction in
filtrationtime, and simplificationwhen the number of fine particles

in the ultrapure water is measured.




10

20

25

~according to Example 6.

[FIG 6] FIG 6 is a sectional view show ng the
constitution of 20 a filtration device for neasuring.
t he nunber of fine particles according to a fifth
enbodinment. [FIG 7] FIG 7 is a schematic diagram
show ng an exanple of a nmethod for neasuring the

.Bff]_g[fbgg?g{.nlg% RE r‘élu?ﬁ én ultrapure water using the

[tratror ce surlngthe nunber of fine

' cl SFIG'Z@ 1Shaw lf‘sgls&t.@oniﬂrﬁ;w %oﬁir@ tlge ESndtitution

sec ional view showi ng the constitution of

off B Hﬁéf&lo%euéefcé HorTRAaYLE g e AURBEr cm‘ fingeparticles
particles according to Exanple 6. 8 [FIG 9] FIG 9 :

aclc%ralﬁgc\t.d)oaﬂaém@tewﬁbameﬂtthe constitution of a.

filtrafion device for neasuring the nunber of fine
[Fantd £l 56, 2Ge0s dchembeifddapam ShowibBgsin daltpToof a method
Carrying Qut the Invention [0018] Next, suitable
for ek RSt 0é nubBepres €hheipatarikiles ini biltrhpure water using
described. It should be understood that the present
thieny bt iotion slevdtel foi treshdur inge thel hunibery of fine particles
enbodi ments. [0019] A hollow fiber menbrane of each of
sholve énbPIEnents of the 10 present invention has a .
skin layer at |least on an inner surface thereof. The
[FEki.n3] afdG.hdsia atsamtignelovievapdwiqd ithe panstitekion of
with a target particle diameter on its surface when
a fial eratippdevadef tor neasuranpothe muabgsr of & idwupartheles in
nunber of the trapped fine particles in a
ulpsgpure sddirmtaccPrdingl tova f serandre@mbeddaens . onI y
required 15 to have the skln | ayer. at, | east on

[Fﬁﬁnef‘]s@'rlﬁacé ipia sRcHianadl yievt SWQ%@@PH“FE%\‘“"“ of

on_each _of the inner and an outer surf

o Bpefev Thher MAmEABes IRLC T TOT 1Re O 6 TaYEEPRLD device for
o megﬁggiﬁ%%hf@%%@%g? e ar e Clag a6 e aRRY R et Coraing
"15.

a_hj citllltra pressure is settable, and 20 the
tof P %‘8%\{ o?f“l%cf S&n be greatly reduced. Incidentally,
[FEEI 2’; ]Ihg%.yiec? Wg is %’ ?é%%@f@&fa&@é& bn8985 AMet?R4eEddeasuring

the number of fine particles in ultrapure water according to a fourth
embodiment.

[FIG. 6] FIG. 6 is a sectional view showing the constitution of
a fj.ltration device for measuring the number of fine particles
according to a fifth embodiment.

[FIG. 7] FIG. 7 is a schematic diagram showing an examplé of amethod
for measuring the number of fine particles in ultrapure water using
the filtration device for measuring the number of fine particles
shown in FIG. 6. '

[FIG. 8] FIG. 8 is a sectional view showing the constitution of

a filtration device for measuring the number of fine particles
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. tochi Fhg FHE havber

particles by depth filtration instead of screen
filtration by which fine particles are trapped on the
surface of the skin layer, it is inpossible to count
t he nunber of the trapped fine particles by 25
observing the nenbrane surface, so that this holl ow

SIS
a gﬁgﬁ:'rgjcién %‘Lf‘&% Rt ingggurgﬁ%rﬁ%fete rnu?tﬁ:e}.'oongQﬁe rg’éachtié:les

prerer O nmor nore rapure wat er
28 AL argt el oRly required to be equal to or less
& t%anlabpartl c?nlgﬁ laneter of a fine particle as a

nmeasuri ng object, that is, 10 nmor |ess, and
preferably 5 nmor |ess. The thinner the skin |ayer,

Be‘leeMBEShféiitd;]‘%rtﬁ%@SEih%Si;Ha fntdesomes, so that 5

the thin s ayer is preferable in terns of

[0BB]Or "RALE, dWlkaBle! SRUK fledPsOof kHEbELsOnS iMPehsion will
nmore preferable in ternms of strength and durability.

be! AEEELIBEH | VIt ashaulebROGhd&FsiRie kDI fige ti@sent invention
particle diameter of a fine particle which can be

ist happedmifed wxame! €ollowhrd hembsliowntisel ow is
mentioned. First, a sanple containing fine 10 o

[0papyi cl Rshotiidw gdikeowenbaahech® cdichnet ehei emisathipersed of the
to a filtration device for neasuring the nunber of

prebeat pavehtieshade skiind ayemrst 1dast dri 4 fanensudbadeeereot.

are connected in series. Anmethodof observing and
Theoshim | Yaydr dpped parudilms oft taapping Siregeazhdcles with a

trapped particles at a second stage (particles which
talget passiale diengher hen fitssisurfscet voey) wikex dcapassrd for

el ectron mcroscope is nentioned. Al ternati velty‘, a .
fikbravioninanssstegount Shegrenkesnefitheiy appgd fine particles
"particles with a known particle dianmeter at .a known

incaneewtTRISAFeNte tHhe HAklrs féReRRmr sy ifeqBLY| HRAuired

t.he number of fine Qarti cles and observing a

d
| oteaS P Ao RPRT £ FUL TRGey (hitopreferably
] i ot i b d. 021 .
1A hE Rty Tabdn ol At SRt T a5 ohRRf s ace since

iR R S 1 1L AELLR FPUBSOEB n

isaﬂgaﬁfé){ L&k tl:ﬂl‘:arsttiihggr QH:QHgth and compressive strength are
structurally excellent, a high filtration pressure is settable, and
the filtrationtimecanbegreatlyreduced. Incidentally, inahollow
fiber membrane which does not have the skin layer and traps fine
particles by depth filtration instead of screen filtration by which
fine particles are trapped on the surface of the skin layer, it is
impossible to count the number of the trapped fine particles by
observing the membrahe surface, so that this hollow fiber membrane
cannot be used in the present invention. |

[0020] The skin layer can trap fine particles with a particle

diameter of 10 nm or more and preferably 5 nm or more in ultrapure

9



10

15

20

25

time, the internal dianeter is preferably 0.8 mm or

| ess, and 25 particularly from0.5 mMmto 0.8 nm

Further, to inprove workability when the nunber of

trapped fine particles is counted, the externa

di aneter is preferably 1.0 nmor nore, and

articylarly froml Q . eyl Rey 1
WasFFact epﬁé? %ﬁﬁgégghﬁg?%égyégﬁ%rang I:éoﬁ%ho %genggﬂ% ess

rane el rd G RNDE AN () akes ARaBAsYRy object

thggg%ﬁ%%élfgén nay%ggggi%géggt pe asymetric nenbrgneJ ’

i i C Skl fedayen, PRdeRe FRE By |AVEN oRl BedBRdeTRE thinner
thﬁﬁemgéng)ggiegia? %¥ élc n%ositeﬁynEnbrane in which a

£heKERiA "’H%’a?erangh@ e R¥8Mt A fniRde off roid tRycomles? so that
materials. Th

. e material for the hollow fiber nenbrane

theStR9h sIPA tlaGehakkypltéfiiade aRdcasme dipeggoiheneef but a
polyacrylonitrile, ‘polysulf one, polyphenylene

radidkl £AGs oRal PNyl it syliidréepsutépaisle in terms of strength
pol yvi niylidene fluoride, cellul ose acetate, :

anBobuehbYi efe, TRELygnealwEnas andeshodnfar eletentiioisd, the
and polyacrylonitrile, 10 polysul fone, polyviniylidene

pairkielbde ameebt off @t neqedrtie ] e widlchetanbetigpratd, for example,
pol ypropyl ene are preferable. Among them nmaterials =

a BeEiodshpeh meliow bairienitienepol Fuistone samplie containing fine
pol yvini yl i dene fluoride having high bursting strength

pazndclesnyitass kuews tpeetdthe aligme tprass aupplie%t? 512 aﬁﬂﬁbﬂé‘f ation
0.5 MPa or nore 15 are nore preferable since using |, )

detiem £ohendasiurdwgf £ he munbesr afef e Pariiglas: eﬂﬁoghls time,
di ameter can be easily manuf actured, and the .

twoiflitltaeitdnn devireee aneisonagstes 18156riefed Amethod of observing
Incidentally, to shorten the fjiltration tine, '

) a .
 anfliqomperiisg teapRBRinaTy i6ies ag af ITATH 3aL #pd hpprpeqpagticles

MPa, 25C) is desirable, 20 [.002 The hol fiber .
atBbPaRRA RS dPoREEGLES UMY FRBECRtEEEY diimppgh the first

structure, and can he easily. handl ed hy he

 Staga)l BYi 5 eCanRigl Slertren BIGrOTHET E FERNEREd (o

SIRE DY LI e, KEBPLANMEY e Boncatping Fine
oa B SR i B LR JESEd Ko ebfelneracion
o BRA98Y i 0t 255 HevliRePESY BBEsuring the number of fine particles
and observing and counting the number of trapped particles by the
scanning electron microscope may be used.

[0621] The hollow fiber membrane.diameter is not particularly
limited, but since the smaller effective membrane area is better
to reduce the necessary filtration volume and shorten the filtration
time, the internal diameter is preferably 0.8 mm or less, and
?aréicularlyfrmmO.BnmﬁxnO.Bmm. Further, to improve workability
when the number of trapped fine particles is counted, the external

diameter is preferably 1.0 mm or more, and particularly from 1.0

mn to 1.9 mm. Its membrane structure may be a symmetric membrane

10
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re-contam nation after washing. In contrast, the flat

menbrane is as very thin as several pmto 10 pmto

reduce filtration resistance and needs a support when

used, and its handling is conplicated. 11 Further, in

ternms of its shape and strength, it is difficult to

wash _and_r ve bla rtiGl.es, nt.apinat |
(pBenRRls T Erd) BEC T AL TR GO MARARE' Reltifyencous

ynaj tDE{IBL & yidd SlsGminBOML & Sibmdi A in which a

mev\%%g%g?i'ﬁéé‘ﬁg@ I g’%ngr%%% tecoy%% g\?gﬁmt_ re- cont am nat il_on
s}&fntrg eéaﬂéﬁﬁ Bbgg -1agg9?a%i £8¥ Bhe slabheli Habh O 4 EbRposite

ne |yane, t he of f

nunber eb ank particles (nunber o

=

mea@PhAR NPHL Peh B é’!@irpﬂé%véf 12813 2 2EBEMI 4! fré RRdeldN@Lfferent

surface thereof is smaller than that 'in an MF nenbrane

ma@eriBes. | it ReLBgibhersOnURNtHANSl EiBér NREfBANR is not
Nanely, in the case of 10 the flat nenbrane, both an

par#ien1anty Quiiteayrintes ekafigiis aheresppyedyacsglohatrile,
fine particles in the atnosphere tends to adhere

poifenetene] Eo&yﬁﬁ@ﬁfrm sabobre} pol pohaiybasssahftidensul fone,
- l1 ke, and hence the nenbrane surface tends to be

podeRiaiydsdete flucrdder,ast)liubosdeacstste,opolifethplémay

fi ber nenbrane, the outer surface side is exposed, 15.
polibt-ept bené nrerd sur bacarei gdent somat, expbyedyasovylidaitrile,

the adhesion of fine particles in a nmenbrane
podwsuf fohey i pulypriodgdddend €heotide, asddulespr svehets,

For exanpl e, when the neasuring object is a fine
popgethglens tand, polyprPpydeneedes pyef®EEdle. orANaNde them,

105 particles /cnmZ to 107 particles/cn2 of blank
maperipdsesu¢l orn akyacryAoninel e, melvysiideneadasde to

t he menbrane surface of the flat nmenbrane.

I n
podyrina¥iidens fHnerddeohayipakhish thuwystdnon §ipepobe and
contam nation fine particles) adhering to th Li@%r
COZPrREEAVRISHUFRYTY FBW 3 &S SUR g EE S AhGR R Oha MG gr more
. layer

h of the i d out f b _

w5t 0 ESHREL L0 L1 400 O AU £ B
t he 25 f bl ticl f ' -

= ARt R BRPETEIL S BTG ord apche fiperation

R T e L

nore prefera 1
filtration time, a filtration capability of 0.8 ml/min/cm’ or more

(0.1 MPa, 25°C) is desirable.

[0022] The hollow fiber membrane does not need a support because
of Tits structure, and can be easily handled by being modularized,
for example, even when it is washed to remove blank particles
(contamination fine particles). Besides, since the hollow fiber
membrane is tightly sealed, it need not be washed in a clean room
where fine particles in an atmosphere are managed in order to prevent
fe-—contamination after washing. In contrast, the flat membrane is

as very thin as several pm to 10 pm to reduce filtration resistance

and needs a support when used, and its handling is complicated.
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particles/cnZ to 10 particles/cnZ. Consequently, when

fine 12 particles are trapped on the inner surface of

the hollow fi ber nenbrane, 1/1000 of filtration

volume is sufficient to ensure the sanme analytica

precision as that of the flat nmenbrane, which can
Pugr@alrl, yin sbons @F 1He shiabkratid eoréndth, Furidaiffifultheo wash

same filtration volune 5 is filtered, the | ower
arde tregibiyenblamit tpdriell esancbat hoiveateichn Fide pheticles) while
quantitative analysis of fine particles of 10

preaehitd hg€iheipartpods icbheam 8d2iin AcEardhegioxe ast ihrequired

filtration direction, either external pressure
tof et washed ior thet cleah s sur prévent atd-aontamigabien after
but 10 in the hollow fiber nenbrane, the nunber of
washdnik.particl es (nunber of contami nation fine
particles) on its inner surface is .smaller than that
[0823ilt s Boreevens faddedo Hencfibruimaporane sbhe mambpr qisblank
desirable to use the internal pressure flltratlon in _
pagiiches (ramkesr of coasaninatiap fdaematiHe 1a8 nadhgeing o the

the inner surface. The 15 internal pressure filtration

inggResurfaqRosbereet 6 Fralier then/HiafdD 9 M W%’iﬁfbﬁ or the

wat er , passi ng through the_hol |l ow fi ber nenfyrane a

_119<ﬁeh> HEr CRAVEIHSE ALt ?é?m?nﬁrﬁ@e Y 38 tt case of

I tra}'tfei apﬁ,tsqog.g]a&?{r%rge ad &[‘%ﬂ{ l 1 a'ﬁlé oe\%ébre exposed,

. f bl d

sof thaiaéir?{é% ehephen *f}bep%%i?%ﬁterspﬁéfi‘%&c’eP%Faézgﬁlerm
o

it y%}%?? GoYBEErSRRT o CSHOEHET pad papee ehe

me%%g[mﬁe ﬂf%% tae'si"[ds t& Bgté% lfda@gdparltd E%ﬁré%?r 2hLhe case

frne es trap

ofhgg%%i&e I %%gb tra”%?%%f' ﬂe’%ut p &@fwee QR 8d. efosed,

evi ce or nmeasuring the

wh@.?ﬂ@b@ie %Jérnsurﬁééé Gl RS 1Mot td:3Rde8 , 86 & haNeha adhesion
nmet hod for neasuring the nunber of fine particles

ofUBi AW pahe 1Bobk 0w bi e naneraseer thd prbeesdcihd ehe like
the enbodi ments of -the present invention will be

catle5€ pirbeenvedih Fb? example, when the measuring object is a fine

particlewithaparticlediameterof 0.03 ymor more, 10° particles/cm?
to 107 particles/cm® of blank particles {contamination fine

particles) adhere to the membrane surface of the flat membrane. In

contrast, the number of blank particles (number of contamination

fine particles) adhering to the outer surface of the hollow fiber
membrane having the skin layer on each of the inner and ouj:er surfaces
can be reduced to 10° particles/cm’ to 10° particles/cm?, and the
number of blank particles (number of contamination fine particles)
adhering to the inner surface theréof can be reduced 1;.0 10*
particles/cm’ to 10° particles/cm?, and more preferably, 10°

particles/cm® to 10* particles/cm’. Consequently, when fine

12
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of | et A naF 107 £ARe B i8S PPoh

reference to the drawi ngs. [0027] (First Enbodi nent)
A first enbodi nent of the present invention will be
described with reference to FIG 1 and FIG 2. FIG 1
is a sectional view showing 5 the constitution of a
filtration device for neasuring the nunber of fine
paE@E.&!Léé 85 2¢68p8H B the inherfdurFhcedFadidmiltlowt iberdndmbrane,
schemati ¢ di agram showi ng an exanple of a nethod
1/&900%@8&&1&&&% vouiher iofsdfifieieatt kel efstre the same
ultrapure water using the filtration device for
anBR@sUca Ngrebes pomhercinft Hf nbeptlrdt néaisr sioywhich EeG.greatly
1. 10 [0028] As shown in FIG 1, a filtration device
shbotenehsUfilng atien vimeherfoftHamel paheisamest il iration volume
fabricated by fixing a hollow fiber nenbrane 3 with

~ isofitl emwkdealhed loweh detediesi 1ém2t slevehgaanbepbsyered, and

resin to a fixing nenber such as a nipple 5 with the
thadgesit/it & ivee analyabs dhding, pevhhetes mf d0wpesticles/L is

supply part external cylinder 6 to 15 one side (open
poeaibs¢de of the hollow fiber nenbrane 3) of the nipple

5, and connecting a water drain part external cylinder

[002¢ hol daegordinalye 28 hbe @H@a@s@alweﬂté@nofelt r external

hol |l ow fi ber menbrane 3). A water drain part joint 7-
pressubnfddtEation HelnpeeraParAsEEe tf idtratagn 1s usable, but
cylinder 4. This filtration devjce for_measurin
L R BPL bV F R8T ETREACy| B PURRET £ séeamaﬁ%efs (numbex
~structure in whi.ch water can be 1E)asse in a_direction

% tanss, aurstssﬁﬁr%“aller

on),.to rempve

fil
hep iR tnOR R S EACE 8 ASEREIeR) A VEReso thet it is

deﬁhﬁgngﬁég{sgé% ngﬁ%%%# ee%g%gl %\é'lggfwgi% ng t‘ﬁﬁ%hg fine

_paJ?g%é JE T f' ?.EE%&F? %gre ﬁ ;ﬂ!aggﬁ &ia[tth' Clxﬁ? r surface. The

amn ne par Ing to t e 1.nner

m%g%ﬁ ghbs fﬁ% ae;g'ea n{%&res @.egbie%bfea@é@%ﬁe volume

whi ¢ s It posSible to further

ofr &rlée WwARES! | Q%ﬂ@&}ﬁ%ﬁﬁ' t Me ansh TaW teh@er Aémbrane and

orten the f||trat|on time. 7[0029] Next, an exanple
th@feﬁ;hesﬁﬁtﬂéﬁxdtfn@r £ (MB@SAN 1 310 ttll?dé nUE‘ih.G.{her, as the filtration
system, either deadend filtrationorcross flowfiltration ils usable,
but the dead end filtration is preferable in order to trap all of
fine particles in the supplied ultrapure water.

