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METHOD FOR MEASURING NUMBER OF FINE PARTICLES IN

ULTRAPURE WATER, FILTRATION DEVICE FOR MEASURING

NUMBER OF FINE PARTICLES, METHOD FOR MANUFACTURING

THEREOF, AND HOLLOW FIBER MEMBRANE UNIT FOR USE IN THE

DEVICE 5 Technical Field [0001] The present invention relates to a
MBTEIODAHOR MEASWRINEhRUMBEREO D Fillerp @AREBONR AtrapUUE TVatBURE WATER,

filtration device for measuring the number of fine particles, a method

forfidriItadtHPR gCRY iHeF e BORaritEA HORSUSHBEMRER IPEN E Litht OAREEGRES ,

the device. Background Art [0002&]] Conventionaé%gin order to_confirm that

the required wa HBBH&% HAMATEd 10 T RE&tEr p‘?gt?uction
facilities ggek 4 thedike. ihasaumeral fipeRattivles inyittapurs.yater is
measured, 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

Tecivdigradf fiieegdlrticles in 20 ultrapure water using the direct microscopy,
a method of causing a sampling pipe to branch off from a pipe through

(O outiBPRakeBF AR dittéplfe WasrpRIRR A SefPRSWECRIERRFUr ing
t r iltrati f ' .
tkpélgl%b%? %ﬁﬁﬂ%ﬁlﬁi *iré%‘%%ﬁ{ﬁ’ga pUrewarell o tiledatish device

the number of fine cles, trapping € particles in e rapure

£YAHREGN ARG PREANGIHFAce reuligeing this e MR MR §WIRGRufacturing

imaging and image processing by a scanning electron microscope or the
thikeeand coudtiaghthé rwmibébetfinemqartcles isyprofasediffer iexarhplejevice.
see Patent Document 1). However, when the number of fine 1 particles is
counted, it is practically difficult to directly observe the entire membrane
. rfacgu%tt}gr%canning electron microscope or the like since the filtration
Membrane has a diameter of about 25 mm. Therefore, usually about

{(ﬁ)@g}% to@%z&&%%&%@’ ,ef;{?xcéy&er toconfirmthat the required water
quality is maintained in ultrapure water production facilities and
the like, the number of fine particles inultrapure water is measured,
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 cutlet water
of an ultrapure water productién system flows, filtering part of
the ultrapure water through a filtration membrane for measuring the
number of fine particles, trapping the fine particles intheultrapure
water on & 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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5 filtration area is actually observed by moving a field of view, and the

number of fine particles (number of trapped particles) in the ultrapure

water trapped by filtration in the entire effective membrane area is found

by calculation. [0004) In recent years, further improvement in water quality

is 10 required, and a high requirement is also imposed on the number of
Pdifelsditieles Frietait aplréEerbainry driedt ider yhainyd tontlol y observe

items 0:f the uysgure water. In s §ases the Jevel of the required

ol T TS o7 BRaTBIEZEE MUFAS GHRebABS A ParRIcB R acoPe oF
ciRariicle.diameterof 0.05 D of TaareaRLAA00hless fing pagiclss e%tfagout 25

particle diameter of 0.03 pm or more per 1 ml of ultrapure water. [0005

mrAlorghwith tbe ep e ecouirement of highey waterpiality ,.Qf%thﬁuiiﬁaéﬂlﬁect ive
water, the conventional methods for measuring the number of fine

£ igdrtiefesdmave e Isllowing ploblepss verce kamply i2Qvehénelffapf view, and
membrane is used as the filtration membrane, blank particles

EHE A fin8 aTTCIELS WifcH RBTHSTCSbit RSTRPAR BRFEFLSRkel™ the
i AUERING AUeEOR BADM AL ATPE JO 19 PUdase. 0L M Bk rane

rane In a membrane manufacturing process. a Ilng process,

araid the eirsines thesmambrans,surface is exposed. 25 As a result, even
in the case of a new flat membrane, for example, 105 particles/cm2 to

[ 0D@& particies/can2zatbieedepartitles Heonimmpinationdine particiesywieality is
themeasuring objectisaparticle with a particle diameter of 0.05 pm or
refioid o6 165pafiddIBnTR IS U pRkidiEsARF ol BROfEHaR R IEhe number of

f:ngzontam nat n fine (%%’tld When the rq:egrsug%g object is part icle ng]allty

a?ta(ﬁelala?neter mI(-)? ué:r%a ere to e%a‘t’rﬁ?er% rane?ﬁ:aq

co%g&bﬁ%gt&uz@sg w1PPRBL Fherglae. 1o ensuig e apalyticale 1evel of

precision and lower the analytical lower limit, such a volume of water that
thiheragmbesdoftrappedupariickesibgcdme theasgle prandie dhanadhene or less

number of blank
fine particles with a particle diameter of 0.05 pm or more or 10
or less fine particles with a particle diameter of (.03 pm or more
per 1 ml of ultrapure water.
[0005] Along with the above requirement of higher water quality
of the ultrapure water, the conventional methods for measuring the
number of fine particles have the following problems. For example,
when a flat membrane is used as the filtration membrane, blank
particles (contamination fine particles) which do not result from
the ultrapure water as a measuring object inevitably tend to adhere
tothesurfaceof the flat membrane in amembrane manufacturingprocess,
ahandlingprocess, and the like, since themembrane surface is exposed.
As a result, even in the case of a new flat membrane, for example,
10° particles/cm’ to 10° particles/cm’ of blank particles
(contaminationfineparticles)whenthemeasuringobiject isaparticle

with a particle diameter of 0.05 um or more, or 10°particles/cm’
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particles (contamination fine particles) needs to be passed. For example,
when particles with a particle diameter of 0.05 Nm or more 10 are
measured at a level of 1 particle/ml, 106 ml = 1 m3 of filtration volume is
needed. Further, when particles with a particle diameter of 0.03 pm or
more are measured at a level of 10 particles/ml, 106 ml =1 m3 of filtration

'} olimd i héeded /AT jusdds@bed anhige Shrdifsveniakingeddge

and the filtratjon time tends_to be 15.longer..[0007] Moreoyer, when .
P Rl St o B e KR G oo HEaLE (g fpareicle
QiSARYERIVRIGIBE e L SRFECSRAY 1 tseh LAIoD HIGH ha
JLsmaller pore diamgtge[?, but the sma Ief the pore digw%]er 0 t%%ﬂﬁa?t?é% stage
beffiterd¢hicuglswhei20 the ultrapure water is passed, the slower the
filtration velocity tendstobe. For example, the filtration velocity of the flat
[ 09RAbranEharELMIE mEmBRAEr Rithhe pone Hidmerkt ahoE prign4amd lower
thmI/ming’a}(,nZSC, 15 kgf/(;ﬁpf#l,_ and in crg)ntrast in the case of the MF
FeHBrARE Taing THE Tial TReimbraHE WinP pERSIRMERTDF G B3t maumber
o£MliaHaN A% e oGl s Al UL TG0 43 HRIIANAL AN EUEARES o blank
which's

greatly. [0008] Hence, for example, a filtration device ortens the
pafittragioadineditasing condifugnh fOisLras a1BeISWEEAg ABaBS fassed. For
commercially available. However, in such a device, high rotation 3
exeaptiifygahtencpaoftal sthaslardtrbtatipaakfieqecddyné t2;00F rpndSsum or more
enerated, and thereby the device itself becomes expensive and

ArERGAREEES RErthd S thd REmbif bf Stk partities (AumiRk Biltration
votRR@mingtion fige pgﬁ@g@%ﬁdh%@}g tg}te%rigargkaag% Jurface '5#%“ Sulleter
Ul K efs of Blank partic

IS necessary to measure a plurality of theé nhum ank particles

ot (BUBHELR o copiaminaton dne patticles) f APaiomemBranas dhey; 1o
same production lot as the filtration membrane used for sampling and to

ml caltutdte théimeanhiainevaichstarndandadimdatiop ofjthethdeders nddjaakl arge

. particles (numbers of contamination 10 fine particles) of the filtration
fi bisgieyolume is needed, and the filtration time tends to be

longer.

[0007] Moreover, when particles with such a minute particle
diameter are measured using the conventional methods, it is necessary
to use a filtration membrane with a smaller pore diameter, but the
smaller the pore diameter of the filtration filter through which
thg ultrapure water is passed, the slower the filtration velocity
tendstobe. Forexample,thefiltrationvelocityofthe flatmembrane
filter (MF membrane) with a pore diameter of 0.1 um is 4.0 ml/min
(25°C, 0.75 kgf/cm?), and in contrast, in the case of the MF membrane
being the flat membranewith aporediameter of 0.03 pum, the filtration

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

- {0008] 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

3
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Non-Patent Document 1: JISK0554-1990 Non-Patent Document 2: "12
years of 'JCS - Development of Semiconductor Industry and Fruits of 12
years of UCS" edited by Semiconductor Basic Technology Research
Association, 12-year 15 Committee, Realize Inc., September 30, 2000, 1.
190 - 1. 198 pages Patent Document 1: JP-A 59-83036 Disclosure of the

Invention Problems to be Solved by the Invention 20 [0009] Embadiment
Tt 0 BSeAC oot FOVIE B et 1o 1Tunsing e AP af L0 72%
is fine padicles in ylirapureater,a fillration device ormegsuunghe s ve ang

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

corfaltow fiber. membtare unitifor gsenin thendeyicercapable ok mininlizationumber
of a measurable particle 25 diameter, improvement in analytical precision,

of rehictivhtia tileatiohime2and simplification: Meahe fénSorsig teeie surface
Problems 4 %0010 Embodiments of the present invgntion reveal that b )

vaidifg & holow B membrane NV & ik IayeF EAAbl& of fApRHE =S °f

b1aR0re, unyte fine partigles at least qn.an lpnersuriaee hereotwhen the ) ¢

number of fine particles in ultrapure water is measured, the 5 minimization
f 1 160f-anMeasurahlerparicle diametes aifaprovementiinranalytical precisiont ration
reduction in filtration time, and simplification are possible. [0011] Ina first
mergspatt obthe resemuinvertiondtheresis provided he mettiod:fon eneasatirg dard
the number of fine particles in ultrapure 10 water comprising:_subjectin

devﬂw%tdllﬁ‘ﬁ&fré%fé?%?ﬁt%%P&@%Eé’r@?ﬁﬂﬁt}&fthﬁ”&m5%8%%%@_?“9“’3ion
i1 /RemirRRe having a skinIaypr £anabe, of iapping he fine particles in the
ultrapu rface t

re water at least on an inner su e thereof; exposing the inner
surfage of the: ballowfiberamembrage sand meastiing the number of fine

particles on the 15 exposed inner surface.
Nen-Patent Document 2: “1Z years of UCS - Development of
Semiconductor Industry and Fruits of 12 vears of UCS” edited by
Semiconductor Basic Technology Research Association, 1lZ-year

Committee, Realize Inc., September 30, 2000, 1. 190 - 1. 198 pages

Patent Document 1: JP-A 59-8303¢

Disclosure of the Invention

Problems to ke Sclved by the Invention

[0009] Embodiments of the present invention provide a method for
measuring the number of fine particles in ultrapure water, a
filtrationdevice formeasuring the number of fine particles, amethod
for manufacturing thereof, and a hellow fiber membrane unit for use
in the device capable of minimization of a measurable particle
diameter, improvement 1in analytical precision, reduction in
Ziltration time, and simpiification.

Means for Sc¢lving the Problems
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[0012] In a second aspect of the present invention, there is provided 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 20 membrane unit constitutedby
sealing one end of a hollow fibermembrane having a skin layer capable of
trapping fine particles.in the uItra ure water at least on an.in
(00T e HEPaT A g ot FRG Faaber o Sh o tar fetiaeny behgsra
a n&%%%ﬂﬁ%eerﬁ%%ngn@wee%eogt@w 13 [esinmold,part A WAIBL i 1y more
drain part external 25 cylinder connected to one side of the fixing member
mirnnhie fitesnaly equippedwith dhe sealed portefthehallow fihesreof when the
membrane; and a water supply part external cylinder connected to the
nungther side ofithe fixirigrehsiser iwhilelibtérnaly eqdipped With Is@ 6perdc, the
portion of the hallow fiber membrane and hawr;)%]ra water supply port and

mna“]SFo%th?& drairFpdtE HAHOUGHNRIER The iraptr8Water suppIRcPHoRE~E 17
andheuales supgly 5 notjs dischasged. the method somprising; passinghe g

apure water from the'water supply port of the water supply part

sw@d@maeyh@ﬂeg tewarskthedalew water drain port; subjecting the
ultrapure water to internal pressure filtration through the hollow fiber

[0Ohéinbrarie while diselsargirfigapart of thie sitrapline svatécsupplied<roapl@vided
the water supply port of the water supply part external cylinder to the blow

& Mghter drai pBR=exposifg the iInhev Suridce oFthe Abiiow fibef 7 ultrapure
wat@g@g gﬁ%e_LQ r]%()ls?gﬂ%%q ng]e n%rg%elr qfff ur@%gglg§ pg tb\ aofg(rj‘essgz:e

Inner sdrrace a thir aspectofﬂw presentlnvenUOn t ereis

£ 1 1preyigdeh 15 adiltrationdevicefor measuring the-numberof fine particles navie
in ultrapure water comprising a hollow fiber membrane unit constituted

of by sealingioneerid. ot adwmofioncfiser membranel havipgeeskintiayept least on
capable of trapping the fine particles in the ultrapure water at least on an

an e SUFAEEARBre6FARE fiXirg A AR dben i6 An>20 bafet peripheno11ow

=1 R8ween the sealed portion and an open PORION VIR =, o varticles on the

exposed inner surface.

00121 in a second aspect of the present invention, there is
provided & methoed for measuring the number of fine particles in
ultrapure water using a filtration device for measuring the numbexr
of fine particles in ultrapure water comprising: a hollow fiber
membrane unit constitutedby sealingoneendof ahollow fibermembrane
having a skin layer capable of trapping the fine particles in the
uitrapure water at least on an inner surface thereof and fixing a
fixing member to an cuter periphery between the sealed portion and
an open portion via a resin mold part; a water drain part external
cylinder connected to one side of the fixing member while internally
equipped with the sealed portion of the heollow fiber membrane; and

a water supply part
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a resin mold part. [0014] In a fourth aspect, there is provided a method for

manufacturing a filtration device for measuring the number of fine

particles in ultrapure water comprising: forming a hollow fiber 25

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
exifFRe tlff dpufeRaterat1eastonah iferrstifics thtteot ARG fixirgag member

fixing member to 6 an outer periphery of a central portion thereof with a  _.
O RPN NE NG &R B 1 FOIKAN ey O "o 1100 £iber
men@?ﬁ}%agﬁ&ﬂié%ﬁW@%t@&E‘gf sealed Fﬁo‘ﬁ@%&@f%ﬂ%ﬁ%ﬁk exemalyrain port
cylinder internally equipped with the hollow fiber membrane and reversely
thrpassing:push water havingpan antibaeterial effectfeomn:- anwates drainspotupply
side of the water drain part external cylinder 5 as well as cutting one end
POISE the HbllbW iBsremenitbranes BhdEorieetihg la Water sapply pare ultrapure
external cylinder to the cut one end side of  the hollow fiber p’lembrane

"atiHd tévatsellpiasing thapush Waltér Raviny® tHe antivattértal éfféct tofiE e+
oy 12, ieriorof the filfratlen device, thergwith, 10.[0Q15] Jna fifth ASPECL.Ok apure

the present invention, there is provided a hollow fiber membrane unit for
watise ina filtraten deviced:ou: measuringthecaumbereffine:partisleslivow  fiber

ultrapure water wherein the hollow fiber membrane unit is constituted by
mergaaiing bbthlendsseha tollow Fiber mérmbraneé hasing & skindayereapable from

of trapping 15 the fine particles in the ultrapure water at least on an inner e
" r

Eh& iface” théfdot AndHixing a fixifig fidrmber tBh OHEr pefiphéry Het
to %%%%«%%9%%&%%@?@9%&@0% E%%OCW@ l@%& E\ﬁgfgﬁ%fc%ethe nollow
Invention [0016] The above aspects make it possible to provﬂe a method

1 fer ZQmeasusingthe pumber of finerparticlesdn Wirapure-wader; 8c1es on the
exposed inner surface.

