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its Potting Material and Chem cal Deaeration Method Technical Field The
present invention relates to a hollow fi ber nmenbrane nodul e havi ng bé@lr 2053

chem cal resis r deaeration treatnent of chemcals in a

sem conduct or aﬁm mmum“m murocess) pri nters, liquid crystal sealing process
or chem cal produc; o, Pr OCESS an é}ﬂﬁ. |ts potting material and a
chem cal deaerati on rret hod usi ng sal dC ow fi ber menbrane nodule. This
application is based on Japanese Patent Application No. Hei 11-97064 and

Japanese Patent Application No. Hei 11-132580), the contents of which are
i ncor porated herein ref erence. Back&round Art In a sem conduct or

producti on pieéasy, F&%&Hoﬂ@l“‘@?ﬁé’te Moguilg -i dteoBPddingt Hakethrh £PAm
| am nated onto a sem conductor wafer, and aftef exposing and devel opi ng

through a mask in which a Shemécali Deperatdoni Medheled to forma pattern in
the thin film At this time, in the devel oping step, a devel opi ng sol ution
(chemical) is typically punped to a discharge nozzle with nitrogen gas and
di scharged fromthat nozzle to spin coat devel oping solution onto the
sem condexttorie@aleFieHdwever, the pressure applied to the chemical when
di scharged fromthe nozzle may return to atnospheric pressure resulting in
t he super satthapeetstirgsbhvedtjas relales teolal hoPhed £2 bkormamig andbbdulel f
t he devel oping solution is spin coated onto the sem conductor wafer while
still comdvaing rppgehine shettdcallopeeis tasce ne@dpt et dase=dttiiongtraatinent
occurrence of undevel oped portions. Thus, it is necessary to deaerate the
of chemicals in a semiconductor production process, printers,
ligquid crystal sealing process or chemical production process and
so forth, its potting material and a chemical deaeration method
using said hollow fiber membrane module.
This application is based on Japanese Patent Application No.
Hei 11-97064 and Japanese Patent Application No. Hei 11-132580),

the contents of which are incorporated herein by reference.

Background Art

f In a semiconductor production process, a photoresist liguid
is coated onto a thin f£ilm laminated onto a semiconductor wafer,
and after exposing and developing through a mask in which a pattern
is formed, is etched to form a pattern in the thin £ilm.

At this time, in the developing step, a developing solution
(chemical) is typically pumped to a discharge nozzle with nitrogen
gas and discharged from that nozzle to spin coat developing solution
onto the semiconductor wafer. However, the pressure applied to
the chemicel when discharged from the nozzle may return to

atmospheric pressure resulting in the supersaturated dissolved gas
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nitrogen gas that is dissolved in the chem cal punping step to inhibit the
formation of bubbles. Mreover, in a sem conductor production processJ i njamm
step in which an interlayer i nsul ating filmis coated foll owed by cutting
away the non-flat portion around the film (edge rinsing step) , vvork is
performed in which a solvent ( consistinag primarily of al cohol i s dropped

onto theg ‘Z:Ec!mi{‘n? pbpiQlve {he d)P "4 elroglix? 9% 190 foe 1 ! L{J% n!&o é’atdr?ﬂo in
an edge rinsrng step erforne a manner as I'n e case of

shove |5 B R R, TR, S, o
al cohol , _eth ketone Qr dr.o ar bo IS, droppeg.Fﬁnto the filmto dissolve
t he peri BﬁEFgP (%/'l QCEHFERCS K&t is used

is al so punped vvlth nltrogen gas . Conse uently, bubbl es _may form when the
pr essur eUPEeVELERES W&%&F 't eSHPEH gt ﬁst RecEsFARYi bR BF2BEBbEeElSl ong
with the splashing of |liquid droplets onto the film causing the occurrence
of def ecRdtrpgg®) gas & isp Gdisispilivgde ithdde ghRAdC)l PUMPINgeSd€PartP t o
deaerate the gas dissolved in the solvent to inhibit the formation of
bubbl es. iNBiba¥eithe foxamgitiiionn ofo i ledvel opi ng sol uti on and sol vent
mentioned above, it is also necessary to deaerate a photoresist solution as
necessary. |Moxgdveirgnin desemdciomducs oyl pyogact bonmrdesssr it arstelk 95 3
1J UL 2003 3 well. Inan ink jet printer equipped with a piezo el ement
head, prebighi aatintenkayeke dinssd@tiing £ddmaie coatest §dldevedddy tdutdsing t he
pi ezo el enment during ink discharge. At this tine, dissolved nitrogen,
oxygen aawayttiee ngasddatrpehel¢mlariounidethe fitlive ( @égel rynswnions beblibiiassk and
t hese bubbl es easily accumul ate in the head. Consequently, these bubbles
are di scharpexdtadumedgin nhigihsshee eentasiongisttd ngcpuinantdy off @liaethiaig
om ssi ons.
is dropped onto the film to dissolve the peripheral edge of the
film. In addition, in an edge rinsing step performed in the same
manner as in the case of the above interlayer insulating £ilm after
having coated a thin f£ilm having a low dielectric constant, work
is performed in which a solvént (such as alcohol, ether, ketone
or hydrocarbon) is dropped onto the £ilm to dissolve the peripheral
edge of the film. In these steps, the solvent that is used is also
pumped with nitrogen gas. Consequently, bubbles may form when the
pressure is released thereby resulting in the formation of bubbles
along with the splashing of liquid droplets onto the f£film causing
the occurrence of defects. Thus, in order to eliminate these
defects, it is necessary to deaerate the gas dissolved in the
solvent to inhibit the formation of bubbles.
Moreover, in addition to the developing solution and solvent
mentioned above, it is also necessary to deaerate a photoresist

solution as necessary.

In addition, deaeration is also performed for printer ink as



In‘addition ) in an ink jet printer equipped with a thermal head, gas

di ssolved in the ink grows into bubbles during head driving in t he 3 haumado3
cycle of rapid heating and cooling of the ink, and these bubbles easily
accurrul ate in the head. Consequently, these bubbles are di scharged during

i nk di scharge causing the occurrence of3 printing omssions. Thus , it is

necessary. {0 r%‘i’,“%ﬁoﬁﬂgfSg@gg?%%%%loé&g?%?%é%éﬁ?% %ﬁ%z'o”ei@ﬁeh‘ﬂkhégﬁ

i nhi bi t "tHe Toria Ing in ese printers as well.
I f hn | at i
chem calb Y 1 ‘ecfaﬁd 82%5%%@%%‘%?%aiﬁa?m?a%%%%h%aaﬁese\e??é’ sahe: or

devel opi.ng solutlo | osed in_J ese Unexanl Pat ent | | cati on,
First PG &3 il B2158635% GHeCHREES at ity thaor SHE. n‘a@gg@lved

di scl osed here |s that in which those portions of the housing and/or end
caps ( RHUIRRGI HORYFERPRAL HIRF dRGCSR Shendpk doifel ehiBdtadeard gRow
chem cal are conposed of a material_ having superior devel oping sol ution
resi st adddo Wuhbkespard theshi Rubkirs fanglherrumel #tRivie, thpdeadesin is
used as a preferable exanple of the material of its sealing 3, na-
~~c~ 4 Senas@ienhbi + i the smtariales aEﬁaﬁpBé’élaé"BeépéiéylﬂﬁsiWS dherhaege
glycidyl ether, glycidyl ester, glycidyl amne, aliphatic epoxide and
aIicycHQ§u§inG(ﬁﬂe\Mﬂ¢QI@§mm®l@§ pfinanqprigesitens ncl ude al i phatic
pol yam nes, alicyclic polyam nes, polyam de am nes and pol yam des. In
addi tion, aJIwrafditbbn,euaplinivfed prilnter ¢gbippedirtine thermal head,
het er ogeneous hol |l ow fi ber nenbrane conposed of poly-4 nethyl pentene-1, and
havi ng @asodd-sfsadaledhdmoddrredundk obriowsf ihirol Bybblekhafuringomeadudosvimg h t he
surface of a porous nmenbrane. In addition, a nethod in which dissolved
ni trogerin mhe theminedl cycle of rapid heating and cooling of the ink, and
these bubbles easily accumulate in the head. Consequently, these
bubbles are discharged during ink discharge causing the occurrence
of printing omissions.

Thus, it is necessary to reduce the concentration of dissolved
gas in the ink and inhibit the formation of bubbles by deaerating
in these printers as well.

As an example of a technology relating to deaeration of
dissolved gas in a chemical using a membrane, a deaerating membrane
module for semiconductor developing solution is proposed in
Japanese Unexamined Patent Application, First Publication No. Hei
9-187629. The deaerating membrane module disclosed here is that
in which those portions of the housing and/or end caps, hollow fiber
membrane and end seals that come in contact with chemical are
composed of a material having superior developing solution
resistance.

With respect to this deaerating membrane module, epoxy resin

is used as a preferable example of the material of its sealing



i s deaerated using a non-porous (honogeneous) tube nenbrane, in which
poly(tetrafluoroethylene) resin having superior solvent resistance i%1 jiji 7003
formed into the shape of a tube, is proposed in Japanese Unexam ned Patent
Application, First Publication No. Hei 8-243306 and Japanese Unexam ned

Pat ent Application, First Publication Np. Hei 9-7936. In addition, as an

exanpl e kpter ink. I tec i i on for
ink jet r?éiég}r&%?%g(PlgteE%gggﬁéggﬁgigbanes%ﬁ%yneesxg% n%&%%ﬁ%pﬁ@a@%n,
First Publication . Hei. 5-17712. . This S, t hod faor, deaerating_ink
usi ng o Sheehey Tt nsrahe ot dhhndeTcentte’ BT S8 upos e
of pol yet hyl epne resin, polypropylene resin ol y(tetrafl uoroet hyl ene

Cesl ) ierd sty teneLiBsrhenIley THbRIE ReamBLeS of cVELTS A9ATES Torinde
However, in the deaerating nmenhrane nodul e described in the above Japanese
Unexam netlPRREHE PQBYIRHLS Dn 213iGYGL s Bril¥ani Bas N otamile grgres apd
chem cal resistance of each nenber used in 3 1 J UL 2003 5 the

deaer at i P@LYi@4f€Swas eval uated according to the amount of change induced
by chem cal i mersion for 3 nonths. Consequently, this nethod for

eval uati ng cherd@dltiesi &t e ewadlengprerie ok comrddeve fibeFemsmbranhi ch
deterioration progresses rapidly after 3 nonths of imersion. Deaerating
menbr anel$roduhetegegeneaue nhabhodr E1hed pembrans eenpesedoef cpedBtébility.
In addition) although each of the menbers of this deaerating nenbrane
modul e eméthyipanteneal n aedrkavongrasperanteee o nedemeowhebihtml £ilmke
sem conduct or devel opi ng sol ution, they were not resistant to chemcals
such as kdyehotlsatpheterdsimiQupwitlterthenlsvaniacei qfii d poyetal memhdahead
probl ens such as swelling and el ution caused by these chem cal s. X
Consequent | yIn @ldd tdeae r amertd odeinh mdricndilss el vwed ninaioigent bn lzechewiicadr
deaerating chem cals such as al cohols photoresist, printer ink and |iquid
crystal ,istd¢ea¢nabedersing solnma-Huroys dbloswgeaepesir inbenvdubeanas in

proposed in which the entire nodule is conposed of thernoplastic resin
havi ng which poly(tetrafluoroethylene) resin having superior solvent

resistance is formed into the shape of a tube, is proposed in
Japanese Unexamined Patent Application, First Publication No. Hei
8-243306 and Japanese Unexamined Patent Application, First
Publication No. Hei 9-7936.
| In .addition, as an example of printer ink deaeration technology,
; an ink deaeration method for ink jet recording is proposed in
Japanese Unexamined Patent Application, First Publication No. Hei
5-17712. This is amethod for deaerating ink using a gas permeable
membrane having a thiékness of 10 pm or less composed of
polyethylene resin, polypropylene resin,
poly(tetrafluoroethylene) resin, polystyrene resin, polymethyl
methacrylate resin and so forth.
However, in the deaerating membrane module described in the
above Japanese Unexamined Patent Application, First Publication

No. Hei 9-187629, the chemical resistance of each member used in



hi gh resi stance to solvents and other chem cals as proposed in Japanese

Exam ned Patent Application, Second Publication No. Hei 7-34850) Jap%ﬁ?ﬁﬁ

" Exami ned Patent Application, Second Publication No. Hei 7-34851 and L 2003
Japanese Unexam ned Patent Application, First Publication No. Hei 1-293105.
In the production of these nodules, in®rder to separate the one side and

tner mop 8251 9 PEeARRE el SyorEOabidrha “hefat baftL AR ERE, pnfup; ot

thernnplas?ic esini he potiIng nafe n-frxrng
he hol | ow fi ber

menbrane to the housi nd partigcul arly en fixi t

oo anc ¢RI Y. FORmERRL ittt e e Amoti cq Saneegiept 17s
essential.  to nmelt th otti material for_pottin rocessi ng. 31J1) L
5003 6 riohyensthod, fef cevalBating: shemigaporertatabecuerniiahLiet i ng 1 he
potting material) it is necessary to select a hollow fiber nmenbrane that it
is able QQPQWW?@%E@WF%%@ﬁﬁ%a%Ddﬁ%%ﬁﬁ.6?5%%%%¥%5}°?h%¥%3§8F§§EIFFRbdiﬁ t he
probl em of the hollow fiber nenbrane that can be used being extrenely

| i nited.afterddinenins tofe IR eY. oegr& afingeBeporangy Medldesalsisg
nornmal Iy extrenely high. Consequently, in the case of fixing hollow fiber
bundl es el imenibeyohaddrielelens ol ihowongbhéesmistapbl hoyisi i wddhtiopoet ti ng
material ) it becones difficult for the resin to penetrate between the
fi bers rabttougly éach f privhimemlpdrs od fthdsadeerreoft ingogembaangshodnlgot t ed
portions. These "l oose areas” in the potted portions easily cause | eaks.
Mor eovergxhilbt ar eeirigiaréegred e riegdsltanicer ho@E Healtne adiensicalidohiiver
pol ynmers of fluororesins such as PTFE are expensive, and al so have the
di sadvargenfcaidbeiven@deospepingvebiutbon prdeer sedre ingt Opsisivamt e hand,
a nodul e havi ng superior solvent resistance that uses a thernosetting resin
for the qgiunicalsesweh &s sl guloplose phot ok@sdsdse pudat®r ded Padehiquid
Application) First Publication No.
crystal, and had problems such as swelling and elution caused by
these chemicals. Consequently, this deaerating membrane module
was unable to be used for deaerating chemicals such as alcohols,
photoresist, printer ink and liquid crystal, etc.
In order to solve this problem, a membrane module was proposed
in which the entire module is composed of thermoplastic resin having
high resistance to solvents and other chemicals as proposed in
Japanese Examined Patent Application, Second Publication No. Hei
7-34850, Japanese Examined Patent Application, Second Publication
No. Hei 7-34851 and Japanese Unexamined Patent Application, First
Publication No. Hei 1-293105. In the production of these modules,
in order to separate the one side and the other of the membrane
in a fluid-tight or airtight manner, a thermoplastic resin is used
for the potting material when fixing the membrane to the housing,
and particularly when fixing the hollow fiber membrane to the

housing with the potting material. Consequently, it is essential

to melt the potting material for potting processing.



Hei 6-170176. This thernosetting resin is a conbination of epoxy resin and
cationic polynerization curing agent or anionic polynerization CuriQ91JUL?M3
“agent. However, depending on the type of curing agent , there is concern
over the risk of nmetal in the curing agent eluting into the chem cal and
causi ng contam nation of the chem cal. é&breover, the addition of inorganic

patent - FoRAEsp 4T e Fises o8 BOeRbER?RG, poRLIATBRRE LATARTHIC] 76

However, this nethod alspo had fhe. prohl.emof the chenjcal bein
cont am nEEAEIRY FEEapSt Rlpaarat e84 ot A peFPERS RO S tatee ik hatitoy
pol yuret hape resin is used. faor the tting material, .there al,so concern
over eIu??gﬁrbpewgfépei%%Fﬁe15a§§ Sggﬁsfﬂgwét SFﬁﬂpthﬁnéeﬁggaHrPﬂgt is
cured by addi ng an organonetallic catal yst to accelerate the curin
react i onPTPReEFdNGi- ohPepBPYoreFPht 29 iifh thesPEPRACE o5 WHedidldaw ifglber
typically used for the housing nmaterial. However, since polyolefin contains
si gni f i cBRMbERBEntRabiCaRtRe I1RRd beRse evhponady bimitedri tireaddifdoa.was
the probl emof the nmetal in the housing eluting into the chem cal when the
chem cal thadvheeeshgy einbhe mebirbpettEhgmadregialrdsatoinably k& teemelyal
has the potential to cause serious defects in the sem conductor production
process. hAgboer dipigsgquéently. neeethargagse ofv diikioenthodiloa fdbest bundles
chemical by netal. In addition, fluororesins such as PTFE are exanpl es of
mat er i al sohsagtanglof goddegted kbl fiibersite dhe housinawithowpesting
fluororesins had the problemof being difficult to process as well as being
ext r enel patepdadi, vet Hecamkl didficuhds Her dhegeredonsth@dnpbfatise betrweienane
conpri sed of Pol y(4-nethyl pentene-1) nentioned above is al so susceptible to
t he for mbbheofiibkrsonsaniitangdipotbe pnobhemhofiogbacbarmehionfofnilagee, and
to the occurrence of pin holes in the honbgeneous thin filmlayer caused by
mechani careasdr idupphyefiapdkitigniol | Bwssy Medsearmreasddut itdre pPdisd in t he
case of such nenbrane, when a

portions easily cause leaks.