[00‘25] Incidentally, sample water passed through the filtration

membrane is not limited to the ultrapure water as long as it contains

. fine particles therein and the number of fine particles trapped by

the hollow fiber membrane by filtration can be counted.
[0026] Next, a filtration device for measuring the number of fine
particles in ultrapure water and a method for measuring the number

of fine particles using the hollow fiber membrane according to each

of the embodiments of the present invention will be described with_

13
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of fine particles in the ultrapure water using the
filtration device for neasuring the nunber of fine
particles shown in FIG 1 will be 5 described using
FIG 2, [0030] The ultrapure water is passed froma
supply pipe 21 through which outlet water from
re#*.e}r‘éﬂEHf%ov%g@rdﬁﬁql%t_i on facilities flows to the

iltration device for measuring the nunber of fine

[oRRrYhi Cl @8 reUERRSH nerkth) the hollow fiber nembrane via
a sanple introducing 10 tube 22 provided with a

A $39Bt iabhomankar 2 the phesdrd Lhabholotlediltebe HesticiBed with

particles in the ultrapure water are trapped at room
referpacattyd #1625 Candorhe gz .t erp@r at i & 6860i6mal eMew)showing

and the ultrapure water is passed until a given water
theokbbfBtitutsiod ed anfalfriddiat eevieasfor mpdsanidngdthd hmumber

filtrate nmeasuring tank 24 is a nmeasuring 15 tank as a '

ofmédadrpack fd&ss acAsrireg nteashei Afgrseambodangnbne FIGi.ch is a

can neasure a given filtration capacity is avail abl e,
scherotas $c ekicnplags shohibre ah, examgzidd of| @ metthodhfompessnirhgg the
tank, a flow integrator and so on are nentioned. '
nukberhef , fingpressiciag impardapuaepwapevrugyjay the fhktration
|'i ke may be provided between the sanple introducing .
devibe for me@agndivached humber of dénegeartiglesegeadndy. FIG. 1.
By using the pressurizing means, the filtration . '
[062Bdci t s howieinfiGade® faAgrahion devige) fpr mepgBring the
can be _shortened, Furthernore, it is also possi blf to _,
nupbgyi @ fidenparthglednd Sshelr iatedh byt 6xing @haollow fiber
sanpl e i ntroduci ng tube ration-

) _2% ,bigor\(le@ﬁshe filgr
megByRRE 3 WitRORR A ARpieE rH L ANWRRNSS IVeaEi FiFD 28 PRESPOXY
| e introduci tube 22. [003 Aft ' i .
R3S A RABR AR 58.e ARG AT AT BRLIRAS (resin
i tudi nal di ti the lLike,
mol 8446 PRk £ Rtts” phARRL e PR b 6 wo
I . 15 t I :
orl R 5708 e RS e\ R YRABEng M1E0: £9€ nimoie
; ‘ fi ool
s SR PR RS B Rbe TR ¢ (ropaer
toMIRd Jhey <258 QRsAwedi Mk tdr *naCRIMIAY rebesifdibrane 3). A
. m croscope, sputtering
water drain part joint 7 is connected to the water drair_x part external

cylinder 4. This filtration device for measuring the number of fine
particles 1 has a (backwashable.) structure in which water can be
pas:sed in a direction reverse to a filtration direction (internal
pressure filtration) to wash and remove blank particles

(contamination fine particles) adhering to the membrane surface.
Namely, the hollow fiber membrane 3 may be previously backwashed.
By backwashing the hollow fiber membrane 3, the blank particles
(contamination fine particles) adhering to the inner surface of the
hollow fiber membrane can be washed and removed, which makes it

possible to further reduce the water-passing capacity and further
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5 treatment is perfornmed. After the above pretreatnent
is performed, the inner surface is magnified by the
optical mcroscope or the scanning electron

m croscope, and the nunber of fine particles within a
counting field is counted. Wth the above m croscope,

s Q-hgl%/‘ilm‘?{*atg{l%r?f{i%{ét.i ve filtration area is

actual I'y observe y noving a 10 field of viewto

nunber of fine particles in the ultrapure water per

ofURlihe WRIr¥AB1 e SnCRIL UL B 88uBY whBBr fusdhlyoengi {t P4tidRdevice
(particle nunmber concentration calculation formula).

£d0ddkul Feg Micandfbdd M-ERae dY@el ebyshown (b FIB. W will be
V. b N nunber of fine particles per 1 ml of ultrapure

dedr@bed( pathyckes/ M. Ns: nunber of fine particles
within the counting field (particles) 20 Nb: nunber

[GORNYt the.au n@ﬁreﬁmgz{eae,@eéhéirﬁ@cmﬁ be! BSas@ithg AR number

| [G03(0]i ne Thaniltdapmre wdtier L1h@aceedtfiirom 4 sepgly pipe 21 through

bl ank test (particles) n5: nunber of counting fields

- whnileh cutbetr watef ifeboisilafrapvew watarhprddartiddresaciliities flows

effective filtration area (nmR) 25 a: area of one

td thed idft raitémn (devidce FOr meialstirang dinecapaker pi(Hine pprticles

~filtration capacity in the blank test (m) 16 [0033].
equepeddwEnb odierdweiljlok §ibendrentysgienvha afsanpepiasshducing
i nvention will be described. A filtration device for

tuhead? pirey ided wirkbe sapplingaadaet 33 ednitdeafibgratipn device

~ fiber nenbrane nodul e including a hollow fiber

1 édPearariries Wondie LUitEarye| Yaek-akey FPpPeenat ngeom

and fixing a hollow nenbrane to an easily detachabl e

- tgmperatureX 2B herbieh taMPAT aRUER MBS ] Aelewes) and theultrapure

water is passed until a given water volume is stored in a filtrate

measuring tank 24. The filtrate measﬁring tank 24 is a measuring

tank as a measuring means. As the measuring means, any one which

canmeasure a given filtration capacity is available, and as examples

thereof, in addition to the measuring tank, a flow integrator and

S50 on are mentioned. Further, a pressuring means by a pump Or gas
or the like may be provided between the sample introducing tube 22
and the filtration device 1 if necessary. By using the pressurizing
mea;ns , the filtration velocity can be increased, and the filtration
time can be shortened. Furthermore, it is also possible to provide

a heating means such as a heater in the sample introducing tube 22

| before the filtration device 1, and perform filtrationwhile heating

the sample introducing tube 22.

- [0031] After sampling is completed, the hollow fiber membrane 3

is cut in a longitudinal direction by a razor or the like, and the

inner surface on which the fine particles in the ultrapure water

15




nold part). As exanples of the easily detachable joint

(fixing nenber), screwed joints such as a

commercially avail abl e ni pple, socket, union, and

bushi ng are nentioned. Depending on the situation, 10

a wor kpi ece produced by cutting a round bar or the

i . ny lesibolshr # 8LPEats i3l Sserved

aljgvgﬁ%qieig%s efae?rlﬁl e@%r?%%ee}%ﬁgt%er%fefor t%e jloi nt
with 51]'1 Q%Jt'l%@ﬁ %cr gl e68e Hite! Fé‘f‘@id’i&sbhoﬁm siefmbBrage are

a polyvinyl chlorideresin, a polyvinylidene fluoride

dye8Siith 2 RRINELHLKEENE1 RS IBLue2REanPObYPEYY) @A when they
resin are nmentioned 15 dependi ng on sanpling points.

ardabbkeplad lwitd f R4anRhg, elb€tr&t atidressopbeesputtering
pol yvi nyl i dene fluoride resin, and so on are

trdaehehallepderausr of At it £hebve RSsitfcatiesitsisapesformed,
and heat Tresistance characteristics. [0034] As

thexaRpkessef f4de iadhrghy €ivilt by we logtiealomionoécdme or the
20 menbrane is fixed to the joint (fixing nmenber), an

' scepaiiigkestBronmicbetdpe e andsine nuenberldfchire past igleswithin

10
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so on are nentioned in terms of pressure resistance
a esvhtianf fieki ssamumtedar atitdr the iabeve MiE05copRe about 0.01%
structure of the hollow fiber nenbrane nodul e

of( Bhl &f fe¢toived diilteat don nessairiisn@cths l hy nbegerfedf byemoving a

particles) may 25 be a one-end open structure in which

fiedd efidviperiongountobke stubernpiathappedy finspeparticles, and

- menbrane flux is sealed with the adhesive or may he a
thisonumkearn of phimes prutiches iln the o tEAPHY 8 WS TaPRL Jpds, volume
Not e, however, that in the case of the both-end o] S LN
isgralegiated byrthegiol lppingd opmul #dpeg tigi g puiper concentration

filtrated, so that it is necessary to add a valve or
cadpulptken ofPigMEla)i-de of the hol | ow fiber nenbrane

modul e, _but flushing and rinsing can be easily
[08é24 or nbBOrPut®0RE] As exanpl es of a nethod of

lirquid-tightly bonding and fixing 5 the hollow fiber

menbr ane( o tMe)j dint {fixing men{olgr), a method of

putti g";ﬁéb@§ apy wuoper of ['inedr hollow fiber

menbranes 1nto /the joint (fixing menber) and fixing

themyy t ungg? %@h%%g¥e%afkﬁgié¥3 er®h FRKLRG B lfre water

n the menbrane di anet

| arger’ tha r of the holl ow
(particles/ml)

N.: number of fine particles within the counting field

(pgrticles)

Np: number of fine particles within the counting field in
a blank test (particles)

ne: number of counting fields

np: number of fields of view in the blank test

A: effective filtration area (mm’)

a: area of one field of view (mm’)

Vs: filtration capacity (ml)

Vp: filtration capacity in the blank test (ml)

16



10

15

20

25

~fiber nmenbrane in the joint (fixing nenber) and
inserting the hollow 10 fiber nenbrane therein and
fixing it wwth the adhesive, and so on are nentioned.
[0037] Further, when there is a long linear hollow
fi ber menbrane, by fixing it to the joint (fixing

r) cdndethndd shayey bel ow, a filtration device
for rreas%_ng t he nunber of fine particles 31 15 such

A dechaembédiMdat 3f cile pkesehe indemitdahesil Fbesdesarkbed. A
.~ long linear hollow fiber nmenbrane 32 is prepared and
fPltradion Agsiae orf apredrhyg idedhagbéheohdlinhevpdriierles is a

menbrane 32 in a O shape so that the rings lie on top
hotlen éibadnembrafbenddallleaimd livedmgne ol.doe fHEibern sembrane unit
passed through the joint 33 (fixing nmenber) in this

| cotstitwed BY lfipued-wi ght b badtésy endfixiter hol leereabrane

side (upper side in FIG 3) fromwhich the ultrapure .
toaheasidyidetastabeéd jodntutf ixfog menhey)ovithveadhesiyg (resin

is formed twice, if the side fromwhich the ultrapure
moved grarts .i s cxeowd est of heheasiiy idesachabbe ajein? (&ixing
~cut when in wuse, six open end portions_of the hollow,
menkest) meabeHad FRiGSUEl 2% & swTEegeiahty citpighlg nipple,

this nmethod, the follow fiber menbrane 32 can be . |
seakst yarioterndipeshing #ee Moot jonady cBaPeRding PRRPEStEuation,

particles adhere to the inner surface singce on t .
2 BociepiRes RIS by GHF IS T ban ohiie Lukd and adding

- before use. Incidentally,, it.is desirable 18 to seal
I FRTENAE 81 TR MR OPUIF (1Bl SRAMAIAR 82 S ARERBLES OF the

ef fecti.v

;m%#’e&?%%‘l“f%Eﬁé‘a'ﬁgb%&#iﬁﬁfn%h%ﬁ%%ab S PteRy faarshd plastics
o R b A e PR 6§ R R oS B,
a! %tjf:'h?ﬁe%l Lobe, ﬂg@%{/ :{%@S}}Q’%ﬁ%iﬁgfé&% 0 eFhEnt foned

S a Ssectio constitution

d%ltﬁrﬁlltﬁ%] BBWs%{re« EIndBINARE UBlle f QN 496, 1 BoR example, the

trat’ on I ce” f'or measuring the nunber of fine

| sPAIesse s 86 E 0T gh N\ iy ik net Bl iy £ADOMU W) anki0so on are

[ 0039] A hol ['ow fi'ber "nmenbrane unit 201 includes a
pidr@W1ki BBEause of their good pressure resistance and heat

resistance characteristics.

[0034] As examples of the adhesive with which the hollow fiber
membrane is fixed to the joint (fixing member), an epoxy resin, an
'ur:athane resin, a silicone resin, and so on are mentioned in terms
of pressure resistance and heat resistance characteristics.
[0035] The structure of the hollow fiber membrane module
(filtration device for measuring the number of fine particles) may

be a one-end open structure in which one end opening on one side

of a hollow fiber membrane flux is sealed with the adhesive or may

| be a both~-end open structure in which both sides are open. Note,

however, that in the case of the both-end open structure, all of
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menbrane 203 with both ends sealedwith a sealing resin
202 (adhesive). Further, the hollow fiber nenbrane
unit 201 is bonded and fixed to a fixing nenber such
as a nipple 204 with an adhesive 205 (resin nold
part) such as an epoxy resin while sealed portions at
tHOWN teRdsrd vl @6Pesetratlyd PrRy itdus! Yt sealndteskarl to add
ends of the hollow fiber nmenbrane 203 with the
a vaaleng £B6i111kd0zn Ohetdiitid becits hpUbdw dddel i mathrangnmodule,
~inner surface being a surface on which fine particles
by & lusappgdand anie ngpicahabeedas fly perfarmetat e unti |
before use. Incidentally, the nunber of hollow fiber
[ 003 r anas BAfpilesadta peittodof ddbyid+od ghed y b@®iantembfixing
be a single nunber or a plural number. [0040] Wen in
thesdpliibe fibdr atimbradeviceths jcdti ¢ airtndyndmbedilnga method
hol der (external cylinder) with this hollow fiber

ofrpubt ime auméces 20y Bwnben i hipaesn hellond iper fembrianes into

which the ultrapure water s introduced into the

theoj¢owe { £beingymabbenk pndff itiagsthamndl po the aehezivey a method

both ends to allow the holl ow fi ber menbrane 203 to

‘ofppeking] admle (1ﬁéaﬁrhtlmibda?m¢p§vrmﬂo@iwﬁt@¥o@éi FBArhol low

of the present invention wi|l be described wt
f iperapamhraneol FEhe Iping @1@4%111@1“%%19#&@.1@9&?5@9%% hollow
showi nq%ggarret hod 19 for_neasuring, the nu er of
tibert pe T t@leF?éBu‘?%d Viddmg é‘&c‘g‘r‘ﬂ} fget 8 ll“i’m%l‘f%uiat“ So on
enbodi nent. [0042] As shown in FIG 5, a connecting
aLg 5‘9§5i°¥3%‘?1nect ed to a sarrpl i ng port of an ultrapure