[0013] Inathirdaspect of thepresent invention, there isprovided
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 membrans having a skin layer
capable of Trapping the fine particlesg in the ultrapure water at
least on an inner surface thereof and fixing a fixing member to an
outer periphery between tThe sealed portion and an open portion via
a resin mold part.

[00141] In a fourth aspect, there is provided a method for
manufacturing a filtration device for measuring The number of fine
particles in ultrapure water comprising: forming a hollow fiber
membrane unit with both ends sealed by sealing both ends of 2 hollow
fiber membrane having a skin layer capable of trapping the fine
particlesinthetﬂtrapurewateratleastcx1aninnersurface£hereof

and fixing & fixing member to



filtration device formeasuring the number of fine particles, amethod 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 25 f i ltration time, and

simplification when the number of fine particles in the ultrapure water is

measured. Brief Description of Drawings (0017) [ FIG. L] FIG. lisa i
an gedtiondl View ShbWiRg the EotistRution “of L fiitrationtdevite for iné&suring 7
corfienumber gifing padicles. gecording f9,a frsh empogiment. S FIS. 2)

. 2 isTa schematic diagram showing an example of a method for
measuring the number of fine particles in ultrapure water using the
filtration device for measuring the number of fine particles shown in FIG.
1. [FIG. 3] FIG. 3 is a sectional view showing the constitution of 10 a
filtration device for measuring the number of fine particles in ultrapure
water according to a second embodiment. [FIG. 4] FIG. 4 is a sectional
view showing the constitution of a hollow fiber membrane unit for use in a
filtration device for measuring the number of fine particles in ultrapure
water according 15 to a third embodiment. [FIG. 5] FIG. 5 is a schematic
diagram showing a method for measuring 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 20 a filtration device for
measuring the number of fine particles according to a fifth embodiment.
[FIG. 7] FIG. 7 is a schematic diagram showing an example of a method
for measuring the number of fine particles in ultrapure water using the
filtration device for measuring the number of fine particles 25 shown in
FIG. 6. [FIG. 8] FIG. 8 is a sectional view showing the constitution of

6a
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a filtration device for measuring the number of fine particles according to

Example 6. 8 [FIG. 91 FIG. Q. is a sectional view showing the constitution

of a filtration device for measuring the number of fine particles according

to Example 7. 5 Best Mode for Carrying Out the Invention (0018] Next,

suitable embodiments of the present invention will be described. It should
et BREerStobdthat the presemSnveaticA: fsnét imited tothdTolewing = ternal

embadiments. [0019] A hollow fiber me mt%rr]ane of each of the
Y mbodinients of the ;1(? glr’“égepn?%n\%ln%n 155 g%ﬁ“ﬁol‘ﬁygfrl gte fealt B 2nd

reJBReLsUrface thereof . cthe, skinlaygr has a-structure ottrapping fine. v rom
particles with a target particle diameter on its surface when water is

a wpassediforifiltration iniardes fotdosint the numberrofthedrappedfine cylinder
particles in a post-treatment. The hollow fiber membrane is only required

as Yglp hare the- skiRTa/erariédstonahe et saracaiblitpreferabfpinect ing
s the skin layer on each of thiinner,an an ,oute(ﬁsurface since either

h : .
8 YRtethal présstr® fitration- 6 Skterial prassdre fiitrafion s usdbie e Side of
th&q@mﬁ%@mggwmiym@w%@gs§¥H&th¢@£m§ﬁ%§%@mmg

high filtration pressure is settable, and 20 the filtration time ‘can be greatly
thereduced: dneidentally, ia a-hollgw 1 fiber memabrane whichdees nefhave device
~ the skin layer and traps fine particles by depth filtration instead of screen
thefiiatiéi 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
[00J3 T serting e HErmbrant Saitate SoaHar e Tollow fibdr aambies v d=

a Hgﬂﬁg%k%§5§¥j%QQgﬂgﬁéeﬂEEWe@ggnJQQZQLTQe?5HEE%§ES§“£E%Lce for
I erably5

fine particles with a particle diameter of 10 rim or more and pre

me A¥NAYOLS N witrapurec © wates. fs-pore diameteris:only requiredde b erein
equal to or less

the hollow fiber membrane unit is constituted 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 tTo an ocuter periphery between
the sealed portions at both ends via a resin mold part.

Effects of the Invention

[001s6] The above aspects make it possible to provide a method for
measuring the number of fine particles in ultrapure water, a
filtrationdevice formeasuring the number of fineparticles, amethod
for manufacturing thereof, and a hcllow fiber membrane unit for use
in the device capable of minimization of a measurable particle
cdiameter, improvement 1in analytical precision, reduction in
filtrationtime, andsimplificationwhen the number of fineparticles

in the ultrapure water is measured.
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than a particle diameter of a fine particle as a measuring object, thatis,
10 nm or less, and preferably 5 rim or less. The thinner the skin layer, the
higher the transmission rate becomes, so that 5 the thin skin layer is
preferable in terms of performance, but a range from 0. 1 mm to 0.3 mm
is more preferable in terms of strength and durability. Incidentally, as a

Bimeth deerr ebidrhainiRf tH PaHE8 diameter of a fine particle which can
elow is mentioned. First, a

pped, for.example,. a, method shown &, .
{&S)OS]FE]}: le cohttainiin ]fin'é]l%'pla%‘f?c?e%e\ﬁﬁﬁ%nﬂabwﬁaﬁ’eﬁ’ﬂ8?@1&3%%‘?&%Stltutlon
oSUPRied to:a fillrption; devies fopmeaskring thehymber of fieediqilides 5 1 es
At this time, two filtrat ion devices are connected In series. A method of

acahsedving aodxofipatngiisppeddparticles at a first stage and trapped
particles at a second stage (particles which have passed through the first

[ Fisstdde) Bita stafrngcdienabagid@stapessianentoneéxaphaihfopmethod

method of supplying a sample cantaining fine _particles with a known ]
EFaftiche tarhet NS Cork SRRSO URE AP ARICE fopter using

£ BEAFYURg fhe pumbaraf fng. p%é“%%%i pRsenving apd counting e . ; o1 es
number of trapped particles by the 20 scanning efectron microscope ‘may
sHerHsed. [Bf21] T he hollow fiber membrane diameter is not particularly
limited, but since the smaller effective membrane area is better to reduce
[ Fthe .neces&a§ filatisn aohene tomkshoriew thfiirationt imesdhe tritewtdlon of
diameter is preferably 0.8 mm or less, and 25 particularly from 0.5 mm to _
2 6Bl AR EGRNER A TR IBTeRaKABIRY WhentHBhRImBEr i hagprietdfdes in

u}’r,g'z%rtlcles is counted, the %cternaé diameter |sdpref rag%l.rgl)tmm or more,

and particulary from 1.0 ¥

Hirto 1.9 min. ite membrane structure may be a

[FRANMEfriGETEMyane d0JBORRIRNCQUEIICENYRNRYOLAE IHBPENk ion of
membrane (heterogeneous membrane), and may be a lobe-type

a asjrhmettid veembesrte imehiohia $ion layer and a chie tayerias Madeéod for
the same material or a composite membrane in which a skin layer and a

megsehyer e midmeest affiféire particles in ultrapure water according

to a third embodiment.

{FIG. 5] FIG.5 is aschematicdiagramshowing amethod for measuring
the number of fine particles inultrapure water according to a fourth
embodiment .,

[FIG. 6] FIG. & 1s a secticnal view showing the constitution of
a filtration device for measuring the number of fine particles
according to a fifth embodiment.

[FIG. 7] FIG. 7 is a schematic diagram showing an example of a method
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

according to Example 6.
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5 materials. The material for the hollow fiber membrane is not particularly
limited, and as examples thereof, polyacrylonitrile, polysulfone,
polyphenylene sulfone, polyphenylene sulfide sulfone, polyviniylidene
fluoride, cellulose acetate, polyethylene, polypropylene, and so on are
mentioned, and polyacrylonitrile, 10 polysulfone, polyviniylidene fluoride,
[Ecdfuldsk dtEtate? palyethsdsria, . pulyprophitemergretrefeabid.itution of
Among them, materials such as polyacrylonitrile, polysulfone, and .
a E&I%ﬁ%ﬂ%ﬂeqﬁ%}ﬂ% Hing gt birting Srnth s P LobipresBREt icles
acHeneth ng_jaﬂ re resistance of 0.5_ MPa or more 15_are more
preferable since using them, the hollow fiber membrane with a minute
pore diameter can be easily manuf actured, and the filtration time can be
easily shortened. Incidentally, to shorten the filtration time, a filtration
Beggpabitity df@:8 Galimin/oamzsrtmbhe (Dov&tRd,a26C) is desirable. 20
0022] The hollow fiber membrane does not need a support because of

[GRLEthuctuieXdnd BahIAPEEsHFRARMRSIEY RfinglifoatiRgRRE, Lfgrent ion will

'bee)éaemgzlreib%vc? n \Aﬂ:ensg I% c%%‘ﬁe du%lo Eserrgg\é%g l%:%k a\(:tllxce%ﬁ?)resen invention

(con?amlnatlon finé particles). Besides, since thé hollow fiber "membrane

i dsdigihtly;sealed itpeeddotbe washed inpulaareqm 25 where fine

particles in an atmosphere are managed in order to prevent -
[ GGELeqQntansinatib heafteriwashimaube noatease Hith flat mewbiapedsmemyensf the
thin as several pm to 10 pm to reduce filtration resistance and needs a
PrEgsycri Wrentistyh af@ & hadalRy iscbafsiicaran inmarger finqehereof .
of it?fshage and ﬁtren%th, it is difficult té%/wash and remove blank_ particles,

ThE. SHEAMINRISH iRE HattiCEE WHIES pPdvemARFHME phitife RBAFitRTOHI th 2
ta%BgEe PE‘?:A_E;@ %@gep Qﬁ W@éhQQ\ﬂgleeC@ﬁ&{ Oﬁ@ﬁq&% p_{%v%}ats sed for
] the hollow fiber

re-contamination after 5 washing. [0023] Moreover, in ow
f i neralkane i the nawibes fdiank: parigkes:(h umbercof capiupiFatiRNSNe: icles

particles) adhering to the

in a post-treatment. The hollow fiber membrane is only required
to have the skin layer at least on the inner surface, but preferably
it has the skin layer on each of the inner and an outer surface since
either internal pressure £iltration or external pressure filtration
is usable, the bursting strength and compressive strength are
structurally excellent, a high filtration pressure is settable, and
thg filtrationtimecanbegreatlyreduced. Incidentally, inahollow
fib.er 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 membrane 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
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inner surface thereof is smaller than that in an MF membrane or the like
being the conventional flat membrane. Namely, in the case of 10 the flat
membrane, both an inner and outer surfaces thereof are exposed, so that
fine particles in the atmosphere tends to adhere thereto in a membrane
manufacturing process and the like, and hence the membrane surface

watads tolde coprEmitiase tircdstrast in ¥isseaseoftpeitoovdibero or less
membrane, the outer surface side is egposed, 15_while the inner suyrface

e R eiptR et BBIHEF iR AteionPBF fi harficie’ A FmBraRE 1ot
cfigndlctygnapiagess and tied ke LARAS KewHRdF ol SXamP VRS nner

the measuring object is a fine particle with aparticle diameter of 0.03 pun

1Y BRIe, 189 Hasticles/omgnin-10Katiglasiond niblaak pasielemes, so that
(contamination fine 20 particles) adhere to the membrane surface of the

tHmtrhemgans. lmwentibst phefmmabée of blarkpwtick peninbeeste, but a
contamination fine particles) adhering to the outer surface of the hollow

rais FomftaheWabRdthe SRin snREh AR SnABr EREFSURSE strength

surfaces, can he reduced o 105 particles/cm2 o 106 particles/cm2, and
o DB AR LB Lt bib e LA LORL (it P Ry b ocs Sy che

pAadheringfothernnessaface therestaanme saducedda 10ppaticlesiample,
to 105 particles/cm2, and more preferably, 103 particles/cm2 to 104

a patictesdmanConbeguehthevtieméide 12 jasticles ammpappeehdizimgng fine
inner surface of the hollow fiber membrane, 1/1000 of filtration volume is
pagifrficibns tWiddsaré e s RastaRARIEAPREESIGH ARt Hpdhexgtf 1 Ltration

membrane, which can greatly shorten the filtration time..Further, if the .
GSTHRE TAIBRRBREAES KBTI ot Dot TR Teveal ke £ime

cwlWehad. And, {he gyapiiative-analysisy fine pasticles of 10pEgeshderving

possible. [0024] Accordingly, as the filtration direction, either external
andresswefilirgtion ppidesaak pretss ecfitfitiontis usgblanbuirdppgedhsarticles

hollow fiber membrane, the number of blank particles (number
at a second stage (particles which have passed through the first
stage} by a scanning electron microscope is mentioned._
Alternatively, a method of supplying a sample containing fine
particles with a known particle diameter at a known concentration
to the filtration device for measuring the number of fine particles
and observing and counting the number of trapped particles by the
scqnning electron microscope may be used.
[0021)] 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
particularly from 0.5 mmto 0.8 mm. Further, to improve workability
when the number of trapped fine particles is counted, thve external

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

mm to 1.9 mm. Its membrane structure may be a symmetric membrane
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of contamination fine particles) on its inner surface is smaller than that on
its outer surface as described above, so that it is desirable to use the
internal pressure filtration in which fine particles are trapped by the skin
layer on the inner surface. The 15 internal pressure filtration makes it
possible to reduce the volume of ultrapure water passing through the
{ helevemssium ansbiarRNENd The b\ 2SYBIET HHecTimeribnamge. (herigao ggneous
the filtration system, either dea% end filtration or cross flow filtration s

mIRhREC hat THE (BAY S5 iR 5 e SRR Grer RS BRpAifof 20/ Ech 2
s i PRpliles, in dhe suprlied ullranpia water Wl neldenially, SAMRlEpos i te

water passed through the filtration membrane is not limited to the

matlisapuke alaliamlengianitcoriaiasdinecpaidicles tietaie andithef different
number of fine particles trapped by the hollow fiber membrane by filtration

mafzpriie tountdie28doe26Nedion filratibw Hevicefobecastmipyathe is not
number of fine_ particles in ultrapure water and a method for measuring

PARE MBS bR pErlicI B8 Uiy HERRHBH HBE:FRbRIEYACZIRR i 116
oLl e cmbedimenipalibe prasant mussyen il bedesaibsd il cone,

reference’t rawmgs. IrStEMm nty Afirst

p2pbodimentitbesresentinyvention wilkbe described with refarepesrde,
FIG. 1 and FIG. 2. FIG. 1 is a sectional view showing 5 the constitution of

pad filttationidemce dadmsasaring tiee memtiemafdin eapalrtiplebyacoordimyitorile,
the first embodiment. FIG. 2 is a schematic diagram showing an example