Moreover, fluororesins are used as ideal thermoplastic resins.
However, polymers of fluororesins such as PTFE are expensive, and
also have the disadvantage of having comparatively low
processability.

On the other hand, a module having superior solvent resistance

) that uses a thermosetting reéin for the pottingmaterial is proposed
in Japanese Unexamined Patent Application, First Publication No.
Hei 6-170176. This thermosetting resin is a combination of epoxy
resin and cationic polymerization curing agent or anionic
polymerization curing agent. However, depending on the type of
curing agent, there is concern over the risk of metal in the curing
agent eluting into the chemical and causing contamination of the
chemical.

Moreover, the addition of inorganic filler to the potting

material is also proposed in Japanese Unexamined Patent



chem cal penetrates into the porous pores by wetting the nenbrane 3 1 JUL
~oc~ material , there were cases in which the chemical |eaked fromtHe! UL 2003
pores and pin holes in the honbgeneous thin filmlayer. In addition, in the
case of a nethod using the non-porous (honbgeneous) tube menbrane conprised
of poly(tetrafluoroethylene)resin previfously described, in addition to the

| ow nitrQ . bi L1 C i Gl t ENDy AE; dTBt gl Si t he
t hi cknesAslgﬁll(gﬁé{?ﬁbe%‘liéggl glgg{']il%ﬁmrf ﬁ\jeo ni efogen t ran6rsr'ﬁi gigzw%rk{errét 2%?%:’ | ow
(for exanpl.e).nitroge ansm ssion e =0 .5 10-11 [ en¥' .Pa: sec )
Such ¢ hdte A His SR thRORERALER Y ShEehriehy vErid LablEmIR R RS,
was i nadequate as a practical |evel o% deaeration. In addition, a
deaer at it bt HOYL f 61UERE %ﬁﬁmj Eper ELHHET ng MAEPF i UG l()fgsacri bed
consi sts of sup‘E_)I ying raw nmaterial ink to the hollow portions of a hollow
fiber mErb¥EHECthapg&aftn hE BiekiorshsupetférgmatmflanbPerRdaRadsst i ng
di ssolved gas in the ink through the nenbrane. However, since the thickness
of the tGANCETHEARIE QARHONR gFemasal im tibes cagBodf meFg issPekypERtEhgnehi n
at 1-2 umresulting in | ow nechanical strength, there were cases in which
t he nmenbresien rtipatirbel dutedobyhadfirg san covganppetabliatertalyshktot her eby
causi ng | eakage of ink. In order to solve the above probl ens, the object of
t he presmtelevabe binei surgngrpepddbienhol | ow fi ber nenbrane nodul e havi ng
superior chem cal resistance by using a material having superior chem cal
resi stance aon tdddikieni apodyokefibuyshanindharesbatanee todeheoieslis asfol | ow
fi ber nmenbrane and a potting nmaterial that adheres and fixes the holl ow
fiber nengpioelly ased fer|thé h@usirg Ondtendelti dlowemeat.hevinglg ect of the
present invention is to provide a hollow fiber nmenbrane nodule free of .
met al elpdlyol éFinscogtainat eigaifidat i andures 06f coatabs nex | othéy net al
inpurities

compounds as impurities, there was the problem of the metal in the

housing eluting into the chemical when the chemical and housing
came in contact. Elution of metal into the chemical has the
potential to cause serious defects in the semiconductor production
process. Accordingly, it is necessary to avoid contamination of
the chemical by metal.

In addition, fluororesins such as PTFE are examples of

' materials frequently used as a chemical resistant material.
However, fluororesins had the problem of being difficult to process
as well as being extremely expensive.

In addition, the heterogeneous hollow fiber membrane comprised
of Poly(4-methylpentene-1) mentioned above is also susceptible to
the formation of communicated pores in the homogeneous thin f£ilm
layer, and to the occurrence of pin holes in the homogeneous thin
£ilm layer caused by mechanical wear during handling following
membrane production. Thus, in the case of such membrane, when a

chemical penetrates into the porous pores by wetting the membrane



for a potting material and housing material. Moreover, another object of..
the present invention is to provide a hollow fiber nmenbrane nodul e h ngLn{][\3
superior chem cal resistance, deaeration perfornmance and durability allh
performance by using a hollow fiber nenbrane havi ng superior chem cal

resi stance and gas perneability, as wel8 as a chem cal deaeration nethod

capabl e gf (846Gl eRLlyedfRREALL AL GETHGRLS 1nd SALATULE Plakoy Bl Pre
potting material ‘for & hol'Tow i1 ber menbrane nmodule of theé preésen

invention is characterized as _being.an epoxy resin_cured product wherein,

i n & pot PPRESTERS: PAM PELSE NG B8 PPDEECRERN and Roltrd LREF adner es and
fixes a hollqw fiher .nmenbrane wherein, _the ight chan er unit surface
area of a po??iﬁ&gﬁﬁﬁgwraﬂntggf 5F§8e°£f9epg§ rEFﬁﬁggng PEBFPRFEEE in a
chemical for 6 nDnth% at roon1tenRerature,is within the range of -20 to +ZO
nmg/ cne. TRPROFEPEPNS Indt S Jempgpng REMPEHSE%HEE nenbrane nodul e has
superior chem cal resistance. In addition, the potting material for a

hol | ow f PBéV (reFridsorseihy lene) r?@%irfé§€ﬁylpﬁ§gﬁtq%?ﬁl§e&re%éraéilﬂl)t1;5%1

epoxy resin cured product wherein the rate of change in the thickness of a
potting fat &healoveditrioges permeabikidity fgesdigienst opi €be mamhreneni cal
for 6 non the at roomtenperature is wthin the range of -15 to +15 0 .
Thi s potmahgriafler sdncleoithg nblicknessbef fbebtabe Asdaleohibick3 ithe| U
a0 10 superior chemical resistance. In addition ) the potting material
for a hohitmofebetramsmigsdonpdate & Lhw pforemkainnlent ndhrpgepreferably
the cured product of an epoxy resin H§vin azpolysulfide skeleton in its
mol ecul etzadsmissgiiong ragent 8t 51 ¥ab@ CcopmaiennBa Fecdr swgh dhedl paennd £,
This potting material for a hollow fiber nmenbrane nodul e has | ow
conpat i bieeeyatiioh velsvoerfgmueds theret Wweret gaseel Lnnghitabsdd wgs
chemcals. In addition, the potting material for a hollow fiber nenbrane
inadequate as a practical level of deaeration.

In addition, a deaeration method for the ink jet recording ink
previously described consists of supplying raw material ink to the
hollow portions of a hollow fiber membrane, reducing the pressure
outside the membrane, and deaerating dissolved gas in the ink
through the membrane. However, since the thickness of the

tetrafluoroethylene tube used in its embodiments is extremely thin
at 1-2 um resulting in low mechanical strength, there were cases
in which the membrane ruptured due to the pressure of the raw
material ink, thereby causing leakage of ink.

In ordexr to solve the above problems, the object of the present
invention is to provide a hollow fiber membrane module having
superior chemical resistance by using a material having superior
chemical resistance as the material of a housing that contains and
protects a follow fiber membrane and a pottingmaterial that adheres

and fixes the hollow fiber membrane.



nodul e of the present invention is preferably the cured product of an epoxy
‘resin having at least three glycidyl groups in its nolecule and a curi‘ng .
agent at |east containing an aronatic polyanine . Since this pottingd ! Ul 2008
material fox a hollow fiber menbrane nodul e has hi gh crosslinking density,

it has even nore superior chemical resi%tance. In addition, the content of

metal presenipifgéfeioRt tanGHEt & flct SoPr el ikl e300 PRER ©ion 655t Ni s
potting material for a holiow fiber” menbrane nodul e does not cause

cont am 14 eMas!a LNGLERRN Gl: BertRlehle rdnAddiekbanbe! echs! Lowcibicey

nmenbr an e present 1 nvention I's characterize

menbr an e] ] i, Xe t j 4 f ol | ow
fiber mitbrige Aseraas il wiFeed AR angnaRibhas PR ET Theotisfer s
chem cal_ treat mspfﬂ.)f or atl on%dperégﬂ of.tine wiltiha1 ut the occurrence of

| eakage TPorf tH2t b B2 LR Ty ATe SHOUTHIS TS0 i ber menbrane rmodul e
does not cayse contam na%'bon 3; tql}g m cal bX et al 't'l n addition,.the

hol | ow fi ber HenBY &he FMBEUFE TH G °£r§*§eﬂfese hinventiqn 1gtopyqvide
invention is_characterized by its_haousing material being olyolefin in
whi ch t FePRLREHEE LHeHBEMBERnS MOEOL 6 Ak FEREEH0% GRAT T FRS S5EBf ece
after immersing said test piece in a chemcal for 6 nonths at room

t enper atdfELTALIPR P EHEIRGRSRT URPhHLIED RAFIGMAnGR] Rhd*%it%I2 cont ent
of netal present in the polyolefin is 300 ppmor |less . Since the _housing
mat er i aln¥lawnifdhes PeRPFepe P ARG sHReKdQs ehemical fasiftanrnmprdl 9as

resi stance, it can be used_in chem cal treatnent for a | ong period of time
wi t hout RefanerRikiEncaoWelldarage T date desemed 1o QGGPP%OH?PPHéea%ve
polyolefin is preferably such that the rate of change in the thickness of a
test pi @SELiGeolY Je@rIting ShepicaiFtest piece in a chemical for 6

nont hs at room

Disclosure of Invention

The potting material for a hollow fiber membrane module of the
present invention is characterized as being an epoxy resin cured
product wherein, in a potting material for a hollow fiber membrane
module that adheres and fixes a hollow fiber membrane wherein, the
weight change per unit surface area of a potting material test piece

| after immersing said test piece in a chemical for 6 months at room
temperature is within the range of -20 to +20 mg/cm®. This potting
material for a hollow fiber membrane module has superior chemical
resistance.

In addition, the potting material for a hollow f£fiber membrane
module of the present invention is preferably an epoxy resin cured
product wherein the rate of change in the thickness of a potting
material test piece after immersing said test piece in a chemical
for 6 months at room temperature is within the range of -15 to +15%.

This potting material for a hollow fiber membrane module has



tenperature is preferably within the range of -15 to +15% Since this

pol yol efin has superior chem cal resistance, it is suitable for a housing, .
material. In addition, the above polyolefin is preferably polyethylen IO’%L 2003
cycl ool efin polynmer. Since this polyolefin has superior chem cal resistance
and has a | ow net al content it is suit@ble for a housing material. In

addi ti orb J&?%@lcﬁ%\‘n:ﬁ f@{fﬁnrﬁ)mdul e of the present invention is

char act &1 rane bei ng adhered and fixed in a
housi ng co .Qf. t he bove y.the abave pattin terial for
2 hol 1ow 11 02t B SBame: P det iAot BRI R PR T S er | o
of this hol]lo r menbrane nndule have superioy.chem cal resistance, it
can be WIS Chdie HE GHSE ﬂemenrtapnal|soﬂ53§e¥?%a¥or-ﬂ1ﬁﬁaraﬁt%eﬁuq fe
occurrence of | eakage fromthe nodul e. [ L ~UXB 12 In addition,

t he hol I%wan W%?ﬁﬁ%{e W&ﬁ’lgeaoPOtlbféu&ffégenﬁk?WEﬂPl R iEsppelesuis y

such that the hollow fiber nenbrane is a hollow fiber nmenbrane having a
conposi A& ArQET S 396Nk & Aea sharrrjenEbiRg epiaramMatihq polyrmapesi tToked
bet ween porous support layers , the transmssion rate ratio of the oxygen
transm eoitdgriinatmateriak inn rpdunl kovansiies imembrane gfoduhlee had AW i ber
menbrane is 1.1 or nore, and the rate of change in the above transm ssion
rate ratdompsftidiilerty mikbssagvent canhdm tabisban® twiswied lbtng cansed by
tenperature is within the range of -15 to +30% This hollow fiber nenbrane
modul e ledkemsigsskd or cheni cal resi stance) deaeration performance and
durability performance. In addition , the above hollow fiber nenbrane is
preferably suchddidtionhetheingttictmmgderdeilofof & holRow Ehbereeminmrie ane
after immersing in a chemcal for 6 nonths at roomtenperature is within
module of the present invention is preferably the cured product
of an epoxy resin having at least three glycidyl groups in its
molecule and a curing agent at least containing an aromatic
polyamine. Since this pottingmaterial for a hollow fiber membrane
module has high crosslinking density, it has even more superior
chemical resistance.

In addition, the content of metal present in the potting
material is preferably 300 ppm or less. This potting material for

; a hollow fiber membrane module does not cause contamination of the
chemical by metal.

In addition, the hollow fiber membrane module of the present
invention is characterized by a hollow fibexr membrane being adhered
and fixed by the above potting material for a hollow fiber membrane
module. This hollow fiber membrane module can be used in chemical
treatment for a long period of time without the occurrence of
leakage from the module. In addition, this hollow fiber membrane

module does not cause contamination of the chemical by metal.

In addition, the hollow fiber membrane module of the present



the range of -30 to +30% Since this hollow fiber nenbrane has superior
chem cal resistance , it can be suitably used in the hollow fiber nmenbrane
modul e of the present invention. In addition, the above hollow fiber3 % JUL 2003
menbrane is preferably such that the nitrogen transmssion rate is 0.5 x

109 cnB/cnR' Pa' sec or nore, and the oxylgen transm ssion rate is 0.6 x 10-9

cnB/ cne’ PaygRe 18h 48 %ha§ ReerliRed B? g%/yﬁbﬁggngﬁﬂﬁiéﬁﬁopaﬁeﬁ 95' or

deaerati on performance, can be su use t he | ow f Fber

rembr ane, gogdul e o, 1 he ﬂgﬁe{ﬁeweﬁ@%ﬂ Wierlgd BEEI LhoD)thEsheaenlor o

deaer at i fie present nt1on=i'schar ac erl ze

chem cal eaeratign et haod t hat, renoves di sSso a.chem cal ing a
ol T ow fP%e¥°ms%5r Pt Daaee Thud TR b S AL TR R o6 B RLRBgAY
nmodul e. ~l 1,003 13 According to this. m cal dea on net hod )
changes Fﬂrc%é?ﬁft  GEnBORP: TOTPEHA T IRE dGatt EEHB T ERDREBEC ot e 20

i nhi bi ted, ont am nat ed deaerat ed chem cal can be obtai ned

effici en‘f‘?{/"’and ‘W‘fﬁ 545k FogvEP aoiedﬁ%)t?)]erf?’%fdged?t g e Rodyatetdn, the
chem cal  deaeration nethod of the present invention is characterized as

bei ng a tASACRPMRIELEE onsﬁ%?%GHeth%‘%ﬁ%?éIP%s‘%ﬁ Fedsqtiqy &1BRENi cal
using a hol |l ow fiber nenbrane nodul e wherein, the chem cal contains a

noni oni cCNe¢PRBERBSUPPARIaMas éd@ed%lqreﬁélﬁmﬂﬁélpﬁ?ﬂ%ha’é?et het IF5in &% PeBdr
menbrane that contacts the chemcal is nmade of polyolefin. According to
this chehi cehendgelatreAtMenhodor chahgRe PArEp@neEatirenpbihenbntheri ng
deaeration treatnment can be inhibited, and an uncontam nated, deaerated
cheni cal ce@rrBen68t af négakpgpcfenm| *y'han’ﬂoﬁ)il%ﬁ stability over a |ong period
of tinme. In addition, in the chem cal deaeration nmethod of the present

i nvention, tHe adfbielomi iblecrbaAve POIvaketi y-SpRT §EERFP LVieIu DIt Bheene
or pol y(4-nethyl pentene-1). Since these polyolefins exhibit little
adsor pt i batefofoshange inubhesthigkeress, of heytesh REeesetherretinften the
chem cal deaeration nethod of the present invention. In addition, the

cheni cal ireees &B9 ohahet hedt oPpiere phesecphenicahtfon ¢ nerthame Feemt he
case of using photoresist or devel oping solution as the chemcal. Brief
Descri pttgrPe¥ at e rawnegeraydy within Brogangecofonb ta ewSshowbhacene
exanpl e of the hol | ow fiber menbrane nmodul e of the present invention. t
JUL i JU B EiRplyglelim hesy SPperior ohenleabwieri irn sl ésosuthebhel | ow
fiber nmenbrane used in the present invention. Fig . 3 is an overhead view
showi ng e @xRApFEngfmatepiah- sheet . Fig. 4 is a schematic block di agram
of a chem cal deaeration treatnment apparatus using the hollow fiber

menbr ane nodit @BLEIRN pitBsepbovaRMYVILI M ¢S BrpferablysRosrethvhanevi ew
show ng one exanple of the hollow fiber nmenbrane _nodul e of the present

i nventi ot BESIORBHELR POLEPEY nFiORe thd 5| PedycileFin has superior

v chemical resistance and has a low metal content, it is suitable
for a housing material.