-t%&‘?unﬁﬁdﬁﬁ%ﬁé‘r@ﬁﬁggﬁﬁﬁ RgSBRrLreg B opeE i gperane

bym@#ﬁn%&od iR et L el %492“@8%%?%93‘“%3%&%&8%%@
a % faé% é%‘aeg el 5@50 % of mﬁé bagtﬁgﬁes 31

erna an a

suldgl IaQV‘%lflbvpf?r ATRR, agecaﬁ‘ P46 G rf%'b?'qc%é&” 'E‘1§5§07one long

aconcentration 10 valve 308, a filtered water 1|i ne

1:_%@8:: ﬁoiléms rAHRNm¥AbYEnS 1) i ?'r@ﬁ/aré@tﬁﬂd PIRRLY Fings are

1, a blow water supply val ve a bl ow wat er
fonméngy %@nhhﬁg the3ho 21 & G bR REmisk S 300t wabvehapd so that

a neans for
the rings lie on top of one another. The hollow fiber membrane 32
is passed through the joint 33 (fixing member) in this state and
flxed with an adhesive 34. When in use, a side (upper side in FIG.
3) fromwh:.ch the ultrapure water is introduced is cut. For example,
when a ring is formed twice, if the side from which the ultrapure
water is introduced of the hollow fiber membrane 32 is cut when in
use, six open end portions of the hollow fiber membrane 32 come to
converge. According to this method, the follow fiber membrane 32
canbeeasily fixed, and further very fewcontamination f iné particles

adhere to the inner surface since only two portions, that is, both

ends are open until just before use. Incidentally, it is desirable
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measuring an integrated filtration volunme (filtration
volune), and a filtration device for neasuring the
nunber of fine particles 316 15 are provi ded.
incidentally, the nunber of hollow fiber nenbranes
304 nmounted in the filtration device 316 may be a

toStdill BoRHMHRIs 8f t1e RbUISH fAvERefemiiine BYGrith BRE @dhesive
preferable to inprove the analytical precision.

unt 99431stFbegbre hafO ke ROP®|diTRcits vel §rpasheritheheaagiesipn of
port of 20 the ultrapure water production systemis
théubbyt sy adiond fiife bbant gles ard thenhaner csutfadehehereof.
sanpling port by the connecting jig 301 is perforned.
[odBep, t[Ehimh@mbodainent)val ve 308 and the bl ow wat er
di scharge val vé 314 are opened and the bl ow water
A ishippl pmbat imeBd f thke greslent ojrersdt iton petI drendascribed with
certain anmount of substitution in the 25 filtration
reflevénes 3X6 FISubdeqURI®.l ¥ ishe béowiawdlewiswpphywiagehe
312 is slowy closed, and the concentration valve 308 |
constitieidl of/a etkew dibehaegdbraapvm izl fonusecimadgltration
Thereafter, by opening the filtration valve 310 and
devionifipropeaswiginh sheuppiier af Vil mppart heles @ogrrdapdriy the
wat er containing fine particles is supplied to the :
thind | epodingdt .nenbrane 304 in the filtration device
316 via the connecting _ji

€ |g301_, the feed-water_|jne .I
[08331 of 2 theldPwr Bt MRAPEPDe R KT 5 4 el Hgs fiver
meg TR f 0 Bohh EPFBATS) SeenparB AR oA giesdnatZ (fiELve)
rusBhSy, Wi bl leainee THPLANE PRAE Atk i Poradth SpfafBred vo

o P ekt Shofi e of MPRRTeC 0L T A KGR BvEla0s (resin

mol§ 13:23 L1 €8 A EpbePBERTn e BUBRLA Bk 20hB 1 BAER ends

integr tration volune

, _au:é1 Lédlp%ci%s?d .? Inlia}{ %ﬁ%u&%ﬁﬁ@@lfﬂé 18t R0eN@s & khBendPfow £ j.ber

e 310, and the I.ntegrated

. mex%;%éﬁ@bb? Qri%ﬁl‘&ﬂ@seéﬂdé F&41:990Y QrWHR) 1110 BB tedbscribed,

ter a predetermned integrated filtration volume
an (ifnlele’ Al4 QB LR R &8 etbRRAhichNEi B YiyBdy @re trapped

'can be maintained in a clean state until before use., Incidentally,
the number of hollow fiber membranes 203 is not particularly limited,
and may be a single number or a plural number.

[00@0] When in use, the filtrationdevice is fabricated by loading
a holder (external cylinder) with this hollow fiber membrane unit
201 and cutting either one (a side from which the ultrapure water
is introduced into the hollow fiber membrane) of the sealed portions
at both ends to allow the hollow fiber membrane 203 to open.
[0041] (Fourth Embodiment) |

A fourth embodiment of the present invention will be described with

reference to FIG. 5. FIG. 5 is s schematic diagram showing a method
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15 303 is closed and the filtration valve 310 is
closed to conplete the sanpling. After the conpletion
of the sanpling, the filtration device 316 is
hernetically sealed by closing five val ves 303, 308,
310, 312, and 314, and the adhesion of contam nation
fold RBaBRriAg! % nfxﬁr@@kaafafmégmﬁal@st he hotisyutd Refter
c

menbrane 304 (fine particle 2 ontam nation) is

aceORBigf ety tHERARd eMbEAihde: hol | ow fiber menbrane
304 is"taken out of the filtration device 316, hol dup

jobiagyi d AsesmdWt 116 FRGL he, holdeiwebihag fegiBranecdfdcted to a
contains a high concentration of fine particles.

sambet 8§ Port dhenfulerdpaide watesr ppodhbeidwisgepeh) quided-water
are prevented fromflow ng out by using a nmethod 25 of

liapepdhopf htef il trafirenwatbyebBdi0-taind; dfYi fupm ta ptipe comough
tenperature or high tenperature (equal to or | ower _

whit bArtrenuippapute watendilomsgt rare rhe ndttuapuoe ey pfoduction
vari ous nenbers), a nethod of pushing it out to the

sybtemrtat & @oisids bypelaaupply yadver3dBhea hiokéowifiifeytmerbrane

- fine particle 21 contam nation which has been )

30¢; andwiustad 10 deghiesnadigy¥indear) , op adhsisiyepdlh to £ix the
these nmet hods. [0045] Then, the hollow fiber nenbrane. |

ho3dawifd begrenbsane ok qaangentirptedmiasfrddnectd 315cppcgntration
cl ean environment such as a _clean bench 5 (clean

valueR08 ¢ fdd tenpd wakesakbne 309, 3 dddsgakien Vaing 1P ap Plow
i nstrunment _whi ch counts the nunber of trappgnging

waBaF ($HIRIY 1Ane dilsi LoV SRteFr SppRtn e VEsdte afuPLRY water

i ke to prev of .cont am

GLBSFEFOF LG BAG: pA TN BoLOR SRRSO L AR L g means for
meRSyBrhG AR PR BT U ERLPEnd Fd CEathpR yme) - &nd
= iR ePtitf Fn BB e RS g’ 5 HRRE g% 316
ar%éﬁ%ﬁé%ﬁ%d.ntfﬁ%fﬁéﬁkgﬂﬂ dr?E%OHHﬁHQIUGEiﬁéiiédifibgg membranes

skin Tayer ar fective tration area),

 3080RRINMRA Bhel it ﬂg%?ﬁg?ggac%afiw@l&iﬂﬁ bl 2 Vd @ie number or

_ observe ( nunber 15 of counting
a bLEL&S) nundd: seuensilbBchaanad | 1 fRrglrableopst impeite the

units and nmenbers used in the filtration device 316

anBepeidH RR-fision.

[0043] First, before sampling is started, the sampling port of
the ultrapure water production system is fully subjected to blowing,
_ané:connection to the sampling port by the connecting jig 301 is
performed. Then, the concentration valve 308 and the blow water
discharge valve 314 are opened and the blow water supply valve 312
is slowly opened to perfornta.certain.amount.of substitution in the
filtration device 316. Subsequently, the blow water supply valve
312 is slowly closed, and the concentration valve 308 aﬂd the blow

water discharge valve 314 are closed. Thereafter, by opening the

filtration valve 310 and slowly opening the supply valve 303, the
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a structure, a material, and a grade w thout the
adhesion of contam nation fine particles (fine
particle contam nation). Particularly, nenbers
commercially available specifically for the 20
ultrapure water are preferable. As for a nmethod for

ulGH G 18 cOMDERLiRS fihdpapalitlel 6% OppiRdUb frdirehollow

of the skin layer, according to the particle dianeter

| fideromBEBSAd 3040D) etk £iherauitieset Sceasur s thef obnnecting

exanpl e, using an optical mcroscope, a scanning
jig) 8ol othe fardbsanpe, 1bne B3 EUKfathe nbpeaiimm water, and the
apparatus by a laser |light 25 scattering nethod, or
supgi Ly dliveri (3dgetdteer prtas quaneta fetheas amal inef ook o Telpabl erapure
of high magnification, wide field of view, and
waa:mmductn:@mmjstyrri s preferable. Further, the hol dup
liquid remaining in the device 316 after t he sanpl i ng

- [G0#4donpTeeatl tirapumkeywat esnds Isciregot-E bhtepad shrohgh wihe kollow

filtration volunme, so that it may be excluded fromthe

flévmvmemlm'@ry avécby matext perssistaupnd (ioofene(Fartirles in the

Enbodi nent) A fifth enbodi nent of the present
ulitar@pEEovatRY |anse taapeed el anskin bayer e fde inper) gprface.
6 and FIG 7. FIG_ 6 is a sectiaonal view show n t he
Theo B EFRRET© Vasfera FrPm vhigh Fhge filke PRFtiflRsArRgTeReved is

nunher. of fine particles according to this
SUERLOBFER(EDeFTERNT 115 sogmwg \f/fléve%trﬁ%a\#&daﬁlltratmn

f t hod f t
VOTARE, b TTF IO FABH VRBCH S SGoP e e ALPeA00 and the

R S B YRl 20 U0

F R e a
f:l.g%gg{'.@ Hned'é él,f% a{%‘.‘i‘.Sﬁ llﬁﬁ'lelf)o% Bbpgi é@@ﬁ%%ﬁlp?&y valve

rane

30§e?}5 eglé{\ééc.h S ekl ﬁﬂlélsaifﬁﬁi Fa2del §95‘efé V)ose@Ndol BSmplete

end pOftIOﬂ thereof Is in an open state.

| thE%&Mmga f AZE Y0+ HB Hp 184S Bnast 8h8IgRIne ifd, ithd fiSE@Iratlon

the Holl ow fiber nmenbrane unit 43 via a'resin nold
dembte ¥ (adheshatelcalIyChedTe@byCODXY i i FibeFaM ¢ d03, 308,

bet ween the seal ed portion and the

310, 312, and 314, and the adhesion of contamination fine particles
from an atmosphere to the hollow fiber membrane 304 (fine particle
contamination) is completely prevented. When the hollow fiber
men?i:rane 304 is taken 6ut of the filtration device 316, holdup liquid
remaining in the hollow fiber membrane 304 contains a high
concentration of fine particles. Therefore, the fine particles in
the holdup liquid are prevented from flowing out by using a method

of opening the filtration valve 310 and drying it at room temperature

or high temperature (equal to or lower than an upper limit working

temperature of each of various members), a method of pushing it out

tothefiltrationsidebycleanN; gas orthe likewithout fineparticle

21



10

15

20

25

| ofsePREATRRtHion £ FRe PerhoaLe

open portion of the hollow fiber nmenbrane 51. A water

drain part 20 external cylinder 45 is connected to

this nipple 44. The water drain part external

cylinder 45 functions as a casing of the hollow fiber

menbrane 51, and a water drain part joint 49 having a
comizaiindtabn whieht h48 Heenconaeniiirt ddthheugintaar athr fiidter, or

part external cylinder 45. Further, a water supply

usarg bexhethase aydtledisr, 47 having a water 25 supply

port 46 is connected to the other side of the nipple
[0045 Jand Thanb!| the ietldowd £ abar poenbrEtiet BOdugh wekerh oulieot the
ultrapure water is drained to the outside of the
fideriatdon desiare Bh6 il Br aperr anytigoningnt e ad a folean bench
the water supply port 46 side is provided in the water

 (adegpl yooms. partesxtbinal a cyanmider savrepbed Fcoarslidore an

hol | ow fi ber nmenbrane unit 43, water drain part
ingtrarent €HiChEIUES, thet BRIBep Y me@xﬁéﬂﬁapartlcles in
cylinder 47, and water drain part_joint 49 can

corsdgesatien @fr@ﬁﬁrﬂtgﬁ lﬁ@%éﬁé&hesl#ffege H?@W@Fst}%ﬁ gdhesion

fitt
itted to each_ot her, %qgﬁép S£é£¥%%ﬁﬂﬁ£ﬁ9§)f and

thh?gﬂ%éggfgéfﬁﬁaeﬁéﬁis?ﬁ %é‘éﬁﬂ 44%%‘1’1%%’3&%@% saTpbpyer of

e b3l R RefbrEnd % %%ﬁées‘iﬁy?'&h%%d%éﬁg foBRpuncat.

e} 427 s P AT o e vver
B, P oot L R ST 13

o %ﬂkpegk;i n' E’Palsé*ac feffedtide fi’f’éﬁ’é‘ﬂl’&ﬂ AAEDE observed field

"uo

ax!etaeg{.féé Her Sed 'ﬂla@aeoﬂo%&tf?lorxﬁﬁlﬂéw N RWse@tB8 fields (number

copolynmer), PEEK 15 (polye ﬁeretherketone) are
oFEXESHIE By tfti@&ass d048lorThethit ds@td 0y de¥bE O F @bnstituent
nmeasuring the nunber of fine particles 41 i's divided :
unifEOaRd pddrealised Whithe EQIBVAL LM eRWAcEN316 hteddter be of
- surface side of the hollow fiber nmenbrane 51 via the
a epelctend, i mdterdielll, oanti hegradertwiatheutl thndadhesion of
downstream 54 whi ch touches 20 the outer surface side

contamirahbbh ofirfd lpartieiksaléind partivdenicppkemination).

Particularly, members commercially available specifically for the
ultrapure water are preferable. As for a method for counting the
number of fine particles on the surface of the skin layer, according
totheparticlediameter as ameasuringobject, the number is measured,
for example, using an optical microscope, a scanning electron

microscope, or a surface inspection apparatus by a laser light

scattering method, or using them together. In particular, a method
capable of high magnification, wide field of view, and'automatic
counting is preferable. Further, the holdup liquid remaining in

the device 316 after the sampling is completed isonly asmall fraction
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44 or the like. The novenent of fine particles and the
like in the wultrapure water between the upstream 53
and the downstream 54 is perforned only via the
menbrane surface of the hollow fiber nenbrane 51. 25
[0050] Incidentally, in FIG 6, the hollow fiber
ofmailer aheld Filsratice drolivink , care that Seabgdbarsdcihded from the
ot her end portion open, but the fixing nethod of the
abwre aurtfeagratedefblaurecisi velnoe.limted to this, and,
for exanple, the hollow fiber nmenbrane 51 may be fi xed
[0R4d] 24 FftadBmbodemenich as resin while being bent in
a U-shape. The hollow fiber nenbrane unit 43 is
A fiidrhdenbed inend efidheigsesent Haveatdendrisi nbepdggcribed with
external cylinder 45, but, for exanple, it maybe

 TokRARNEE EAIE N6 it FEGhel ngFTfcl®is & omeAéona rriashshowing

inner wall of the external cylinder 5 45. Further, .in

tip congtithsiontel adppryapéer Ry ised fPﬁem%‘F%WMH @,tnhe number
drain port 50 are provided in the water ?[E)(?

okfige ﬁarteyl%a@@ordtmg apghie emgoayéwam E1fe p’rso‘i’r ?eaematlc
fwo or pore of such uItragure wat er su\}lnﬁy/draln