PONEHIStRBE foPRicasiRRY thECREMbER D Hife pFedtelesrrangtatsier

sing the filtration device for measuring the number of fine particles
PRI PG, 1900 1o RE CROMRTE e RS A0 Gl dbe €hem,

maPERASYARY de huabss o) dne pasigles dis f aBB‘i?@leLyo@%‘OQ &nlgollow

fiber membrane 3 with one end sealed with an adhesive 2 such as an
po&migsjndermfixﬁmﬁa&mmﬂp&a@p@e&wﬁh@eaﬂ&gﬂe and
cogg?gssive strength and a pressure resistance of 0.5 MPa or more
are more preferable since using them, the hollow fiber membrane with
aminute pore diameter canbe easilymanufactured, and the £iltration
time can be easily shortened. Incidentally, to shorten the
filtration time, a filtration capability of 0.8 ml/min/cm’® or more
(0.1 MPa, 25°C) is desirable.
[0(322} The hollow fiber membrane does not need a support because
of its 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
re-contamination after washing. In contrast, the flat membrane is
as very thin as several um to 10 um to reduce filtration resistance

and needs a support when used, and its handling is complicated.
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mold part), connecting a water supply part external cylinder 6 to 15 one
side (open end side of the hollow fiber membrane 3) of the nipple 5, and
connecting a water drain part external cylinder 4 (holder) to the other side
(sealed side of the hollow fiber membrane 3). A water drain part joint 7 is
- coggected to the water drain Er%rt external cglinder 4, This filtration device
61 Measuithg e GhEr P S FRarfEES 19y a (badkathabiet to wash
2R UELHE)E WIEh VRIS CAOIE, PASSEOR AMIAdiIRYesa I a0 s 1
direction (internal pressure filtration) to wash and remove blank particles
pfevrtatiingtiiméne patides)@dhetingdoibs membranerswiace; dNameluired
the hollow fiber membrane 3 may be previously backwashed. 25 By
tpdekviesHing tie hoievefisanmepsisiabe Prbvdisnk pasiciéenination after
(contamination fine particles) adhering to the inner surface of the hollow
W%ﬁj?éjrl?ﬁembrane can be washed and removed, which makes it possible to

{Jfﬁﬂﬁ?r re%ﬁ??té’l(%a\%?ﬁff Q%Sesmglcla&»?%g%ﬁ?%@r hre [h24 ‘?:tk]x%rtne&ry)]g% é)f blank

tration time. ext, an example o e me O?infeoell measuring
pdinbeeof finenpartidechdbetarysreieeusing the Wy atioadevie o the

for measuring the number of fine particles shown in FIG. 1 will be 5
irdescribedfesing-Fe@e2 f[0G36HEAS eltrapare viader ispassed frombaane or the
supply pipe 21 through which outlet water from ultrapure water production

LiggilrRETwheS Y iRiatoncde fide folpmbimmg tAeReAberisr e case of
icles. _equipped with the hollow fiber membrane via a sample
e B0 o AH S T T G IS S5 P e PR Posed.
sodeviee ki 2@%@@;&&%@@@%@%@&%@{%“@&9&9 UJMMere thereto
temperature (25C) to high temperature (80 or lower) and the ultrapure
inwatenasipassed mentih A-giver ivede proluessisasiarathin a fikeateand hence the
measuring tank 24. The filtrate measuring tank 24 is a measuring 15 tank

megbRaRe AR EATIsI nEARSTOI A ks, dHy opRtwaieh, cin the case
ofm:ehagutrl%fl%i%e%rIté%ti?ngr%ggg%it 'ist%\éai!)a&é%,rag%g%aeé(g n;rn)_lceig is exposed,
while the inner surface side is not exposed, so that the adhesion
of fine particles in a membrane manufacturing process and the like
can be prevented. For example, when the measuring object is a fine
particlewithaparticlediameter of 0.03 umormore, 10° particles/cm?
to 107 particles/cm’ of blank particles (contamination fine

particles) adhere to the membrane surface of the flat membrane. In
coﬁtrast, 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 outer 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 thereof can be reduced ﬁo 10*

particles/cm® to 10° particles/cm?, and more preferablyl, 10°

particles/cm’ to 10 particles/cm’. Consequently, when fine
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thereof, in addition to the measuring tank, a flow integrator and so on are
mentioned. Further, a pressuring means by a pump or gas or the like may
be provided between the sample introducing tube 22 20 and the filtration
device 1 if necessary. By using the pressurizing means, the filtration
velgcity can be increased, and the filtratiort] time can be shortened.
P T PRGHE S it T RRE %%%?e%‘b%\ﬁaé AFRAMNRERA QLicH B embr ane,
1 Merjer dthe sample lnirodicing tuke 22 chefore fhe filiration devigg d. andle
perform filtration while heating 25 the sample introducing tube 22. [0031]
anAftet-sampling:isicoropleted hihe bollonefbesmasisanad, istGWHNAn greatly
longitudinal direction by a razor or the like, and the inner surface on which
sheetietheticds pthonlitapare VEBLELIS ard frappetitiseipésad tibrivolume
the exposed inner surface is observed with an gptical microscope, the

isfd bharrads oﬁhﬁelﬂéﬁﬁrbl%‘ﬁéeﬁjéi‘aﬁ}eémajfﬁgﬁé‘in%gtlﬁﬂeﬁg‘ﬁﬁf@d’ and
th%tatiﬁgﬁléjf@gtwg when Jagy. ye %%eévﬁgﬁlﬂtfci%a E' Q%%l%elacy@{'cles/]; is
mi e above

icroscope, sputtering 5 treatment is performed. After
poBEtigRdment is performed, the inner surface is magnified by the optical
microscope or the scanning electron microscope, and the number of fine
{ Opaditles withior dicarinting diglldésicounted i\iithi iheeabdoe medrobeapexternal
about 0.01% of an effective filtration area is actuaﬂl}li observed by moving

PT SR of S HERFPEO Rt tRE FERTe PERFAYSE Finbtgartitrss Idhysple, but

. mber éfinep rticles in the ultrapure water per.unjt vqlume ,is
in EIERAL Y O IRGOTEIS IR Rhritey LORECRRE A e (nunber

of CalstatiphiormiiR)s {B@32LEROTBIAR § kD NEdN; aNBIX 4% deadd) {5 Nbnaller
JlaV, - Vb N: number of fine particles per 1 ml of ultrapure water

th§partivkes/m) Ngsnomber offinfapartislesdaihiniibedaimivg field that it is
desirable to use the internal pressure filtration in which fine
particles are trapped by the skin layer on the inner surface. The
internal pressure filtration makes it possible to reduce the volume
of ultrapure water passing through the hollow fiber membrane and
thereby shorten the filtration time. Further, as the filtration
system, eitherdeadend filtrationorcross flowfiltrationis usable,
but the dead end filtration is preferable in order to trap all of
fin_a particles in the supplied ultrapure water.

[0025] Incidentally, sample water passed through the filtration

membyane 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
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(particles) 20 Nb: number of fine particles within the counting field in a
blank test (particles) n5: number of counting fields nb: number of fields of
view in the blank test A: effective filtration area (mm2) 25 a: area of one
field of view (mm2) Vs: filtration capacity (ml) Vb: filtration capacity in the
blank test (ml) 16 [0033) (Second Embodiment) A second embodiment of
rehepIesentiAvERfo A bBMescribed. A filtration device for measuring

umber_of fine particles is a .hollow fiber membrane module including
[‘}ag gol ow figé%sgm%%noe%ﬁl I%%(!onstituted by liquid-tightly bonding and

a fhing @ ballow membrape. e ¥ gasiy detaehabie ot (ixing MerbeNed with

with an adhesive (resin mold part). As examples of the easily detachable
rgomt£ixiegton@mber), ae@wad joihts IMh.ag ailsomperciaty avaitable showing
nipple, socket, union, and bushing are mentioned. Depending on the
thay peiont 10U wWorkpibce frobiuEat e g erdint Peeskihia ke hfdnumber

ding any screw or a ferrule joint is also available. As examples of the _
o B i 155, AT REIIOED) Chi b e Tobe. SMfad is 2
sﬁ&ﬂ%&@'ﬂ?ﬁ%rgﬁ%ﬁﬁoyﬂ'%%ﬁé lugride fesin, ARAVEEWIENE ng the
resin, and a polypropylene resin are mentioned 15 depending on sampling
nu@ials. Sarfigularlya foriexanple the cstapiess salDolyyinylidareriltration
fluoride resin, and so on are preferable because of their good pressure
derebistafior amhheat ngsisianserdharacteristics. (eE34]Asexahminsiof hEG. 1.
adhesive with which the hollow fiber 20 memprane is fixed to the joint

[08%8Hg mefibefC8h egoXy Pesih; dh fdrbtérie RIsIASH IR Sivs rBERS BRGNT the
nu%ﬁ:a%g (%;ﬁigt‘%‘sgoﬁs%%% S10f PresRUre JERISIANce ANYNeALI SN R0G £ i ber
membrane 3 with one end sealed with an adhesive 2 such as an epoxy
resin to a fixing member such as a nipple 5 with the adhesive 2 (resin
mold part), connecting a water supply part external cylinder 6 to
one side (open end side of the hollow fiber membrane 3) of the nipple
5, and connecting a water drain part external cylinder 4 (holder)
to the other side (sealed side of the hollow fiber membrane 3}. A
water drain part joint 7 is connected to the water drain part external
cylinder 4. This filtration device for measuring the number of fine
particles 1 has a (backwashable) structure in which water can be
pasrsed 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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[0035] The structure of the hollow fiber membrane module (filtration
device for measuring the number of fine particles) may 25 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

shew bBth-6hE opeht<ifidttfe, tMEF 17 the ultrapure water is filtrated, so
it is necessary to add_a-valve or.the like.on one side of the. holl
e T e s S B X X ALCAKE RO R = e 86 00 SHle. mumber

of0P36EAmexamples of aweathed shliguid-Aigbtvondinghandiiing 3 hedevice

hollow fiber membrane to the joint (fixing member), a method of putting a
foecessarnyrimm sy hlingse h alfo W five rraeimbraess shiowthd joRI Fixihgeill be
member) and fixing them with the adhesive, a method of making a hole
defeed esh HietRferiBRane?diameter of the hollow fiber membrane in the

ioint. (fixi di ting the holl fib therei
b g T Lo E R BRI 8P S hHh R RIGAT R f b hEoush
widhendheresis adeRg et hellow fibet merhrane, sy fixing 10 edoint ¢1 ows

(fixing member) by a method shown below, a filtration device for
taneasufinprthetiwnhisof dne pariielesidli 1y ok asehows Mflks d&abicles

also be fabricated. First, one long linear hollow fiber membrane 32 is
eqitbparst wad bl rivgblare fodsad Bodarainey Wia hallewnfidey introducing

membrane 32 in a O-sh:fﬁe so that the rings_lie on top of one_another.

CURS Ho AP YibEFthE it h & ¥R 15 PAsLBd Yhrddgh the st 3 Fkmgton device
1 ,ngpee%m(&jsci@e ﬁ@dﬁ%gﬁﬁv%g%%% a?&@aavea 4, Vypsgﬁseysgt Aroom

e (upper side in FIG. 3 ultrapure water is introduced is

téi&EeEQ"tﬁm9'@%‘%8’?@@’109&1’%%@%%@%@ goH he sidefiomabich iherapure

ultrapure water is introduced of the hollow fiber membrane 32 is cut when

wadhegsé ssixecsed emutddrt sl vktherhokowvibermee itbrener32icome t6 2B rate
meanuE gy ank 340 Orhe T Ione e oasnr ihg tank 24 is a measuring
tank as a measuring means. As the measuring means, any one which
cém measure a given filtration capacity is available, and as examples
thereof, in addition to the measuring tank, a flow integrator and
s0 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 filtrationdevice 1 if necessary. By using the pressurizing
means, 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 filtration while heating
the sample introducing tube 22.

[GG31] After sampling is completed, the hollow-fiberlmembrane 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
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can be easily fixed, andfurther very few contamination fine particles
adhere to the inner surface since only two portions, that is, both ends are
open until just before use. Incidentally, it is desirable 18 to seal both ends
of the hollow fiber membrane 32 with the adhesive until just before use to
more effectively prevent the adhesion of the contamination fine particles

248 fHeAPRRE st EFP RS of. Vfb@ﬁBﬂ‘Ffﬁr’&@rﬁ%@dﬁﬁ%% sur fiqRg 1s observed
embodiment of the present invention will be described with reference to

o ER PR b, (08 B ndd e ERELITESIon FS B iane are

dﬁf&?rﬁﬁﬂ‘tﬁaﬁééﬂg&fﬁ’lrh@@l@l%ﬂ@ e @H&fﬁoéﬁﬁﬁﬁ%fﬂ,g 184 when they
number of fine particles according to the third embodiment. 10 [0039] A

athwollys Ebeemembiane wait 201 rigclaties arbollowi fbes copmprapa203ring
with both ends sealed with a sealing resin 202 (adhesive). Further, the

LHRslovETib et riepABiereaghit ZOERhHbREaPaNE Béetior atmend hempEformed,

R RS Ao 208 (S AL pD S e

sd¥gyQuplyisealingoth 2ads Hldhe, RANOYE e, MERPEANG 23N BE i thin

sealingresin 202 or the like as just described, an inner surface being a

a Sutiace:an mihkick fineparticles arevtirappa eybhe modiagashin, astlean 0.01%

state until before use. Incidentally, the number of hollow fiber membranes
o263 ishbepadicaldrii imiteliorpRaad rhay detasihbic abasharest dplmaying a
number. [0040] when in use, the filtration device is fabricated by loading a

Eifdiier teXibfitalSy/IRABR WRRSHRIRRRY Abel FRERBIANE BRIt PAGT ng=s, and
thf“(gﬁ}(%%'vg“ Lope (@ m%' tfl)gg‘ﬁ%hi‘%ﬂ?% %H%B'Af%ggt%f é%#‘ggg:%ﬁ;%ﬁ']%mme

iber me rane e sealed portiorns at bot

istBghaltonc ieasmamliaeced 3 iprepat 1 DPdA 1 theurdhErhndinapbrit rat ion
fourth embodiment of the present invention will be described with
calefedencecto A& HE. 5 is s schematic diagram showing a method

[0032] [Formula 11

Nm(N"-—é{é‘—)xéx 1 e (1)

N: number of fine particles per 1 ml of ultrapure water

(particles/ml)

Ng: number of fine particles within the counting field

(particles)

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

ns: number of counting fields

n,: number of fields of view in the blank test

A: effective filtration area (mm®)

a: area of one field of view (mm?)

Vg: filtration capacity {(ml)

Vy: filtration capacity in the blank test (ml}
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19 for measuring the number of fine particles in ultrapure water according
to the fourth embodiment. [0042] As shown in FIG. 5, a connecting jig 301
connected to a sampling port of an ultrapure water production system, a
feed-water 5 line 302 of the ultrapure water branching off from a pipe

re. water flows from the ultrapure water

through which the ultrapu
[?)?35’L?ction( S tg%%ﬁ&ﬁ%f‘ﬁée, a supply valve 303, a hollow fiber
2Membtang 304 AaUSiRg3Q fexiernd! eylinden: a0 adhesiye 30840 e, a

the hollow fiber membrane, a concentrated water line 307, a

f COBeantationskd valvesiOthea lierathwetier ineB309, afilratienpaivg 8165 is a
a blow water supply line 311, a blow water supply valve 312, a blow water

hefisharyebinersat; papiewodid e dischardenmigchdlld cw rfighas foembrane unit
measuring an integrated filtration volume (filtration volume), and_a

CHFtidr HEHICY dr e bSalng e hinBEr Be rBhAnitiaatd1ed Loy membrane
td %%Qg%i#fé%%gé%ﬁtﬂ e%?é:g?{ E.:b{?l O%g%re?§@9£%n§§ a%ﬂ'xdéfivia {resin

mounte tration may be a single number or a plura
mATLNRRE-OH fivesobmare ispreferable taduprovesthe anabiical BEeRISiPR: xing
[0043] First, before sampling is started, the sampling port of 20 the
mertirapure eaterprddiciion systerh issully soljeeted td Dipweing i baidle nipple,
connection to the sampling port by the connecting jig 301 is performed.