In addition, the hollow fiber membrane module of the present
invention is characterized by a hollow £fiber membrane being adhered
and fixed in a housing comprised of the above polyolefin by the
above potting material for a hollow fiber membrane module. Since
potting material and housing material of this hollow fiber membrane
module have superior chemical resistance, it can be used in chemical
treatment for a long period of time without the occurrence of

leakage from the module.



The follow ng provides a detail ed explanation of the present invention. The
hol | ow fi ber nmenbrane nodul e applied by the present invention is |like that
'shown) for exanmple, in Fig. 1. In the hollow f fiber nenbrane nodule 1 .
shown in the f figure , hollow f fiber menbrane 3 is contained within &f JUlL 2003
cylindrical housing 4 having a | arge ngfber of pores 5inits wall surface.
In this nodul e, hollow fiber nenbrane is fixed inside housing 4 by

potting mat & @ddition t i e hatld ownfhbex mdwhrand nadhlen@d the ppesenThe
potting material of the present invention is such that the wei ght change

per uni tirsusrtaioen dre preff eorgiolyt istghmbbat i dhe tlestl gr édideaf membsand fiesé

piece is imersed in a chemcal for six nonths at roomtenperature is

within el ¥engeisdr -wénmboant@OhapicgPa domppeklite ot ridiaupotin hidiesial is
preferably such that the rate of change in thickness of a potting materi al

test pi eencfdrosaitthiresti 1h 6Ge juktlapoBite@dnkd BetWeBhCpbrdH@s ShppsPht hs
at roomtenperature is within the range of -15 to +15% 31 JIIL 108 15

Svel | i nQ.ay@drtl | @Reaiihibdin 961 6n hteheatie) b M@k pHé At reemR@ sRbnCherd cal
is affected by the surface area of the potting material that is in contact

with theLhew satrof8nadehhiAnkssbdieL Rt t RO HWER W FS®ePREAbr bRt 1
wei ght and di nensi ons of the potting material caused by the chem cal.

Therefone,; bR hbfe Pr&sEthd PURt BPQ:han‘Q%i Qﬂttr?é‘%%‘%eo‘é‘i-aﬁﬂin%s?,%ﬁlaf&é‘r ea

and rate of change of thickness are uséd as indicators of chem ca

resi stancq iof .&ﬂ”‘?ﬂ%x‘ 'ﬂﬂné’@éfx‘ié{ aly a;rh;?xoe?r&;ctha%lgﬁc{xﬁtberﬂ&ltﬁsesult &ioﬁﬁrﬁ refers

to that conprised of potting nateria e cured state has becone

stabl e and,as Eéeéfﬁfa?ﬁdtﬁ@ Bge’bSLall eociied. S 1% h81186 £igle 10

whi ch, for "exanple, 1n the case of the potting material bel ng conposed of

EPOXY T GRin}, GG Wtsuﬁé’ffbf‘a&ﬁ%ﬂ%?lc ?é&%@n&e&ﬂﬂ%‘% Oretriqltnur N

foll owed by allow ng to stand overni ght an r si X hours

at 80C. ;LRE N0 4R il Al Bty AR ARAYY €S 60 mmlong, 8 nm wide and

2 mmthick, and has a surface are€a of about 12.3 cn®.
In addition, the above hollow fiber membrane is preferably such

that the weight change ratio of the hollow fiber membrane after
immersing in a chemical for 6 months at room temperature is within
the range of -30 to +30%. Since this hollow fiber membrane has
superior chemical resistance, it can be suitably used in the hollow
fiber membrane module of the present invention.

' In addition, the above hollow fiber membrane is preferably such
that the nitrogen transmission rate is 0.5 x 10°° cm®/cm*'Pa‘sec or
more, and the oxygen transmission rate is 0.6 x 10°® cm®*/cm®'Pa‘sec
or more. Since this hollow fiber membrane has superior deaeration
performance, it can be suitably used in the hollow fiber membrane
module of the present invention.

In addition, the chemical deaeration method of the present
invention is characterized by being a chemical deaeration method
that removes dissolved gas in a chemical using a hollow fiber

membrane module that uses the above hollow fiber membrane module.



The chem cal resistance test consists of imersing this potting materi al
test piece in a chemcal (having a liquid volume of 8 mM per 1 cnR of t1eﬁh 200
pi ece surface area) for 6 nonths at roomtenperature , nanmely 23C , LI
perform ng sanpling and nmeasurenent , and cal cul ati ng according to the
foll owi ng equations 1 and 2. Furthernoas, in the follow ng enbodi nents,

eval uati,o . perf or, | |0 d ] i . Lheir

aver age p\‘/é; %%&lﬁéuga it@ﬁ%ﬁﬂe&@c%?%§éﬁ§uﬁ%ﬁ§2p§éﬂ ‘gllgl%lr;l eggé]r Bﬁﬁﬁgcggrface

area (mg/cnP) - {weight.of potting material test_ piece after | rsjion (ny)

e ghiibaR i AR FRed R e lmehS FaRebe i e B ABe

area of potting material_ test piece before i rsion nm2) Equation 2: Rate

o *ChandBan | AP LRAESS. (eer g YR FRRALCEL GEmoR PPhGLREOd IC At LY Pade

after imersion (mm - thickness of potting material test piece before

i mer si R {121 hiERNREET o HOREi RETHEEePf af 1FRst pi ece before immersion

(m)] x 100 In the case the weight change per unit surface area after

i mersi ng | terddtbions Hheathemiaah doverglior metroGor | Hie mxesent

swel |l s due to penetration of chem cal causing separation of the potting

mat er i alinmenthen gve fdhagragtemirzate asdbsing ey ritemiicadf deperpdionngethoedri al

and destruction of the housing. On the other hand, in the case the weight

change pdratuniemeyes adesapbrvedegpeatesabghemieal hasin@Oa Mgy Blheron of

the potting material occurs, and not only is the potting material no | onger

abl e t o m=mjarane nédubacvkédeinndtihdeclehicabfconmeaind |lawdnimricrenbr ane in

a fluid-tight manner, but this also causes variations in the chem cal

conposi tilarerdsuafRictanh, andtat tesett tice rpextibin cdfangee ihpllow kidssr af t er

imrersing in a chemcal is greater than +15% the potting material swells

due to pewdirané othaf combachs, thadchemidrl chsanade det realgaslefimor e t han

-15% elution of the potting material occurs. By conposing a hollow fiber

nmenbr anégwsdd n g dongha spoenibea hate@erat ifoar mebhed, tdheangsighn chemyeaper

unit surface area after imrersing in a chemcal is within the range of -20

to +20 rypmprixiticn dudilg des@ritizmmdtrhetmant odn dearngbibdtedicandsani s

within the range of -15 to +15% a holl ow fi ber nenbrane nodul e can be

obt ai nedindwmtt drabnaupdr derecladridoctiemibza ks tand® abtlaised edd iofieprtdlyl @nd

found in the prior art such as disintegration of the potting material .

Chemi calwsitls exitalni ey coreenr cal lorgipexaied ¢estinenr t he present invention are

target solutions for which resistance is required dependi ng on the

appl i cati on Iof adidd thgin .ohnf tive chesrigadndeppttatéon nexiangd of bthewwesentcl ude

organi ¢ sol vents such as net hanol, ethanol) isopropyl alcohol, butanol,

met hyl dinyantideonethet digdve epd bivel edin ethyprefanattly) golywtibardens.ycol

nononet hyl et her and propyl ene gl ycol nononethyl ether acetate,

phot or ety prepy keymel uex dpotie(4etrepthylpeyi teneon,) .pr SAnege tthksand |i quid

crystal. More specifically, isopropyl alcohol, sem conductor devel opi ng

sol ut i orqienlefing eexkibpt hylitiomdseryidioxiak ro@@ni@ (wt%) }

spi n-on-gl ass solution {isopropyl alcohol / tetraethoxysilane / water = 70

[ 2 | 2&Yuardsuriandcint. | tikeY vearrbe usel|srdaiipedin /the odemdwdl al cohol

=80/ 5/ 15 (Wm%) } , liquid crystal {cholesteryl chloride, cholesteryl

nonanoatdgaengiot e arethod hfhinthe {pregen e gntdsin mononmet hyl et her /

propyl ene glycol nononethyl ether acetate = 70 / 30 (W%} and so forth are

appl i ed. Exdipladdigfiqmi tthe) ehmneidanl ddaanalgousie thiesr adt dhiespiresemic| ude

(1) cured products of epoxy resin having a polysulfide skeleton in their

mol ecul eégverdmicb s )selralerbencthe gfaspody ysHgin fimtongsdist east 3

gl ycidyl groups in their nolecules. To begin with, the foll ow ng provides

an expl aleateloopioig (d9lwpiooay aesihe hehvdmigal pol ysul fi de skeleton in its

nol ecul e. Al though there are no particular restrictions on the structure of

1 J 11 I_ 2~~3 18 the epoxy resin having a polysul fide skeleton in its

nol ecul e referred to here, an exanple of such is the polysulfide nodified

epoxy r estiref e ssendetomidh the mbwnmimg fornmul a shown bel ow CH2~CH R1 R?

R3 CHCH2 0 Oln the chemcal fornula, RL and R3 represent organic acids
Fig. 1 is a cross-sectional view showing one example of the

hollow fiber membrane module of the present invention.



cont ai ni ng a bi sphenol skeleton, and Rz represents a polysul fide skel eton
represented with -(CzH40CH20CH2H4- Sm) n- (wherein, mhas a value of 1 to 3
and indicates the nean content of S in the polysulfide skeleton, and hiHhds 2003
a value of 1 to 50 and indicates the mean content of polysul fide skel eton
in a single nolecule). The polysul fidelaodified epoxy resin having a

pol ysul fide I Ln. i I Q Lt L i icals )
and its cure%ggfgéﬁgﬂh?%é%%%Qgtgﬁ%‘ﬁﬁggﬁgbﬁﬁg (gﬁﬁggghk&%¥ﬂ¥g%ﬁ§egﬁg?%
chenicalg.and has, su eriordchenhéal resi stance. Exanples of the above
organi ¢ b7 aE BSHPAPRPNYSEbi8phBRoPTEREPE: SRYFRELBHe bi sphenol A epoxy
resin, hal ogenated, bi sphenol A _epoxy resin, bisphenol F epoxy resin,

hal ogenat ed HtSphehs2 °¥65§3§'?afie‘g}‘?f¥§§°W€'P9 e EHBE‘Bledﬁ"E gi "H%l‘ﬁgn sPRetar or
anal ogous chem cal structures. Furthernmore) in the present .invention,

pol ysul fi de Fb@i f4 ebF ehSepemasils PdRckedlirBHaB P HidiGhEMWiGeH BresRERéPhepoxy
resi n) hal ogenat ed bi sphenol onx¥ resin or urethane nodified epoxy resin
and so foFeatBeNhcrRRA%RYUS NB&ng theeh o bl P¥iiiheHrEPPEaR e MO IE Hfatthen of
( 2 ) epoxy resin having at least 3 glycidyl groups in its nolecule. The
use of cpOKgerEsinvABRbiAg-at | east 3 glycidyl groups in its nolecule

i ncreases the crosslinking density of the cured product and makes it

possi ble  Fig-~!3!1i90@3xugss osemtiond} etidw ahpving loine erampdiei loift $hef
networ k chains. Increasing the crosslinking density inhibits swelling
caused bByolbkort fabevnmembrhsai vafuilat oft hbecpresiept otrcentaom. al | ows t he
obtaining of a potting material having superior chem cal resistance.
Furthernmore, this epoxy resin having at least 3 glycidyl groups inits

nol ecul e shoul d be an epoxy resin in which the main conponent has at | east
3 glyci Besyroge EoenCapryhngc@et bdhepinvemtigncontai ni ng a conponent
havi ng | ess than 3 glycidyl groups due to effects of nolecul ar wei ght

di stri buti offhaherlkl ewinqeysarildesukadetesied cpimianagniameistthecpueesent t he
epoxy resin having at |east 3 glycidyl groups in its nolecule, and exanples
i ncl ude Bovemtbdnpol ygl yci dyl ether, tetraphenyl glycidyl ether ethane,

tri phenyl glycidyl ether nmethane) triglycidyl paraam nophenol, triglycidyl

i socyanur at €The ebtobhbwcf tyer dnambrané phedyle nnhbied ettt poesgnt

nmet axyl ene di am ne, phenol novol ak epoxy resins) orthocresol novol ak epoxy
resi ns, DREmbyohdls dpbeythadsshewnnd oreexapbbeyiol Fighdne &pdhe heilow.
Furthernore) in the present invention, the above epoxy resins can be used
by m xi nigilvéx mepitepErenmodepexy shegimninHdleodéogatred e Bhdwe fdbegposybrasen and
uret hane nodified epoxy resin and so forth as necessary. Exanpl es of epoxy
resin cu¥ isgcantaisedhsi thaire acerivondyd eslebousdhade havilpgat ilenes punbers,
alicyclic polyam nes, aronmatic pol yam nes, polyam de pol yam nes,

pol yam dis, pefFegahdinaniteswabti spahagelr i des, thisr moguleamheddew fiderol e
conpounds and BF3 conpl exes. In particular, the use of a curing agent

cont ai nimenkirane chdsi §iped yidrs ite housiagt Adwbritanggraternipbstd 4§ hheeri al
31 J~1~ c¢c"~~3 20 having particular superior chem cal resistance. Since
aromat i siteabp nehtohi bgthgeht sthagedainere o¥@eRc ring in their nol ecul ar
chain, they have a rigid structure with a | ow degree of freedomof their
conf or mat i orffRI@Atd imcnwetagiailtdf dpexyresent invention is such that the

weight change per unit surface area of a potting material test piece
after said test piece is immersed in a chemical for six months at
room temperature is within the range of -20 to +20 mg/cmz.

In addition, the potting material is preferably such that the
rate of change in thickness of a potting material test piece after
said test piece is immersed in a chemical for six months at room

temperature is within the range of -15 to +15%.



resin. Since swelling of the potting material caused by a chem cal occurs
due to penetration of chemcal into the reaction product, a potting 1 UL 508
material having a rigid structure with a | ow degree of freedomis res%étant
to chem cal penetration and has superior chem cal resistance. In addition,
aromati c pol yam nes have weaker basicity than, for exanple, aliphatic

pol yam nes, _.and .are susceptible.to the steric hindrance effects of aromatic
o ConsSHOManE -~ BYES SaPotsheifb SO b e FRLSAPS BFEFECHT 48

control _of the curing rate w_thout being acconpanied by sudden cuan%_of
the pot PYngGRHALER!atS agéRELEM bh the ﬁ‘é’éga%ﬁ&‘rse@ PEIE PERtIREING DL
aromati c_pol yam ne curing agents can be used m xed with other curing agents
as nece&§aty 1saiPheQdt ache WakbutheoFheliFad - agbht 2¢delPTt s S dgandqual
to the stoichionetric amount of epoxy resin or slightly in excess of that
anount , chenigesslailgiet [applegweini thehwedabt ahdudimgnaihons caf drhe @ot(tsingh as
al cohol or phenol). The reaction between epoxy resin and pol yam ne curing
agent i matempjededasfsedl dyaithegrahenticstlageThateforeosshi bhengresage. The
chain growth stage is conposed of a straight chain gromh stage by addition
of am ndanyeodgon,owepghy ghauge pexamgid buahshedaxpaownd sthgeof gdlange
formation) in which the secondary am no groups and hydroxyl groups forned
are conpét thivkhgsadaee dsedhew pdxyatoospst .chenichl~-dekistg§Bclof rthiehe
crosslinking stage, a crosslinked structure is fornmed of branched

ol i gonepsttInwgl mangrdfalt.he potting material caused by chem cal occurs due
to penetration of chemcal into the potting material. Therefore, potting
mat eri al s hanengoatinghrateraadl toktngideasréFens et prigfetr aanmprasd@iof ng
materials that are not swelled by chem cal and exhibit superior chem cal
resi st apeetihg aaderite foerwaseh tie e¢inesl istlkiteghdensédome idtdislamiger abl e
to heat and cure the reaction product of epoxy resin and curing agent.