VIRIF EROWING ARRRARLR PR HAPEIPLLRE NP theqpumper of fine

d t 48 ted t
r al&?%&&%f&ﬁ@ﬁ%@ﬂ”@%?% u%ﬁ&g%?eiﬁl&@%%% hevieBibtpeaguring

f suchultra wat er pRl y/drain
e[r08§1¥15\%x9ar Pgno?’n fg |Bgfact uring

jtey! i Lk
paﬂﬁcsi%r ge&il lﬁ% gxd'égeé 3)&7 %%%ghe ?ﬁ% Jr&tﬁ%ﬁ%?%e hollow

nner SUI‘ ace SI

£ PRt Sk hggg{ﬁugﬁneméglaeﬁowms gs%agktxﬁ&@wa% V8f Elone end

are t rapped el ng contam nate rom out si

ctl‘%tll'&ane B@Stﬂé gdre P |f|3.9\é’r ﬁéﬂ%aﬁ@ Ehr ag eséél-léc[ Qvlft@la kefealing

the epoxy resin or the Iike. The nunb

one

_réha_ld oW (fdpek i GBI D Iaeehd bthersmf goabion Qﬁérb@f 11% idnReh open

20 the length of the follow fiber nenbrane 51 is

stitef.ermbiohel), @MEiRingOferiveftsuche agoaPhBsp M 4df is fixed to |

~assenbly of the filtration device 41. [0053] The
tHwohd DYoW fhber menbi-ane uniitt 431 8ibs fabin maldddrt $agadhgsive)

such as an epoxy resin provided between the sealed portion and the
open portion of the hollow fiber membrane 51. A water drain part
external cylinder 45 is connected to this nipple 44. Thewater drain

part external cylinder 45 functions as a casing of the hollow fiber

"membrane 51, and a water drain part joint 49 having a water drain

port 48 is connected to the water drain part external cylinder 45.
Further, a water supply part external cylinder 47 having a water
supply port 46 is connected to the other side of the nipple 44, and
ablowwater drainport 50 throughwhich theultrapure watef isdrained

to the outside of the device 41 when the ultrapure water is supplied

from the water supply port 46 side is provided in the water supply
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the hollow fi ber nenbrane 51 with both ends seal ed

t hrough the nipple 44 nmade of SUS (Steel Use

Stai nl ess: stainless steel) or PEEK or 25 the |ike and

closely fixing the hollow fiber nenbrane 51 and the

ni ppl e 44 by the epoxy resin or the like. At this
pdritextkbhaa® ¢@limidy gh.possibility that contamination

fine particles adhere to the fixing nenber such as
(G048 Ini pThe dhvenhbt how efddersmentrastconndt 4335water drain part
" measurenent errors in sanpling, and hence, washing
exteeatieoyl inde kb, asaire suppadti partoexsernhd ¢ykindey 47, and

performed in advance. As exanples of a washi

n
- watetrhddain paatdjeion 490caneb@:Inaswcruiivelqum@%ldn@ttached-

et hanol inmersion, surfactant washing, ultrapure 5
Thegehegberpdaxe Hittade teenerbnetheq 00B8%] exaBRley oy a screw
fabricated hollow fiber nenbrane unit 43 is subjected

strpchpgediititing retrdrennd theeSeadmsprer fernanag apfhe device
makes it possible to recover the water perneabilit

 41,ABcans 4TaROr RN AheN FheR rthfe wBEgreSBaP A 546 and

i AL 0%, DL A0, 40, TETRLS0E B ot e
e e Bt BB (4SS ol B TR s 5
e S S5RTn SERBR L US vacer
oSS BoerialE B B b FLATTAEBEI R et e
PR G LSS ol Booq OPESPORa 9BF B Uk,
/Sl PoBECATRI, LAC g0 By Py, agphes), e
CIRE S0t PR 4 ey B ) SBOhotndf, oo
(S20seR8 BN e sucssmpiem bkl pasei g pure

[0829]SO TRE & EtF@iidroedickn fbpMREsSénding the hbmbpuref fine
wat er or the nedical agent, to inprove the effect of

pareevesg 1 he divdrkedphitc ahaspst(ieant Akiwhdichorofmnecates with

particles), ultrasonic waves, warmn ng, or the
the inner surface side of the hollow fiber membrane 51 via the open

end of the hollow fiber membrane 51 and a downstream 54 which touches
the ocuter surface side of the hollow fiber membrane 51 by the nipple

44 61:' the like. The movement of fine particles and the like in the

| ultrapure water between the upstream 53 and the downstream 54 is

performed only via the membrane surface of the hollow fiber membrane

51.

[0050} Incidentally, in FIG. 6, the hollow fiber membrane 51 is

fixed with one end sealed and the other end portion open, but the

fixing method of the hollow fiber membrane 51 is not limited to this,

‘and, for example, the hollow fiber membrane 51 may be fixed with
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25 like may be further conbined therewth. The
frequency of ultrasonic waves is not particularly
limted, but ultrasonic waves with a frequency from
0.8 MHz to 3 MHz are preferable, which can obtain the
hi gher effect of renoving the blank particles

ant GOREAM,0alcBMNs 268 h RA DRI bé P Bint NBARWIghRpel. N THEhollow
case of warmng, to inprove the effect of renoving

fihe hbapkafathi€l43si{ pebvasedal one Ehaedy@ 6f ehesjater drain

40C to 80C is preferable. The above nedical agent is

p ¥xEQENET el irtderexd) but , £be ekpdpbphiikintayeins mounted therein
wi t hout exerting influences such 5 as a reduction in

‘whiile: beidy snelqpes ¢ ontertosl nah fegendal 1 of tha ekhernal cylinder

hol | ow fi ber nmenbrane 51, and, al cohol, a surfactant,

4BndFubehér kdn BiGe fprntiowetensuppdyppest thambthe \WMaw water

the al cohol is used, its type is not particularly

_ditdim pedt SPrenptdiainisd imthenster sugplyppaot external cylinder

m xture thereof can be preferably used. Wen the
4 Burenalc ianis 1des isralded toi provigre twe ot mpEe to% Hugh pltrapure
limted, but an anionic surfactant, a cationic )
wahart aupphy/deaitoppoks ¢ Shefwatemdrase Pagt ot Maving the
surfactant can be preferably used. Its concentration .
watemdspanapdnt ¢81961ePERCLE] tAvERe (WakeEr aBRin PPatdy, pyternal
1% Incidentally, whenusedwith jts concentragi on
CYIANIOTAS,, and Hapides HERRS (QPF Y 1S RP S PpEe QhRECE L trapure
smal | er nua‘ger,of fine particles as/than that of the
wahay SYpPeYndrdtt RO neasuring object is used.

14054Tc e A SRR a8 RO TR 4 Mo TS Bheag g gracion

LR bl 10 L8 e 85,8180 J2LRLe Bpginent

hal | fihet ‘ t 43 bjected to th
oL BB TG 5 st st to (e
[Wv\a\l\?tﬂ&glﬁs .t%%\}&'& {ife E’Lﬁger %EEE?Q 5318 JI0¢He A1 Dbw £iber

er ain t ] olnt to perform backwashi ng.

JeS5i | FORCEl iR e AONAST1IRAM AL (1S tEHflir@ ater are
mét%f?éial\%/aefg% dgfglhgepart extgr nal cylinder 45 and }tghzé

tMRIPRIA £ Be PR EodPahiidiledtBrok 80L 81HEALLERA ehdB®f the hollow
particles are previously subjected to washing
f ieaheRptaky sUl dfasealed witdithkl ©pof rebénlokeheAsike. The
nutmt;aeer of hollow fiber membranes 51 is preferably one to 10, and
the length of the follow fiber membrane 51 is preferably 30 mm to
105 mm at the completion of assembly of the filtration device 41.
[0053] The hollow fiber membrane unit 43 is fabricated by passing
the hollow fiber membrane 51 with both ends sealed through the nipple
44 made of SUS (Steel Use Stainless: stainless steel) or PEEK or
the like and closely fixing the hollow fiber membrane 51 and the
nipple 44 by the epoxy resin or the like. At this timé, there is

a high possibility that contamination fine particles adhere to the

fixing member such as the nipple 44, which becomes a factor of

25



15

20

25

push water, an anti bacterial agent having at |east a
bactericidal effect and/or an antibacterial effect,
that is, a nedical agent which 27 inhibits the growth
of bacteria can be used, and it is recoomended to
further have an effect of inproving hydrophilicity.
mddur AR PRELEES 8l n A08MH1 ind, 0BhY K&k [ &fhehd ngXBkBatment by

the antibacterial action wthout exerting inf |uences
uBMEAEAS A 1kBHHELE D IdY tWhe TRRBI a9 epdr A Tanagvande. As
degradation on the hollow fi ber nmenbrane 51, and
eRdiIY ofdal REYELAGinetied,t 8 hidet Boe YyeRheon@drasonic
.exanpl es thereof. Wien the alcohol is used, its type
irfadicitipart eehbhac] yinnardien, butfaceimamdshieghandtrapure
I sopropanol, or a mxture thereof can be preferably
wakteichg Waed bbeon esite tantt iiomedsed, its type is not
particularly limted, 10 but, for exanple, sodium .
{6084 t e Theni thehyaboimrtesliholieoy 6ibéhenentidemec anibed3 is
used. Its concentration is preferably 0.1%to 10% and
sulpjertdefcdnabiophi 1ivttreatwensf t Sheliivseophdlde traatment makes
antibacterial agent fromthe upstream of the holl ow
1t ifoms ibdabtamec®yerstonatereserneakl Waak whdah pketasss as the
by the antibacterial agent, one end of the 15 above . |,
habldwo fid beb arembrapeahe becomes driegnd Byerhar Hfhg haldgy fiber
razor, _and the water _supply part external, cylinder 47
meRlsAnghS £ has doiuBRraRl e RPTESn ATFhN FEPRLORIGELLY 1ts membrane
previously renoved is attachedwhi|le the antibacteri
suifane dgft AntE’at N rw@ﬁyiﬁyl‘bh%%ed In,many %%t%m%}ank
pressure by the antibacterial ,agent, 0.5 kgf/ to 3
pqS . POR BB F 0 HAF L SGE) R U5 £OF RAFSE: 9aps

nore preferahle unt i

| - I s .tinme. h .
_ b%%‘f‘?‘%&f? % aﬁlgfelrﬁs rﬁ%&fi#%%g}’{tﬁngl%§ e‘?% SFE}SSP?FE%'O r“{thh are

ré‘s?is?cfa#s{“é%l“s?_‘c 52398 YnPRther SEEHRE SV b MR B0 o remove
tqié;%%gg% &%}‘%tli'ﬁ:?.%rs aérg%at%nl ﬁﬁagiﬁgf%sf heidRYhG&o the

O a sealed state w wat er drain

- aliffd g%%t@ggsltlj.?}? AR nUBPLYa R dentagpegbiviidRwater with

ant1 bacterial "agent is™filled therein. By assenbling
a tRArbbAS1 i P G th fPRhEW deYieCode Wirt8ohBe As examples

‘anti bacterial agent i's reversely passed through the

o @l hevhdd R MERDEQRe hfdasphibic dasgetiedl oft fmersing it in
pure water or a medical agent at 40°C or higher for 0.5 hours to
12hoursandpreferablyforonehourtofourhours,an@thodofpassing
puie water therethrough at 25°C or higher under pressure, and so
on are mentioned. In immersing it in the pure water or the medical
agent, to improve the effect of removing the blank particles
(contamination fine particles), ultrasonic waves, warming, or the
1ike may be further combined therewith. The frequency of ultrasonic
waves is not particularly limited, but ultrasonic wavles with a

frequency from 0.8 MHz to 3 MHz are preferable, which can obtain

the higher effect of removing the blank particles (contamination
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28 adhesion of the contam nation fine particles on the

i nner surface side of the hollow fiber nenbrane 51

and into the device 41 and rmultiplication of

m croorgani sms can be avoi ded, and high cl eanliness

can be maintai ned. Further, when the hollow fiber
fiFRMBA AR 1%k )i.S Mestuiiad and tear dassloftWisfierigs €o improve the

possibility that the hollow fiber nenbrane 51 is

e feRtayH faiced nigteid Hlldng gt ikl sSicoaeanbratibyn £indfartiscles),

stored and carried while the antibacterial agent is

- 402dhey 30 19 pribersbIé Acehefaddve mediloal dgdet isemlyansmuired

51, the adhesion of contam nation fine particles to

ta behiiol 4 abvefliyskrophEticamet Hin wabhdt exeatdndedif luences such
Accordingly, by backwashing the hollow fi ber nenbrane

as5d vedutidre ianthdasmbriaae peeformance antlydedradsitder on the
particles (contam nation fine particles) can be )

hadfiowctibest pembroved huend) stlcohid , azllsesifestent, and the like
contam nation fine particles to the hollow fiber

| angamentienss aspgkenples fihegieodt Hharoshganledhol dfdused, its

on can be 15 prevented. [0056) Next, an exanple of a
LYReFRP T RAF HCAS LN d M E eAu PyEmeghanpl n et BaRed cLeepTepanol,
ul trapure water of this enbodiment will be des

ribed_ .
ory 3| Pyrtpng therppf can be prefaearty usgagrithfts ﬁ%ﬁ Ry factant
. the nethod of neasuring the hunber. .of fine rticles .

55 HSeHe 1% /YRR Sonot: PaFt o LY drifiisee b Racth et fonic
filtratjon devi Sshown_in F ] st.. the

suaﬁfpaam e ma&l‘%:nswr g9Ef §SF?‘I“%SBS @&#‘Oofzasas’%ﬁ%mtg or an
62 i 6 .
an‘\@.pégr Br a“th‘{l%% %;\11:; § gfqe ; %‘T‘%fgéyf% ‘iynéﬁggt ia{)i & léoéjfafé‘%‘ﬁ@ratlon

o BTN LA R B0 NI s,

ekl 18 Aotk b BB deY e dhr b asncns
thieS sRRETSF At 12NRufb&Ht §r 10 BOpALRUE ESs AV HIR' €hat of the

‘pretferably five mnutes to-20 mnutes. By performng

ulR2akues N d ramidee maHbari Sy dppeetsiide uked. 29 the
i nnér surface side of the hollow fiber nenbrane 51

- [008500 tReter the hydrophilic treatment, push water is filled in

the downstream 54 of the filtration device 41 formed by fitting the

water drain part joint 49 into the water drain part external cylinder

- 45, the hollow fiber membrane unit 43 subjected to the hydrophilic

' tréatment is mounted, and further the push water is supplied to the

water drain port 48 of the water drain part joint 49 to perform
backwashing. At this time, concerning downstream members such as
the water drain part external cylinder 45 and the water drain part
joint 49, contamination fine particles are previously subjected to
washing treatment by ultrasonic irradiation or the like. As the
push water, an antibacterial agent having at least a bactericidal

effect and/or an antibacterial effect, that is, amedical agent which

27



10

15

20

25

ul trapure water, the antibacterial agent filled into
the filtration device 41 is discharged and
substituted by the ultrapure water, and also the
washi ng effect on the inner surface side of the holl ow
fiber 5 nmenbrane 51 can be inproved. [0058] After the

i Reskivas khaoghywithe f wddapiecantier nsele awt ek islnaicommended
part joint 49 is capped, a flow regulating valve 64 is

tat fiacdted: Hatet Ba 6f Hyetwadferimbraihng ohyd Sdphofl itdieywatBire
supply part external cylinder 47, and the ultrapure

amatsctierislppyérd itsoohhe metuaresiupplexhti®ipothe 4htdbadcterial
di scharged toward the bl ow water drain port 50. Hence,

adt iwen pachowt eserficiong i Inwnicess siaheasparedeteb)n whitba membrane
have adhered when the filtration device 41 was

péntamidneg ead degraiahied: ont theibkolldwdibehemenbranentdsd , and
(blowrate) is 200 Ml /m nor nore, and particularly

alreliad apirgdaovant / ahd the 0@ are nentimed psexampdes thereof.
wat er-passing 15 tinme is preferably five mnutes, or

Wien she[ DbBBIOIThEMseshnbts AyPST 1% ROtUPAFEisiariy bimjted, but
performed. Nanmely, the ultrapure water is passed

neHianRih Senal isepreRaneY: 0E A XtyEgHerRp RapRepreferably

hol | ow fi ber nmenbrane, unit 43 to be ,subjected t S
ug9fl or HAPT LHPSEGUFEaRT L8 FaPFoits SNBSS MO tRATT CPAeT Iy Limited,

bty ERECE BRI RORLEN T4 ok o RBFAN WHORER R Lite, or the

[ [ [ i bl ' I “th I b
lﬂg%%mwhn'r%egé%s ?ﬁEﬁa?%é%%{%t%ﬁqiatir%f?ﬁgw%f’%e% g1, and
' 0, i , i , .
e ISR AR BT b S hid 1 et ey e sty PP iifERterial
acfén]t EQod el @ﬂdea?rﬁcgf' G 1881 Yoot 03 BOr TeliBrane ¥4 %s cb®irmed
he particl &a h el)JCItrapure water are trapped on

ix% hebﬁcﬁb‘ééh?#}é@éé{sl éﬂ‘g ttg}% Q%%ééﬂ]ea& HEBRE aNénd ke of the

rati e ultrawater Is

amﬁglﬂe%ifilﬁerghéﬁﬂrﬁﬁé &1 V8l MiE dndl 85&K&d byl B @lean razor,
filtrate neasuring tank 65. The filtrate neasuring

al @B Fatd? LEpBlYESEH i@ erabl 31 and@ASLT IfIemTRANSh
and as the nmeasuring neans, any one which can neasure