SOFHEHE 4118 £8Re SHIF U AN RIS HRIBRow WPRBPTSdEIRRge-Iawd tuat ion,
o SR BT B P S, SOt TS

perio a certain amoun

amHRECQYEHHYA the PIQW WAISL SUPRLY VBl 2343 iS:8lowly Glased-aRd theor the

concentration valve 308 and the blow water discharge valve 314 are
matesddh IThereafier] byrmpetihgithe nidtibtan yvalve 8 Devyd=slewly apepiDgstics
the supply valve 303, the 20 ultrapure water containing fine particles is

sust b pifedl 16 1Y RBNAVE HibeF Fenfeaie - 30p0 el rbiidane fite@uigigaesin,

the_connectin
a polye{hyiege resin, and a polypropylene resin are mentioned

depending on sampling points. Particularly, for example, the
stainless steel, polyvinylidene fluoride resin, and so on are
preferable because 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
Uréthane 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 adheéive or may
be a both-end open structure in which both sides are open. HNote,

however, that in the case of the both-end open structure, all of
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jig 301, the feed-water line 302 of the ultrapure water, and the supply

valve 303bywater pressure of the sampling port of the ultrapure 5 water

production system. [0044] The ultrapure water is screen-filtered through

the hollow fiber membrane 304 by water pressure and the fine particles in
e, yliapure water are ranperl by g skin layeron an inner sutface: The,; g

u"?trapure water from which the fine particlés are femovedis 10 supplied to

a he1means 3le fondpeaswing dhedntegratedfiltiation sYQUMe dIYALIR0 moduile,

volume) via the filtered water line 309 and the filtration valve 310, and the
bunteftatsidifiltyatiod volumén(filtratiobaokase)lig measuegedfter a
redetermined integrated filtration volume (filtration volume) is obtained,

[4RE&LpplyAFRranB308qs alasedad@ fhbifitratdoh ValvelTtoordissand fixing
complete the ,sampling, After the completion of the, sampling, the filtration

R N S 1 A HEEG SR8 by Mociid Hoe Uolvad SORURBE™ fyy  method

ofz %t%a%ﬂa‘lnae@;@%fphﬂﬁi%?f&@rﬂmgéﬂﬁa:{wé%%;gmgmgﬂes into

mosphere to the hollow fiber membrane 304 (fine partic

tIRORRINIDTARiis £omplately prevenicchd\hemtbe holow gl sie@pranethod
304 is taken out of the filtration device 316, holdup liquid remaining in the

oholidn fides nierhdrdme 801 ddmainshe hitpmzoatent ator ot finefpalields L Low
Therefore, the fine particles in the holdup liquid are prevented from

EIRGTiIME BRE B 1R AiRiad A5 K dpamirgiase ifatohnRive 898 hg hollow

£ ré@%nﬁﬁlfg%"é @BS?&“E%cPrf‘l'QQ?tgrﬁphe@f{%rﬁ &%Gé‘aéé%goéio"éeré%%i’ so on
an upper limit working temperature of éach of various members), &

ar@ethed obpuahing it out to the filtration side by clean N2 gas or the like
without fine particle 21 contamination which has been transmitted through

[ O&3 Air filteFuontresingWitth tHeseanistkotisnfp04 5k ram Hewdlidve filvermbrane,
membrane 304 is taken out of the filtration device 316 in a clean

byehdFdRmert SRAhe aekah bdich s BRERSEONRY Adetiod shawehslow,

a %&Bfé%géfggf%‘gfgea%r measuring the number of fine particles 31
such as shown in FIG. 3 can also be fabricated. First, one long
linear hollow fiber membrane 32 is prepared and plural rings are
formed by bending the hollow fiber membrane 32 in a O-shape so that
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
fixed with an adhesive 34. When in use, a side (upper side in FIG.
3) ':from which 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 finé 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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instrument which counts the number of trapped fine particles in
consideration of apparatus used and the like to prevent the adhesion of
contamination fine particles (fine particle contamination), and the number
of fine particles on the surface of the skin layer of 10 the hollow fiber
membrane js counted by the measuring instrument. Subsequently, the

Ehiiffberorihe Paftitied P bt RpERAEPTOEaR IR I G tHe adhesive
wigegraet M (o sore) S st el o o

thebseivedrields: frimbend S countiag fieldhand seean dnsitleptalbhereot.

each of constituent units and members used in the filtration device 316
[ 08S&d to bé B ixdtiErharadimanéaterial, and a grade without the adhesion of
contamination fine particles (fine particle contaminationﬁ{ParticuIarly,

2 FerhBerEeahieRtafy SARabReSERGIHEAYG SRR ¥8 birhpuiesraepgrvith

reEleable s fa methad for cpunting e numper of fine partiles on .
the surface of the skin layer, according” to the particle diameter as a

comSASHIRY QPISE L e TP L B aRHN LN J A RXAPRIC LR thaD £PTiEdkt ion

microscope, a scanning electron microscope, or a surface inspection
deappeardius meadasankghth2bmoatieringfnfsthedpartsinpebh emdogethes. o the

particular, a method capable of high magnification, wide field of view, and
thaggreaedbigiihg is preferable. Further, the holdup liquid remaining in

e device 316 after sampling is completed is only a small fraction 22 _,
(O SR wndc bB E OB A FRRR g o8 SLoATRAHGM rodgsus £iber
meHiiegiaterh Hliratianvolime; A0046) LEiffh frohadiment 4 Ui spbpdiment e,
of the present invention will be described with 5 refefence to FIG. 6 and
FubtBe?., FiGebhs K sectianalvigensiicuiog: the constiulion edediltadonixed to
device for measuring the number of fine particles according to this
a BhbotinTesiibRIG SP¢haathenidtio Leew Ghowilig aanexathpiuka205 (resin

method for measuring the number of fine, .
mold part} such as anh epoxy resin while sealed portions at both ends

are exposed. By previously sealing both ends of the hollow fiber
membrane 203 with the sealing resin 202 or the like as just described,
an inner surface being a surface on which fine particles are 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“40] When inuse, 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 ultrapuré 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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particles inultrapure water using the filtration device for measuring 10 the
number of fine particles shown in FIG. 6. [00471 A filtration device for
measuring the number of fine particles 41 includes a hollow fiber
membrane unit 43. The hollow fiber membrane unit 43 includes a hollow
fiber membrane 51, one end portion of the hollow fiber membrane 51 is

EQR ISR Fth R 9ekiify 14V 83 (AdREsHEY GitRe dthek LhEGRITEwater
&%18&,1 gé@g member such as a nipple 44

t fis i { F
T B Ko T e

w fibér membrane unif 43 via a resin mold part 42
[ dadhesiver Sushoas alneRraxy, resin Prevsdletwgenthenealed posierd to a
and the open portion of the hollow fiber membrane 51. A water drain part
s dpextegradrylinfern B i copneetet tethismudpletdidnT hgstatey drdined-water
part external cylinder 45 functions as a casing of the hollow fiber

Lingnifrarets thgnt - Rarerrdr e bak B iadngH witerdraplpertdgough

is connected to the water draip.part external c Iir?er 45. Further, a water .
RGPy Bait EAERA CyIRET 47 RAving & Watst T8 SLARI BaeaE ToPE O tion

syReeied ipdheotherside af due inple-44,.286 32 Blaw wMaler Aral-NRtkbrane

50 through which the ultrapure water'is drained to the outside of the

30devigerdlindren HIS ulsxperenaaterys supeted kanadhiewier SUBPhopoLx the
46 side is provided in the water supply 23 part external cylinder 47. [0048]
hotReEbeRe HOIRNPTIRRE MR EPRESE bR U3 Watardtane3P exeangentration

ylinder 45, water supply part external cylinder 47, and  water drain_part
VR 48 S SRR FabtBIy achdd 4 TSR BG4l 2 Dlow
walld3d {Q.63ED AL K £XAPIG P 3 AeF R SIVOIYEYING etOhaRf yater
the sealing performance in the device 41 is ensured in portions other than

dithenwates Supply o3t 46 AbsihedlewwatetHemigooradof 3he Walefeans for
supply part external cylinder 47 and the water drain port 48 of the water

megria bagt foint Abegoavatk dals forthiconwated dreen (farl exegrnahcytidere ) , and
a fg;,;@eawfé%r S P g e e B S AR L es 316
are provided. Incidentally, the number of hollow fiber membranes
304 mounted in the filtration device 316 may be a single number or
a plural number, but five or more is preferable to improve the
analytical precision.

[0043] First, before sampling is started, the sampling port of
the ultrapure water production system is fully subjected to blowing,
anci 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 perform a certain amount of substitution in the
filtration device 316. Subsequently, the blow water supply valve
312 is slowly closed, and the concentration valve 308 aﬁd 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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49 are only required not to produce dust and not to be eluted, and
synthetic resins such as PVDF (polyvinylidene fluoride), PFA
(tetrafluoroethylene-perfluoroalkylvinyl ether copolymer), PEEK 15
(polyetheretherketone) are examples thereof. [0049] The filtration device

Isrmeasurin the number of fin%.garticlei .4]1is divided into an upstr am
S R R S B R (A B8 TR A RS A E AL ES AP o HRP RS Rosbe hoLlow
£ fnemhrane Slhwastie ppanend of thehalpwdibecnembrang bl and anect ing

downstream 54 which touches 20 the outer surface side of the hollow fiber
jigecigned by ddewipple 440 the likef Thremauerept ot fivetparticlesd the
and the like in the ultrapure water between the upstream 53 and the
sigisHeale 54 P pErbemhed oPvR AR hrepdmnnhengrate of theshblibapure
fiber membrane 51. 255&[0050] Incidentally, in FIG. 6, the hollow fiber
W EMOPARE BTG5 IxEY Wiflone end sealed and the other end portion -

but i . iber [ t limij
o R e oo e e brae e el o1 10w
f ide2mRdesive SUsh 8y Raewhiedaing denid end-sharephbe hwllew in the
fiber membrane unit 43 is provided at one end edge of the water drain

ulgareputeenabddindersl 5, tagpeot dxanaplekitrmap permoninged fmerein surface.
while being inclose contact with an inner wall of the external cylinder 5 45.

THEURNET APETS . G2BRF waiteFstifpiy hor @6 GiitPirRABTb I daker® BRaihSRiY e is
sug)%SIﬁj%%%‘édﬁﬁé%agen%%fss%po%yﬁeaéfgﬁxtféga%%'“i%gg%%%%%g r't Pltration

£
O provi WO or more of such ultrapure” wa ain

volQfite The watat drineartirint ¢49havingrthe. water JraiB LAt A8 1509 and the

connected to the water drain part external 10 cylinder45, and it is

f idestmibleto padvide e, oambrée lod siicheknogpteel \Fatet rsapphridrasi ume
ports. [0051] Next, an example of a manufacturing method of the filtration

(fdeviga foromersh TR tHE MARBEI BFfine/feiAEl s BF adls kenBudintbAn v rated
£ iki%gg‘g(ig%ego Sulrrzllg '?lfc?tl%ration volume) is obtained, the supply valve
303 is closed and the filtration valve 310 is closed to complete
the sampling. After the completion of the sampling, the filtration
device 316 is hermetically sealed by closing five valves 303, 308,
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
meﬁlbrane 304 is taken out 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 lizﬁit working
temperature of each of various members), a method of pushing it out

tothe filtrationsidebycleanN; gasor the likewithout fine particle
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15 [0052] First, to prevent the inner surface side of the hollow fiber

membrane 51 on which the fine particles in the ultrapure water are

trapped from being contaminated from outside, both ends of the hollow

fiber membrane 51 are sealed with the epoxy resin or the like. The

number of hollow fiber membranes 51 is preferably one to 10, and 20 the
OGN 56 TS T e BFahG S S e bl 56 W (0 296 imder « oF

wil@ Gomnlgtiqn, of aszemply,of the filtration device 41. [0053] The hollow

fibef membrane unit 43 is fabricated by passing the hollow fiber

{ ooa@mpranerhéavith hethentswsepied thiasghthedipple 4 wMarerrbidSof the
(Steel Use Stainless: stainless steel) or PEEK or 25 the like and closely

£ fikirgpthecmoiew it rirhenibran e baaangnivd neipplendd ficiheepaxylresin bench
or the like. At this time, there is a high possibility that contamination fine

(HFideSXMRbre BFRET fikiifmemBE R dStHErRpbRI4ACHARGINg to an
i f f ' ling, and h . .
i %59&%% AROLR c%%é%%a%ﬂghhz.%ﬁg{:g%ﬁh%%?ﬁ 04 ?Sf‘ne eé]é:retlcles in

washing treatment by " ultrasonic irr IS performéd n

cAVaaeeaf Sof M ohaashing Mmefhak in;addition e the HlFasofihesion

irradiation, ethanol immersion, surfactant washing, ultrapure 5 washing,
o fandsban argt imentfiomed p 0054 Tde (| fhedabaicated hollontfilnemation) , and
membrane unit 43 is subjected to hydrophilic treatment. The hydrophilic

thfe iR makeS iPpoRabie o FECRr tHE RatES peemeAbibE WHidR layer of
lowers as the. hollow fiber membrane 51 becomes drier. Further, the
" s
T it T Re BB Rk RS pol o BT eI SO REgPent
Sdb%@?&é@fé]}f, SURRGRRRR R et IRANKITRYWaHles 1IN Ma £338Rire water
blank particles (contamination fine particles) stick to the pores, gaps
isbeta/benlisegd|dfities, ehd thetsterotedf§ hd pews avhioh bigeresisiarirat ion
to getting wet in water, so that it is desirable to remove 15 the blank '
vodarhelbs feomdipraitiondmd pefeasiyvaitiihgnathenasme) porhers ved field
allowing a medical agent or hot purewater with a hydrophilic action to
arggrmgg%atﬁe%a%%g%sgt%ﬁ . xfeetg(hmm.élg\ger oth gbsgrved fJ.EléS {number
of counting fields), and so on. Incidentally, each of constituent
units and members used in the filtration device 316 need to be of
a structure, a material, and a grade without the adhesion of
contamination fine particles (fine particle contamination).
Particularly, members commercially available specifically for the
ultrapure water are preferable. As for a method for counting the
number of £ ine particles on the surface of the skin layer, according
totheparticlediameter as ameasuringobiject, the number ismeasured,
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 liguid remaining in

thedevice 316 after thesampling is completed isonlyasmall fraction
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of a method for making it hydrophilic, a method of immersing it in pure
water or a medical agent at 40C or higher for 0.5 hours to 20 12 hours and
preferably for one hour to four hours, a method of passing pure water
therethrough at 25C or higher under pressure, and so on are mentioned.
immersing itin.the pure water or the medical .agent, to improve ih
oLt o Tobd T2 B BETtBe Fooeti B h e Al ea From the
abHRSONiE WaveBeWarmiRgG @i he 42 likednay be further combined
therewith. The frequency of ultrasonic waves is not particularly limited,
[ D0t altrasonitiwakie Bttt amérejgiency from 0.8 MHz to 3 MHz are
preferable, which can obtain the higher effect of removing the blank _
A favfitie SEBPRIMRRREGH %ﬁ@ﬁ&ﬁf&eé}?‘ﬂﬁ’é’éﬁﬂmléﬁ%gﬁ%éﬁﬁlb@d with
warming, tq i ve the f remoying the blank particles , ,
r?cgﬁt%rr%ﬁ%gnr]]%r%é péar i efg,f&z"o ‘to ggég'is%prjé?e l%(.:trh%naﬁ}o\‘/’éew showing
cieedicakagentis qnly fequired s o xRitdhe fydrophilig acipR inQYle number
exerting influences such 5 as a reduction in the membrane perforinance
ofdittegeasdatioheenaihec hollay fibehmnesiisade hdnand, ®IcNhPlhi@a schematic
surfactant, and the like are mentioned as examples thereof. When the
vigsbRbBPI IR @ritS ¥gipRlis nét parthad \fivniteea dur itz inemgnpt fine
iSOpl’OfanQL or a mixture thereof can be preferably used, When the