Al t houghasheéheupiregcrébpar ahupe .ansl $taElarcursed tatdte S atleeGtateond ng to
t he shape ) size, processability and so forth of the reaction product |,

t hey arehprhf, effall wxathplienutias the nodee adf 70ke apdt ttxoy ana texcli atDrigeing
preferably 30 mnutes or nore at 80C and above. Aromatic pol yam ne curing
agents gbmbdspdt bf ngposey ardsalrs ahdvengisgpegemt, ol haleriesérs tnainoal at
asnmenti oned above. Catalytic curing agents are an exanple of a curing agent
t hat yi ebds eespetratiiré dodllovfedche rdalwires t ot siered oveeniyhanarad engkeidc

pol yam ne curing agents. Exanples of catalytic curing agents include

ani oni CLPOhYARLhgatd OB 1YRESrs W B0AE . t 8FHd Yok tAMgNREtEPHal Nz Qligce
conpounds) and cationic polynerization types (such as BF3 conpl exes). These
cat al yt neagUireBd689ARAt BorkglSE it YildePBnROLY AR t 88K Ohrd HHY G db-raERUPS.
In addition polynerization, the characteristics of the curing agent are
basi cal h¥eBObfi BeGRONAL 8dcinA. t he t hree-di mensi onal network structure of
the cured product, while the characteristics of the epoxy resin are

reflected mpe tRemheath2eask@hhebi €8sef cbiis¥ECdsPiAAEESing Bhis~~~~ ~0C~
22 Potting materials obtained by the above reaction of epoxy resin

potting material test piece in a chemical (having a liquid volume
of 8 ml per 1 cm® of test piece surface area) for 6 months at room
temperature, namely 23°C, performing sampling and measurement, and
calculating according to the following equations 1 and 2.
Furthermore, in the following embodiments, evaluation was
performed on 10 samples followed by determination of their average

value.

Equation 1:



and curing agent exhibit superior stability relative to the above-nenti oned
chem cal s such as organic solvents) photoresist, sem conductor devel opi ng
solution, printer ink and liquid crystal. In the case of using a holzl ow 7003
fi ber menbrane nodul e for deaeration tﬁ atment of a chem cal, elution of
metals and netal conpounds (to be referfed to as netal s) contained as
inpurities iWeidiet pchangs petecunit sutbacdeardenimg)cnd & Mejedighir @fl em | n
order to inhibit this elution of nmetal into the chemcal, it is preferably
to use a potpotgimdirdiedidhatedtapiaceonsr cont Bntendidmet@g pr-ewedighthecei n .
The total content of netal present in the potting material is preferably

300 ppm or lgssting ridteer®i Bt tEicesreaREe 30MeRRTONNRIG) } 9 siBtate
conpounds elute into the chemcal resulting in the possibility of

contam nati ngréde£hft €ig ni€eFELR tESNI BN cd Spdferel Qe £der @2y 100
ppmor |ess, and nore preferably 50 ppmor |less. The netal content in the

present inventopi4efers to the amount of netal contained as netal
el enents. Exanhples of target metal elenments include the alkaline netals of

TG N SR o Bl M Y (P RS BT o
and P . Tiys, eo L5, FELAI, SO0 80k LoLBlat 40,1 MUl CANE. S 0t ey ol each

netal elenent as determ om anal'ysi's 'val ues’ of 0se respettive t al
el enents. | Lid £ rij r re icfi.qns.on the t hods
for anal yzi Hrégg%%héfre ea%#ﬁﬁe%ﬁgﬁ%%a,lngﬁéﬁle%pqlgn%ﬁfo}r# itgﬁpcrk%’velscfed) fc? t he
housi ng used, i i inventio 3 J 3 An ampl e of the
housing in t Aeptplrﬁe’%teelsr%\c‘u‘elntﬁ%sﬁpiﬂslé[;creefbeerfa%)iey qtlr‘ﬁ"%p Sfir?%mh@g}"?eﬁ( H{Mq ght
change per [ t,,sur e .area_of hqusi ng .t est npi.ec ter said test piece
is imer sedLhquh ta}ﬁai:héeaargi:‘caﬁa}l 3?e369r?rton %gﬁg I?egcgrﬁ letrrps‘glrra % AT t he
range Cﬁiﬁ*gééfhdig%rgyéﬂggal is greater than +20 mg/cm®, the potting

material swells due to penetration of chemical causing separation
of the potting material and hollow fiber membrane, disintegration
of the potting material, and destruction of the housing. On the
other hand, in the case the weight change per unit surface area
decreases by more than -20 mg/cm?®, elution of the potting material
occurs, and not only is the potting material no longer able to
separate the one side and the other of the hollow fiber membr;ne
in a fluid-tight manner, but this also causes variations in the
chemical composition.

In addition, in the case the rate of change in thickness after
immersing in a chemical is greater than +15%, the potting material
swells due to penetration of chemical, and in the case it decreases
by more than -15%, elution of the potting material occurs.

By composing a hollow fiber membrane module using a potting
material for which the weight change per unit surface area after

immersing in a chemical is within the range of -20 to +20 mg/cmz,



In"addition, it is also preferably that in which the rate of change in

t hi ckness of a housing test piece after said test piece is imersed in a
chemical for 6 nonths at roomtenperature is within the range of - 35 gl 2003
+15~. Swelling, elution and so forth of the housing material caused by
chemical is affected by the surface arlea of the housing material that is in

contact oWt BhkhBa£86Ht Can A S it@Alckhedst 1 § NANGesn A0 raRRRAGE! M yBi ght
and di mensions. Therefore, Tn the present invention, weight change per unit
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roomtenperature, perfarm S |_i and Sur | wei ght _and .di nensi ons,
and calggﬂgfiﬁﬁ%a %5?6ﬁ&;4¥%%ﬁ¥§§ﬁﬁﬁiﬁﬁ i e%ﬁéﬁdﬁ#%wg €% *quat i on 3
Wei ght chan er ynit syrface area (nglcnR). - {weight .of housing materi al
Lest pi oce. SREBLCATReRSRtnit Ade CGEEGRE LroHBHAR ey hRRerParit S Sttne

bef ore i mrersi.on ng% é / surfﬁce_area of housjng naterial test piece
before FAEPSAGOR PERRFAE§EAt PONUELIORS: EOBf WRHGH e%’fs‘i?ﬁ%%ri‘e%sre@ ired

[{thi ckness of housin 3z ~u~ . . 24 material test piece after_i.mrersion
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t hi ckness of _housing material test piece before imersion ( ) x_100 In
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chemi cal is greater than_+20 /cn2, the housing nmaterial swells due to
penetra?FBﬁn@ﬂ'cH§HP6QPYéaé§ng°§ephPBPP@h' methyl ethyl ketone, ethyl

cellosolve, ethyl lactate, propylene glycol monomethyl ether and
propylene glycol monomethyl ether acetate, photoresist,
semiconductor developing solution, printer ink and liquid crystal.
More specifically, isopropyl alcohol, semiconductor developing
solution {water / tetramethyl ammonium hydroxide ; 98 / 2 (wt%)},
spin-on-glass solution {isopropyl alcohol / tetraethoxysilane /
water = 70 / 2 / 28 (wt%)}, printer ink {water / ethylene glycol
/ isopropyl alcohol =80 /5 /15 (wt%)}, liquid crystal {cholesteryl

) chloride, cholesteryl nonanoate}, photoresist thinner {propylene
glycol monomethyl ether / propylene glycol monomethyl ether
acetate = 70 / 30 (wt%))} and so forth are applied.

Examples of potting materials having such characteristics
include (1) cured products of epoxy resin having a polysulfide
skeleton in their molecules, and (2) cured products of epoxy resin
having at least 3 glycidyl groups in their molecules.

To begin with, the following provides an explanation of (1)
epoxy resin having a polysulfide skeleton in its molecule.

Although there are no particular restrictions on the structure of



of the housing material and potting material and disintegration of the
housing. On the other hand, in the case the wei ght change per unit su faﬁﬁ 2003
area decreases by nore than - 20 nmg/ cn, elution of the housing nateri

occurs) which causes variations in the deaerated chem cal conposition. In
addition, as disintegration of the houk® ng advances , it may no |onger be
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a fluid-tight or airtight manner. In addition, in the case the rate of
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present i nventl on. PoI yol efins are gener ally known to have high durability
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extend the service life of the sfiodule. In addition) polyethyl ene and

cycl ool efin polymer are parti @l arty preferdBl e exanpl es of pol yol efins
because of their durability with respect to various chenmcals and their |ow
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of polysulfide skeleton in a single molecule).

The polysulfide modified epoxy resin having a polysulfide
skeleton in its molecule has low compatibility with chemicals, and
its cured product is resistant to swelling and so forth caused by
chemicals and has superior chemical resistance.

Examples of the above organic acids containing a bisphenol
skeleton include bisphenol A epoxy resin, halogenated bisphenol
A epoxy resin, bisphenol F epoxy resin, halogenated bisphenol F
epoxy resin as well as those containing similar or analogous
chemical structures. Furthermore, in the present invention,
polysulfide modified epoxy resin can be used by mixing with
bisphenol epoxy resin, halogenated bisphenol epoxy resin or
urethane modified epoxy resin and so forth as necessary.

Next, the following provides an explanation of (2) epoxy resin
having at least 3 glycidyl groups in its molecule. The use of epoxy

resin having at least 3 glycidyl groups in its molecule increases

the crosslinking density of the cured product and makes it possible



spi n-on-gl ass solution {isopropyl alcohol / tetraethoxysilane / water =

[ 21 28 (wt%}, printer ink {water / ethylene glycol / isopropyl al CSHOJUI"’”UJ
80/ 5/ 15 (M%) } , liquid crystal {cholesteryl chloride, choleste
nonanoat e}, photoresi st thinner{propyl ene glycol nononethyl ether /

propyl ene gl ycol nonomethyl ether acetdBe = 70 / 30 (Ww%} and so forth are
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for deaeration treatment of a chemical) elution of netals contained as
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net al ds e ut ch cal resultl n the S$ of
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refers tqQ the anmount JU ~i1J 26 of netal. contained as rretal ements.
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Thus) the netal, content refers to the sumof the contents of_each netal
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el enments. I n addition, there are nqQ particular restrictions on the nethods
for analSFAURF &t tRreffeftehdift MEGIHETIE 9t diisE TERIE IO | ow adhesi on

bet ween the housing material ~and potting material, a priner can be used to
perform pri MYSTS BXEnBRt PAREXFULIER k8EHERRIRF joxy ﬁPGVFHEBCBFth‘éf Hd1& ow
fi ber nmenbrane used for deaerating chem cals. Hollow fiber nenbrane 3
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invention shown in Fig. 2, has a conposite structure in which haonpbgeneous
thin filEefRerples include sorbitol polyglycidyl ether, tetraphenyl

glycidyl ether ethane, triphenyl glycidyl ether methane,
triglycidyl paraaminophenol, triglycidyl isocyanurate,
tetraglycidyl diaminodiphenyl methane, tetraglycidyl metaxylene
diamine, phenol novolak epoxy resins, orthocresol novolak epoxy
resins, DPP novolak epoxy resins and tetraphenylol ethane epoxy
resins. Furthermore, in the present invention, the above epoxy
resins canbe used by mixing with bisphenol epoxy resin, halogenated
bisphenol epoxy resin and urethane modified epoxy resin and so forth
as necessary.

Examples of epoxy resin curing agents that are commonly used
include aliphatic polyamines, alicyclic polyamines, aromatic
polyamines, polyamide polyamines, polyamides, dicyandiamides,
acid anhydrides, tertiary amines, imidazole compounds and BF;
complexes. In particular, the use of a curing agent containing

an aromatic polyamine allows the obtaining ¢f a potting material



j uxt aposi tioned on both sides between porous support |ayers 11. Porous
support layers 11 and honogeneous thin f i1m 10 need only be disposgf,iq .
the state in which they nmake contact, are not required to be affixe bﬁlLl%3
adhesive and so forth, and their formis maintained in the case of using

for chem cal deaeration. On the contra?9, if the porous support |ayers and

honmogenapusihgi pattlidudae shpéxeor whémadhesiyeistecgas perneability of
t he honbgeneous thin filmdecreases easily due to the presence of the
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is unsuitable since this causés a decrease in deaeration performance.
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and has superior gas perneability. reover, honogeneous thin film10 is

prot ect &g eé’%rfok‘%e%‘dB{?PéE thu%&?;_ﬁaliréo?ﬁé&:ggnltﬂﬂ rtgsiéééﬁ‘fx?%%tﬁfégﬁggi on

of gas and nechani cal strength. I'S Nno occurrenc e of
chemi cal Lo Parss.d DAk, 996U WIE as[ARben-1as Been PELTOLAEd Usino a
nenbr ane conpbse&'oﬁ?y o% porous po esqﬁfﬁ%r ST there any otcurrencé of pin
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10 Eun, gas perngabilify tends tq be, i nadequate, althou dependent upon
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is preferably such that the thickness of one layer is from10 to 50 ~. m
The por GV thRSSUEPTE- | ayers is preferably from 10 to 50 vol %
Moreover, a hollow fjber nmenbrane in which the transm ssjon . rate ratio,

defined as tHe 3MIGY AFOBHGeR YIRS PGSy ypaker basicity than,

for example, aliphatic polyamines, and are susceptible to the
steric hindrance effects of aromatic rings. Consequently, they
also have the characteristic of facilitating control of the curing
rate without being accompanied by sudden curing of the potting
material, generation of heat and so forth. In addition, aromatic
polyamine curing agents can be used mixed with other curing agents
as necessary.

Although the amount of curing agent added is normally equal
to the stoichiometric amount of epoxy resin or slightly in excess
of that amount, it is slightly lower in the case of using an
accelerator (such as alcohol oxr phenol).

The reaction between epoxy resin and polyamine curing agent
is composed of a chain growth stage and a crosslinking stage. The
chain growth stage is composed of a straight chain growth stage
by addition of amino groups to epoxy groups, and a branched growth
stage (gel formation) in which the secondary amino groups and

hydroxyl groups formed are competitively added to new epoxy groups.



to the nitrogen transm ssion rate (the oxygen transm ssion rate / the
nitrogen transmssion rate), is 1.1 or nore, and the rate of change in said,
transm ssion rate ratio after imersing in chemical is within the rang{e 1°dgL 2003
-15 to +30% is preferably used for the _hollow fiber nenbrane. Here, the

gas transm ssion rate is the val ue det éni ned by suppl yi ng pure oxygen or

ni trogenigagsheocibeshohkongf & bege Meabe Boes Bittk ¢k astiri digut ¢ ans " Shead @At e

in conpliance with ASTM D1434. 31 JUL ~fl03 28 If the transm ssion rate
rati o i sprahcBed"@N8gomb@se i s no occurrence of chem cal |eakage and
deaeration performancesuitable for practical use is denonstrated. On the

ot her hand, S%e&ﬁﬁn%;r@f‘%ﬁﬂ‘esﬁb%lﬁé‘tn?atreétlaq b§u£§§5‘o§ BaRmi cal oLERr S YRS

formlnaportlono t he honbgeneous thin f In“particular, In the case

this val yg p%é%éﬁfétw%focﬁgmeam Dol £ 1@ nefo ff H%,n t SiZE, aﬁﬁ{]%%xrkg t he

nean free oxygen and nitrogen ITD e entire ormgeneous

thin {1l ccesyl 1hag g galehos ﬁsggﬁgeg' bkb¥s10R0EH GBhoiegkage N

addi ti on; use ransm ssion ra
t he wei ght m cal_resist he .hol | ow

h di
i ber  noRbPARESTheaS RS S SFatin 4084 RERoIr nsg“%fgf%c%r% ST EaT 6
b | ft t he, hol | f 1y h f 6 th
¥ oom PBAEPALERS ?%ﬁa?%’ %@%an'%f m%éjos%fﬂ'%a%&ﬁhc R HoadBeERATE of
data Eq nsnj ssjon r

%gt on 5. g g ﬁa [ S _ (rg‘_of hotn vgsf |uber
menbr ane “2&{ FFQREMILEHBE ‘3?% %tl:b aft 79 S%F %
rati o before_ i nmrersi transm ssi on rate ratlo be I on
i oo RSPl bRkt bt SR h ot b PR e

curing temperature and time are suitably selected accord:mg to the

shape, size, processability and so forth of the reaction product,
they are preferably 30 minutes or more at 70°C and above, and more
preferably 30 minutes or more at 80°C and above.