- con@ini@rthibhtfiakigartiel efareprevaohabl eemoandiaattachedwhile

exanpl es thereof, in addition to the neasuring tank, a
tHd @mtibacterial agent continues to be reversely passed. As a

backwash pressure by the antibacterial agent, 0.5 kgf/cm; to 3 kgf/cm,
is preferable, and 1 kgf/cm, to 2 kgf/cm, is more preferable. At
th;.s time, until the antibacterial agent overflows the water supply
pbrt 46 of the water supply part external cylinder 47, it is reversely
passed. After release of air fromwithin the hollow fiber membrane
51 is confirmed, the device is brought into a sealed state with the
water drain port 48 and the water supply port 46 capped while the
antibacterial agent is filled therein. By assembling -the fine

particletrappingdevice4lwhiletheantibacterial agent isreversely

 passed through the hollow fiber membrane 51 as just described, the
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i ntegrator and soon are nentioned. Incidentally, a
pressuring nmeans 5 by a punp or gas or the |like nmay be
provided in the supply pipe 61 if necessary. By using
the pressurizing neans, the filtration velocity can
be increased, and the filtration tinme can be further
addR@E bANGH +HeUEbREEmindt iich &hife Ressidillee b fHeVnderasurface
heati ng means such as a heater in the supply pipe 61
sidedopethermeilidy ritbie@nmeiibl&nd 05 Waard rigtbhehal dewpee etl and
wat er at a maxi num tenperature of 80C or less by
muledpiligat hen sOppEyopt gen idns ¢ONBOvAf ded, aibhiginpléagliness
is conpleted, the holltow fiber nenbrane 51 is cut in
can bengaintdiimeld.di Fuectiean bhen tlaz tioldowt fitber kembgade 51 is
the inner surface side on which the fine particles in

| stolredubtd aparrmeiel; nwheee B3 & tgoapppdlityebdpajsg@_e péehow fiber

the exposed inner surface side is observed with an
meopiranel 5 hiicr osobaeinates ffiroe patside edugnsipee the device 41
menbrane are dyed with a fuchsin-nmethyl ene blue stain,
issstorédmndapairrigbwhile| theobosibagtertal agsehnif aghering to
el ectron microscope, sputtering treatnment is .
theesuof aed. oD oo doLlons £aber HaemyAne Hlet £bgt Adhesir of
perf orned, the inner surface_ side_is pmgnifi egrg}ﬁe 51 can

- coppamppetrien fine 9sEspeles thdhecARALAY BRek

m croscope, and_the nupber of fine particles w.,thin a
becaypidaty fé%?%ﬁfdrr@%uhyé?fcqwa@hlflﬁeta%beifw S&perbrane
about 0.01% of, an effective  filtration

158848 ST Ay PSS 179 BT SRBWPLETsgparticles
(R YRR Shed LARS ol B BPELE R0, BBRLIUE e oo
' | ' [ cul by f .
L Ser SRS, Ming BA-ER0YES R0 M ptiow iber
pa?c%?LSELgl §f| lﬂu%ﬁ%%q%%ﬁbpeﬁfmi&d&%iﬁﬁs bﬁhdté‘@ on can be

present T hven 'S No mte e éxanples.

prglééngggag 1, Conparative Exanples 1, 2) [0063] The
n er of fine particles in the ultrapure water is 5

[0B8B8§Ur eg?ﬂél Ngh bRambiblsAld ABLHSY I i hehsiBasy HHInliBer of

nunber
fine particles inultrapure water of this embodiment will be described

using FIG. 7. FIG. 7 is a schematic diagram showing the method of
measuring the number of fine particles in the ultrapure water of
this embodiment using the filtration device shown in FIG. 6.

[0657] First, the ultrapure water is reversely passed from a

sampling valve 62 attached to a supply pipe 61 of an ultrapure water

 production system being an inspection object through a sample

introducing tube 63 using the pressure of the supply pipe 61 from

the water drain part joint 49 of the filtration device 41 into which

the antibacterial agent is filled. The backwash time is preferably
one minute to 60 minutes, and more preferably five minutes to 20

minutes. By performing backwashing from the outer surface side to
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fine particles 1 shown in FIG 1. First, six hollow
fiber nmenbranes 3 (OLT5026 manufactured by Asahi

Kasei Corporation) nmade of polysulf one each having
an inner dianmeter of 0.6 nm an outer dianeter of 1.1
mm a length of 3 cm and an effective nenbrane area

1 13ndr 10uEiieakgdbungl etk anrd 1bix edbéP ridiriinepbe Bsing the
with the adhesive 2 (epoxy resin). After this, the

ulfddapligbiviitedoileeadt Sihaywer ialFhgentl fisled ahrcoaateeﬂlbryrat ion
housi ng the six hollow fiber nmenbranes 3 in the water
dedtiziend pastdediaingeld and isnbdetidudbbgethe abtdrepureehitey, and
the water supply part external cylinder 6 and the
alsat ehie daahingaffegvion tie ibneheueface sdsiecef ithelhollow fiber
“Then, the ultrapure water is directly introduced into
menfberahel Ei‘.ad:amrbaje'.\vripa'evﬁdf romthe sanpling val ve
attached to the sanple introducing tube of the

- [0@58]apunétentEie bacswashinog by dhenplbnepure evatgr, the water

pressure filtration is performed wunder conditions of
draini panrtaio brt APdssorpped, 6. SlovRegnpting vaiyepsie attached
sanpling is conpleted, the hol | ow fi ber menbrane 3 is

tor skerblan wateht dFaLn RONtoARi 9% diNeaMalPF cTIRRNY wrs external

razor to expose the inner surface thereqf, and
cyddppestid %d $pattrmanyreREr tASURRIAEH & the water supply

partlcles on _the inner (glt ace of the hollow fib

efErd A8 1P R PP ??’esgon Hence,

- th the canni ng el.ectron M Crosc nd.t
iR BEF O 199 EOPERPLORELORIIRA ROFELCLHE) MAGP have adhered

B e P ol
i3 R AN P RO ROyl g Doy
G N et

tl?n%nﬁg ]ff N8 vt hit88)or n¥dle of countable

I ne p rtlc nunmber of counting fields, counting

[ofosglld afRaEn, é farmtagea t“h‘é'dl'@sap@@@m%%e?rls%&mlﬂr@dﬁd Namely,
and shown in 5 . As a result of calculating the

theufhefapoirefiate as ﬁagé@@ theenyRitReciltratibnaevice 41 loaded

ul trapure water, e nunber of fine particles inl1lmn
wifh thé hapaee PEer mepbibhe | mmitldbeto tensebfectednp isternal

przssure filtration, and fine particles in the ultrapure water are
trapped on the inner surface of the hollow fiber membrarie 51. At
th:l:is time, it is desirable to regulate the blow rate by the flow
regulating valve 64 attached to the blow water drain port 50, and
set the ratioc (flow ratio) between the above blow rate and the

filtration flow rate to 3:1 to 100:1, and particularly to 20:1 to

50:1. The fine particles in the ultrapure water are trapped on the

inner surface of the ho]_.'low fiber membrane 51 of the filtrationdevice

41, and the ultrawater is passed until a given water volume is stored

in a filtrate measuring tank 65. The filtrate measuring tank 65
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particles/m. [0064] As conparative exanples, an M
menbrane as a flat nenbrane 10 made of pol ycarbonate
with a pore dianeter of 0.03 pm (Conparative Exanple
1) and an UF nenbrane as a flat nenbrane made of
regenerated cellulose (Conparative Exanple 2) are

18 %ash@%?]tameaé\/& ERERARG refarisheardd ab vRRsaner lireteans,
as Conparafive Exanple 1 is unsuitable for the

arfyf 888NYhidly ki A8aSNE @ gisepofidtritidhavelate iis available,
'arger than the fine particle as the neasuring object.

arld 86 6dxahiel ddrcherdsBndnasdd hieidi ab teerimeaserisgdeask, a flow
Conparative Exanple 2 is unsuitable for the present

irteeatbemnsl stoen ate nentsonedht elincidenta ey reguessering means

filtration water volume and nunber of days of ‘
byf il pomp ican gaakoénd:hehéike meayp det proeldadriier the supply pipe 61
concentration of 0.02 20 pmor nore as the neasurenent

ifr eslessety Ex&ypheitgt theepregmmiizdngsmapns peghmmef iltration

enornmous. [0067] A nethod for calculating the

vedodingyt ean dxt dokueagedalanss thef fiHecatiiony hime ramber further

vol une and the nunber of days of filtration w.ll| be

shoprdmnedel dWrthierstit f6rakukpossiblensoi RYqyide pdeating means

filtration 25 volunme Vb_in the blank test is_assuned . ..
such pe BheFher Hinbhe VPRFuRIPRS! #pdpesform filtration while
filtration nenbrane and the nunber of counting fields
warmingetit HEkTeRBYe HPECEAT RNHEGFHRIERIR IS S 80THOT Less
nunber, of articles.requiired to calculate the -
by, deatine Fﬁgrb%qp%]é’né’éﬁ’ter glli‘on 33 is the same as the

(AT Rk B AR CRMEREL o SRR perorone

ST, o SO QD USRI 5 RELOP i ans

AL U PSS ATIREGR PGS LD waBeapuce
0 =z ' i exposid, = = nér Bur i
o 0BE8g RO 4 S ERE s A A e Enn e Susface st

id bbEEAE@NMS WREoMSidS RiePobeopS, aHeLFHhe Pdrticles on the
cal culating the nunber of days of filtration by

metibtagibngrd Byed Wilthr atfueRs Al MeEhy Isheiblik istatinasolution, and
vol unme per day calculated fromthe filtration fl ux,

when it is observed with a scanning electron microscope, sputtering

treatment is performed.

0061} Aftertheabovepretreatment isperformed, the inner surface

sicie is magnified by the optical microscope or the scanning electron

microscope, and the number of fine particles within a counting field

is counted. With the above microscope, about 0.01% of an effective

. filtration area is actually observed by moving a field of view to

count the number of trapped fine particles, and the number of fine
particles in the ultrapure water per unit volume is calculated by
the above formula (1}.

[0062] Hereinafter, the present invention will be specifically
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10 the effective filtration area, and so on, the
nunber of days of filtration is about 280 days.
[0068] (Exanple 2, Conparative Exanples 3, 4) Exanple
2 is perfornmed in the same nmanner as Exanple 1 except
that the nmeasuring object is a fine particle with a
demitilbeliew i predaanledd Wit @h@3ppesatt Muventibe irumberlimited
of days of filtration is 10 days, and the nunber of
tc o iergmbletds is 1000 fields. The nunmber of bl ank
particles (nunber of contam nation fine particles),

(Reimpd eofl, Compd it iovef iExampdesi t) e3) nunber of counting
fields, counting field area, filtration volune, and '
[G63dn aMbecoumbed ahdisitomariiacYadl en Ahe ulsgapuresvdter 1s

of cal culating the nunber of fine particles contained
megasured using|theyfidsrahier  deticn ipseresasuring the number of
particles in 1 m of ultrapure water (particle nunber
figenpertiekgsoh)shoyn3inELEr dl-esFLRst, SEHr W biker pegbranes
nunber of counting fields is set to 300 fields in_the
3 JARTEREE| BanwfarutachibyaAsabi nRasrifarroratigppefade of
particles 25 is less than the nunber qf particles .
Palaguilf eae eacEINgan 1IMEAF FTRYQF of dnfap, an outer diameter

concentration, so that by substi tinqrthe unber__of

off dnd MR LEPEER Qfdi FRd A BRI STFSH e e ReRRT 2R 8g ea of 3.1
o S S TE A 580 o0 SR by SRR ¥ cepony
e bR 3R st CBRE ChL i fton) Sk ) Sl AN RS 1 4
S 205 OB T L b AL DR cater
arginOBhr ] IR O1hbBE PANIIEES ah@RbiiEbelif thg water
s@% hgaﬂk-@wnﬂn@ tlhsdayry@gelrncpfthbr @9@@% Bayitd ?Ja@% joint 7

ected to correCtion b ank particles is less

tHe@Rol Nkssyat tire Al UBhéX, QQi@txﬂ@rﬁgﬁkéew@@éﬁ_ii@_ RS rectly
(containing blank™ 10 particles) = Nunmber of bl ank

- irkabhuebesiftenhier Mfllteasiani aevied fifiwm the sampling valve

attached to the sample introducing tube of the ultrapure water

production system, and internal pressure filtration is performed

under conditions of a filtration pressure of 0.2 MPa and 25°C. After

sampling is completed, the hollow fiber membrane 3 is taken out,
cut in the longitudinal direction by a razor to expose the inner
surface thereof, and subjected to sputtering. Then, the number of

fine partiéles on the inner surface of the hollow fiber membrane

: 3isobservedat20,GOO-foldnmgnificationwiththescanningelectron

microscope, and the number of fine particles adhering to the inner
surface of the hollow fiber membrane 3 within the counting field
is counted. With the measuring object as a fine particle with a

particle diameter of 0.02 pmor more, the number of days of filtration
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- madeAt (IR YCRERBBARLS WitY & RPER drans

particles) = 1 Nunber of trapped particles =7 - 1 =6
< 20 (0070] Hence, the nunber of trapped particles is
assurmed to be 15 20 particles and substituted into
Fornmula 1, and the result is defined as |less than the
obtained fine particle concentration. Consequently,
ad N0388ysputd rbef hehisisr dfheopatinglfigldsbes 1000 fields, the
concentration becones less than 8 particles/m. From
ninteredd e ank pabtdohee (urberosf tbetamimdierorofitd gakticles),
particles (nunber of contam nation fine particles) of
v&ltiet dff solhmidbdw Fiinegrame i ean euinbes pilcounthing £éqdids edounting
nunber of fine particles (20 particles) can be
f imduhaedabyf IB0Gtdoanvd hgmé | eindsso emdinehgonntedranseshown in
result of 3 particles/m can be obtained. [0071] ]
Table dent?s layresslt orfpsedcilat éxartgiee sumbar M feivisr Ragticles
as a flat nmenbrane nmade of pol ycarbonate with a

' a pore |
- cofitadeedr infl 9l0XE 23 tEAPITEMARSEI Vhe pmbsireoB)t inrypaRticles

. UF nenbrane as a flat nenbrane nade of regenerated .,
ind M efeul torpraatiarerEXRApticky ninbers &@ncepppspion) is 5

Conparative Exanple 3 is perfornmed in the same nanner

pagdicEgiBle 2 using the MF nenbrane as the flat

- menbrane with the nunber 35 of days of filtratjion as
[OR64]y  ARRPHEE SHENBE NP LS urA? HE Temhge 38 Sgptpt Rembrane
fields, but the nunmber of trapped Earticle is |ess .

FEPY 8- D11 (EpBparative

e B P B B e
e 5| AL Pk 20 eE S TRRD 201 on ko

. [d(glifﬂgr apu&.ﬁF% Hemb®anEahs Wiy %?ﬁ% ?]lﬁgrﬁ]ﬁ%er ﬁ?é&%t?gfg?gative

resul't i s shown as | ess IS value In

oyt T2 L5 RrERn O lnplablo RAdeCl 85

E’%ﬁ"ﬁ@‘ge? 0 cdo%%%g%gt fggﬁ??en partitcligs% adhr_zeri ng to pore

dithetd? 1enhigbe S 268 Fsnd Pageicifas thetmédsupiagobBiect.
2, so that the nerit of increasing the nunber of

[0D@$Nt | NghEi B GRnbRanet ade X pest abmbra@/3bed as Comparative
Conmparative Exanple 4 is perfornmed in the same nanner

Ex3sp 1 B0aiihes i tiii 1R ddchébraserit tineerasi driwidenit is estimated
menbrane wi-th the nunber

that the required filtration water volume and number of days of

filtration making the fine particle number concentration of (.02
um or more as the measurement result of Example 1 to be 5 particles/ml
bec;ome Enormous. _ |

[0067] A method for calculating the estimated calculated values
of the filtration water volume and the number of days of filtration
will be shown below. First, for sake of simplicity, the filtration

volume V, in the blank test is assumed tobe 0. The number of counting

fields of the filtration membrane and the number of counting fields

‘in the black test are set to the same 300 fields. The number of

particles required to calculate the particle number concentration
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of days of filtration as 10 days and the nunber of
counting fields 15 as 300 fields, but the nunber of
trapped particles is | ess than the nunber of
particles required to calculate the particle nunber
concentration. Hence, by substituting the nunber of

.fipe particles. .requir tqQ calcul.ate, th [ . -
i, b eBREACLRS pubPah ik SR T A IPht B anination
£ AN S i i .
e B AR IR MR LT o L 2° sPRhERne, fhe particles
| ) i ¥ ' .
(3o b3 HaR A A L TR i e
t 8 b Odhid A& RAE Gl rdHIitagihat L O |f ineparticles).
menbrane surtace 1s larger than that 1n Exanple 2, so
a i ] ing the.n of n
B g e R 00T X e 73 2 500, e
= ERMPat@d ) 1 =E330Phes 2 =60 . XG0P 2 i Snee iy RRdveNformula
t he sane manner as éxanple 1 except that the
(lgﬁ,aﬁhlé 10 t@Bke6h voludel VEs PAS0 Ll € A8l & Fedupards ehBculating
. diameter of 0.03 humor nore, the nunber of days of

tHd hiufisét off dsyd bEeR dass.ion3sy didifibeg rRivtleefi fration volume
counting fields is 300 fields. The nunber of blank

- byparfliilddres i.6nurdlrimeobe £ dalyada hailaed finem phet fﬂ'ﬁfa)t,ion‘ flux,

val ue of countable fine particles, nunber of counting
the elfdectiwvenfibgdtieindarangaandis¢ rat, dhevounmber afdlays of
so on are counted and shown in Table 5 3. As a result

fidttrealiounl &% iaputh@8fudieys.of fine particles contai ned

in 1 nl of ultrapure water, the nunber of fine
[0948(i c| ¢Examplend, Qomp@retaper Bxemplkes ik A3
particles/m . [0075] Incidentally, as conparative

ExgRpapl 248 BATFFTrRedtinghbe ane nepper meBranelagl€x6ept that

pol ycarbonate with a pore dianeter of ,0.03 10 . dam _,
thecBRparRI Y CBesHIE 8) TR PATHIE RetbFArfe RPAStiCHpagllameter
menbrane made of regenerated cell ul ose (Conparative

of FRafp| N AT HaxeysERe nymeeasofcemyar af i Tl saiiore i 18 days,
in the . | i h
R h e £ CRRTEian hEviari OPR ERBiffnpaRe fmber of

 o1aR el hlofiefde MR lch I RRE 1 Sles) o ypiue of

coRAEELEL 95 e PUET - 1Y , CAMKUE BRIt ing fields, counting field
area, filtration volume, and so on are counted and shbwn in Table
2. Asaresultof calculating the number of fine particles contained
in 1 m! of ultrapure water, the number of fine particles in 1 ml
of ultrapurewater (particle number concentration) is 3particles/ml.