PRt oS TERAURE KN ot R it At AR A figmie asur ing
eruriagiant, agatipnic sydactant . nopignic syrfagtant,cor an amphoteric

surfactant can be preferably used. Its concentration” is preferably 0.1% to
[ 05947 andmere prefesally. 4% % dpcidentallyi nyhen ysadmillyitss fine
concentration adjusted, ultrapure water containing 15 the same or smaller
panirhpéeef fiheiparliviesas/than thwt bitve embuenwateiiséhe The hollow
measuring object is used. [0055] After the hydrophilic treatment, push

fihaterenieats e iotindfedniss & firlditdibhtss RemPrffimed byre end

oI ANG ORI A RA B SR IS 4T IERLRLEGI 2 sealing

w
cylinder w fiber membrane unit 43 subjecfed to t
rediophiligdnesive), and the other end portion thereof is in an open

state. Further, a fixing member such as a nipple 44 is fixed to
the hollow fiber membrane unit 43 via a resin mold part 42 (adhesive)
such as an epoxy resin provided between the sealed portion and the
opeén portion of the hollow fiber membrane 51. A water drain part
external cylinder 45 is connected to this nipple 44. The water drain
pa,;t 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
ablowwaterdrainport 50 throughwhich the ultrapure 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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treatment 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 25 joint 49, contamination
fine particles are previousl bjected to washing treatment by ultrasonic
pal“rrrtéd%}ﬁ%%%lr %eﬁ %%%\d;jet’ﬁégzﬂsh water, an antibacterial agent having at

[dgagha bagtericidal, efieet and/er ga,anihastara eHeet 4Ratixamedigah parte

agent which 27 inhibits the growth of bacteria can be used, and it is

exeeommendadntieitirtier have anseffediyoimprovingydrbpliciiyddhed 7, and
antibacterial agent is only required to exhibit the antibacterial action

wapodréiey tpRnfliehbEs SUcHRas kerdRsaRptinhd ynsamwsAb by attached.
rformance and degradation on the hollow fiber membrane 51, and

T BERNRER BT, A R8RS FETHe IOHERY ad SRaRTHAED HareBy, @ Screw
sephiendhe alcopol 5 Hsef s vRg wggg&t@ﬂé%%g%%ﬁy& et evice

ethanol, iIsopropanol, or a mixture thereof canb rably used. W

4 thesreshunliaaldsiusqhitsiyne istod pariewlarlydiiied rl@Rub forport 46 and
example, sodium sulfite, sodium hydrogen sulfite, or the like can be used.

thiesrdonceatraticlr sipreferalfly 04 % ewWEd%r snbphyregrefexdelyrea lwtbinder
1%. After bleeding of the antibacterial agent from the upstream of the

4Th Gty iR r YRGThr e 8 iBWohfifd et i A atkipkisbtRsBaRfhicint 49.

Ma%%%%éf%”@é%%@é?& %’%]%89%9‘%}{}? s2.8baye Dollow fci:befirH%@rbr € hbvater
cut and opened by a cléan razor, and the water supp@ part external

supdindes A7 fram whighn cepiaminatioriing Rarigles @5 OFeWeHsl part joint
removed is attached while the antibacterial agent continues to be

4 Sraarrsetyl passenh.iAed hackwasirplsserdustirmndntibactasidiagantced, and
kgf/lcm2 to 3 kgf/lcm2 20 is preferable, and 1 kgf/cm2 to 2 kgf/cm2 is more

sypidietabfe LRE RS NS uri tRYhtibReeria Ry AL BREf aterPFA

supply . port 46 of the water supply part.external cylinder 47, it is_reversely

(B RO A G Ko AT LIE RORKY (b o RBPEHATET ) PEEK
(polyetheretherketone) are examples thereof.

[0049] The filtration device for measuring the number of fine
particles 41 is divided into an upstream 53 which communicates with
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 outer surface side of the hollow fiber membrane 51 by the nipple
44 ﬁor 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 opén, but the
fixing method of the hollow £iber membrane 51 is not limited to this,

and, for example, the hollow fiber membrane 51 may be fixed with
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51 is confirmed, the device is brought into a sealed state with the 25 water
drain port 48 and the water supply port 46 capped while the antibacterial
agent is filled therein. By assembling the fine particle trapping device 41
while the antibacterial agent is reversely passed through the hollow fiber
membrane 51 as just described, the 28 adhesion of the contamination

SRRABSTEISS DS a1 Re SPhEFRliotR e RBARSTane’BE hollow
and into the device 41 and. [tiplicati f microaqr. IS e ,
e R L b R S L A8 ater arain
phelqw fiber memnrang=214s Siieredangcatkiad therpdy dPavsibiibathabrein

the hollow fiber membrane 51 is contaminated from outside, but since the
wiéViebetingsi stoled and shaEdwhiatheratibaetkliafddene s edhedmnytbinder
the surface of the hollow fiber membrane 51, the adhesion of

4 gontERTivaee fife Pafticles fo® & ABRSWHEE YdRbiadé SReahtoedw water
avoided. Accordingly, by.backwashing the hollow fiber membrane 5 .

e A HSETOPA RASRE A DI RS B MR ERRERS (o AR SR e

sfinepafticles) canbe pliselively reppMetbul AJsgrthe,adhesion & ultrapure
contamination fine particles to the hollow fiber particle 51, multiplication of

wanieroetgarismsrand soonLan tiee impeavetedn[pa] Nekhtan9 having the
example of a method for measuring the number of fine particles in

vaiieapdieawateosttHis ehshcamiaatgil Be deberivad eysidgaiic PR @xternal
is a schematic dia the method f measuring the number, of

ram showin
YHLBRT s TR AT ARTERARAS oF 20 T SRR RAER R e b1 Crapure
wg'@tgqiiogﬁ,ggygcﬁ%%\ow %5@6 [0057] First, the ultrapure water is

reversely passed froma sampling valve 62 attached to a supply pipe 61

[ @EBDjultrapusa: Watee pragustion Sysient Aetngr-an dspepbanehjaetfiltration
through a sample introducing tube 63 using the pressure of the supply
desipe & £ fome2s thu natehemirpan pinf 19 bartflritermdevivesdmiptsi iment

which the antibacterial agent is filled. The backwash time is preferably
will be described using FIG. 6.

[0052] First, to prevent the inner surface side of the hollow fiber
membrane 51 on which the fine particles in the ultrapure water are
trapped frombeing contaminated fromoutside, both ends of the hollow
fiber membrane 51 are sealed with the epoxy resin or the like. The
number of hollow fiber membranes 51 is preferably one to 10, and
the length of the follow fiber membrane 51 is preferably 30 mm to
106 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
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one minute to 60 minutes, and more preferably five minutes to 20
minutes. By performing backwashing from the outer surface side to 29
the inner surface side of the hollow fiber membrane 51 using the
ultrapure water, the antibacterial agent filled into the filtration device 41 is
discharged and substituted by the ultrapure water, and also the washing

MERESTGH T iftei Siftface SHERIRE oMW ASEICs muAARE SareatBEnt bY

0050 L0081 After e bagkuashing by the Ullapuie water e ualel,  a

LRl .
rain part joint 49 s capped, a flow regulating vaive b4 1s attached. to the

ey nedebdrainposh0 &f Hee Meder supRlPark extereals Rindar s itk
the ultrapure water is supplied to the water supply 10 port 46 and
idisstasgec towatdtveohloinwateridnain portfEl: tHerceyathd particlds rapure
(contamination fine particles) which have adhered when the filtration
vashiteas1 A iPRtafeddEh BEREAVRE: At this time, theflowrate

I te) is 200 ml/mi , icularly ,preferably 300 ml/min t .
Bt 150 GRS BB 1 T EERrerAABY) S iRt £
s8b %@e@@éﬁﬁ?@ﬂhﬁ%‘iﬁ%%%{! ItrapHEe WRIES 5HREHBht ment makes

Namely, the ultrapure water is passed through the filtration device 41

itoadeds Witle the hellow tber Membeane petnkhioiha sybjecied todatersaks the
pressure filtration, and fine particles in the ultrapure water are 20 trapped

hohlipie ifibee surttwrenh & holercies Meksrand BIthenhi¢iméaikow fiber
desirable to regulate the blow rate by the flow _re%ulating valve 64,

mMERREARS fo' tRA DO WARR A i BT S 0, A "SR REFRRS i Yatipg membrane
s@?%ggn.ﬁgﬁa?éjoé@ﬂ?wﬂg&? aﬂgﬁ@ ufilé@figﬂépw rfhe HP&%}% tc?a:ls%Qs::L blank

and particu to 20:1 to 25 50°1. The fine particles in the uftrapure Water
pa&re fenped esthaninnet surfacery herhallove lyes membranerid gbthes, gaps

filtration device 41, and the ultrawater is passed until a given water

beoheas isstemdl 4y atfileate arehdithihg tree8®1rEhefiltrhe preassringhich are
ré%giéggngoto getting wet in water, so that it is desirable to remove
the blank particles (contamination fine particles) sticking to the
above portions by allowing a medical agent or hot purewater with
a hydrophilic action to permeate the above portions. As examples
of a method for making it hydrophilic, a method of immersing it in
pure water or a medical agent at 40°C or higher for 0.5 hours to
12 hours and preferably for one hour £o four hours, a method of passing
pui’e 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
like may be further combined therewith. The frequency of ultrasonic
waves is not particularly limited, but ultrasonic wav.es with a

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

the higher effect of removing the blank particles (contamination
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is a measuring tank as a measuring means, and as the measuring means,
any one which can measure a given filtration volume is available, and as
examples thereof, in addition to the measuring tank, a flow integrator and
soon are mentioned. Incidentally, a pressuring means 5 by a pump or gas
or the like may be provided in the supply pipe 61 if necessary. By using
L0 RBESUTZIRG med i HE fittfatior’ VEB ¢ Tarn ba'Mohdastd FanifReove the
o lialiop imesp0-hedhder shpdeneds BUTDEI L IBAIRABOSSHIRdG o cicles),
provide a heating means suchas a heater in the supply pipe 61 an
4 prifermy fHration while L warming dhe i@ pide Mate aled MAXIBWY required
temperature of 80C or less by heating the supply pipe 61. [0060] After the
teanplidyg s toepledadpiheliclew fiben mihilwanee$41is ouy inref luences such
longitudinal direction by a razor or the like, and the inner surface side on

agyFichaBHn Batft B8 $n TRERIALS feeTS RensR #appRadsaspbien. on the

noYRSh tP%b%@%Se%‘%i:%“neé 3yrfage, ‘d%féo%%sf“’%ds‘%‘}:@%“to feal 1nd the like
microscope, the finé particle$ on tHe ‘mémbrahe are dyeS With &

afecheifvnsiadens kiuasiaiasaluionaand when iLisoRserediwvil &ised, its
scanning electron microscope, sputtering treatment is performed. 20
tyoeald Adtep the abole preticatinent jopenhoethedpihedphensirf Asepsidpancl,
is magnified by the optical microscope or the scanning electron
OYnferB3ESHE Cait tHEPTIRBEr BFfiRE PEeHAbS Yvitiad: colihng tfiefd sigr factant
counted. With the abgve microscope, al%out 0.01% of a ef%ective filtration .
to

818858 achidlly " SBSe v Rd Y BTG S ReRF SF vichih REtnsambepic
s dranpad fing pastisles;and the-apmber of fing, pagicles in.the,Wprapure - 4

water per unit volume is calculated by the above formula (1). [0062]
artpereteafier, she presenitnvantice wirbesapasificallyed] dgsafikeshwihtration

examples, but the present invention is not limited to the examples.
iS(ERQW@h}I:Qmi&;#Qt% EraAgies proferably0.1%tol1%. Incidentally,

whenusedwithitsconcentrationadjusted, ultrapurewater containing
the same or smaller number of fine particles as/than that of the
ultrapure water as the measuring object is used.

[0055] After 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 liké. As the
push water, an antibacterial agent having at least a bactericidal

effect and/or an antibacterial effect, that is, amedical agent which
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[0063) The number of fine particles in the ultrapure water is 5 measured
using the filtration device for measuring the number of fine particles 1
shown in FIG. 1. First, six hollow fiber membranes 3 (OLT5026
manufactured by Asahi Kasei Corporation) made of polysulfone each

. having.an jnner diameter of 0.6 mm, an outer diameter of 1,1 mm, a
<HERGTR o7 4, A B OB oo Fe Grok 1 Az afe” coommended

tBurdlediand fixed tathe piple %wiﬂiléla%@&bﬁagvx?}% W {631 Afighe
this, the filtration device 1 shown in FIG. 1 is fabricated by housing the six
ahellawdiber aémbyanesi3 i itle watgn trath partesxierhial aiederndibacterial
(holder) and connecting the water supply part external cylinder 6 and the

agiatenaraihpat Porert IBghedty erepe aivena Thasdne tiivapnd hargrnbrane
irectly introduced into the filtration device 1 from the sampling valve

PERAGH ?5 & LAnTAEIAHBHGCHoTDEYT tHE thPHp PRSP BPGRRior - and
a$¥aiggY 2nd-injgmal presaue filration is perfarmed under conditions R raqf .

filtrationpressure of 0.Z MPa and 25C. After 20 sampling is completed,
wiker hetleve fibenmenbreseds is takerputi £WHdR thedenaiiudingl direatieed, but
by a razor to expose the inner surface thereof, and subjected to
mgbhterdg.ctiemahe heppyerenfihe paritiestorrthehanepfurfadecqftiederably
hollow fiber membrane 3 is observed at 20,000-fold magnification with the

ugRdnnifY BRERBR SBIIGBEASHES S i FiPBEF tineAdrierkar Ly Limited,
o JEneED 8. oger auToge oL ths bolow hecmembigne S e o e

<4
colinting cdunte ith the medsuring as

1 APl dimeter of 002 noemarg: imnunpeeebdays ¢f filtialion 38, and
as 10 days, and the number of counting fields as 1000 fields, the number

mafdlgniefartmidsy (Murhbet of tentamiitatiorbiregarticled), ttauemfibacterial
countable fine particles, number of counting fields, counting field area,

aqRdi6H VB [GHE RS S80h i S BSURRIL BHAESRSHMAT TabR A1 A§ gonfirmed
g st ealcatng e numbar ol e el 90 ANEin 10Rkhna of the
above hollow fiber membrane 51 is cut and opened by a clean razor,
and the water supply part external cylinder 47 from which
contaminationfineparticles arepreviouslyremoved isattachedwhile
the antibacterial 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
this time, until the antibacterial agent overflows the water supply
port 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

particletrappingdeviced4lwhiletheantibacterial agent isreversely

passed through the hollow fiber membrane 51 as just described, the
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in 1 ml of ultrapure water (particle number concentration) is 5 particles/ml.
[0064] As comparative examples, an MF membrane as a flat membrane
10 made of polycarbonate with a pore diameter of 0.03 pm (Comparative
Example 1) and an OF membrane as a flat membrane made of
regenerated cellulose (Comparative Example 2) are used. [0065] The MF

a‘?ﬁ@ﬁb?&n@%é"ﬁ?e ﬂSPFrPéFﬁBPa?Fe_"BsS&%% Eéﬁw’b’a‘?&ﬁ\?e _Oéx’éHF’p!érP%r surface
sif “&%b'%@rﬁg‘if’é%s‘%']f‘%o'&‘eﬁﬂ%fg}?& 13 Py 1% 8MAlE" BRI 41 and
than the fine particle as the measuring object. [0066] The OF membrane

masciheifial Ppembrang; used A§LAmpa RN cExpmpled, isndsuiakiedanl i ness
the present invention since it is estimated that the required filtration water

cam|bemerand naimser-of Hays v dfiltraion mbkingotheding phsticlaenpmooe 51 is
concentration of 0.02 20 gm or more as the measurement result of