Aromatic polyamine curing agents yield potting materials
having superior chemical resistance as mentioned above. Catalytic
curing agents are an example of a curing agent that yields a similar
level of chemical resistance other tﬂan aromatic polyamine curing
agents. Examples of catalytic curing agents include anionic
polymerization types (such as tertiary amines and imidazole
compounds) and cationic polymerization types (such as BF;
complexes). These catalytic curing agents cause addition
polymerization of glycidyl groups. In addition polymerization,
the characteristics of the curing agent are basically not
incorporated in the three-dimensional network structure of the
cured product, while the characteristics of the epoxy resin are

reflected more in the characteristics of the cured product.



hol | ow fi ber nmenbrane after imrersion - weight of hollow fiber menbrane
before i mrersion} x 100 / wei ght of hollow fiber nenbrane before i mersion
In addition, the rate of change in transmission rate ratio after inmetgiUpi)(l
in chem cal substantially indicates thedurability of 31JUIl c003 29

t he honogeneous thin filmto chemcal , and if within the range of -15 to
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case the rate of change decreases by nore than -15~, pin holes formin the
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occurs. A hollow fiber menbrane in which the weight change rate of said
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preferably used for the hollow fiber nmenbrane used in the present
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change of the porous support layers. If the weight change rate is within
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chem cal, and nechanical strength is maintained that can wthstand
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than -30~, pin holes formdue to elution and so forth, and in the case the
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addition, the hollow Tiber nenbrane used in the present invention is
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cnB/cnR' Pa' sec or nore, and the oxygen transmi ssion rate is 0.6 x 10-9
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present therein. The total content of metal present in the potting
material is preferably 300 ppm or less. If the metal content
exceeds 300 ppm, metal or metal compounds elute into the chemical
resulting in the possibility of contaminating the chemical. The
metal content is therefore preferably 100 ppm or less, and more
preferably 50 ppm or less.

The metal content in the present invention refers to the amount
of metal contained as metal elements. Examples of target metal
elements include the alkaline metals of Na and K, the alkaline earth
metals of Mg and Ca, the transition metals of Ti, Cr, Mn, Fe, Ni,
Cu and Zn, and each of the metal elements of A1, Sn and Pb. Thus,
the metal content refers to the sum of the contents of each metal
element as determined from analysis values of those respective
metal elements. In addition, there are no particular restrictions
on the methods for analyzing each metal element.

Next, an explanation is provided of the housing used in the

present invention.



deaeration to 50~ or less of the saturated solubility at atnospheric
pressure is generally required as the | evel of deaeration when deaerating

di ssol ved nitrogen gas and oxygen gas in a chemcal. 31J1 11.~003 34 11 ML 2003
the case of not attaining this |evel, %Se di ssol ved gas in the chem cal
easily fornms bubbles. In the case of pfinter ink in particular, a high
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of materials for the porous support |ayers of the hollow fiber nmenbrane
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invention, weight change per unit surface area and rate of change
of thickness are used as indicators of chemical resistance of the
housing material.
The chemical resistance test consists of immersing a housing
material test piece in a chemical (having a liquid volume of 8 ml
perl cm? of test piece surface area) for 6 months at room temperature,
performing sampling and measuring weight and dimensions, and
calculating according to the following equations 3 and 4.
Egquation 3:
Weight change per unit surface area (mg/cm’) = {weight of
housing material test piece after immersion (mg) - weight of
housing material test piece before immersion (mg)} / surface
area of housing material test piece before immersion (cm?)

Equation 4:

Rate of change of thickness (%) = [{thickness of housing



structural units consisting of at |east one type selected from butadi ene,
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copol yner of 14 2¢Rebbakei theoyenBhbyéndnge dpét Ugh Ot 1s3rh@xOhredNdfter
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deaerated chemical composition. In addition, as disintegration

of the housing advances, it may no longer be able to separate the
one side and the other of the hollow fiber membrane in a
fluid-tight or airtight manner.

In addition, in the case the rate of change in thickness after
immersing in a chemical is greater than +15%, the housing material
swells due to penetration of chemical, and in the case it decreases
by more than -15%, elution of the housing material occurs.

The plastic, polyolefin, is preferably used for the housing
material in the present invention. Polyolefins are generally
known to have high durability with respect to organic solvents and
other chemicals, and are able to extend the service life of the
module. In addition, polyethylene and cycloolefin polymer are
particularly preferable examples of polyolefins because of their
durability with respect to various chemicals and their low content
of metal and other impurities.

Chemicals used in the chemical resistance test in the present



pol ypropyl ene) highly crystalline pol y(4-nethyl pentene-2Z) and

pol yvinylidene fluoride, etc. are suitably used for the porous support

layers in this case. The fourth honogeneous thin filmmaterial is |ovd 1 JU 2
crystalline pol y(4-nmethyl pentene-1). Exanples of |ow crystalline poly(4

met hyl pent ene- 1) include copol ymers of 29- et hyl - 1- pent ene and hi gher

ol ef i ns {§¥Eht 88n08EENEaRREL ObdBEt Pordd f dShich FRktainceulikabbyusekgct ed
fromhighly crystalline pol y(4-nethyl pentene-1) honopol yner) highly

crystal 'déﬁ?ﬁélﬂgte% Ltgfé;fra‘ggﬁléétﬁgn%ﬂﬂﬂé) hGQEBWi@rBe@%nﬁﬁla\h‘é R¥bLggne

fluoride y used for the porous support layers in this

case. *é&fglggm@eaﬁ 4R Eﬂbﬂu{ié {&%g&hf&' EJ; vén@stQS oRk gﬁ%{ﬁ%e&e yol efin

el ast oner her mo astlc elas or ner erre is a

copol yrTer, ¢ompy i seg osrog%pgiegéﬁnf 9Ly BCaples %ﬂlek%tco ol yper of

2EE§:22: afg gcégge ghgg oth cgrgrgaeggrgnof g ene copo E gher
/E‘%?tee RFORYLPRE §1 YT SHeRe

gLF;g?ﬁylene reore trl ro l?tne anq? ¥ ngghylgne tgtc.

i s pref P lﬁgg ¥3F° h@OBS % §Y§ t%gf $§ L8 ﬁf% g% *I'n addition,

I n the case, of using photaqresist solution or develq sol ution as the
chem cals,e'P’fc‘PgdBFégérda?d’leé“’cW SPLlykhar. Pﬁénﬂj&Ft%’H’gaB TR ber
menbrane that contacts_the chem cal _be. conposed of polyol efin. Photoresist
sol uti oMeFR RGELEHFAYIE 0l LEPBROPY boRERRRYL c OTRBH FPRIUGH P T ASERERP i oni C
surfactant_as | eveling agent. However, fluorine-containing polymers such as
pol yt et ref bt eRt {3 ke WEGEFmEERY L AAmmonIR YL oFd agoF| Y8y 4 RbEYEHkibr anes
in the prior art have the property of adsorblng fl uori ne-based noni onic

sur f act a'%ﬁlnt%‘hsﬁﬁﬁéﬁt?‘}lu jon, (HqRERPYLl alcohol / tetraethoxysilane /

water = 70 / 2 / 28 (wt%))}, printer ink {water / ethylene glycol
/ isopropyl alcohol=80/5 /15 (wt%))}, liquid crystal {cholesteryl
chloride, cholesteryl nonanoate}, photoresist thinner{propylene
glycol monomethyl ether / propylene glycol monomethyl ether
acetate = 70 / 30 (wt%)} and so forth are applied.
In addition, in the case of using a hollow fiber membrane module
for deaeration treatment of a chemical, elution of metals contained
| as impurities in the housing material into the chemical is a majorxr
problem. In order to inhibit this elution of metal into the
chemical, it is preferably to use a housing material that has a
low content of metal present therein. The total content of metal
present in the housing material is preferably 300 ppm or less. The
metal content is preferably 100 ppm or less, and more preferably
50 ppm or less. If the metal content exceeds 300 ppm, metal or
metal compounds elute into the chemical resulting in the
possibility of contaminating the chemical.

The metal content in the present invention refers to the amount



fi ber menbrane conposed of a fluorine-containing polynmer is used for
deaeration treatnent of photoresist solution or devel oping solution, Sh%JL 0]
phot oresi st sol ution or devel oping solution that is deaerated nay cause eV
defective leveling. Thus) defective Ie% | i ng of deaerated photoresist
solution or devel oping solution can be grevented by using a polyolefin
denonst r affi ngtkilt tbetadsedphsomethlnehenents f | tbranpiidsactfartardet asstal or

the portion of the hollow fiber nenbrane that contacts the chemcal. In

addi ti onelphehesabt €l exatpeesliodlind fepaly @fela mndk| ute HDkyRLhl €mern

pol ypropyl ene and pol y(9-net hyl pentene-1) since they denobnstrate Iittle

adsor pti ga+@h sNeRi WHidnd lc0r enlr £ 28480 j o\l 2, acAOMMANI e,
fluorosurfactant is Fluorad nade by Sunitonmp 3M (FC—930 quorlnated a1ky|

ester). &heahglowS ngEcHEH?“Bﬁgnﬂ&%ﬂ“glémQQHEQ§E&9.Skhuﬁﬁ&rﬁbas ﬁﬁﬁ{lfbed

above can be obtalne by nelting and spinning ) for exanple ,

208 34 ithOJne\wgi é%eﬁ@&@%&éﬁ'cﬁ@gﬁgeﬁﬁ otfh'tﬂef&J)m:éﬁ' saof)cgg&?

forns porous suppor ayers using a nultiple cylindrical spinning nozz es

of a pol LTEheAE! 3098HFD maﬂeghggagg ?ﬁaﬁ?% aie f8£”¥ﬂ8s&h§e@p%%%%“e°“5

thin layéer I's ~uxtapositlone pol ymer for formn

porous SHRRgs (o dausTe. T oLl oussl by, d g\@;cggafw%r OE&Q.;I_LG inoaglg:%ets'&llﬁ%n'cﬁﬁt he

pol yner for porous Suppor yers pr Sit

fi ber "E”bfgggc ggasge%gghs g3l eggﬁn$eeg1'slg$gﬂeced for examie, in

t he mann&P shown Tn Fig. 3, hollow fiber

menbrane 3 i ven with overcastln hr e 2 to n sheet 13.

Tn this caseﬁuyé\gh?ﬁﬁ%er n? R AR 8% &Ei\BVe% c%meerbe W

overcastin hO|#OM/f overcastlng thre % %2 mhl oi ng
r

ib
back_and"FLPEREL FBUGROEE e RGTa REL b Fi BEF RBntPAnRS 30560, tRoben onter 13

may be fornped b¥ g ﬁ g ﬁg an arbitrary nunber of hollom/flber menbr anes
into a bBﬁaPEr 5 PHEFT 0 then1together and then using overcasting thread

12 to go back apd forth anont m_ Furt t.h I articul ar
restrlctlonsh%ﬁptﬁg1 &2 @5 ThG 19 réhdgﬁﬁlﬂggf‘§F§V| %em@ Tape,

mul ti-filanment thread e of nthetic fiber such as polyester fiber) etc.
, is fl1eRPB £3ﬁdd8%%rgﬁngd5ﬁﬁ%%C?§§ hol | ow fi ber nmenbrane. The woven

ayered 1ol [HEBTY éﬁl%ﬁé%gx.%%%%=?es%¥§21§?%%ﬁ'%gﬁéﬁ%Bg"ﬁﬁ%-f°rgé%er.ber
Speci {1 HeRBFEPRgiRat ot aFop cBFAPE Fgar‘l?' ? E?'#‘%ndiﬂ‘fr'a'ff“% he- PayBfEdRrol |
merbr ancCHURGE bt st FueBprs En"hieh @%%%%f“” “rHe ands of the
Ealiﬁ2?2%$§§a%?$¥oug egﬁ exan%?QXl'géﬁiy % %%%%hofpg%gg b%§§% ﬁglon
modul e i USed:) e NG ARQYFaXRL ANALLE HordieaAg-oPh Lh B3N ATEHH AN SRV ©

ro
of the presen? PAVENEIEON 1S

be disposed in the state in which they make contact, are not required
to be affixed by adhesive and so forth, and their form is maintained
in the case of using for chemical deaeration.

On the contrary, if the porous support layers and homogeneous
thin film are affixed with adhesive, the gas permeability of the
homogeneous thin f£film decreases easily due to the presence of the
adhesive layer. A decrease in gas permeability of the homogeneous
thin £ilm is unsuitable since this causes a decrease in deaeration

performance.



shape. In addition, a housing in which the chem cal inlet and outl et; fts',“ nm
wel | as the exhaust port and so forth are integrated into a si ngle may
be used for the housing, or a nodule can be forned without the use of a
housi ng. The hol | ow fi ber nmenbrane nodul e of the present invention is
particularly suitable for deaeration of7dissolved gases froma chenical in,

for exanpl e,HemE§EHESREVER DR PLDAULH | O AHRCRTS p ikl hdhek, okl Ailedopbyekal
seal i ng process or chem cal production process. An exanple of deaeration

treat meni, §sh g EGEePQH: 0&5& B@Em@ﬁﬁbiﬁf‘f’ Ml 18SCTH ARG RN ithin

expl ained using Fig. 4. hi's exanpl e)” hol | ow fi ber menbrane nodule 1 is

used by d; jpsi gl %gngrbeeéfg%ﬂ; NﬁBPbHQe oo Charbeal 1] Metud 1 ghen od

outlet 1 and ex ort trogen IS S led fromnitrogen feed

pi pe 20 I | d m c

supplie %@%88 gﬁéﬁg}gﬁegﬁo%gﬁcaanf[ ?\nr ou%n C%hqe%tt?a%f]%?gled gi.“ﬁe 21

using t sure of nitrogen_ga enters

throﬁgh“f?hég 305 o Tr s ngE F dariRoe g his@smaﬁﬁgfgm BerRoIhah BSFOFen. of

t he hol | Qqw fiber rrbraHe o{) ho | o i 41 menbr ane dule 1, and.l eayes

ff om charies deART L LOr Bag, DEARP LT EEmad, Ho 080 ﬂ%CREPPSﬁdf%%

menbraneés reduced in pressure to a degree of vacuyum of for exa 100
PPTONS BOgRSpAioR i %, EBGAR %Ersaﬁﬁ&?ﬁcp%he}ﬁaﬁﬁm% PR 16 of

dr um 17 . and deaerated chenical is_obtained fromchemc outlet 15.

Fur t her ridt etP&y| ?%ﬁ%ﬁ“%?\‘é% R Elyﬁp‘b‘?‘l’%’b‘lt t’ﬁ"e"l?ﬁ?’r?ﬁi} gEdion of the

hol | ow fi ber_nmenbrane_in_the above exanple, chem cal may al so be su I|ed

outsi de t he TR® ITov™ FBeFkRERSr ahe h‘?\l@?{"°9§HGPHért}é%cfd‘r]ﬁ‘bFrF R¥eLerd

fi ber nmenbrane nodul e of the present invention is shown. Fig. 5is a
cr oss- sdatdmnial tei Eviphowl figthedf{ imrgnicknesmlis less than 1 um, there

tends to be insufficient resistance to pressure during use, while
if the thickness is greater than 10 pm, gas permeability tends to
be inadequate, although dependent upon the material used.

In addition, the thickness of the porous support layers is
preferably such that the thickness of one layer is from 10 to 50
pm. The porosity of the support layers is preferably from 10 to
50 vol%.

Moreover, a hollow fiber membrane in which the transmission
rate ratio, defined as the ratio of the oxygen transmission rate
to the nitrogen transmission rate (the oxygen transmission rate
/ the nitrogen transmission rate), is 1.1 or more, and the rate
of change in said transmission rate ratio after immersing in
chemical is within the range of -15 to +30%, is preferably used
for the hollow fiber membrane.