Further, when the number of counting fields is set to 300 fields

- in the same hollow fiber membrane, the number of trapped particles

islessthanthenumberofparticlesrequiredtocalculatetheparticle
number concentration, so that by substituting'the number of fine
particles required to calculate the particle number concentration

into Formula (1), the number of fine particles in 1 ml of ultrapure
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fine particles), value of countable fine particles,
nunber of counting fields, counting field area,
filtration volune, and so on are counted and shown in
Table 3. As a result of calculating the nunber of fine
particles contained in 1 m of uItrapure water, the

f f ticl ' '
EoTes B R ROl S Oy LR e o
| .

AU AL TR 43 Vg o
of days of filtration as 22 days and the nunber of
‘counting fields as 300 field. The nunber of bl ank

I f t] i
[d}g@td' c %Sm(eEHg‘%F:gon? ca&Q:‘i‘xtl%[E‘J.Flg the n%é IhiChafber

eof count I nepartic r f counti ng

ccfdc@n@%atﬁeﬂ%dfﬂ dd %'hgwﬁrﬁélotfv' | tI'hét hebPldHEindangadicles
on are counte shown in Table 3, As a result of

| réifi‘il‘i"éhal'éd) %lﬁﬁ@aﬂé‘ % £ Phe fdi® i char hifibeds c6ABERE PR dM is 20

ul trapure water, the nunber of fine 37

atp%'hb' ﬁhﬁﬁmhrﬂ lanid 8k M BFe t‘i@bgédl paPficles subjected to
part|cles/rrfl As is clear fromTables 1 to 3, in

cdpreaRLies, b%SbEQMQQEﬂileeEDmﬁalaésWﬁuﬁx&mﬂbesaluéhe
nunber of bl ank particles (nunber of contam nation :
fine palig Jfesbunkabienfles ,pddtd clelsufeontaihingmiank
wat er passing through the 5 filtration nenbrane when
pardclies¢ particles are trapped is reduced, and the
filtration tinme is greatly shortened. [0078] (Exanpl e
4, Campevet iofe bitmakppast icles qmtﬂiﬂmernqﬁbeenbammmon fine
particles in the ultrapure water is neasured using
partidcfleedration device for neasuring the nunber of fine
particles 10 41 shown in FIG 6. First, one UF holl ow
fi ber Nuaderané tCefBER antivflest ar €d-by Asali 2asei
Cor poration) made of polysulfone with _an inpe
[0978%et eHeBre 0. B1omAUTRARTORE cFrARRARPET tAF 1S 1lsinﬂssgmed to be
length . of 50 mm and an, effective menbrane ar

hicchar sibh oGt Sl horgedie 2 AR s ddrine
42 1 Fur
et T he DR ChER B BR BT L L e OReRBEREERI- < Bapa§iuent1y,

A AL . BB S
: 18';[.%”@55998 B&:&l&é@/rpﬂt th&qS‘chgee%Sge ; in Example 2, since the

number of blank particles (number of contamination fine particles)of
this hollow fiber membrane is small, the required number of fine
particles (20 particles) can be counted by 1000 counting fields,

and the measurement result of 3 particles/ml can be obtained.

- [0071] Incidentally, as comparative examples, an MF membrane as

a flat membrane made of polycarbonate with a pore diameter of 0.03
um (Comparative Example 3) and an UF membrane as a fla‘t membrane
made of regenerated cellulose (Comparative Example 4) are used.
§0072] Comparative Example 3 is performed in the same manner as

Example 2 using the MF membrane as the flat membrane with the number
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Is imersed in a surfactant and made hydrophilic.
[0079] After this, sodium hydrogen sulfite is filled
into the 20 downstream nenbers constituted by
connecting the water drain part external cylinder 45
and the water drain part joint 49, and the holl ow

o 50 (5 o8 e SRR AP it s
aJ"%poﬁferi ul %ﬁ%%fh't cPE %dtr% gﬁ?ﬁf?ié?% rzgééls than the

par Jokn i S cgn
Sl K08 {u}b&*&ﬁe@o;ﬁgngaﬂ SO HPREECPOLL] Silber

dHEbetn‘%r%ngm h'H@ﬂ%E tﬂlaguﬁé‘t‘?ltlm @hé’fﬁhn@ért&fefﬂ% Fﬁﬁtlcles

menbrane is ¢ut’ by a clean razor. Further,

e%ﬁfé@ {B’@éﬂﬂﬂ%@éﬁé ?Srtfci@ﬂﬁﬁ@&! ¥oRAESEM T b BhEABSrmula

air in the hol i ber nbrane. Subsequently,

(W et Bﬁn@@ﬁ'&ﬂfi&i@%&ciébfiﬁel ral fcﬁNQil&QhFuﬁ@Sﬁﬁder is

under pressure, the water supply part externa

cahi1R@en, 4hd thaliepeBeantAEi®d ofta kesalofiisr seshii hatless than
the sodi um hydrogen sulfite overflows the water supply

tHI® yadGeOin STl \IAt eAs Sshiply iparhbiet 2f ndle opimbedeof blank

47, the supply port 46 is capped. The water drain

| peﬂ:&mcléa iunider: pAteontdrdinatjion riinddpast belsdadhenithg to the

thereby the filtration device 41 is brought into a _
mesnkalane simface i§ AG8QErTHian thht il Example 2wegcethat the merit
~introduced into the filtration device 41 shown in '

- ofFliGcréashnougie thenheeaf sanpteng niieidiﬁ:iqa@np@bbewcpected-

fromthe sanpling valve attached to the pipe of the
[0@73]apuConparative Fxamplieoh iy peehramed Ha thepwang ganner as
object. The sanpling valve used here is sterilized by
Emlpuz ssiagdihe il nembrasec s the law menbrane with &hesnumber
nore just before attachment. The ultrapure water

-O%éﬁﬁﬁl%ﬁj fidtrpeiqRas 14rdays so the eORAVP S 'ﬁlelds

t he sodi |tef

ad 30D a1 cBva Fhes St SEobEPPRH PRFEIS e%&&%@%ﬁ than the

substi tuted by the ultra r eaf t

nheE: Oy BERE HOLT® SO BRe caat ol Stans) tis BatEher Sanber

co\ﬁﬁ%@?‘%gﬁ ﬁy. EI%P#LJ, ﬁpg?ﬁ%%\%&%ﬁngtlzéd gig.lnbsg o@fiﬂ@partlcles
re%&?%ﬁ@o EXY1dD98% He pgpgiéié’wgf‘l:%bgﬁtratlon into Formula

(1), the number of fine particles in 1 ml of ultrapure water is
ca];éulated, and the representation of a result is shown as less than
this value in Table 2. As shown in Table 2, the number of blank
particles (number of contamination fine particles) adhering to the
membrane surface is larger than that in Example 2, so that the merit
of increasing the number of éounting fields cannot be expected.
[0074] (Exémple 3, Comparative Examples 5, 6) |

Example 3 is performed in the same manner as Example 1 except that

the measuring object is a fine particle with a particle diameter

of 0.03 um or more, the number of days of filtration is three days,
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20 valve is attached to the blow water drain port 50
of the water supply part external cylinder 47, and
blowing is started at 600 m/mn. After blow ng for
five mnutes, the blow volune is regulated to 100 m
/Imn by the flow regul ating valve. After the
regul ation, the water drain port 48 of the water
andy eheé npabér jo@i ddurdd nigst islchppe 30025 1381 ] THé hambéhios, blank
sanpling of the ultrapure water is started, and the
panitticapar enueteer dfs conbpadchadiow fintecprattiples$purealue of
filtration through the OF hollow fiber nmenbrane 51 at
caanfiab edtinerparesdwmse nwibe): 6f MPanamuy £ itddsereauntd ngffield
. 25C. The filtration flowrate is 39 4 mM/mn. The
aneat i fibetariem vhaubepvandisgnenoirg iseubted srd ehoynain Table
port of the water supply part external cylinder and
3.t has pinesudtiafhcalewlatigtetie nagber ofhiing pariiqlas contained
period is 30 days. After 30 days, the water drain
inpdr Pl 4®E ofl tEReUREt 'eat@lsraufrhqaambjeéu of fing parzipdes tn 1 ml

Thereafter, the flow regul ating, valve is detached, the

.Ofblué%r@ﬁ?’é@ wafief dSp@pt PBBtiGlesied, the water suppl y

ort 46 of the water supply part external Xllnder
WPZ%app&B"W‘?ﬁﬁ%Mé’ rs &FTAIRPLREILYE, S%ATP LaShef t‘“f?eme‘“brane as
Itrat on devi carried to,the clean_ro
2 ELat BRnbEane Padk of GeBlyCALpARE LT L & BEEE qw%ﬁ 8%0 03
fiber menbrane unit 43 is _taken out. of the de i
o hEOTIRRF ot Vo i RTBLF %rﬁd}daﬁ@ HY penmbygne g3 Phé £ metibrane

ose

B A D G R B e
L R M T P O SR e o

Ex%ﬁ?f@':{\gsﬁlx% EheQir EHeE\BPﬁﬁQ RS £ A0 1506, e 19:f.t]§1 +HE number

herlng to the I nner sur ace Wlt

ofCQMP 103081 BF &k 1 diS aG0MB IR s ¥hitH fupBas W %uﬁ@hﬁgtflelds
as a fine particle with a” particle diameter of

as30 oMkl dst, hertd hidisdy ONoPehk fEresc B (M@kser 8N8ohbgmination
nunber of counting fields as 1200 fi eI ds, the nunber

fi@pakt bt baK) PRaledLechRtEHES £ Die §@f}&m9"sa,tnmme‘ﬂ dfcounting
particles), value of countable fine particles, nunber
fieldspupuntgng feblld arkil, tfidttiramion volume, and soon are counted
and shown in Table 3. As a result of calculating the number of fine
particles contained in 1 ml of ultrapure water, the number of fine
particles in 1 ml of ultrapure water is 28 particles/ml.

[0077] Comparative Example 6 is performed in the same manner as

Example 3 using the UF membrane as the flat membrane with the number

" of days of filtration as 22 days and the number of counting fields

as 300 field. The number of blank particles (number of contamination.
fineparticles), valueof countablefineparticles, numberof counting
fields, counting field area, filtration volume, and so on are counted

and shown in Table 3. As a result of calculating the number of fine

particles contained in 1 ml of ultrapure water, the number of fine
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[ &dt er il E2mR

vol unme, and so on are cal cul ated and shown in Table 4.
As a result of calculating the nunber of fine
particles contained in 1 m of wultrapure water, the
particle nunber concentration in 1 ml of 25 ultrapure
water is 1 particle/m . [0083] Incidentally,
Conparative Exanples 7 to 9 shown bel ow are

‘ppericdeseih 1A% cOnparapivewEkenylse2 7 pasaiplésimlof Afdds clear

ultra pure water is perforned using the UF nenbrane

frxe Thlpldd httonenbndrenpide, ¢ canpagied t9 Coupavat ze Bgamples,

regenerated cellul ose with the nunber of days days and
themumherasblemkpanticlgsf(ingmbsr & copgamipat §on fppeparticles)
~specifically, filtration_is perfornmed using the
ig|smedpere evokumamot N tEARYTe (HAKAY Rasgipdchbyoygh the
the sanple introduci ng tube of the 5 sane ultrapure
Liddrat Lppaamrhnioss whan gh? 4 nePasEies are Argppets reduced,
re%:ered filtration vaolune is_filtered, the device is
andytheefiibrat il didin 180 gRerhlY Shelitsdiet-ate. In the

33t o1 (RGETRND {nd WA 0P FRAELRR (f dedon ¢ he
TR -
eff, S5 HEERE o A RE RE s i RBeDBbbbFn & A hablictes
21 %@‘}%‘ gisn iﬁ;&&gﬁpﬁgﬁﬂ“ Sruro‘;%;g%%f 9551?& 'r&ern%%‘aﬁgl @9&5026

| e e nunper of "brank parti
e, GPTMATA SO0 850360 | S8 o) e it

 ar 28Rel NG AHATRET o810 R, CASDULRIUAL St O 03! £ %ﬁ,bg?fength

particle number concenfration. Therefore, the nu

050 fime apar dd @reect 68 hdrtdane 5§64 WY e drifei Paiseshed into

number concentration is assuned to be the nunber of

tHel 2PPEYs RAYY1E 23 and Siust Wwith ethd He@ihhRo B Pt 42 (epoxy
formula (1) to calculate the nunber of fine particles

résind . MPEfthdQ , WHe filiosr Siderrmarbramenariid wiltéh bottbends sealed
concentration), and the representation of a result is

isshaiwi et ddeisg sieadnyict vehds off nthka b1 ow £ i Ber giearane with

Table 4, the fine particle nunber concentration is
the epoxy resin. The hollow fiber membraneunitwithbothends sealed

is immersed in a surfactant and made hydrophilic.

[0079] After this, sodium hydrogen sulfite is fi;led into the

downstream members constituted by connecting the water drain part

external cylinder 45 and the water drain part joint 49, and the hollow

fiber membrane unit with both ends sealed which has been made

hydrophilic is inserted. The sodium hydrogen sulfite is supplied
from the water drain part joint 49. After it is confirmed that the
sodium hydrogen sulfite bleeds from the upper portion of the hollow
fiber membrane, the upper portion (5 mm to 10 mm higher than the

nipple 44) of the hollow fiber membrane is cut by a clean razor.

Further, the sodium hydrogen sulfite is reversely passed to release
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| ess than 20 particles/m, but the particle nunber
concentration cannot be specified. Next, using the

same UF nenbrane as the flat 25 nenbrane, the required
filtration volune and nunber of days of filtration

for the fine particle nunber concentration of the
nmeasuring object to be 1 particle/m which is the

airedsutheaentllices fiibeofmditamues Sulmresuealtdyl, avietlel sihegsodium

the above fornmula (1). As a result, the 41 required

 hyfddagest Sudrf ivel mvgs@misqmmmms sate 2the Vatkss) supply

and nunber of days of filtration is 580 days. [0084]

pa@onpatariak cplindee 47 iis petacherd ARtehdtsareconfigged that
as Exanple 4 except that thebl owater drain port 50

thef sofdumehydraagsppyliste aerdiowsnthe GAteFdEpPRYY giort 46 of
the filtration device 41 is not subjected to bl ow ng

thmefﬁteﬁesmﬂat@au externalk Kydinder i/ s &Rs! ﬁH@PJvféIRPét 46 is
attached to the pe of the ultrapure water, production
cagpeadem Thwater firaba PETHABRL Fhe Heter IdS\%ﬁanP&Hutﬁ?elS capped,
wat er supply paort 46 to. the qQw wat er. drain port

gy AESHRELY Bprs e St hat hihtci fad fffengiiovace.
i st ead at el after t he, attach

[QR88In H‘(B‘PP ZFS‘I d:fltt u\ﬁ&t“@rtedfﬁa? hnﬁg\?{m qqﬂ h%pigﬁ?a%l&tratlon ,
%J%%%pﬁ’i% P 1§ opcb Il A ETeaf Bl fgdlboing cube
n‘% &I%]éipfll%gg e!Eaalr t%él;ggcl;l{fg@tt%' Qﬁg gec%fﬁé:g%wlftra ure water
préoﬂctq. Plfs]\ytst H\lﬁseFM@B.ﬁége%ng. mggéxr:t ' fﬂhgsésagﬂr%llr[?ggﬁar’ﬂve used
h%%vlgxg‘g@fﬁldze‘?%ﬁgt)ﬁoﬁgﬁi re Sté?vﬁ{cﬁ%upgééﬁgﬁ ol bflbW:Lﬁg for

ing no ant eri ect is pertorned when t

| 1 'hlorulirét b?ni%ll ne'ﬁi%t“%ef%re”ﬁﬂﬂééﬁﬁéﬁted TS @ﬂz%%}dﬂrb Qater is

obser vi ng particles on the inner 20 surface of
sﬁp@ﬂﬂéﬁ' Lo Hd RRkeredPs g ork Wt bf iR #88BRI dehin part joint
eél'ectron m croscope, counting is inpossible due to
49, heh & 66wk hn By dybgehlsel fhaetfinilad {1886 deAdcest Ici edl scharged
f'rom Tabl e 4, in Exanple 4 using the UF hollow -fiber

byehease, paSssgapale dubetCanpadaby viehdExdiplapufeusaber.
the fl at

. Thereafter, the water drain port 48 of the water drain joint 49 is

capped, and the ultrapure water is supplied to the water supply port
46 of the water supply part external cylinder 47. The flowregulating
valve is attached to the blow water drain port 50 of the water supply
part external cylinder 47, and blowing is started at 600 mi/min.
After blowing for five minutes, the blow volume is regulated to 100
ml/min by the flow regulating valve. Afterthe regulation, thewater
drain port 48 of the water drain part joint 49 is uncapped.