SYSERAPRNE 16 He"S FRrtidBSYMI I5eCoREHRMbLEY (3667 AlRelibiy fiber

calculating the estimated.calculated values of the filtration water volume .
e e L B o e LIS PieE e B Giee 41

iSigRlielty, thesfiltiationaSxolume ¥b Untherlank tasfisAaskimed @R Ping to
The number of counting fields of the filtration membrane and the number
thef connfiagdields thahadildcwteStiane sebtbttensarbe 30thbeladdhdhéon of

number of particles required to calculate the particle number

cosvrehnatisnn 38 i5ehe ahkie bethehimBePofBiank HraslcBsmpRmE 6l can
contamjnation_ fine particl s).L\Ela ely, the value of co nézggle fi article
b @AM bIAE BAHAGE an e Tt SHG A bPAfe 5 Het tirce HErane
51NYBbg 0&%@%&%3@&@&1@@3&@%@@aaw'%eagﬂ%%- Pt dcles
result of substituting N =5, Ns = Nb x 2 = 1000, Nb™= 500, ns = nb = 300,
( oA 344 MD20a F1hR0PA3B2aNeY) intarihscabovedaimday (Tpmtheed but also
filtration volume V. is 3150 L. As a result of calculating the number of .
theapsibefilirationthrdividingnakifmaiénsonans 1oy adiltatishe dahegrerf iber
day calculated from the filtration flux, . .
particle 51, multiplication of microorganisms, and so on can be
prevented.
[0056] Next, an example of a method for measuring the number of
fineparticles inultrapurewater 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.
[BO57] 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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10 the effective filtration area, and so on, the number of days of filtration
is about 280 days. [0068] (Example 2, Comparative Examples 3, 4)
Example 2 is performed in the same manner as Example 1 except that
the measuring object is a fine particle with a particle diameter 15 of 0.03
m or more, the number of days of filtration is 10 days, and the number of

ERBUARAG eI 606 HRRISTHORRBIDE BRRpHEEREAREmDer 619 the
wfepiaminaton fine Q%ret"é'ﬁé%b"aaé%%:? ssougigble fing, Bareles, HMNPLS f ot s on
counting ?léﬁs, cduntlng iela area, |trat|o% volume, and so on are

aspubpted and shoyn ir-fahkle g9 2uhsta resuliohoalquating Aaguwenbee 8, and

fine particles contained in 1 ml of ultrapure water, the number of fine
apanticles wadmhokdlfrpuewater {particle nufshsr eddecoffdtiemhisldow fiber
particles/ml. Further, when the number of counting fields is set to 300
MHFBRILHE tvd sGRTe REIIGNEHRY$embrane, the number of trapped particles

is less n the number.of particles, required to calculate the particl
(R REr carEratih, BN By b dHutH L EARRT SRS parfiigvater

oncen]fra 10N, SOt Yy Su uting t es

arequireg.io calchiaiethe pagisle NUMber FoRCRIMEAtION, inia Forgaula (Abtached

the numberof fine particles'in 1 ml of ultrapure 34 water (fine particle
tdunbebronceatiaion) isi ealsoiaiedfand theerepresentatinsi ¢f paesubitsernal

shown as less than this value in Table 2. [0069] A method for calculating
cyhémideparticlensuiifen s ibarRe Rt ARIeWIl DS UBoWhasblow tTReRGeHSUPP LY

of fine particlﬂe,s required to calculat%the fine particle number
2% f

P Adh R AffoR 18 207 5P Bfe TGN S0 RE NARBE P tebBST parfcledience:
eibIRded (0,60 pelion BlapkaRTiales iBlaseibpOdig KAl VAe Slnerea

countable fine particles (containing blank 10 particles) =7 Number o

widanknearicles fuuimhelof cantapination §ee 1 padides) Selremoved. At this
time, the flowrate (blowrate) is 200 ml/min or more, and particularly
preferably 300 ml/min to 600 ml/min. Further, the water-passing
time is preferably five minutes or more.

[0059] Then, samplingof the ultrapure water is performed. Namely,
the ultrapure water is passed through the filtrationdevice 41 loaded
with the hollow fiber membrane unit 43 to be subjected to internal
pregsure filtration, and fine particles in the ultrapure water are
trapped on the inner surface of the hollow fiber membrane 51. At
this 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 ratio (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 hollow fiber membrane 51 of the £ iltraﬁion device
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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Number of trapped particles =7 - 1 = 6 < 20 [0070] Hence, the number of
trapped particles is assumed to be 15 20 particles and substituted into
Formula 1, and the result is defined as less than the obtained fine particle
concentration. Consequently, in 300 counting fields, the particle number
concentration becomes less than 8 particles/ml. From the above, in

LEgamTe Y, ShicbaRE FumBERGHBINR BaRRRes tRrifet B QREHTATRE"S
afPeRAASIR! 89&*‘9?%9%!&% e bane s Il /e R0 byastable,

mber of fine particles (20 particles) can be counted by 1000 counting
afiglds angdthesneassrementiasuliof Sipartidesine ernbeoiigingthk, a flow
[0071] Incidentally, as comparative examples, an MF membrane as a flat
imembedre aade obpelyearbohatenwith a pord déarhefelof 6 0825 uning means
(Comparative Example 3) and an UF membrane as a flat membrane

bnade B e rRA A cEIlI oS Sinp Patine BxiAssie ) Afeusserigopspe 61
. Comparative Ex le 3.is performed in the.same manner as, Exam .
i SRR mobrana S e S B WA EB SimBLP Jovof E o on

vaaysaffilrgtionas; 10 daysand the nugabern of.counting fislds @82 further

fields, but the number of trapped particles is less than the number of
sipartielrsdequirettihcaalcitatesthd parpclesilrhbet ccpnosniidatiarh ddanioey means

by substituting the number of fine particles 5 required to calculate the )
sysgitiefe AURBELEORBcRRARIIPIIY RRfuRl (Andheerifinber bikipeation while

particles in 1 ml of ultrapure water is calculatedtand the representation of

WELTHd R OSNOWAD SR RIS VARIRSTFEB EFRRE SRR RETARIE 5 Less
bﬁhﬁéw?@r g_fh@agbpgg icgﬁsp@lqu.)er of contamination fine particles)

adhering t0 the 10 membrane surface is larger than that in Example 2, so

[ ababthe mefit of incecasing thegnuenbenpl eevdijngHielisicannat ber membrane
expected. [00731 Comparative Example 4 is performed in the same

5 ImasnevasiE>@aniped teihinik dineemnismanenstir@iarnambihd W@, and
the number of days of filtration as 10 days and the number of countin

R R S RAE TR RS ITDETS £ABGeBFRTIOILE Ts B<S IRaP (FEZPUTe

water are trapped is exposed. When the exposed inner surface side
is observed with an optical microscope, the fine particles on the
membrane are dyed with a fuchsin-methylene blue stain solution, and
when it is observed with a scanning electron microscope, sputtering
treatment is performed.

[0061] After the abovepretreatment is performed, the inner surface
si&e 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 caiculated by
the above formula (1).

[0062] Hereinafter, the present invention will be specifically
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number of particles required to calculate the particle number
concentration. Hence, 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 water is 20 calculated, and
the representation of a result is shown as less than this value in Table

ORI HobIE PG SmBEF of B Pl ek FEMGSH DR HOt Limited

£ Sonjam; @fgpse particles) adhering to the membrane surface is larger
than that in Example 2, so that the merit of increasing the number of

(cosuating fie)dgeapagizhe expestat 125 (0741 (Example 3, Comparative
Examples 5, 6) Example 3 is performed in the same manner as Example

[ Q063dept thkhe themsaswih gfdbjecpisrd finkqraricetbith aldardplere water is
diameter of 0.03 m or mare, the number of dzqys of filtration is three days,

TSRS AT TR ENST CotirRFAERSIE SRFNIAE. FRETIFING SfganRTber of
fﬁ?‘e”‘%%%:stﬁ%%ge{ gheomaminglon fine parigles) i":?'r?gl‘}fﬁ%of‘n%%@%g%mnes
|

particles, number of counfing fields, counting fleld™ area, filtration volume,

3 A6k 50 ePsare-cRLLed dRe SR #A T abke 53 ASe pesdt 9bagichiatingdo s

the number of fine particles contained in 1 ml of ultrapure water, the
paiuyshérf ofifinesparticles iy i nofeultddpanetwaterf i§ 26 peytmbesiher diameter
[0075] Incidentally, as comparative examples, an MF membrane as a flat

ofmbribfiihe td@@8FBoREatbBRaté Rt SéeedisietePerbrne @Rea of 3.1

omparati xample 5) and an UF membrape as a flat membrane
B8 A A SRR A ST GO ERLS Bthtne B AEa fod 7kgPory
rdsgmparatiyeExample 5 eerarped in e sapedmapnenaenExample 3 1 is
using the MF membrane as the flat membrane with the number of days of
fdiitratar @ B¢ tayssdnd thrawibaradf eou fting:fieiisnbr ase300 figldshe water
The number of blank particles (humber of contamination fine particles),
drigiie i o RAISIE Tk paritde humbapdiesintiiy fianesiitingthadvater
area, filtration volume, and sq on are courged and shown,in Table 3. As a,
Wi ane €

S_“r%%&}f &%?Cﬁﬁﬁﬁ&%nﬁ he water drain part joint 7

thereto, respectively. Then, the ultrapure water is directly
introduced into the filtration device 1 from 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,
cui; in the longitudinal direction by a razor to expose the inner
gurface thereof, and subjected to sputtering. Then, the number of
fine particles on the inner surface of the hollow fiber membrane
3 is observed at 20,000-foldmagnificationwith the scanningelectron
microscope, and the number of fine particles adhering to the inner
surface of the hollow fiber membrane 3 within the counﬁing field
is counted. With the measuring object as a fine particle with a

particle diameter of 0.02 ymor more, the number of days of filtration
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particles contained in 1 ml of ultrapure water, the number of fine 20
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 OF
membrane as the flat membrane with the number of days of filtration as
22 days and the number of counting fields ;as300 field. The number of

29l ark PAFeledTHURMBe PO RHiaffinSRBR 25 e paritfed® viRRd of telds, the
le fi fiel ld
%%Q?QP PSR %‘%ﬁc’l@ ﬁ%@é‘?ﬁng fieldg; G Lérr{t'nr? ?“Ega Pricles)

tion volume, soon ar counte d shown in result
v@i@aksal@&ﬁﬁﬂ@@z@ﬂb@;@éﬁﬂkp@ét;c}ﬁﬁr@@it@ﬁeaaﬁélrﬁbqfl@@aeyr@ountmg
water, the number of fine 37 particles in 1 ml of ultrapure water is 27
f patticlesénl. As is:cletidromclainies kiwi3sn Exaansespas cedparddsivown in
Comparative Examples, the number of blankparticles (number of

T%%?ﬂ?a&nnaﬁén%ﬁ@ﬁ&&?&l&% radmialiat ine M&n‘é‘lﬁhﬂﬁaﬁﬁré ipfieparticles
ssing through the 5 filtration membrane when the f articles are
(ﬁztppe é]red%ceg anél1 & filtration t?rtne is ggrggtly 0 enekg %3678? articles
ikExample 4, Garppa(aly e Rampigs £ 8) d e pwnberghing paides n is s
the ultrapure water’is measured using the filtration device for measuring
pdlre hthaletnaf, fine particles 10 41 shown in FIG. 6. First, one UF hollow
fiber membrane (OLT5026 manufactured by Asahi Kasei Corporation)
1GA&44é of p&ﬁ/gmmamhvarﬁmwme%érw ;emhraRg asteridiamarpbrane
of 1.1 mm, a length of 50 mm, and an effective membrane area of 94

i o Fs RRSSHRAT RROFR YAEL3 ﬁfbﬁ?e%ha%ﬁ%eaﬁmﬁh UetRsiFARgrative
eRh e EPRY L 68 HefpHBRE 1o Dol 1 e 98 QEWIR AN ated
ends sealed is fabricated by sealing both ends of the foI iber

cdDealvase \Wihheapoxy resimghe Iqulca/rébagawmbrane unit with
both ends sealed is immersed in a surfactant and made hydrophilic.

[ G065 D] AftEhenhidF soetium diyeregehwiifittait fitebinanther2Gdewikmgzanative
members constltutedﬁﬁ){?connectln the water drain part external cylinder

EXA5R08 the Batbt thaffRe jGRE 45" 8nBTREFRMoRAVEntion since its pore

diameter is larger than the fine particle as the measuring object.

[0066] The UF membrane as the flat membrane used as Comparative
Example 2 isunsuitable for thepresent inventionsince it isestimated
that the required filtration water volume and number of days of
filtration making the fine particle number concentration of 0.02
um or more as the measurement result of Example 1 to be 5 particles/ml

become enormous.

[G067] 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 Vy, in the blank test is assumed to be 0. The number of counting
fields of the filtration membrane and the number of counﬁing 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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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 25 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
iBberenrembrane: isscutibyearaianragrpduriel eth ¢ raadbwn bydrogeamination

sulfite is reversely passed.to release 38 air in the hollow fiber membrane.
L SuBsegLERY SRhile HadumtR§diyetes @fiteciayetalddy paBseparticles

d . th ter | | cylinder 47 is attagched. .
A B B R S Shahe pR S s wice
+ RUPRIMIOF 46,95 7 Ehe waten sl R, CX IEFRAl CHlIDEEE 44nth &i’sﬂ:icles) .

port 46 is capped. The water drain port 48 of the water drain joint 4

asagpeds1and drerahythedilation Wavieg 4. is-bigughbintomsealed statggo, n,
[0080] Then, the uItrapurezwater is introduced into the filtration device 41
=shovin &9 FIGA6ThAddgMThe clean 8af® Frdodudininttbetifraheitee formula

sampling valve attached to the pipe of the ultrapure water production

(L) st tETROSATP OBRL THE SHnfifig vaNeLEEG e fs caleulating

tuéegl.\%r?oy%gyo}%o&gﬁ] eé’%a\kﬁrla X %‘{Q}S% dégvglg\gﬁgg?‘d&é'%g gggsag%glgr&olume

Just before attachment. The ultrapure water is sup to the'water drain

b PG ebthei waterUiaie part gy tat8uthecsedivmahydiegen sylfiteion flux,
filled in the device 41 is discharged by reverse passage and substituted

thy thefidtrapuee fblér athereafteeatheandtes @lrain, pdihd8rafthevatér days of
drain joint 49 is capped, and the ultrapure water is supplied to the water

f5lppREpOR 46 AEREWABP sEFYS part external cylinder 47. The flow

lating 20 valve is attaghed to the blow water. drain poyt 50 of the water
(908, palFEREPLE Sinderh7 B Woming T Sed af 800 miimin,

EdieNklowing for fiyg minwites, heblovkyolimads reguiaiad;te d o éaaé!gggla that
by the flow regulating valve. After the regulation, the water drain port 4
tiod theapatel deaiokpat foiht48 i ineappedicle with a particle diameter
of 0.03 pm or more, the number of days of filtration is 10 days,
and the number of counting fields is 1000 fields. The number of
blank particles (number of contamination fine particles), value of
countable fine particles, number of counting fields, counting field
area, filtration volume, and so on are counted and shown in Table
2. _As aresult of calculating the number of fine particles contained
in 1 ml of ultrapure water, the number of fine particles in 1 ml

ofultrapurewater (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

is less thanthenumber of particles requiredtocalculate theparticle
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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25 [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 25C. The filtration flow rate is 39 4 ml/min, The ratio

between the blow volume of the blow water drain port of the water supply
wpadextéina edinder Bncthééltratione dowrstd (m35ik Thd dlilationd, and the

period is 30 days. After 30 days, the water drain port 48 of the water drain
TORRGERR UL SFel B FHE e Affet NPIETTIBN FfifatiRgVaé Ssvddienty Table

the blow water drain port 50 is capped, the water supply port 46 of the

Water supply part external cylinder 47 is capped from the sampling valve,
[ 696othen thefiliratian devies 41.is gatried tohelaan taom;ina sgalefer

state. 10 [0082] In the clean room, the hollow fiber membrane unit 43 is

céakemeoutefithe devitentl, Anasthepaqlaw fitEsenantsane 5 iSicu ipdheicles
longitudinal direction by a razor to expose the inner surface thereof and

regbjeceddto sputteriegeThas, fiammadurtee sinhenhsvweberation is 20
membrane 51 is observed at 40,000-fold magnification 15 with the