Here, the gas transmission rate is the value determined by
supplying pure oxygen or nitrogen gas to the hollow fiber membrane

and measuring transmission rate in compliance with ASTM D1434.



of a hollow fiber nenbrane nodule to which the present invention is

applied. Hollow fiber nenbrane 3 is housed inside cylindrical housi VA
havi ng exhaust ports 6. Hollow fiber nenbrane 3 is fixed inside houg?ﬁdubfﬂm
by potting materials 2 in the state in which both of its ends are open.
Chenical inlet port 8 and chenical outd8&t port 9 are provided integrated

into a singhe ghk! tWahBnRQYsbRd rat@N AYLR €803, 9 oPOMSERY fmefbefkCal can
be deaerated by introducing chem cal through chemcal inlet port 8 of this

ot 1 oW bEREE-IR GReHIRdKLS 1 Sk 2 SRNE RASIHICH pLREOHAL DG ek of

hol | ow menbr ane e pressur rou exhaust ports

6. A Lernat byely, chenical can g deasal ehbypassing. sl cale Ly oudh the

out si defSF menbrane e 'r cing e pressure’inside the

hol I ow {i ber nenmprane through the o i_ng n_both .ends. Wjen_ passi.n

liquid ERPBABNSCASIGALS B8TOP YHhECROITAN T 1 bePLAIEMEC SR BHAERAG™ he
pressure_inside the hollow fiher nmenbrane, ,one of the exhaust ports 6 shown
P Er 0. o6 e BRBOSEREOBRA P LA of LhBRE LS CHAP e MEPS LA UMAUSI or T 6
beconmes .t he chemi cal outlet port, while both chem cal inlet port 8 and
cheni caltSodBF8t thaPt 0- 93 1PHRy hedes 3928 LA L& &ifFsuSPPEEACEInEntBEi nent s
The follow ng provides a detail ed explanation of the present invention

t hr ough™PeB EXBEdPRERt 8T RAYORDr ABHeP14HIALPt BPLGEUYURE ot i HR®i Bt HFCt he
amounts_of netal in the potting material) housing material and chem cal in
t he enbBEMABANSOWAS thépf 6AABd GSFHYLALE ARaPySrter ERPBaAPRERPI LIPS FQul fi de
modi fied epoxy resin ( "Flep 10" , Toray Thiokol Co. , Ltd. ) , bisphenol
epoxy r eBpRicalpgeaseges28" , Yuka Shell Epoxy Co. |,

In addition, it is suitable to use the change in transmission
rate ratio and the weight change rate as indicators of chemical
resistance of the hollow fiber membrane. These values are
calculated according to formulas 5 and 6 below after immersing the
hollow £fiber membrane in a chemical for 6 months at room temperature,
namely 23°C, followed by sampling and measurement of data.

Equation 5:

Change in transmission rate ratio of hollow fiber membrane (%)

= {transmission rate ratio after immersion - transmission rate

ratio before immersion} x 100 / transmission rate ratio before
immersion

Equation 6:

Weight change rate of hollow fiber membrane (%) = {weight of

hollow fiber membrane after immersion - weight of hollow fiber

membrane before immersion)} x 100 / weight of hollow fiber
membrane before immersion

In addition, the rate of change in transmission rate ratio after

immersion in chemical substantially indicates the durability of



Ltd.) and aromatic pol yam ne curing agent ("Ankam ne 1833", BTR Japan) were
m xed at a weight ratio of 33.5:53.1:13.4 and then degassed to procﬁu?ngZUUS
resin plate. After allowing the resin plate to s~Gand overnight at ro
tenperature, it was cured by heating for 6 hours at 80C. The cured resin
plate was cut to a size of 60 x 8 x 22%fnto produce a test piece of a

Ch?”‘CaEhEGﬁBﬁB?BﬁéohgsﬁhinI@ﬁuﬁﬁ§PEB§m@Ea§,CQ&NH&?Mi&%&BSEﬁ@cﬁaﬁﬁéknpn
this potting material are shown in Tables 1 and 2. The chem cal resistance

test wasqgerf oL §d, thhd MBRICHeMeddIe (ARAVE: 6L RLEGRIENYBH PUSpEbEcal s

at 23C fol'l owed by neasurenent of the werght change and rate o ange in

t hi ckne .ter 3 apd di t t t in
Tabl o SCAEMbE A ront D2 0F (A e a2 6 or=nls: SecESRRER by Thfsd Midhy,
ether ("Ep.isys -60" .. BTR, Japan), uret hane di fj epoxy .resin 31 JU
S re 2 E5Fsrban o LEh fogBbin, The Hepaarantis hip A SRR shoPhe cast

pol yam ne curi n% at%ent "Ankam ne 20Q49", BTR Japan) at a weight ratio of
38. 0: 3818: 33, GFedteesthgede Was S¥e d 9GF Y Re same manner as Enbodi nent
1. The results of a chemi cal_ resistance test on this ﬁotting materi al_are
shown i n TafilReL40%Fdber REBbERRGILIFPLER] i ed ohEst e &P i@ sy

i mrersing the above test piece in various chemcals at 23C foll owed b
neasur eRERPTEPet RELRET dMPMeERaRgeiBnBP AL E2f 18 HEh LR nthth AR L 51 3
and 6 nonths. In addition, netal_contents are shown in Table 5. Enbodi nent
3 Wth tRe*3QBehfiRFrEHRTalRky Reedhdospdhe bepileyt igep membrape useg-igo" and
“Ankam ne 1833" at a weight ratio of 44.0:39.4:16.6, a test piece was

pr oduce8PPnPrRECRENEN¥ERREPPas Enbodi ment 1. The results of a chenmical
resistance test on this potting material are_shown in Tables 1 and 2. The
chemi cal reShet ¥pdehteshange patrosnbgteptipddysraprerenibokbet Weightece in

various chem cals at 23C foll owed by neasurenent of the weight change and
rate of ckpaAgeof the porous support layers. If the weight change rate

is within the range of -30 to +30%, the porous support layers are
durable to chemical, and mechanical strength is maintained that
can withstand practical use. In contrast, if the weight change
rate decreases by more than -30%, pin holes form due to elution
and so forth, and in the case the weight change rate is greater
than +30%, swelling occurs. In any case, the hollow fiber membrane
) is destroyed due to inadequate mechanical strength, thereby
resulting in the possibility of chemical leakage.

In addition, the hollow fiber membrane used in the present
invention is preferably such that the nitrogen transmission rate
is 0.5 x 10°° cm®/cm®* Pa'sec or more, and the oxygen transmission
rate is 0.6 x 10°° cm®/cm’'Pa'sec or more.

Reducing the chemical dissolved gas concentration following
deaeration to 50% or less of the saturated solubility at atmospheric
pressure is generally required as the level of deaeration when

deaerating dissolved nitrogen gas and oxygen gas in a chemical.



in thickness after 3 and 6 nonths. In addition) nmetal contents are shown in
~Table 5. Enbodinent 4 Wth the exception of mxing the above "Flep 197 JUL 2003
"Epi cote 828" and BF3 nodified am ne conplex ("Anchor 1170") BTR Japan) at

a weight ratio of 65.5:34.5:5.0) a test piece was produced in the sane
manner as Enbodi nent 1. The results of30a chemical resistance test on this

potti ngrpBiRE Ghs&lct SAWAthRihaBGeends and,d , e 6R8EbEREAr §84 SipReR T est
31 JU ~oc3 39 was performed by inmersing the above test piece in various

chem Cal:ﬁef%%_c% Cefae'i'lgw@@rms 4e8meNnt, of h¢ hsﬁgﬂg!&btpw and {pte of

change in thickness after 3 and 6 nonths. In addition, contents are

shown | ReFe98.5 CAHILAL UGBS EN S PUESPLE" 81 LAY @ Pase

conpoun ronat e uret ustr

CUr 10 8880 e BB 55240 oPRRRGERLHILSLATHR BOUISHYhas hbC) o

| ead octenate ac P?St at int

pi ece was produced in th a r as odi ment_ 1. The .resul.ts of a
Chem cap2rEePeb i EePugra oo, Faf Ml deerngT pbot | TRAHRASS o Rba it n
Tables 3 and 4. The chemi cal resistance test was performed by inmmersing the
above t85MOBPREEILPYSTFFRTS - ciemidaoges: tEE@S%FFg%d’T%’S}E r%%g’urseﬁeh? of the
wei ght change, and rate of change_in thickness after 3 and 6 nonths. In

addi t i ofi™ HEP aPaceFE e SAF - STRAVAD (PXHARTe W anSHIGH 08N a8 eWPth Ot Re X
exception of gixi p_% t he above "Epicote 828" modi fied alicyclic polyam ne
curing B8encm /CRhEAFRE 2E1BOTS aFR LAAETR 4O SeacxatsarPe FPEMEFadt a

wei ght ratio of 32.5:37.5:15.0, a test piece was produced in the sane
manner 58 EaPRdlevst - 1 IfTRb e &TaPeRisFign chahee AT (BYIMaRRE PASFOGRMt he

resultin
age lower than the above values, the target level of deaeration

is not attained.

Examples of materials for the porous support layers of the
hollow fiber membrane used in the present invention include
polyolefins, particularly such as polyethylene, polypropylene and
poly(4-methylpentene-1), polyvinylidene fluoride and
polyoxymethylene. These polymers demonstrate superior
resistance to chemicals.

Examples of the material for the homogeneous thin film of the
hollow fiber membrane include the five types of thermoplastic
polymers indicated below.

The first homogeneous thin film material is a blended polymer
composed of thermoplastic styrene elastomer and polyolefin. This
blended polymer can be formed on the homogeneous thin film, and
the resulting thin film has superior chemical resistance and is
able to deaerate dissolved gas at a practical level of deaeration.

The thermoplastic styrene elastomer can be used by suitably

selecting from the two structures indicated below.



potting material are shown in Tables 3 and 4. The chem cal resistance test
was performed by inmmersing the above test piece in various chem cals at 23C
fol l owed by neasurenment of the weight change and rate of change in 31 jur 2003
t hi ckness after 3 and 6 nonths. In addition, netal contents are shown in
Tabl e 5. 31J UL t003 40 Conpar at Bte Exanple 2 Wth the exception of

m xi ng the 0 " Ep) " i Tl icvel.d ) cyr.Lng
agent (" Ankgﬁi %203%1%856%E§—§a%a {a?g% (%/éldsg lle%g iﬂoowg E’,%eaﬂtaggt

pi ece was _produced i.n.the, ,sane manner. as.Enbodinent. 1. The xesul.ts of a
Chor carSPRERS, S0 &1 45 00R o T 15 PRAVHRE. TAEverd Asm £2nEns i n
Tables 1 and 2. 'Th hem cal resistance test was erfgrned by i nmersing the
above tELEYLPBEEOPRYVERPoULSERERPEAPE AP tBSEEPET PERBHLEYS naS S HPENERT Cof ( he
wei ght change and rate of change in thickness after 3 and 6 nonths.

Conpar af¢98€Bkanpl e 3 Wth the exception of mxing the above "Epicote 828"
and alicyclic goléanine curing agent ("PACM') HIR Japan) at a weight ratio
78 . 1 : 21B)oRgngopesePplEper waSMpr ettt At t heashnEWambYiees a@f Enbodi ment
1. The results of a chemi cal resistance test on the resulting potting

mat er i aftavetyrahnunhtFapgresisting of Fhelenshi ene FEBessahectedsiroms
performed by i mrersing the above test piece in various chemcals at 23C

f ol | ondeubgdiensur efbriene -butyhenght isbpngee appdr athy bénehpngeyl ene,

t hi ckness after 3 and 6 nonths. Conparative Exanple 4 Wth the exception of
m xi ng aé abyyenegpi cote 828" and pol yami de curing agent ("Ankanm de 375A",
BTR Japan) at a weight ratio of 64.5:35.5, a test piece was produced in the
Sane)nannerA polymer obtained by melting and blending the above

thermoplastic styrene elastomer and polyolefin having a density
of 0.9 g/cm’ or less can be used as the material for the homogeneous
thin £ilm.

By melting and blending polyolefin into the thermoplastic
styrene elastomer, both molecular chains mutually penetrate
resulting in a three-dimensional network structure that inhibits
dissolution in chemical and swelling. A material suitably
selected from high-density polyethylene, isotactic polypropylene,
polyoxymethylene and highly crystalline poly(4-methylpentene-1),
etc. can be used for the porous support layers in this case.

The second homogeneous thin f£ilm material is a copolymer of
(2,2-bistrifluoromethyl-4,5-difluoro-1,3-dioxol) and
tetrafluoroethylene. A material suitably selected from
poly(4-methylpéntene—l), polypropylene and polyvinylidene
fluoride, etc. is preferably used for the porous support layers
in this case.

The third homogeneous thin film material is a thermoplastic

fluororesin elastomer. The thermoplastic fluororesin elastomer



as Enbodi ment 1. The results of a chem cal resistance test on the resulting
potting material are shown in Tables 1 and 2. The chem cal 3T ,1-~ ~ 41
resi stance test was perforned by i mersing the above test piece in QﬁrUg??WB
chem cals at 23C foll owed by nmeasurenent of the weight change and rate
change in thickness after 3 and 6 nont¥&. The types of chemicals in. Tables
1 and 2 4 hoywy, ony| I e

developlng §%$d$|on égﬁgggkcéﬁpgfggé‘?%ﬁﬁﬂéﬁ?ﬁ%Slgr|§tg?g|n Ekglfﬁﬁfd
crystal F P or esi t hi nner Tahl.e 1 \\éi ht er it e area
of potti gd rét ﬁ%uﬁ%%]f aps r]c ? r Seer mgbc egror[)on h%sluor%l’% S5

(nmg/ cn) cal ABCDEFEnbodi ne t

1-0. 2019 1‘?(? P PR ’dﬁﬂ%ﬁéﬁ%&i%&traﬂ“methyle”e

2+2. 33+0. 66+2. 01+0. 91+1. 01+10, 9Enbodi nent L.

3+0. 210FPPPIyRE B @) PRéy¥any32dene sl bmiceigrendn addition, examples of
4-0.209-0. 075-0. 140- 0. 099- 0. 036- 0. 227Conp. Ex.

2+29. 2+ FA iz Bolier 50, BoCHft megrerts ipelndg+vanydigepeof2ger2deconp.

Ex. 4+9.66+14. 3+8. 81+8. 20+13. 7+18. 5\Wei ght change per unit surface area of
pot t i ng heatediliw raresipplece afnaEynemeangi vgnirdddengodlhoride-

(mg/ cne) Chem cal ABCDEFEnbodi nent

1- 0. 2131exEF3 A AP VED 0 tI3-aF 1Ridkiowtbyilepst terpolymer.

2+3. 01+1. 01+2. 50+1. 98+1. 20+16. 7Enbodi nent

3+0. 421+0. 2B2@ G230 . SBl-e®1F5 el esitlntfodmnbaghly stereoregular

4-0. 250-0. 129-0. 250-0.187-0.134-0. 321Conmp. Ex. 2*+23.9**+21. 5Conp. Ex.
3*+24. 0ol x@PoriEn X highidP dryst2l.10ne: Ppodytdtmeghgilpeshape-1) 3add JJL
(nr- 42 Table 2 Rate of change in thickness of potting material test pi.ece
after | posysiingy figterde ndntdisi ) Eteni exkeABGDEEEXPodsednfor the porous
1-1.105-0.038-0.090-0.062-0. 033-0. 835Enbodi nment

2+2. 07+5upPo3.t5 Oely A3+ (b &H8. 5 Aasieodi nent

3+0. 853+0. 044+0. 185+0. 033+0. 039+0. 596Enmbodi nent

4-0.904- 0. 037he0 £001r+t®. DdBoOeBedud. UBGOCHIPm Eaterial is low crystalline
2+14.5+10. 5+18. 8+15. 7+9. 37Conp. Ex. 3+14.1+9. 94+16. 1+8. 96+5. 52+17. 8Conp.

Ex. 4+9p93¥3 4FMmelthy2-perd@®n® -04+13ERRapkenfof hemygecyys tal ke 0 lof(4pot t i ng
material test piece after imersing for 6 nonths

(%9 ChenfeihxBCBERERNsOd Indmclude. t@PoAYDLLs00894~-10e a0 (L (e tler®2Enbodi ment
2+4. 64+1. 98+4. 02+2. 52+2. 00+12. 6Enbodi nment

3+1. 198804041 thed]l bk Adkt( sQddt+bs2d2Erhadan@ndther a-olefins).
4-1.135-0.051-0.121-0. 090- 0. 056- 1. 234Conp. Ex. 2*+17.2**+15. 2Conp. EX.
3*+17. 5** +18. bEamrialx sv4tably8stidbtdd* fPod mbghlet arysthapendabl e 3

Wei ght change per unit surface area of potting nmaterial test piece after

i mer si pglivdr -hemhytlsentepecl)) GoawpodyABCDERCoNpY Exystal¥iBe 1842 *

methylpentene-1)-{a~-olefin) copolymer and polyvinylidene
fluoride, etc. are preferably used for the porous support layers
in this case.