[0081] After this, sampling of the ultrapure water is started,

- and the ultrapure water is subjected to internal pressure filtration

through the UF hollow fiber membrane 51 at a filtration pressure

of 0.5 MPa and a temperature of 25°C. The filtration flow rate is
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25 menbrane, the nunber of blank particles (nunber of
contam nation fine particles) is snmaller, the vol une
of ultrapure water passing through the filtration
menbrane when the fine particles are trapped is
reduced, and the filtration tine can be greatly
shortened. Further, 42 in Exanple 4, by blow ng the
4 ublt/meipur ePhwatetid betwehe thet biow moguye gpbtheddawowater drain
bl ow water drain port 50 of the water supply part )
pexrt erfnahe ogtiendevprly phirteeptgnriadl eydbndemianst ta@ filtration
resulting from an introduction systemof the
f1o¥ reseiign2eli cBha Filpspgdppperiedsisadsiayig \Afiter 30 days,
can be suppressed conpared to Conparative Exanples, 8
thewater] 4087 PoEkADIOE Bhe waAtey dFeln PREtaleUH 4dvitaprped.

for nmeasuring the nunber of fine particles 316 shown
& Rlow water

Thereakten, thiel IMBEUSALING Pt 18| drtagheylo8h

10 in the ult t d. 0088
AFFYRPOTEIRY 4 ISOPRER o FRAIR LG FHPLERCRH My CEIORE SUPP1Y
fofi ticles 316 shown in FIG 5 is | |l ed at
PRES AHATREY LSS 4hd S APERS U ALE BRBRRLES orp e, and

.not sh .and th foll Qw Li iS.
ARy 0 U L1 AL 1 o s
contam nation fine particles (fine particle
5¥@®rFani nation) from a sanpling cock of the sanpling

. ’ f f . . . d . .. . ] .
OB ol PRI R e By AR RS unde 03 s
£ 406 BUEGE (e BLPEPAL! ShE N0l Folf el BERGRLA P51 s cut

sanplng ~ pornt; e ul'trapure water is supplied from

1R 38 T AA dRULEE SW ARGy Bl f8d b P 5EA M $hner surface

2
IY
opposite to a surface on which fine parficles are

| tl%éféﬁie%n@ sSHbebtédl& f.e‘.)i:i’utftielr:iﬁg_. watr@h | Bhbhengleyigif-face of

16, and (abdut 100 ml) of blow ng which is

t RPRHOXGWRE BEY mbABrhheBs ildubduhv@dut ¥0) 00E-ffldmddmMEication

- path space in the hollow fiber nenbrane 304 and the

wigyitiee Fenhinpeeioctmsh ifdrerscope, bhn tige imumber of fine
conpl eted, internal 25 pressure dead end filtration is

paet fakieeddhtr ind asd that tnner essfaece witlirb thBacaumittng field

~instantaneous filtration volunme of approxi mtely

is counted. With the measuring object as a fine particle with a

particle diameter of 0.01 um or more, the filtration period as 30

days, and the number of counting fields as 1200 fields, the number

of:blank particles (number of contamination fine particles), value

of countable fine particles, number of counting fields, filtration
volume, and so on are calculated and shown in Table 4. As a result
of calculating the number of fine particles contained in 1 ml of
ultrapure water, the particle number concentration in 1 ml of
ultrapure water is 1 particle/ml.

[0083} Incidentally, Comparative Examples 7 to 9 shown below are

performed. AsComparative Example?7, sampling of theultrapurewater

is performed using the UF membrane as the flat membrane made of
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250 M/ H/cn2 to trap fine particles on the inner

surface of the hollow fiber nmenbrane 304.

Incidentally, the hollow fiber nenbrane 43 = 304 is

an UF holl ow fiber nenbrane (a nom nal nol ecul ar

wei ght cutoff of 10,000) which is made of polysul fone

and manufactured by Asahi Kasei Chem cal s Corporation
reqgehdrased s&l mlapewith ke muberhefidamey ofafitiloratwion as 30

surfaces. Ten hollow fiber nenbranes 304 with an outer
déyslisawketbe huibeeroflicowtdng==fieldsmas WE hheidesdiore

total length is regulated so that the effective
spaifiiasd 1y £ lsentdne ismaniaraesasgnastha ulhpapyxe water from

nounted in the filtration device for neasuring the

. thrissewling valie paterbedstatde spEpleatidfredeging tube of the
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repHiTed FiberFat coftSt hie

filtration volunme (filtration capacity)_is neasured
safle RlEEAREre wAtey BrefTahian SHEEGTAS 4G E’i%nﬂlreoamtpe‘??er the

[ 0089) Meanwhile, prior to hfgsa ':oi n gg‘s;%a I%t cgg:ried o
ﬁﬁ%; i

L FHDEEOBA EF R FFER ot SEE KT, RerLal ferbrane
£ TBS88 50 2 AP PRI B8 PHREASe R s PP B RSk08e on the
in Tabl e.5. 0090 [ 3 f
oS el SpERS BB o DD 8L05h e e
t.i cl ' ' fi icl .
S BRISE BsEEoOh LRI Bl Shb SRS e it fatdhcnes
o4 ATt R £ DAL PleLpIRC PR £t pounces.
IrFCE?l%egtafn@t f&&ﬂeﬁ_c@ :gilaysatbfof‘il’t%éﬂl@n (3bh8afs | tdatirOBxample
volune 1's determ ne o that this value greatly

4 EXGREYSmbE R RURDSKK YPart iRNlesPhhEELSof NebReMidhation fine
contamnation fine particles) of the hollow fiber

pdPRI12R8 . i MOrp-SdI6Chhiicehéd nunber 6fitleRlpddofiheamrticles is
bllank particles, the nunber of which is approximtely

160t hame se3unitded b paetholbe reghibbdrdo palduldtestheparticle
that to neasure,the nunber of fine particles in

nuidgraponeenatatioont Fherafofée petlpamunbess oft fine| paxticles

of 1000 particles/L, approximately 10 L of filtration
raplinee to saleadete the phrsieckampimberstongentyration ks @ssumed
limt of determ nation

o be the number of trapped particles and substituted into the above

formula (1) to calculate the number of fine particles in 1 ml of
ultrapure water (fine particle number concentration), and the

representation of a result is shown as less than this value in Table
4. As shown in Table 4, the fine particle number concentration is
less than 20 particles/ml, but the particle number concentration
cannot be specified. Next, using the same UF membrane as the flat

membrane, the required filtration volume and number of days of

‘filtration forthe fineparticle number concentrationof themeasuring

object to be 1 particle/ml which is the measurement result of Example

4 are calculated using the above formula (1). As a result, the
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44 is set to one particle/m, the total filtration
volune required to pass the ultrapure water through
10 holl ow fi ber nenbranes is found as 100 L. The tine
required for the integrated filtration volume to
reach the above predetermned filtration volune is
about 40 hours, 5 and hence the trapping of fine
remprided 85ltratine volunedrel 2altkl (providegl Erak2g /day), and
very short tinme. The nunber of fine particles observed

nwwethefi dppp ofir fEkeadionndsnbBP (dEYS ber menbrane is

shown in Table 6. l40091] A mean val ue N of  the
[0 Ader s Comppratiparkiadirds B rifppediorpednn hBe FifuG manner as

oo St s RO L et TRt 8 L s sy
oAt e LR R0 T EREEAE BnS: bhngected

equati,on. N

e BB, TBieR 108 STUR At AT £ EAF arRydng valve
thast PR B i Reee 197 SEoNElbrARe o SRt Magem, ehe
ol B3 ek L s PSP nP LB EHR BAEESD D58 o co che
S FBRRRE S0 30 4 SRR ARABb 1y S SXP b incer
47, and instead, immediately after the attachment, the water drain

port 48 of the water drain part joint 49 is uncapped, and sampling

is started. The filtration flux is 4 ml/min. As a result of

~ calculatingthe number of fineparticles containedinlml of ultrapure

water, the particle number concentration in 1 ml of ultrapure water
is 5 particles/ml.

[0085}] Comparative Example 9 is performed in the same manner as.

Example 4 except that the reverse passage of fluid having no

" antibacterial effect is performed when the filtration device 41 is

manufactured. As a result of observing fine particles on the inner
surface of the hollow fiber membrane 51 with the scanning electron
microscope, counting is impossible due to the growth of visible
bacteria.

[0086] As is clear from Table 4, in Example 4 using the UF hollow
fiber membrane, as compared to Comparative Example 7 using the flat
membrane, the number of blank particles {number of contamination

fine particles) is smaller, the volume of ultrapure water passing

- through the filtration membrane when the fine particles are trapped

isreduced, andthe filtrationtimecanbe greatly shortened. Further,
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25 [0093] Further, for neasurenent at a |evel of 100

or nore 45 particles/L, a reliable neasurenent result

can be obtained if a filtration of 100 L/m®2 or nore

is perforned. Incidentally, in this exanple, also in

the case of fine particles of 0.03 mor less, the

sane result is obtained, and also in the case of fine
ipBrenpled wey PIveng bhelLtqeRNEeratar dron mopagessupply

pmihi ch are difficult to neasure gt resent,
portadhr Eacke IBLoHOYSE BT PERLERE S0HR I FAser Supply part

menbrane _with an appropriate pore dianeter. [0094].
ST MR R e S L B e ek N S

ul.trapyre water is nmeasured.using. 10.a filtrati .
argdpEEREH Lo AYSERRGOF hENG T GO Aeviss (dLcragleging the

RN M e

g fi %ﬁ% menbrane nodul e) shown in FIG 8 and wusing an
BB%ndIl ow fi ber menbrane 602 (a nom nal nol ecul ar

.[02%173:“ d@ﬁé’ﬁ%ﬁgs of 10, 000, a hollow fi ber menbrane

ner diameter= 1. 4 nm/ 0.6 nm

Usﬁ'gﬁc{h | il@%&%&.d@@i&§é&%@aﬁﬂn%xﬂ%@r@f £fP¥e particles

asei emcals rporation s a skin layer

175380 50H16" s PR CE BRI 40 o more

inf %gle' h&‘rﬁg_pu@%é’c@ﬂ QW hihenr&gnbrane 20 602 has one
en e th

sea Wi an adhesive 604 (urethane resin) and

rooesged endsti xafk £918rat Db feREL 20r GRAsGREBg Ahe number of

pol yvinylidene fluoride with the adhesive 604

fiher BAPENE 2811 B)shoteini g . 5608 inbasl Ped Gitesy shrpdiing point
605 and a screw B part 606. In this exanple, the

- ofseheWult papilirSOmtey producalod/ Rystemh (iote sRdwsy eand the

so that 25 it can be easily attached to the sanpling
fopabwtng| mamsikitalilsy per iormedr eWiBsparto adGvenE tybeusdiesion
as an external cylinder to collect a filtrate after
off ¢oiet eintatdloast tne parappteds (floeq)artHed e copramiqatien) from
vol une of ultrapure water is passed from 46

‘a sampling cock of the sampling point, sufficient washing and

sterilization are performed. Then, the filtration device for

measuring the number of fine particles 316 is attached to the sampling
point, the ultrapure water is supplied from a surface (outer surface
side in this Example) opposite to a surface on which fine particles
are trapped to substitute for filled water in the device 316, and
{about 100 ml) of blowing which is approximately 100 times the holdup
volume of a flow path space in the hollow fiber membrane 304 and
thedevice 316 isperformed. Aftertheblowingiscompleted, internal
pressure dead end filtration is performed at a .feed water pressure
of 0.5 MPa and an instantaneous filtration volume of approximately
250 ml/Hr/cm® to trap fine particles on the inner surface of the

hollow fiber membrane 304. Incidentally, the hollow fiber membrane
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t he opening side of the hollow fiber nmenbrane 602 and

finally water renaining on the inner surface side of

the hollow fi ber nenbrane 602 is sucked to the | ast

drop fromthe filtered water side. After this, the

device 601 is detached in the sane procedure as when

being 5 installed, and the nunber of blank particles
304sismadif kdl v fiibae megbaane (g mindgralore aegcepeghtacutolt

result thereof is 1 x 104 particles/100 me. This )
ofy A0u6003 witlah ysemade afoprphsulformsng Banyfegiwed kg Asahl

results of, prior to the sanpling, neasuring the )
Kangipehemi gl tarromatriancaed haf imbkin 1gves dm eafhaf ithe inner

fine particles) using 10 _a hal ] ow fiber ne ne of
andh OUESRES P RARS - oReh Gtolde™ ﬁéb%m%wraﬂeﬁg%ﬁéﬂﬁ;)%% outer

602 used for the sanpling and those. of ur al .
- dipmetareAt 10K STAREEE. - o men b & FER BBGRE aiAek AGRIER 15
rogi AR AR 19 BPECCLHA B AR AR T PG Band Becomes

R AR o D SR oy L B e
of S BESULLT, ALE. YRR A8 ABGELELSH BEpe fB0YEcation
o850 3 PR P crfGePETRL AP L U5L06r2tsos

£ i htcutoff of 10,000, a hol I ow fiber menbrane outer
“"diraneter / inner dianeter =1.4 mm/ 0.6 nm) which is

(R, Of MealyRsLL O s ANCLJTRNAT SehpT £y DYadiiRfla KB3Sbw fiber

rporation and has a skin ayer 1 n each of

medbrlaRBeh s itk QiR F‘%Hﬁﬁé{%fén | fotl 23t @hbeloBtow M 1H8% membrane

sanpling point of e ultrapure water production

306 a8l forl %éﬂ@b{nﬁmﬁnéle{}&r tHeBkr spe{alhasreegeendots A to
sealed with an adhesi ve 705 (epoxy resin) and bonded

E ARbefl hu@let® of b3ankabalkessied qalurbersube ¢antamina@don fine
w th the adhesive 705 (epoxy resin). The hollow fiber

pdtRiikiase adé Mésnomitledrasullfs xatbrieoft hre £bowwm|in Table 5.
joint 704 is fixed to a IS stainless-steel ferrule

[G0®i0oNt 706 ERT4/ dzampld, scrawsptl of bhe athemtion volume is

obtained from blank particles (contamination fine particles) of the

used hollow fiber membrane and a targeted measurement lower limit.
Namely, since thé number of fine particles trapped by filtration

is:acquired from (estimated concentration) x {filtration volume),

~ thefiltrationvolume is determined sothat thisvalue greatly exceeds

the number of blankparticles (number of contaminationfineparticles)
of the hollow fiber membrane. More specifically, it is ideal to

trap blank particles, the number of which is approximately 100 times

‘the above number of blank partiéles, so that to measure the number

of fine particles in ultrapure water containing fine particles at
a level of 1000 particles/L, approximately 10 L of filtration volume

isneeded. Inthisexample, since theminimumlimit of determination
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- tareaqh Bhe APEY B PGS PR

to the sanpling point by IS ferrule packing 703. In

this exanple, the device 701 can be attached to the

sanpling point by the IS ferrule 5 packing 703 through

one-touch operation, which offers nore sinplicity.

[0099] Then, after a prescribed volune of ultra pure

water is passed fromthe opening end side-of the )
isheet dw PhBepartaededné  7ore &etali Fidinptigs velyngdieAraged to

on the inner surface side of the_hollow fiber

\ nmenbr gne
Page YR ulsrapere e Tt H quah 1Bhed lomchikeremprpr giey 1 found
wat er side, the device 701 is detached i he sane
sy 08 ckur Phigst 4R FaRIAGH AX AMecanCertend i Fragiop voLume

bl ank particles i neasurég ith the sc nning
EhER AL PO 0% @b 49 bours,
t her eof artic%ﬁ§/1

6 A | is.1 x 104 0 ,

anﬁ;h@ﬂ%ef\fti@t FERRBLRY PEch 1P bps S ER At (T bR ke water is
ing .th ts of i h . '

cRISEPRAY 4 FecaRor S0P bl et ot ELF: ki es poserved

oo B S05alA B B U558 et bplL b in ro

6fiber menbrane 702 used for the sanpling and those of
‘plural different lots Ato E. This shows that

. . . | . ] . t )
T AR PO e e B e s e s
f 0 i ne. -
OHOW%E%B%Fa%é B% tgféﬁlh&ilc)gi Pf%ews'%ﬁlf&%e &'_s: fﬁt&l_d?@su%\]/.lows .
(dogky N Mebrmbi® ¥jro 44 pg O

_86 100
200 6.4x107°
= 67187

A fine particle concentration C in ultrapure water is

calculated by the following eguation.

_ N-N,
"V, x1000

C: fine particle concentration in ultrapure water
{particles/ml)

V.: ultrapure water filtration capacity per one hollow fiber
membrane (L)

Ns: mean value of the numbers of blank particles (numbers
of contamination fine particles)
Consequently, the fine particle concentration in the ultrapure water

in this example is found as follows.