&% ERRINGBHEBn ARG o5REpRUERE The huhiARRSdiRATIfAeS AuRiggted to
cSehennsr yfagewiihin e countingild Jis counted It be,

measuring object as a fine particle with a particILe lameter of 0.01 pm or

more, thgifilsatien pelivgas 80 rdays, phekthe1umbeb Rt 89URHRD Helssk

as 1200 fields, the number 20 of blank particles (number of contamination
pdireigdrtislesy, Value of countable fine particles, number of counting fields,

filtration volume, and so on are calculated and shown in Table 4. As a

result BRERREIRhPHEURREF SFARS pEfBS EoRifed HRMinpsfon fine

pau%tégglirefv)\éa;%?iréthe particle number concentration in 1 ml of 25 ultrapure

Water is e/ml. [0083] Incidentally, Comparative Examples 7 to 9

shown W&reopeEfpgwgd Aﬁ&@})@g@ti\@ Example. 7¢ sampling of the

ultrapure water
[0070] Hence, the number of trapped particles is assumed to be
20 particles and substituted into Formula 1, and the result is defined
as less than theobtained fine particle concentration. Consequently,
in 300 counting fields, the particle number concentration becomes
less than 8 particles/ml. From the above, in Example 2, since the
number of blank particles (number of contamination fine particles)of
thz}s 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 performed using the UF membrane as the flat membrane made of 40
regenerated cellulose with the number of days of filtration as 30 days and
the number of counting fields as 1200 field. More specifically, filtration is
performed using the ultrapure water from the sampling valve attached to
the sample introducing tube of the 5 same ultrapure water production

ofydtgn astirt Examplé i Afted thelaeguaned filtratiommiaume is fitereth ¢théields
device is carried to the clean room in a sealed state. In the clean room,

athé Yarhhertbiane s SiBjScRats SfulteARESAhBIRE HuhfSel 6 Hpes than the
particles on the, membrane surface |s observed at 40,000-fold, .

i A L B0 STt RE oo oSS ob ol Thd S oer

cShHBR PALIGISH . adhening 19 {heuBSMDIaRS SYrf AeeBBE GAWIRg rticles

field is counted. In the same number of days of filtration (30 days) as in

réoaipla v tha subes ofiblank phrtides(betbesof enptapinaiidn findormula
particles) is larger, and the number of trapped fine particles is 15 less than
( He nbhthervipraticEshrénaired1s tal@fatbthe Fakiele whkisgure water is
concentration. Therefore, the number, of fi(r?jf égarticles r?gbuired to
[

CRLHAE e PAMEE TR BRI ARC € STy b BAWR RGBS than
e feppegranicies.and subsitutednle the amve Ul (D IRCAICYRS,1 ani

e number of fine particles in 1 ml of 20 ultrapure wafer (fine particle _
pdikalGONeRRikationy abed thmmireprasentelios phatesulbis)shanerdsg to the
less than this value in Table 4. As shown in Table 4, the fine particle
martimiserecencdatratibn isa tapsthdmao-pavtidlosinhmpit ¢h2 paditbatutibemerit
concentration cannot be specified. Next, using the same UF membrane

OTasHREHRA LS eI RRE rétfuifRI TSN VI8 SiPRAMHE dxpected.
L BRSSPSR e g o
eRidpEnple o4 phetrlauraipanbsingdhesabexerfosmulantil )y s arie i HE Sumbe r
41 required filtration volume is 12600 L (provided that 22 L/day), and

of days of filtration as 10 days and the number of counting fields
as 300 fields, but the number of trapped particles is less than the
number of particles required to calculate the particle number
concentration. Hence, 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 water is
calculated, 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 counting fields cannot be expected.
[0074) (Example 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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number of days of filtration is 580 days. (0084) Comparative Example 8 is
performed in the same manner as Example 4 except that the blow water
drain port 50 of the water supply 5 part external cylinder 47 of the filtration
device 41 is not subjected to blowing. When the device 41 is attached to
the sampling valve attached to the pipe of the ultrapure water production

system, the ultrapure water is_not bjown f the water supply port 46 t
R TG Sraf BEr G o R Wk Ul B o O GG 76 bLank
pﬁt%@s@ﬁﬂnﬂ@pﬁﬁmé&ﬁimﬂgﬁc%mﬁgt’ﬁgﬁﬂ@f_égia,i“vB‘J?Ge“%f

of the water drain part joint 49 is uncapped, and sampling is started. The
cdilination uxiiad palimit 1A% a resuieef cilesiaiingnihe pgmber ebling ing field

particles contained in 1 ml of ultrapure water, the particle number

an@hcehtrbtivAtihniof UnfaparsiniRe PTLR &S5 pavndied/mnqogssyn in Table
3 Co@rgarative Example 9 is performed in the same manner as Example 4
ex

P I GO0l HLRB B EAG A REDRG A6 A REE LB Goa cained
LRI iaandevien g L anaputctytat %%a?t{%ﬁlilégfin 1 m
rtic e holl

observing fine particles on the inner 20 surface of th iber

ofmgmb¥apasd wihdhe sganpingselectoasmigroscope, counting is
impossible due to the growth of visible bacteria. [0086] As is clear from

[OD8¢ 4, i BExadwie ALusingath e Qfphoidv vidb ermaenilsraneam M Eongmredne as
to Comparative Example 7 using the flat 25 membrane, the number of

a ik Pl tRALE: of RMMAFATRRIPH S PhFicRI M enddifsretier of 0.03
[ f ult t i h_the filtrati b h

R A BB e AU R TRRAE R oA o SR ambrane

madi€ally shogteneds Faither fiipdexarmple At blowing the Erapurere used.

water from the water supply port 46 to the blow water drain port 50 of the
[ Ofa&) supphmpait aexteenBlxeylimber A 4, ine pddicie doptamirai@me manner as

resulting from an introduction system of the filtration device 41 including

Expaple 3 using the MF membrane as the flat membrane with the number
of days of filtration as 28 days and the number of counting fields
as 300 fields. Thenumberofblankparticles (number of contamination
fineparticles), valueofcountable fineparticles, 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
particles in 1 ml of ultrapure water is 28 particles/ml.

[C077] 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 blankparticles (number of contamination
fineparticles), valueof countable fineparticles, 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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5 sampling valve can be suppressed compared to Comparative Examples
8 and 9. [0087] (Example 5) Using the filtration device for measuring the
number of fine particles 316 shown in FIG. 5, the number of fine particles
of 0.03 dun or more 10 in the ultrapure water is measured. [0088] First,
the filtration device for measuring the number of fine particles 316 shown

pd2ElE1 2dS RAAES21A SAMRIng HRUN A 118 A BRLIE WA POWE N cLear

system (not shown), and the " following sampling’is performed. First, to
£ RV 1he adhesion irakepnias)inaliendipenaitidesdfipa particle Examples,
contamination) from a sampling cock of the sampling point, sufficient
tiveasiibg and tsterlizadiohiarégsetfomizer Fhoonherimaticodéiioe farticles)
measuring the number of fine particles 316 is attached to the sampling

150EHETitrdptite PAtFTs ShpPidd FRNT S SRk AR Ifddr o8 S Ehe

in this Example) oppasite to a surface on which-fine particles are, te
R AR S L ER B R B PR ) L Pcea,
arRlowing whiavisapproximately 190dines thmBeldupeyolume of a flow

path space in the hollow fiber membrane 304 and the device 316 is

[ erégrmed, Bftenihe blowitgmiscoapieted xiatgshalk?2y prtesdye dead end
filtration is performed at a feed water pressure of 0.5 MPa and an '
ThAgiRkRe TR sRANCIGARScHA PR MM EIaR 2 (VA AT AR SHjsd using

fine_particles on the inner surface of the hollaw fiber membrane 304. .
R kAR, tRE RO FoaC T RBAHE 45 307 MR Bho HEeparticles
4 1MSRRRNE(GRemigal maleaylar Weiohkcuiofh of 1£5909) whighismagsrrs026
of polysulfone and manufactured by Asahi Kasei Chemicals Corporation

meditd BesBreldNdgyRs theakhsd ithedpper antboutansdeface pdlarshafese with
fiber membranes 304 with an outer 5 diameter / inner diameter = 1.4 mm /

an) B ieseetnal hdth istreg@iated s thai aresacie ménigrana length
area per one membrane becomes 1 cm2 are mounted in the filtration

Ofdé@ié@“fbﬁﬂéa@ﬂrﬁﬁftﬁ‘éttﬁ)’rﬁtﬂ?mbrane area of 94 mm® i1s inserted into

the 1/88US nipple 44 and fixed with the resin mold part 42 (epoxy
resin). Further, thehollowfiber membraneunitwithbothends sealed
is fabricated by sealing both ends of the follow fiber membrane with
the epoxy resin. The hollow fiber membrane unitwithboth ends sealed
is immersed in a surfactant and made hydrcophilic.

{0079} After this, sodium hydrogen sulfite is filled 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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of fine particles 316. The integrated filtration volume (filtration capacity) is
measured by a commercially available integrating 10 flowmeter. [0089]
Meanwhile, prior to the sampling, using a hollow fiber membrane of the
same production lot as the hollow fiber membrane 304 used for the
sampling and those of plural different lots A to E, the numbers of blank

articles (numbers of contamination fine 15 particles) ate me red .
aedild %eﬂé%? & sﬁjo%venrin“i]aé%%ag.e [oog RIS é)%a%blg%z'#aergte %fSOdlum
nyagd @Iigﬁlﬂl&@%sr@@@gswgg})Q@hm@z&%@&m@vleﬁg%ﬁee supply

nd a

particles) of the used hollow fiber membrane a targeted
paneasurernaatlawarilimigr Namalya sineehibe numbee of finel patiieiéd rmed that

trapped by filtration 20 is, acquired from (estimated concentration) x
thfitraibivolresrare Mtdfiononeeii Qe fhinaiBSe thatmpis Yaprrt 46 of

greatlg exceeds_the number of blanl;% rticlg%glumberof conta}qgt?lination 46 3

LR BRI ESPBHN & AbloRAf5erRe iajrf% e 'spdiic SRPRE BRAfFo'® 3
I . O . : ‘

v s b Bl Dot o T A e o S eapped,

ariin@ RariglosHAdItEDUFe WRIRT Loniaiving firempaslicas ahedevekel1HiD8tate.
particles/L, approximately 10 L of filtration volume is needed. In this

[ aH&Wiple, $ines tHeheinitcaplinetof tetermimtiondydes dettto phe filtration
particle/m1, the total filtration volume required to pass the ultrapure water

AqHASEH L6 RBYBWROE frefhisTAFESE (BURC LR DS ETHe fHerRifERg tube
£ {9n b Inegrated Iatigp volue, o seach fle ahove DEdeoingl, e yater

on vo e |sgag8ut ours, henc trapping of fine

prRAtiElesdn fgswiandre Naleldp cRMBILiRd; ca veryish i imie.nthalve used

number of fine particles observed on the inner surface of the hollow fiber
hanemibr asieesis ishiorendinb ¥ alte: G1j068923 Pemeandvalub ot e torblersiofy for
fine particles trapped 10 on the inner surface of the hollow fiber )
1 2nBABIENRLsTENSd 38T6IIbRéEore attachment. The ultrapure water is

supplied to the water drain port 48 of the water drain part joint
49, the sodium hydrogen sulfite filled in the device 41 is discharged
by reverse passage and substituted by the ultrapure water.
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 ml/min.
After blowing for five minutes, the blow volume is regulated to 100
ml/min by the flow regulating valve. After the regulation, the water
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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[0092] [Formula 2] N 8.6 100 =-x 200 6.4x10-5 = 67187 A fine patrticle
concentration C in ultrapure water is calculated by the following equation.
15 C= N-N, V, x 1000 C: fine particle concentration in ultrapure water
(particles/ml) Vs: ultrapure water filtration capacity per one hollow fiber
membrane (L) 20 N.: mean value of the numbers of blank particles

(nymbers of contamination fine particles) Consequently, the fine particle .
R B aoRR B A e i R & Toce S BRecE drain

p@;%%éx\@ﬂe %&é@%ﬁﬁl@@@%@fﬁ%@%ﬂ%ﬂ%&&?@%@t ahe leyekration

of 100 or more 45 particles/L, a reliable measurement result can be
fabtainetdfia fikration DHha00 Lina2iennpereiisdddoshedvincidattedy, 30 days,

this example, also in the case of fine particles of 0.03 dun or less, the
thanveesuoptansd, 4ARPAlsdin Hrtessdvrfineogarticlesinmmig 45 capped.

inimal diameter of 0,01 0,02!'un which are dfficult t t
BRRER et e FOEHAS LR oo AR e EhGReb bl vtz

aPAAPBONIA PoeiamelelDOAExapIa S Ihe puBRalel (R er supply
particfes in the ultrapure water is measured using 10 a filtration device for
pASasaknE-ieIndpben@éfingparcles®l from the sampling valve, and
then the filtration device 41 is carried to the clean room in a sealed
state.
[CG0OB2] In the clean room, the hollow fiber membrane unit 43 is
taken out of the device 41, and the hollow fiber membrane 51 is cut
in the longitudinal direction by a razor to expose the inner surface
thereof and subjected to sputtering. Then, the inner surface of
the hollow fiber membrane 51 is observed at 40,000-foldmagnification
with the scanning electron microscope, and the number of fine
particles adhering to the inner surface within the counting field
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, samplingof theultrapurewater

is performed using the UF membrane as the flat membrane made of
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shown in FIG. 8. [0095] 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 15
cutoff of 10,000, a hollow fiber membrane outer diameter/inner diameter=
1.4mm/ 0.6 mm) which is made of polysulfone andmanufactured by Asahi

K886LChemicals,¢orraration and:-Ras 23R ayer K.each Ofan NArANd a5 30

outer surfaces is installed at a sampling point of ultrapure water
dpsasdustientasilitiesbEhe dipllewdfiberrgemiFade 20602 bas ohelend More
sealed with an adhesive 604 (urethane resin) and bonded and fixed to a
shippld (RT1RY 603 haas vPpalyweyiareed Usride Wile thetadiroieaeder from
rethane resin). The nipple 603 has a screw A part 605 and a screw B

R S I AP R L GRNEEh D A D TP L R T PRt U OF the
SBISEE 50,0025 Loan b caply ATEAECioDS SRBIRIRON.  nccor che

Incidentall e screw B'part 606 may be used as an external cylinder to

regiiaGtay fittateratachine-padicdes are ireppedd (0036 Then ceprasciesied to

volume of ultrapure water is passed from 46 the opening side of the
thelle fiberansibmee $02datidirally Wateheredmdmngon tHinfidat membrane
surface side of the hollow fiber membrane 602 is sucked to the last drop

IfrctHRAE kel ARt GE Rifer AR Hhe HEMEEBEL i YRtaBRed #F kRS on the

nSgIe procedue as when being § instalied, ancite pumber pfplank. s the
particles IS measured with the  scanning electron micros ope. Aresu

stherephls %k%&%l@@%@@&%@ﬁ-amswglw %%%%@ hatiicles
Table 5 showing the results of, prior to the sampling, measuring the

adheers tof blankapdrtiales gurfibeeswdftdointarhmatiom tihagpatkdes)s counted.
using 10 a hollow fiber membrane of the same production lot as the hollow

IfbehenEABRameBDRILSEY 7 YFe RBnipligraivd Biode3 8f PRiYal differdm Example
decreases