A fifth homogeneous thin film material is a thermoplastic
polyolefin elastomer. The thermoplastic polyolefin elastomer
referred to here is a copolymer comprised of polyolefins only.
Examples include a copolymer of ethylene and octene, copolymer of
propylene and octene, copolymer of ethylene and propylene and other

copolymers of propylene and higher olefins.



+17.5 +8. 51Enbodi nent 5+8. 3+4. 2+7. 5+2. 1+1. 5+8. 62Wi ght change per unit
surface area of potting material test piece after immersing for 6 nonths
(mg/ cnR) Chem cal ABCDEFConp. Ex. 1*-28.5*+30. 9+25. 2Enbodi nent 7003
5+10. 8+6. 5+9. 5+4. 5+3. 6+13.6 *:Did not retain shape 31 Jfl ~J 4% 'I‘Jal‘ﬁlg
4 Rate of change in thickness of pott3®dg material test piece after

4 Rate of
6 5 4078 it R B e T C R PR Ry o gensg ty polvspylene.
BRLE" SR AN N SRR L

ﬁéﬁ?:&é’éﬁ%ﬁéﬁﬁmﬁmm3&%%% 'Siherae ee%%ﬁ'e%l%ta' gontent. of

5Na20171825535 - -612Ca----1011Ti=-----Cr------M------ Fe46691824Ni
12237- Cu- - -18. %@?@wmln ¢ %&%ﬁ-qg%nqam*%%%@%?%“wf %9 27 45

T - 626_T 3x10~ : Not detected Enbodi nrent 6 The respectlve wei ght changes
per unlqe‘é‘iﬂ‘?%%’ég Soduting 25.tde Shemigmbe 1tnis PrefsEadle that asthg%\ﬁhs

Tables 8 and 9 when a test piece (neasuring 60 x 8 x 2 nmm nade of

cycl ool 8¢ RoFdiipRe?t (thze?a%fowz@ﬁr IR Tt $Hedt contaghks theneremicak

chem cal s (i sopropyl 3 1 JJL ~OG~~~ 44 al cohol, sem conduct or devel opi ng

sol uti dre epipersed Rheelysiiaiisn, PBhehrEesiak, SPilqmigncayét@#:vaming

phot oresi st thinner) at
solution frequently contain fluorine-based nonionic surfactant as
leveling agent. However, fluorine-containing polymers such as
polytetrafluoroethylene widely used as a material of hollow fiber
membranes in the prior art have the property of adsorbing
fluorine-based nonionic surfactant. Consequently, if a hollow
fiber membrane composed of a fluorine-containing polymer is used
for deaeration treatment of photoresist solution or developing
solution, the photoresist solution or developing solution that is
deaerated may cause defective leveling. Thus, defective leveling
of deaerated photoresist solution or developing solution can be
prevented by using a polyolefin demonstrating little adsorption
of nonionic fluorosurfactant at least for the portion of the hollow
fiber membrane that contacts the chemical.

In addition, preferable examples of this polyolefin include
polyethylene, polypropylene and poly(4-methylpentene-1) since
they demonstrate little adsorption of nonionic fluorosurfactant.
An example of a nonionic fluorosurfactant is Fluorad made by
Sumitomo 3M (FC-430: fluorinated alkyl ester).

The hollow fiber membrane having a composite structure as

described above can be obtained by melting and spinning, for example,



23C for 3 nonths and 5 nonths. In addition, the netal contents in the

cycl ool efin polyner (Zeonor 1020R) Zeon Corporation) are as shown in_Table
6. Table 6 31 JUL 2003
thalNaKNgCaTlCrNhFeNlCuZnAlSnPbTotaICbntent(PPn) 0.02-  -0.02 .

Not detected Conparative Exanple 5 Thé4respective wei ght changes per unit

surfaceaapedyald EALESEOFmShANGSnd derddbbkNasis a;rlelxﬁ%nﬁﬂ@w@ou@m&bkﬂaw and
9 when a pol ycarbonate test piece (nmeasuring 60 x 8 x 2 mm) was i mrersed in

chem cak§rnk SOPFORY s ilpitoha géf@@ﬁ?@%trﬁﬁlgfﬁfé%l%cﬁﬁdﬂl SBinning

spi n-on-gl ass solutlon print ink, ITquird crystal” and phot or éesi st
t hi h t ent
o T P AGICeL o ph10RRT 8P BedRE R B S e oo s ot

Met al Na T0 055 3449 P
ot dof beriamebdfiaeh Sya L a0Le vt R RhoRL (I8HRA G MR A YRR L)

area of oURLAg Amerlglie tﬁg;ﬁg%%saéaggor{"ﬁg%r@ £911 3 BB W rawing

6+0. 162+0, 107+0. 0. 07540, 092+0. 448Di sj nt t-Di

5116 3-4108% | SO FAPRAC EPAE CBRLY al EOVES LHLSErERb e BEPLOR) PELPPERR®ar ea of

potting materiS }Ltest pi ece after imersing for 6 nonths

(ng/cnﬁ%m%ﬂ? ﬂBEBEFEﬁB'BBFﬁeB?r‘G%t%smo 105+0. 247+0. 118+0. 127+0. 749
Conp. . 5Disint-Disint-Disint- +2
+22. 6D| si ntTléﬁr}%\?Hj%‘ﬁr%t%Mth@é’ﬁr QP@HlGr“a‘Bf P RASS Y dRYRYLEIOR 1S

t hi ckness of housi ng materlaltest iece after imersin for 3 nonths (~)
[

~Che 'CH%W#EHBB -%ﬁq\p , in the manner described bel
6+0. 133+0 051+0 205+0. 063+0. 052+0. 274D sint-Di si nt-Di si nt - Oo
5+4. 55+6. 68%S. %b‘?é‘f’etd’egtaa‘h EBeYR at2 diRst-e Sof PehdAYet TPPY W?%’IH"F@%? &f 1Rousi ng

materialtest piece after immersing for 6 nonths ( ~
) Chemi PRI OEEERhBYEReRsting thread 12 to produce woven sheet 13. In

6+0. 208f 0. 043+0. 215+0. 076+0. 094+0. 398D si nt-Di si nt - Di si nt - Di si nt - Conp. EX.
5+16. 9+'§L%1%e‘§ﬁ%l?eo%%rsfi’(%bd'r“attéﬂeﬂ?:ﬁ'ﬂ%ﬂgl i e%h%e"ar?c? gay Rer @BF’@%Qnts

i sopropyl al cohol, B represents sem conductor devel o sol uti on,

represe 5°Vsep‘T"rF‘%’h”§ﬁ dod 1oy §ipPeh m@“?’?&eeée‘ﬁ%g Y %‘Br %?Jrﬂ{g tgrp@& égent S

liquid cri/stalg F.represents photoresist thinner. Enbodi nent 7
le g 1n ack and forth through a single hollow fiber membrane

3, or woven sheet 13 may be formed by grouping an arbitrary number
of hollow fiber membranes into a bundle, gathering them together
and then using overcasting thread 12 to go back and forth among
y them. Furthermore, there are no particular restrictions on the
type of overcasting thread 12 used provided it is a multi-filament
thread made of synthetic fiber such as polyester fiber, etc., is
flexible and does not damage the hollow fiber membrane.
The woven sheet 13 produced in this manner is then wound into
a roll to form a layered roll so that the axial direction of the
fibers of the hollow fiber membrane is aligned. After installing
this within a cylindrical housing, a specified potting material
is injected into both ends of the layered roll followed by curing.

After the pottingmaterial has cured, a hollow fiber membrane module



A three-layered conposite hollow fiber nenbrane (inner dianmeter: 200 Nm
outer diameter: 280 Vim porosity: 50~, oxygen transmssion rate: 7.5 n
10-9 (cnB/cnR' Pa' sec) ( nitrogen 31J ~J L 200 46 transni ssion réﬂeJLZ&@
x 10'9 (cnB/cnR' Pa'sec) , transmission rate ratio : 3 . 6 ) was obtained by
using a bl ended pol yner of thernoplas8bc styrene el astoner and

POl YPE QP e ég%zgé;%’imi'ﬂcﬁ?g{h@e%ﬁdsc%ﬁhe b9 byl ?ﬁ&weﬁ,‘afaﬂg‘gggeous

thin fi yner, usi ng nsity polyethylene | pol on

5110", Toso rpor at i f t or pu ] aTs] I The results of a
chenica]9?eé?é?aﬁgegﬁtg¥g%neéﬁegf%guéfi%%é#hfﬁéé?aé%fégp%bnposite hol | ow

fi ber nmenbrane are shown.i.n Table 10. Enbodinent.8 A three-l.ayered

conposi te Hoft BWFTDRT- roéqugl B FAEMD 'ea?rttae?ylﬁﬁerfiﬁﬁ,f d‘ﬁé’tw gilgﬁﬁt er:
290 Eun, porosity:. 45% ox n transm ssion rate:; ,140 10- )

(cnal o RieBEF Qag Mooty Logiaed AanERF eHF PAPANSE1ghe BE Som ERbePar sec)
, transmission rate ratio: 2.7) was obtained by_usin% a. . )

2, 2- bi RGMRFRRE JARAMYS OF SLRf HAFRERL IBVENGION A5t BotatLudt et kgl Ehds

copol yner (60/40 (nmol %) ("Teflon AF1600", Dupont) for the honbgeneous thin
filmpdihare, & agdiid ol W Lansimg géntdreh thavahemiceednd&ts andne. )

for the porous support |ayers. The results of a chem cal resistance test on
t he resntlely ashredl| gy éredesompdsiPorthanfdip troéh aepdndedratedshovm in
Tabl e 10. Table 10 Cheni cal ABCDEFChange i ntransmni ssion

rat e- 2.@0single goptguagy bepoethod tHeathopsding pwyamedhilectringe farped

(9 +0. 1+0. 2+0. 2+0. 1+0. 1+0. 3Change i ntransm ssi on

rat e; 3.Withqug thg ysg gf ;2 gt %ent 8ratio (% Wei ght change ratio

(9 +0. 1+0. 1+0. 1+0. 1+0.1+0.15 3 1 J'J | uOi
The hollow fiber membrane module of the present invention is

particularly suitable for deaeration of dissolved gases from a
chemical in, for example, a semiconductor production process,
printer, liguid crystal sealing process or chemical production
process.

An example of deaeration treatment using the hollow fiber
membrane module described above is explained using Fig. 4.

In this example, hollow fiber membrane module 1 is used by

y dinstalling in drum 17 equipped with chemical inlet 14, chemical

outlet 15 and exhaust port 16. Nitrogen gas is supplied from
nitrogen feed pipe 20 to chemical 19 stored in chemical tank 18,
and the chemical is supplied to hollow fiber membrane module 1
through chemical feed pipe 21 using the pressure of nitrogen gas
as the driving force. Chemical enters through chemical inlet 14
of drum 17, passes through the hollow portion of the hollow fiber
membrane of hollow fiber membrane module 1, and leaves from chemical
outlet 15. At this time, the outside of the hollow fiber membrane

is reduced in pressure to a degree of vacuum of, for example, 100



47 Enbodi ment 9 A three-layered conposite hollow fi ber menbrane (inner

di aneter: 200 Eun, outer dianmeter: 280 ~.n) porosity: 47% oxygen 1 yuL 7003
transm ssion rate: 3.9 x 10-9 (cnB/cn?’ Pa’ sec) , nitrogen transn155|%h‘
rate: 1.1 x 10'9 (cnB/cne' Pa' sec), transmission rate ratio: 3.5) was

obt ai ned by using a thernoplastic fluditoresin el astoner ("Dai el

Ther ”DPFQStb ¢ Jab3m ,p%&'zn bAAUaLERSSo el,éh%uktf ?Sr{:hf‘é %@Tﬁ%ﬁei"(’s 4y n

film po ymar and usi™n y stereoregular Tsotactic pol ypropyl ene

(" Hypol 41700 e cﬁée]wlc%e £t mCa>frfot9rhch@ﬁ.i%gf10%ﬁté&pqrt layers. The

results chem cal "resistance e resu |ng threé-Tayered
conp05|te h fiber ane.ar n Tabl 10 A
three-layerg 3§#68§Fie i %@WQPIE§F gﬁréﬁesfpﬁ Sggggrg%géﬁwfun
outer dia ter oro 35, _OXYV. nsm SSI on_rat

10-5 (cREFEREvaE 308 hoRERY S l‘twaﬂemg.ﬂh% BVE Sgpyeq cientcal
(cnB/cnk' Pa’ ec) transmi,ssion rate rati was obt ai ned by using | ow
cryst al "P¥ed 3 ﬁ%ﬁﬁ@%ﬁﬁhfﬁﬁélff FhﬁK@@flowNFPQGF BRERFERLs, Inc.) for

t he hormgeneous th| n filmpolynmer, and using highly crystalline

pol y(4- met h?Fﬁént%‘h@tﬁ?r(e’ 1“‘3% efup %ﬁgﬁ“lﬁll?erl ReMPTape PedUR Fus
support layers . The results of a chem cal resistance test on the resulting
t hr ee- | &er paessmpodPVENtdioPowSt SBOWNnenbr ane are shown in Table 11. 31
J'J L cO-x 48 Table 11 Chem cal ABCDEF. Change

i ntransm ssFaf-45319 3oy sectipnals pigydsheving ratdd fEayen i @pasingiet
change ratio (@%+0.1+0.1+0.1+0.1+0.1+0.15Change

i nt rans@fsaibellow.-Silber membinme mogludenodvheel tie Anesent dnvoRbdiopht

change ratio i% +0. 1+0. 05+0. 1+0. 1+0. 05+0. 15 Enbodi nent 11
is applied. Hollow fiber membrane 3 is housed inside cylindrical

housing 7 having exhaust ports 6. Hollow fiber membrane 3 is fixed
inside housing 7 by potting materials 2 in the state in which both
of its ends are open. Chemical inlet port 8 and chemical outlet
port 9 are provided integrated into a single unit with housing 7
on both ends of housing 7.

Chemical can be deaerated by introducing chemical through
chemical inlet port 8 of this hollow fiber membrane module, and
passing chemical through the inside of hollow fiber membrane 3 while
reducing the pressure through exhaust ports 6. Alternatively,
chemical can be deaerated by passing chemical through the outside
of hollow fiber membrane 3 while reducing the pressure inside the
hollow fiber membrane through the openings on both ends. When
passing liquid through the outside of the hollow fiber membrane
and reducing the pressure inside the hollow fiber membrane, one
of the exhaust ports 6 shown in Fig. 5 becomes the chemical inlet
port, while the other exhaust port 6 becomes the chemical outlet

port, while both chemical inlet port 8 and chemical outlet port



A three-layered conposite hollow fiber nenbrane (inner diameter: 200 Eun,
outer dianeter: 280 Eun, porosity: 38% oxygen transm ssion rate: Z'¥5 X
10-9 (cnB/cn?' Pa' sec)) nitrogen transmission rate: 0.5 x 10-9 1 JUL 7003
(cnB/cnR' Pa' sec), transm ssion rate ratio: 3.5) was obtained by using

t hermopl astic pol yol efin el astoner ("¥afner XRL06L", Mtsui Chemnicals)

Inc.) feorsihe.hguogengqus pBkesfil mpolymer, and using the above "Hypol
CJ700" for the porous support layers. The results of a chem cal resistance
.test on the resulting three-layered conposite hollow fiber nenbrane are
shown in Table 12. Table 12 Chem cal ABCDEFChange
intran%%%ss'on-2t9-2.9-2.9-2.9-2.9-4.4Enb0dinent lirate ratio (9% Wi ght
changed"139 183 +0. 1+0. 1+0. 15ratio (% 3 1 J J L ZUU~ 49 Enbodi nent 12
(Surfactant_Adsorpiion Test} A surfactan dsorption, test s conduct ed
ising a ¢ nrEaF RF R g R s P S5 TbeR SERAAAE QT e Thin BEgEERT 200
m outer 3ianeter;. 280 ~. porosity: 500, oxyqgen transm ssion rate: 7.5 X
10-5 (CHRYERBLPE ERESUGH 1 5 GSHROBIARRTF sb HF TAIIons -1 Gpap.igrative
(cnB/cnR' Pa' sec), nenbrane surface area: 250 cnR) in which the honbgeneous
thin fidsreEniRRFiGRsOf MEOFAmPPRTFfij 9hdRS BRLstR cEhePgt t1Rg  mBFeral.

pol ymer of thernoplastic styrene el astoner and pol ypropylene ) , and_the
por ous RWpPpHRE Payeriaherd” fheBledl HR dtisa 19MPeGYRYHt ToY porReT bprmed

hi gh-density pol yethyl ene). The test involved evaluating the degree of

adsor ptydn®asel 8nat¥eithange in the value of surface tension by immersing
the three-layered conposite hollow fiber nenbrane in ethyl |actate solution
cont ai ni ng surfactant(concentration: 360 ppn). Fluorad FC 430 nmade by

Sum tono 3M (nonionic fluorosurfactant) was used for the surfactant

Surface termedibment 1nmersion is shown in Table 13. Conparative Exanple 6
(Surfactant_ Adsorption Test) A surfactant adsorption test was conducted in
the same neRmEYS@st HiepapAEaedeparny resindoFyes 1@t | TorawtTha el €abe
(inner dianeter: 600 ~.m outer dianeter: 1000 ~.m nenbrane surface area:
250 cni)td. putrigpbenedseppxifiasin fmEPireheid? hovkrShigbl &pPxy C03.1 J J
L i ~G- 50 Table 13 Enbodi nent 12Conp. Ex. 6Beforei mmersi onSurface

t ensi oetn) (@ UIREIE DIHaANide Surddor Aokt { "2okapanent BABodi BERt 13 A

woven sheet |ike that shown in Fig. 3 (weave width: 265 mm nunber of
fil anentapanpwere mixehert i? €ol¥ReratBOXf HhsS Produckdy-4 and then

degassed to produce a resin plate. After allowing the resin plate
to stand overnight at room temperature, it was cured by heating
for 6 hours at 80°C. The cured resin plate was cut to a size of
60 x 8 x 2 mm to produce a test piece of a chemical resistance test.