67187 ~1x10*
10x 1000
=6
[0093] Further, for measurement at a level of 100 or more
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ro p44 O Ne-1m:,:as UWI OMOp4toz oC

0. 00~pooit 0O +NC MO0 1-1 gro 41 ccii .i
WNMOCOTr, 14 ~-i 0000 Inr- O WMNU (1) 0 _
N U4 Wrwi Q NN( nd 11 .~ UNUL r-i Ul-1 Q

ri H{J a-1 N\ S-I b YNri1o0UUU(CU1laa (aH
-Ha OAr-1 C44) P4pd43a 4 Ov N toor) 4]
paftidled)/L(4aWe)iable measurement result can be obtained if a

filtration of 100 L/mu’ or more is performed. Incidentally, inthis

example, also in the case of fine particles of 0.03 um or less, the

 same result is obtained, and also in the case of fine particles with

aminimal diameter of 0.01 pmdr 0.02 ymwhich aredifficult tomeasure

at present, measurement is possible by using a hollow £iber membrane

with an appropriate pore diameter.

- [0024] (Example 6)

The number of fine particles in the ultrapure water is measured usiﬂg
a fiitration device for measuring the number of fine particles 601
shown in FIG. 8.

10095] The filtration device for measuring the number of fine
particles 601 (hollow fiber membrane module) shown in FIG. 8 and
using an UF hollow fiber membrane. 602 (a nominal molecular weight
cutoff of 10,000, a hollow fiber membrane outer diameter/inner

diameter=1.4mm/ 0.6mm) which is made of polysulfone andmanufactured

- by Asahi Kasei Chemicals Corporation and has a skin layer in each

of an inner and outer surfaces is installed at a sampling point of
ultrapure water production facilities. The hollow fiber membrane
602 has one end sealed with an adhesive 604 (urethane resin) and

bonded and fixed to a nipple (PT1/2) 603 made of polyvinylidene

fluoride with the adhesive 604 (urethane resin). The nipple 603

has a screw A part 605 and a screw B part 606. In this example,
the screw A part 605 is a normal 1/2-inch size PT screw, so that

it can be easily attached to the sampling point. Incidentally, the

‘screw B part 606 may be used as an external cylinder to collect a

filtrate after fine particles are trapped.

[0096] Then, a prescribed volume of ultrapure water is passed from
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the dbening side of the hollow fiber membrane 602 and finally water

‘remaining on the inner surface side of the hollow fiber membrane

602 is sucked to the last drop from the filtered water side. After

this, the device 601 is detached in the same procedure as when being

~installed, and the number of blank particles is measured with the

scanning electron microscope. A result thereof is 1 x 10*

particles/100 mm’. This value is nearly equal to that in Table 5

showing the results of,, prior to the sampling, measuring the numbers

of blank particles (numbers of contamination fine particles) using

a hollow fiber membrane of the same production lot as the hollow

- fiber membrane 602 used for the sampling and those of p.lural different

lots A to E. This shows that contamination dramatically decreases

" because of easy attachment to and detachment froma samplie introducing

line.

[0097]  (Example 7)

The number of fine particles in the ultrapure water is measured using
a filtration device for measuring the number of fine particles 701
shown in FIG. 9.

[0098] As shown in FIG. 9, the filtration device 701 (hollow fiber

membrane module) using an UF hollow fiber membrane 702 (a nominal

‘molecular weight cutoff of 10,000, a hollow fiber membrane outer

diameter / inner diameter=1.4mm/ 0.6 mm) which ismade of polysulfone
and manufactured by Asahi Kasei Chemicals Corporation and has a skin
layer in each of an inner and outer surfaces is installed at the

sampling point of the ultrapure water production system. .The hollow

fiber membrane 702 has one end sealed with an adhesive 705 (epoxy

resin) and bonded and fixed to a 1S stainless-steel ferrule joint

704 with the adhesive 705 (epoxy resin). The hollow fiber membrane
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700 bonde] a@i (F et {tovthisr ferrple Boind G0d NsVERked (o a 1S

stainless-steel ferrule joint 706 (PT1/4, withscrews) for attachment

“to the sampling point by 1S ferrule packing 703. 1In this example,

the device 701 can be attached to the sampling point by the 18 ferrule
_packing 703 through one~touch operation, which offers more
simplicity.

{0099} Then, after a prescribed volume of ultrapurewater is passed
fromthe opening end side of the hollow fiber membrane 702 and finally
water remaining on the inner surface side of the hollow fiber membrane
702 is sucked to the last drop from the filtered water side, the
device '7017is detached in the same procedure as when being installed,
and the number of blank particles is measured with the scanning
electron microscope in the same manner as in Example 6. A result

thereof is 1 x 10* particles/100 mm’. This value is nearly equal

to that in Table 5 showing the results of, prior to the sampling,

measuring the numbers of blank particles (nu.mbérs of contamination
fine particles) using a hollow fiber membrane of the same production
lot as the hollow fiber membrane 702 used for the sampling and those
of plural different lots A to E. This shows that contamination
dramatically decreases because the device 701 can be easily attached

to and detached from a sample line.
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Nunber of Bl ank Partlcl es Adhering to Inner Surface
[®F04o! | d#¥abilseP IMenbrane Lot Mean Val ue (number of

fime particttes/ 100 el ,
A'1.9x 104 B 1.9 ggﬁsacg 19511519%3 %é[’% Cadh i‘n%‘l’:‘b Inner

O 104 [ N1 0]

J l\ LU [ VIUJ] LLTIC ra I bl CO,

.L%qerved an_lnner “M??‘%yélﬂﬁ YWWtﬁhB?PﬁF Hq:}#ﬁ,/lOOmm

SqmerHseinoExBinplesE=P00x 10Field Area=6.40 x 10-5 mm2,
aobservation Magnifigayiom gt

B 1.9 x 10*
c 1 x 10°

D 2.9 x 10°
E 2.9 x 10*

[0105] [Table 6]

Number of Fine Particles Observed on Inner Surface of
Hollow Fiber Membrane (Number of Fields=200, 1 Field
Area=6.40 x 10° mm?, Observation Magnification of
15000~fold)

N-number 1 2 3 4 5 Mean

9 7 6 10 11 8.6

- Industrial Applicability

[0106] A method for measuring the number of fine particles in

ultrapure water, a filtration device for measuring the number of

fine particles, a method for manufacturing thereof, and a hollow
fiber membrane unit for use in the device of the present invention
are capable of minimization of a measurable particle diameter,

improvement in analytical precision, reduction in filtration time,

and simplification. Accordingly, they are suitable as a method for

measuring the number of fine particles in ultrapure water containing
fine particles with a finer particle diameter, a filtration device

formeasuring the number of fineparticles, and ahollow fiber membrane

unit for use in the device.
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15000-fold) N-nunber 1 2 3 45 Mean 9 7 6 10 11 8.6
5 Industrial Applicability [0106] A nethod for
nmeasuri ng the nunber of fine particles in wultrapure
water, a filtration device for neasuring the nunber of
fine particles, a nmethod for manufacturing thereof,
and a hollow 10 fi ber nmenbrane unit for use in the

- WHAR iI6e CHBATMBR PF¥esent invention are capable of

m nimzation of a neasurable particle dianeter,
i mprovenent in analytical precision, reduction in

filtration tine,, _and Si I|f|c tion. Acc tngly, .. .
they are Adretdidigr me gﬁ nyfhey, P g %gartlcles in
nunber of fine particles in uItrapure wat er cont ai ni ng

u?ﬁﬁaﬁpﬁé paretcl REISHNG f i ner particle dlaneter a
trat d
plart L%F%im S %%ﬁoP?%ﬁggﬁ?%‘%:W%%Qenénqgﬁp?i? Bt
t T
LR A i v

t 0 is n
S At A T
a m9r§ng éémkﬁ% fn Iayer capable of trapplng the

ine par es In e uItrapure water at | east on an-

i nner o%?g @fgeEﬁQ%_ n‘%r s 59 e nb TS ﬁ%ﬁ:mane, and

“the h 10 neasuring t

nunb exﬁeéguxf r{%ﬁtﬁ@ rﬂdn?ﬂe@.s of "Efrﬂae pB¥POSEL idiEhe exposed inner
surf ace. e nethod for neasuring the nunber of

_ sdyﬂ@%epartlcles in the ultrapure water according to

claiml1l, wherein the hollow fiber nenbrane has the

skin 3 ayerh@meadd £bf pbasheindnele atfibed Gfitfdne particles
surface thereof.

"in the ultrapure water according to claim 1,

wherein the hollow fiber membrane has the skin layer on each
of the ihner and an outer surface thereof.

3. The method for measuring the number of fine particles
in the ultrapure water according to claim 1,

wherein an outer diameter of the hollow fiber membrane is
1.0 mm or more and an inner diameter thereof is 0.8 mm or less.

< 4. The method for measuring the number of fine particles

~in the ultrapure water according to claim 1,

wherein a material for the hollow fiber membranes is
polyacrylonitrile, polysulfone, or polyvinylidene fluoride.
5. A method for measuring the number of fine particles in

ultrapure water using a filtration device for measuring the number

of fine particles in ultrapure water, comprising:

a hollow fiber membrane unit constituted by sealing one end

of a hollow fiber membrane having a skin layer capable of trapping
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3. The nethod for neasuring the nunber of fine
particles in the ultrapure water according to claim
1, wherein an outer dianeter of the hollow fiber
menbrane is ‘1.0 mmor nore and an inner dianeter
thereof is 0.8 mmor less. 20 4. The nethod for
nmeasuring the nunber of fine particles in the

thefiapueatigler iackin Bl FPRW LVAFeR 2t JRREtQMaR inner surface

material for the hol]ow fiber nenbranes is ,
therseE pdbAiringed HolSuMEBRe: R SForyFeRyPRTRReTY between
fluoride, 5. A method for neasuring the nunber of _fine ..
th5r erRiesh BOFTON aRtr abFRFECEF LA Ky o8 T rIod] Parts
vt o6 hakelea B {0 SuTher,) OlaLl NG ALk LSl €2 S sice
o e AT A SR 1Ay 0P Lk panLepgr vEFApe R 28] Bort ton
Lthe fi ti.cl ' I t t | t
b Ei B B b prBrAAR A ATT Y oS i xing momver
L0 an &L BELEPD Yok cPEAVEALL LDE1 782 BERROLLLE RO other
an open portion-via a resin nold' part; a water drain

S cl"Ile;E( itonfgﬁr%%%%i%!nie@ggft & ‘ELtn‘Egrlelgg%V(ﬂ' ed2w®n iR open

rnternal Iy equip t he seal ed

 pBPE1dPBE He thB?nlB‘Q'i{i%\@rf ﬁt&?rm{i&r}%vi@@da FatreEupply port

suppl'y part external cylinder connected to the other
ard 9910k e d2d P FBTRRFoudH 1B ENERE A paAE WBREE supplied
wth the open portion of the hollow fiber nmenbrane

A Y ed WabBLyS ViPWAilsch@raad, a bl ow wat er

drai n port through ich the ultrapure water supplied

from the Metksdsupmiprieany:i s di scharged, the nethod,
conprising: passing the ultrapure water fromthe water

supply port paafsinlgechehbtr spus yapar fremtdiendter supply port
cylinder toward the blow water 15 drain port;
oS Utljeotaitey shpply tpauesteatnsl ¢ywlimiesr nalvapdesherksiow water
filtration through the hollow fiber nmenbrane while

dikit hgi;ng part
subjecting the ultrapure water to internal pressure
filtration through the hollow fiber membrane while discharging part
of the ultrapure water suppliéd from the water supply port of the
water supply part external cylinder to the blow water drain port;
exposingthe inner surfaceof thehollow fibefmenbrane;
and
measuring the number of fine particles on the exposed
inner surface.
6. The method for measuring the number of fine particles
in the ultrapure water according to claim 5,
wherein the hollow fiber membrane has the skin layer on each
of the inner and an outer surfaée thereof.

7. A filtration device for measuring the number of fine .
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of the ultrapure water supplied fromthe water supply
port of the water supply part external cylinder to
the bl ow water drain port; 20 exposing the inner
surface of the hollow fiber nmenbrane; and neasuring
t he nunmber of fine particles on the exposed inner
surface. 6. The nethod for neasuring the nunber of
PATHE Iedr tline ndsrapsre (Wats ,uICOPRELFENGat er according to
claim5, wherein the hollow fjber nenbran has t

I e e ChHe o LaHE R S§EE+%%é’ne end

oh ST Lo e oA ToP S5 T, (AL o cxcoto

a. hol,l ow fi nstituted b

SOTRAL B2, LD BB MDA CRH ot Hhidk e

_ﬂ?fr'eeﬁ ta%?psif% @i'ti#ol&fnfzgﬁgé'g%ﬂ 46 el BRI Between
tl%ee%reaﬂ.&c(j‘ %@\é{éﬂ&ilh & r%i%e §°567t Pgﬁlgﬂd%ﬁlﬁ Jold part.

~portign Vg acf Sl 4 geefn% forsgleggﬁriﬂ%tﬂ’h%t &Hber of fine

devi ce*for neasurlng rtlc

nmprisin drain part ext I nd er

pémclietsr BUE§SMQ1 ;ﬁﬁ“é)%t'ég' EQCS}:&ilg% 7t fdirﬁtlﬂfe"i further
&%}_r}_ tnI to one S|de of the fixing merrber V\,hlle
erna

I'y equi pped with the sealed portion of the

hol | ow Fdher SPaiRr gaes e'i&@r%a‘l’a&ﬁhﬁc!@mcbnﬁé&ed to one side
external cylinder connected to the other side of the

of Lt RYx TEFReILEAIhe1E fih&éﬁﬁhil(y equi ppethy il Bhé Beadeeportion
15 portioh of the hollow fib nmenbrane and having a

. of\VaiHRY heUDBlY £ PBEE ﬁé&dnaada,owmater drain port through

whi ch the ultrapure water supplied fromthe water
suppl ¥ wedr sepsily phat getterfalltel inddy ebhnectmy itoethe other

for neasuring the nunber of fine particles in the
sidd ofpthe fiatiery memberiwig. lteo ickarnaBly equipped with the open
poi'tion of the hollow fiber membrane and having a water supply port
amﬂablowwaterdrainportthroughwhichtheultrapurewatersupplied
from the water supply port is discharged. |
9. The filtration device for measuring the number of fine
particles in the ultrapure water according to claim 8,
wherein materials for the water drain part external cylinder

and the water supply part external cylinder are a synthetic resin.

10. A method for manufacturing a filtration device for

- measuringthe number of fineparticles inultrapurewater, comprising:

forming a hollow fiber membrane unit with both ends sealed
by sealing both ends of a hollow fiber membrane having a skin layer
capable of trapping the fine particles in the ultrapure water at
least on an inner surface thereof and fixing a fixing member to an

outer periphery of a central portion thereof with a resin mold;
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20 wherein materials for the water drain part external
cylinder and the water supply part external cylinder
are a synthetic resin. 10. A nethod for manufacturing
a filtration device for measuring the nunber of fine
particles in ultrapurewater, conprising: formng a
hol | ow fi ber membrane unit- with both ends_seal ed

by se&PPRECHERH WIS Iging RepeRy 45 fde He%?‘an%lm Ift?@'tbrane
SR PR SEEe SR L &ptéﬁ%ﬁéa’lga%Qiaféq%%eB terfaf fylinder
%E%rgq%&r azgpz'gézgggﬁ f'% AoTPIYeL Lo L OULET o roversely

 PHEHo RN FARBE ARViRa AT AnbEPRCEA L BEFBet F5ol Hiifber drain

ar.t. .exter nal

SRR SR IS RS T B AREE M v

ol Gl 3R 881 8801 PAGLE e, 2pEsChfr om a vater

por e of & wat er “ar ai n part external

cylindep rr%rtyﬁé l @ Qi"tstdggﬁ? ngé}.et e e2hall lrlq{de‘i”“to the cut

fiber ane conn a water supply part

orﬁ%}éﬁﬁnﬁfd%}ﬁ {}9& oﬁ.@o&'ﬁﬂéﬂ mePLarfldng| f@r&fsetlgrepassmg the

rane and reversely passing the™ push

v e ts faihh AR £
pff Saes? R LS ARGl 0, B0 s o

0l 4 0w icheh gBFDE@NEhavEidhQr use in a filtration

device for neasuring the nunber of fine particles in

ul trapyre wahellow Widiedi melhbeahe! ot fidreusaempratdltration
unit is constituted by sealing both ends of a holl ow

dév ey forhibasaei farhagumbekiot fhyeparibcbaphudtebpure water,

trapping the fine particles in the ultrapure water at

| east wheéredin | tinerhaliidwadd belremembrand dnit nigs acdristiitgted by

menber to an outer periphery between the seal ed .
sqrlririgobetht ebds ok rd hotilewas tlesy meminlagephaving7a skin layer
capable of trapping the fine particles in the ultrapure water at
least on an inner surface thereof and :fixing a fixing member to an
outer periphery between the sealed portions at both ends via a resin

mold part.

57