4 lots A to E. This %%o;gm contamigation dramaticall , fine
betRis& Breaky it RE B aSACh AR Fortd sSRTBETHPSEHSRy
particles) is larger, and the number of trapped fine particles is
less than the number of particles required to calculate the particle
number concentration. Therefore, the number of fine particles
reguired to calculate the particle number concentration is assumed
to 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
filtrationforthe fineparticlenumberconcentrationof 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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line. 15 [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 20 membrane module) using an UF hollow fiber
membrane 702 (a nominal molecular weight cutoff of 10,000, a hollow

[1B8% MeMP{ane Quier, JIgmaler { nneg 6’&?@‘%?263;1%5&%19&\60 'E_Q‘)%WQEFP) , and

iIs'made of polysulfone and manufactured by Asahi Kasei Chemicals

nusperaivndand has a skioriayasin sachayf afeipger and outer surfaces is
installed at the 25 sampling point of the ultrapure water production

[ 808, T hpHowWt fiver Bxambiand 702 has teremant sedld@ vitmgnmanner as
adhesive 705 (epoxy resin) and bonded and fixed to a 1S stainless-steel

EXGRES ot P68 Wihhe AarRkRIE AT foRy PR T Folldt HEGE™ SupPLy
pJILYR0E I [P ORIeE AP (G I VIR LA AUYRLLN 3 DI 0 jeoted

stainless-s t SCI’EWS) or attachment t

8o pemRlNg PRIDY 2 fetswleqeaaldng o/ G dadhis £xanplee thaghevisg valve
701 can be attached to the sampling point by the iS ferrule 5 packing 703

athracighdone-tovehpdperation hehichtoHiersrmore teimplicitiu 80991 Fyerem, the
after a prescribed volume of ultrapure water is passed from the openin
rﬁ’ggo‘ﬁo the

U BHERRHE DMAB SO lotv HBEr PAEFBr &R 0T BN W HR&Hy SHERA T PRZihi

o {15 Inec suface side,of e ollow fiber membrane 10,7215 SUcked 10,1 1 ngex
e 148 3rop fom Remeredwater i e,%ﬁe eVick ¥81%s cf{e%ache inYy

a esameqyoceduregswhen deng fpeialied ard g pumberaidblaiter drain

particles is measured with the scanning electron microscope in the same
poranieras ithexaatde @rhiesybthefedinis 1 g LG4 partigiesd D0amin2ampling

This value is nearly equal 15 to that in Table 5 showing the results of, prior
ig0 shesheshlinghendaddrirrftemdmbers 6f Blahk/RktclePeuimbesgit of
cgﬂ% rg’!:r}LarngQhe number of fineparticles contained in 1mlof 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 cbserving 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 filtrationtime canbe greatly shortened. Further,
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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 20 dramatically
decreases because the device 701 can be easily attached to and
detached from a sample line. 48 m1\ NM rix NiUim 41 Nrt(r)O,f1 H

izﬁt%%n{%ié WA QUVEYENM¥e QaReS4MbM etz Nupply
O oMU Wionioroz CC)OO HNoo3CO N

pert 46 to the blow water drain port 50 of the water supply part
external cylinder 47, fine particle contamination resulting from
an introduction system of the filtration device 41 including the
sampling valve can be suppressed compared to Comparative Examples
8 and 9.

[G087] (Example 5)

Using the filtrationdevice formeasuringthe number of fineparticiles
316 shown in FIG. 5, the number of fine particles of 0.03 pum or more
in the ultrapure water is measured.

[0088)] First, the filtration device for measuring the number of
fine particles 316 shown in FIG. 5 is installed at a sampling point
of the ultrapure water production system (not shown}, and the
following sampling is performed. First, to prevent the adhesion
of contamination fine particles (fine particle contamination) from
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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o054 b4 dico CavR WMV W ihZ b 205 ZP4ul Foe Nadd AaRUTAckhi®ed by Asahi
Kasei Chemicals Corporation and has a skin layer in each of the inner
and outer surfaces. Ten hollow fiber membranes 304 with an outer
diameter / inner diameter = 1.4 mm / 0.6 mm whose total length is
regulated so that the effective membrane area per one membrane becomes
1 cm’* are mounted in the filtration device for measuring the number
of fine particles 316. The integrated filtrationvolume (filtration
capacity) is measured by a commercially available integrating
flowmeter.

[0089] Meanwhile, prior to the sampling, using a hollow fiber
membrane of the same production lot as the hollow fiber membrane
304 used for the sampling and those of plural different lots A to
E, the numbers of blank particles (numbers of contamination fine
particles) are measured. Results thereof are shown in Table 5.
[0690] In this example, a target of the filtration volume is
obtained fromblank particles (contamination fine particles) of the
used hollow fiber membrane and a targeted measurement lower limit.
Namely, since the number of fine particles trapped by filtration
isacquired from (estimated concentration) x (filtration volume),
the filtrationvolume isdetermined sothat thisvalue greatly exceeds
the number of blankparticles (numberof 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 particles, 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 theminimum limit of determination
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is set to one particle/ml, the total filtration volume required to

pass the ultrapure water through 10 hollow fiber membranes is found
as 100 L. The time required for the integrated filtration volume
to reach the above predetermined filtration volume is about 40 hours,
and hence the trapping of fine particles in the ultrapure water is
completed in averyshort time. The number of fine particles observed
on the inner surface of the hollow fiber membrane is shown in Table
6.

[0091] A mean value N of the numbers of fine particles trapped

on the inner surface of the hollow fiber membrane is found as follows.

[0092] [Formula 2]

V- 8.6 y 100
200 6.4x107°
= 67187

A fine particle concentration € in ultrapure water is
calculated by the following equation.

NN,
V. x1000

C: fine particle concentration in ultrapure water

(particles/ml)

Vy: ultrapure water filtration capacity per one hollow fiber

membrane (L)

Ng: mean value of the numbers of blank particles {(numbers

of contamination fine particles)

Consequently, the fine particle concentration inthe ultrapure water

in this example is found as follows.

_ 67187 -1x10°
T 10x1000
= 6
[0093] Further, for measurement at a level of 100 or more
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FGltwadt navof X WL/46° 00t e0ie wer fovnGds Incidentally, in this
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 0.01l pmor 0.02 umwhich aredifficult tomeasure
at present, measurement is possible by using a hollow £iber membrane
with an appropriate pcre diameter.
(60941 {Example 6)
The number of fine particles in the ultrapure water is measured using
a filtration device for measuring the number of fine particles 601
shown in FIG. 8.
[0095] 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)whichismadeof 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.

[CG96] Then, a prescribed volume of ultrapure water is passed from
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the opening 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 plural different
lots A to E. This shows that contamination dramatically decreases
becauseof easy attachment to and detachment froma sample introducing
line.

[CO97] {Example 7))

The number ¢f 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 / innerdiameter=1.4mm/ 0.6 mm) which ismadeof polysulfone
and manufactured by Asahi Kaseil 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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stainless-steel ferrule joint 706 (PT1/4, withscrews) for attachment
to the sampling point by 15 ferrule packing 703. In this example,
the device 701 can be attached to the sampling point by the 1S ferrule
packing 703 through one-touch operation, which offers more
simplicity.

[0099] Then, after a prescribed volume of ultrapure water is passed
from the opening end side of the hollow fiber membrane 702 and finally
water remainingon the inner surface side of the hollow fiber membrane
702 is sucked to the last drop from the filtered water side, the
device 701 is 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
therecf is 1 x 10* particles/100 mw’. This value is nearly equal
tc 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 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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15

Number of Fine Particles observed on Inner Surface of Hollow Fiber
Membrane (Number of Fields= 200, 1 Field Area =6.40 x 10-5 mm2,
Observation Magnification of 15000-fold) N-number 12345 Mean 97 6
10 11 8.6 5 Industrial Applicability [0106] A method for measuring the
number of fine particles in ultrapure water, a filtration device for

; one|suring thewmunbgr of fine particles, a method for manufacturing

Lhere\“, and-a-hollow-10-fiber Irnomhrnna unit-for use-in-the device.of the
present invention are capgbllr@b@frmc?rﬁ n%?ﬁtrﬁ%a?ﬁrﬁﬂgep%&ﬂgl to Inner
diamatar |mnrn\lamnnf | \%‘?fglg kOWQE;IkP% ngﬁﬁﬁhmn

UIIU\III\,L\,I, LA S

L?xﬁdsrmnlrfrcatron Accar |Hﬁﬁpfﬁ%lc/u§re Wﬁémmwms/mm)

Sﬁﬁ@asiﬁmgﬂth%ﬁmmber Bl finex paﬁt’icles in ultrapure water containing 15
Afine particles with a finer particle diarheter, a filtration device for
Bmeasuring the number ofj fingy partiglés, and a hollow f iber membrane unit
¢ for use in the device. 53 NlH,QTII@ CLAIMED IS: 1. A method for
measuring the number of . én partﬁjes in ultrapure water, comprising: 5
subjecting the ultrapure water 0 mternal pressure filtration through a

E

partrcles in the uItrapure Water at Ieast on aninner surface thereof
éJosmg the inner surface of the hollow fiber membrane; and 10

383 duringlFegmbér of fine particles on the exposed inner surface. 2.

The method iohRas Wing ihe NbunlRel-aldNeBaBIClES] IBANSAHERPEE face of
water accordipgitoglapiyle - Membrane (Number of Fields=200, 1 Field
Area=6.40 x 107 mm’, Observation Magnification of
15000-fold)

N-nunmber 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. Accofdingly, 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 fibér membrane

unit for use in the device,.
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wherein the hollow fiber membrane has the skin layer on each 15 of the
inner 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. 20 4. The method

wigkimeasering,tbg nmber 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 25 ultrapure water using a
filtratiod devibeioF AtshIaih GEee warsE - b finagrtchks Flaleapursicles in
ater, comprising: a hollow, fiher membrane unit constituted by sealing
ofeia?ﬁ&%d

U et & W(fﬁff%?l?ﬁgr}l%?a’ne having a skin layer capable of
rapping, p4d0e g Rartciep b i AR S RIS Alitast n Phoatte

surface théreof and fixing a fixing member to an outer perip between

£ the sealethpoIHen g RO1ORENAIDEL MMEH2 408 Mald partia Watsledraifivable
part external cylinder connected to one side 5 of the fixing member while

ofnteraatiyi equigped with thersdatéd portionhef thihallpw iben teendiraheast on
and a water supply part external cylinder connected to the other side of

ann & Ry AEmBsAwhieTR@frally equipped with the open portion of the

hollow fiber memhrane.and having a wat rt 1Q.and a blo
oter SEEOEIET AR AL OGBS HEACRI0S T S00 eafirane; and

water siiply: PORS:HisCharand, e MatBodacemplisig PaseingiPgsed inner
ultrapure water from the water supply port of the water supply part
suaxferwl cylinder toward the blow water 15 drain port; subjecting the
ultrapure water to internal pressure
2. The method for measuring the number of fine particles
in the ultrapure water according to claim 1,
wherein the hollow fiber membrane has the skin layer on each
cf the inner 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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filtration through the hollow fiber membrane while discharging part of the
ultrapure water supplied from the water supply port of the water supply
part external cylinder to the blow water drain port; 20 exposing the inner
surface of the hollow fiber membrane; and measuring the number of fine
particles on the exposed inner surface. 6. The method for measuring the

+Auebergffine; padicles An-in 1he HiraRILR Valel @EeRIINGHR £1AMASY surface
wherein the hollow fiber membrane has the skin layer on each of the

timmer@hdean duter syrfacé therepfmémhdittratordevicesor peegasurenytietween

number of fine 55 particles in ultrapure water, comprising a hollow fiber
thferiSARAURREBASHLEEE LY SRD dIRF ERB oA Roflowdibgs mold part;

membrane having a skin Iayé%r c%able qtra ping the fine ga\gti%eg(i)n the .
4 water %Iralflo}aa . e ern C ne C{%Pfl crtea. one side
ultrapure water-atleas an inner surface ereof and Tixing a fixing

oMEMPEY 19 ADRUBREHPNRIY Relyesn 1the §62is0-pArien Rd 8B LRSI portion

portion via aresin mold part. 8. The filtration device for measuring the
ofuntherid fine«pariictes indhendtapueewater according to claim 7, further

comprising: 10 a water drain part external cylinder connected to one side

of the fikiHg raensyarndtipante erligeepippid nidethEeparetpertioh the other

the hollow fiber membrane; and a water supply part external cylinder

S :8finBEtédifo tHe bR SREDT HE AR W RETHEREG Y& tiopag open
pdjith;the 8@%&%@95}&9@ £f Hae- hollgw fiber g}sm%%gfsd Tgswg éu\ﬁég&%} port

supply port and a blow water drain port through which the ultrapure water

asdRPigdwiRmdheinatenseipplymartishdischaraer 91 fhedilratipndevitgplied
for measuring the number of fine particles in the ultrapure water
facwotdieg o thaine8pply port is discharged,
the method, comprising:
passing the ultrapure water from the water supply port
of the water supply part external cylinder toward the blow water
drain port;
subjecting the ultrapure water to internal pressure
filtration through the hollow fiber membrane while discharging part
of the ultrapure water supplied from the water supply port of the
water supply part external cylinder to the blow water drain port;
exposingthe inner surfaceof thehollowfibermembrane;
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 surface thereof.

7. A filtration device for measuring the number of fine
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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 method for
manufacturing a filtration device for measuring the number of fine particles
in ultrapure water, comprising: forming a hollow fiber membrane unit with
both ends sealed 25 by sealing both ends of a hollow fiber membrane

phaViNg asskin layer-earatiewd tappingie-fing particles in the ultrapure
water at least on an inner surface thereof and fixing a fixing member to an

outer pariphietyofibentrabpbrtrmmetharaof enthsa idsihadoly; $6aling one end
connecting the fixing member of the hollow fiber membrane unit with both

ofritdieeari fo RValG U ARTSaRBIBMA SRk ¥ RET AR AR RpPE L TaPPing

with the hollow fiber membrane and reversel ssing push water havin
B LR SR Bl A B L AR hor iy e ace

cReFbexternal edipder as well asFuttingeenesngpidhediolov fibgery between

membrane; and connecting a water supply part external cylinder to the cut
tlomesend sitlgottheohollovd fiser opembrane-dnd reverselyrpadsingdtie part.

push water having the antibacterial effect to fill an interior of 10 the

filtratiof deviEeethBidwith L1 ePAdRYINE fibRF MeaBarHa anith®rugeaan of fine

L A e

c&%?f@ﬂ? of a hO||OW fiber membrane having a skin layer 15 c_apable of
trapping the fine particles in the ultrapure water at least on an inner
surface therest anebfting & ixisgueemilerdelamduitecpafipbestbetwetr side

the sealed portions at both ends via a resin mold part. 57

of the fixingmember while internallyequippedwith the sealed portion
of the hellow fiber membrane; and

a water supply part external cylinder connected to the other
side of the fixing member while internally equipped with the open
portion of the hellow fiber membrane and having a water supply port
and a blowwater drain port throughwhich the ultrapure water supplied
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
measuringthenumberof fineparticlesinultrapurewater, comprisings:

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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connecting the fixing member of the hollow fiber membrane
unit with both ends sealed to a water drain part external cylinder
internally equipped with the hollow fiber membrane and reversely

passing push water having an antibacterial effect from a water drain

‘port side of the water drain part external cylinder aswell as cutting

one end of the hollow fiber membrane; and

connecting a water supply part external cylinder to the cut
one end side of the hollow fiber membrane and reversely passing the
push water having the antibacterial effect to fill an interior of
the filtration device therewith.

11. A hollow fiber membrane unit for use in a filtration
device for measuring the number of fine particles inultrapure water,

wherein the hollow fiber membrane unit is constituted 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 between the sealed portions at both ends via a resin

mold part.
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