The results of a chemical resistance test on this potting
material are shown in Tables 1 and 2. The chemical resistance test
was performed by immersing the above test piece in various chemicals
at 23°C followed by measurement of the weight change and rate of
change in thickness after 3 and 6 months. In addition, metal
contents are shown in Table 5.

Embodiment 2

With the exception of mixing sorbitol polyglycidyl ether

("Exrisys GE-60", BTR Japan), urethane modified epoxy resin



using the three-|layered conposite hollow fiber nenbrane produced in

Enbodi nent 7 for the hollow fiber nenbrane. After heat-setting this §qv 1 5003
sheet, the hollow fiber nmenbrane sheet was rolled to forma |ayered rol o
This was then housed in a housing having an inner dianmeter of 64 mm outer

di ameter of 72 mmand | ength of 215 m¥8onposed of the cycl ool efin pol ymer

(Zeonor ( 198RR4 3760 MG PRLAL ITAR) aHlOWRed cETRBOdTHBNY Gnandikaykhgca |arge

nunber of pores in its wall. Furthernore, pretreatnent of the housing was
per for 1 Rhe cus9abi Bdeh e PREKLAPLEM & .j iB?'ﬁi d‘%ﬁ(@l . i ng
t hat agﬁgrg)sﬁmt o%t ﬁg po%’ti ﬁS Irerat( erlﬁa?s emgt% a primer. eir aﬁﬁéﬁg@g’f

t
(1092591 G110 oL B sFRheall B0 pEUBRTLAE brbaBfda) BhoEht Mahl: o

into a resin pot otting erfornmed on he"housing wWth a

centrif ot ti ratus (centrifugal farce: 50 G tinme: 2 hours,
t enpera %ﬁé:egr %tcs)m%&g%gggg tﬁr 2)’. After allowing this to stand overnight,

heati ng was,,addi tionally_perforned to_post-cure fhe potti mat er i al
(temper at ur Bicgger St e bebar chPEY Cone POt henERoboaE ongthYs FofFifn_ 5
the potti material were, cut along with the fixed hollow fiber nmenbrane
whi | 6 HBRFFPRECRF S FREVP BRIl (R o 115 FORBABR AP FRRATES ERAFI ng a
structure as shown in Fig. 1 .in which both ends of the hollow fiber
menbr an®2 A PETHRFNGHE & Sdendr the abpus . tes 5p1ecs in kb FrEREMEiZ2WFt h t he
exception of using the three-layered conposite hollow fiber menbrane
pr oducedt i 23 fhifdi awed dyf peashsrenentonf | tierwelkgtr aabengaisindy ralte hbusi ng
mat eri al shown in Enbodinent 6 and the potting material shown in Enbodi nent
2, and geahgeniingtpdrkhagsasfsec, 3aahdl bomehither rantEddiet imodume tees
obtained in the sanme manner as Enbodi nent 13.
contents are shown in Table 5.
Embodiment 3
With the exception of mixing the above "Epicote 828", "Erisys
GE-60" and "Ankamine 1833" at a weight ratio of 44.0:39.4:16.6,
a test piece was produced in the same manner as Embodiment 1. The
results of a chemical resistance test on this potting material are

shown in Tables 1 and 2. The chemical resistance test was performed

- by immersing the above test piece in various chemicals at 23°C

' followed by measurement of the weight change and rate of change

in thickness after 3 and 6 months. In addition, metal contents
are shown in Table 5.

Embodiment 4

With the exception of mixing the above "Flep 10", "Epicote 828"
and BF3 modified amine complex ("Anchor 1170", BTR Japan) at a
weight ratio of 65.5:34.5:5.0, a test piece was produced in the
same manner as Embodiment 1.

The results of a chemical resistance test on this potting

material are shown in Tables 1 and 2. The chemical resistance test



Enbodi ment 15 Wth the exception of using the three-layered conposite

hol | ow fi ber nmenbrane produced in Enbodi nent 9 for the hollow fiber .

" menbrane, and using the housing material shown in Enbodi nent 6 and thé 1 JUL 7003
potting material shown in Enbodinment 3, a hollow fiber menbrane nodul e was
obtained in the sane manner as Enbodi #8nt 13. Enbodinent 16 Wth the

except iy gbr¥dirite d h¢ imee@ 1Yl 60BRRT ! 51 L0k iaw 4+ RRls FREREBRES
produced i n Enbodi nent 10 for the hollow fiber nenbrane ) and usi ng t he

housi n tQ,I‘I n Enbodi ment , 6 the .p tt|n mat eri.al in
Ebod! EnE3C. 29 LNGHER, R BEPSHERBPARco Bt Feed ST SP FAECSahe
manner as Enbodl nment 13. Enbodinent 17 Wth the exceptl on .of using_the

t hr ee- IR %%n%%?lf’éeﬁﬁl ‘PB'\F\FFl e et tPAmER S odic & AT iMoMefddt 11 for
t he hol | ow fi ber 3 1 JUL r003 52 nmenbrane, a hollow fiber nenbrane nodul e
was obtZATHRPTH 2Fe SBA¥N ndANERPAS Enbodi nent 13. Conparative Exanple 7
Wth the exception of usi ng the three-layered conposite hollow fiber

menbr ane promREERLIveEBxanpbetl7 for the hol |l ow fiber menbrane, and using
t he housing materi al shovvn in Conparative Exanple 5 and the potting

mat eri al sHGWh itheCenpaphiPpoERANpNE 2 basg erPnd i(D&oreaabeahel fodul e
was obtained in the sane manner as Enbodi ment 13. In addition, chem cal
deaer atNimpan Relipere agngefndustry Use ng Itd s) ha |y Eridbergendnbr ane nodul e
on chem cal s (isopropyl alcohol, sem conductor devel opi ng sol ution)

spi n- on-"Niggso sant 4224 " privipeon i Pl yurethahe risied tgn Cphotlords) stnd
thinner) under conditions of a liquid flowrate of 2 L/mn. Mre

speci f ilegld Y ttdnatwldsow Cabelystndt aire thed wied ghds riatidbabF e6i0 i 40 80 dt um

cont ai ner,
a test piece was produced in the same manner as Embodiment 1.

The results of a chemical resistance test on the resulting
potting material are shown in Tables 3 and 4. The chemical

resistance test was performed by immersing the above test piece

in various chemicals at 23°C followed by measurement of the weight
change and rate of change in thickness after 3 and 6 months. 1In
addition, metal contents are shown in Table 5.

Embodiment 5

. With the exception of mixing the above "Epicote 828", modified
alicyclic polyamine curing agent {("Ankamine 1618") and alumina as
an inorganic filler at a weight ratio of 32.5:37.5:15.0, a test
piece was produced in the same manner as Embodiment 1.

The results of a chemical resistance test on the resulting
potting material are shown in Tables 3 and 4. The chemical
resistance test was performed by immersing the above test piece
in various chemicals at 23°C followed by measurement of the weight
change and rate of change in thickness after 3 and 6 months. In

addition, metal contents are shown in Table 5.



chem cal was passed through the inside of the hollow fiber nmenbrane, and
the chem cals were deaerated by reducing the pressure outside the hollomt,
fi ber menbrane. Chem cal deaeration treatnment was carried out 31 JUL 7008
satisfactorily. However, contam nation of each of the chem cals by netal

was confirnmed. The netal contents of é8ch of the chem cals after deaeration
t reat ment aé@m?QP&@ibQ galhg1d4, Table 14 Metal content in chem cal after

deaer ati ontreat ment
| "0k 0. 7carbtachrs exdeqtied §Rnin el nR RpbuR TROLEORIPRRE! (T |

31~ 2-03.53.1n_Table 14 A represents isapr.Qryl, al.cohql . B r esents
seni oot 5To8cor BB REC RTHTEIE R Rohrs adet (o Rtahiorads10e LERBn.
represents inter ink, E represents_Liquid crystal, and F represents

ohot or GLRREN{ 1 i e o b 028 SASROPF of 5B D YAk AT PRORICEChAD ng a
surface area of 0.5 nz as shown in Fig. 5 was produced using the sane
respect ¥R ﬁ%W?oﬂPFPEEraﬁeﬁ%P%ﬂéTeBBt?ing mat eri al and housing material as
Enbodi ment 13. Cheni cal deaeration treatnment was perfornmed on sen conduct or
devel opi ng So¢ uFEBRLERdOPhBt BReBI L tReFrhetanseshett i e e use st ting

hol  ow fi ber nmenbrane nodul e under conditions of a liquid flow rate of

2L/ mi n.PABEERG pBaEerial| grechaerealn whdbies r bdéR@d? t hridwyiehemgadal i nl et
port 8 of the hollow fiber nenbrane nodul e chem cal was passed through the
i nsi de ®Fsinkanee| bostives PemiERd vl iFmensdalg whe aba¥eatedtbpieeduci ng
the pressure outside the hollow fiber nenbrane through exhaust port 6.

Sat i sf aiot ararideee chemdcatliseat MIC Hakl peed hrynmdaboremanh chaMecwbéight
Contam nation of the chem cals by netal after deaeration treatnent was not
conffi rereang&ndondi nahé 49 Shangé oim ftlvbcknesdr afite 08 uded Wasngitiskiced i n
the same manner as Enbodinent 18 with the exception of the housing

mat eri al . A@upanabye cbeatplisi hg materi al was used i nstead. The shape was
the sanme as that of Enbodi ment 18. The contents of netals present in this
housi ng nmatwitlal tlee eexbepniom débhixitly the dbdvd "R dde Tadd 't aifd

Met al NaKMgCaTi Cr MhFeNi CuZnAl1SnPbTot al Cont ent 8_5507895- - 16- - - 66- - 763( PPni
Deaer atalohcyc kit meolyamsne enfrdmmedgents EhPEONYLICBTR Jipesl opitng seighton and
phot oresi st thinner using this hollow fi ber nmenbrane nodul e. Deaeration

t r eat merd t @ s7 Pet { 2t ned adestdphgctowsbepsadecea@tirodhes semeodaneatr 48 at a
liquid flowrate of 2 L/mn. Deaeration treatnent was perforned

sati sf axtlmosdingentiolvever) contam nation of the chem cals by netal was
confirnmed. The netal contents of each chem cal after deaeration treatnent
are shown iThdabtsults &fird heiemienl nedsal s vascardtesletactgte ireddietiolem cal s

potting material are shown in Tables 1 and 2. The chemical

resistance test was performed by immersing the above test piece
in various chemicals at 23°C followed by measurement of the weight

change and rate of change in thickness after 3 and 6 months.

Comparative Example 4

With the exception of mixing the above "Epicote 828" and
polyamide curing agent ("Ankamide 375A", BTR Japan) at a weight
ratio of 64.5:35.5, a test piece was produced in the same manner
as Embodiment 1.

The results of a chemical resistance test on the resulting

potting material are shown in Tables 1 and 2. The chemical



before deaeration treatnment. Table 16 Metal content in chem cal N
deaeration treatnent (ppm Chem cal Sem conductor . photoresi st T
"t hi nnerdevel opi ng sol uti onMy: 0. 35, Ca: 0. 05, My: 0. 95, Ca:0.57, Enbodi nent 19
Al: 0.29 Al1l:0.52 Usage Test Exanple 1 The holl ow fi ber nmenbrane nodul es
produced in the above Enbodi nents 13 a4hrough 17 were used as a hollow fi ber

it ?ﬁ%%rﬁorm%@aeri’{ et IR 383%%3%%0? -

ion tréatment on a sem C
photore3|stsolut|on

af ter
3

chemcallzy lified 03|t|ve - 1 J UL 2003 55
resi st WHVAGIANS CAPBXCEI 0BT ) %H%Jelﬁwear & ’H?FFBE%’HeEJBSOprB%‘ﬂ%Q%s set
at 203 kPa, and'the degree of vacuum was set at 100 Pa. Metals were not
det ect e2hage hanGhbe b? cof sehapeet 1orthiFmess (sl FRF chcdnd6 menths 4 ow fi ber
menbr ane nodul es produced in Enbodi nents 13 through 17. The deaerated

resi st sol Fhentyees tafeehgimdiseds ant Bables |1 cnd val&e asdskowncoeldwh a
spin coater (rotating speed: 3000 rpm to forma resist thin film(film

t hi ckness: X: S8Dsépmdpyh daheolwater. After evaporating and drying any
residual solvent in the resist thin film a region covering 100 ~.mx 100
Eun of the Bes$eticdndudidmm devdbogeinmasahserored with a scanni ng el ectron
m croscope. As a result of this test, there were no surface irregularities
observed i nCi hepiresorstig¥adsn sedtaoen | n addition) there was no | eakage of
chemi cal in any of the nodul es The di ssol ved nitrogen concentrations in
t he chem cab: befideeanthiaf t er deaeration are shown in Table 17 .

Furt hernore, neasurenent of dissolved nitrogen concentration was perforned

using gas abhy anbdqepd apiy sl ysis. Table 17
F: Photoresist thinner
Table 1
Weight change per unit surface area of potting material

test piece after immersing for 3 months (mg/cm?)

Chemical A B C D E P
Embodiment 1| -0.201 | -0.110|-0.125|~-0.148|-0.092| -0.245
Embodiment 2} +2.33 +0.66 | +2.01 | +0.91 | +1.01 +10.9
Embodiment 3| +0.210 |+0.115|+0.385]+0.169|+0.122; +0.461
Embodiment 4} -0.209 | -0.075]-0.140|-0.099} -0.036{ -0.227

\ Comp. Ex. 2 +29.2 +12.5 | +28.5 | +17.5 | +9.69 *
" | Comp. Ex. 3 +18.6 +11.6 | +18.1 | +14.2 | +9.20 +22.5
Comp. Ex. 4 +9.66 +14.3 | +8.81 +8.20 | +13.7 +18.5

Weight change per unit surface area of potting material

test piece after immersing for 6 months (mg/cm?)

Chemical A B C D E F
Embodiment 1} -0.213 [ ~-0.105]|-0.201|-0.153|-0.103] -0.271
Embodiment 2| +3.01 +1.01 | +2.50 | +1.98 | +1.20 +16.7
Embodiment 3] +0.421 | +0.252(+0.402}+0.331{+0.258| +0.551
Embodiment 4| -0.250 [ -0.129|-0.250|-0.187|-0.134( -0.321

Comp. Ex. 2 * +23.9 * * +21.5 *

Comp. Ex. 3 * +24.0 * * +22.0 *

Comp. Ex. 4 * +22.0 * * +21.0 *

*: Did not retain shape




Di ssol ved nitrogen concentration before deaeration (ppn) Di ssol ved ngtr ggem
~ concentration after deaeration (ppm Enbodi ment 131909. 5Enbodi ment

141903. 8Enmbodi ment 1519019. OEnbodi nent 161906. 3Enbodi nent 1719038. 0

311J

UL 2003 56 In addition) deaeration treatnent was simlarly performed using

the ho

7. Cracks forned in the potting por.&,tTl

[l ow fi ber

b

menbrane nodul e prodd@ed in the above Conparative Exanpl e
S gue to swelling of the potting

mat eri al about 1 m)nth after the start of the test, thereby prevent| ng
deaer agH+-oRr—processiig m-being—pertorred he resi st
thin fj1 mobtained in Fﬁ% ﬁ%ﬁgé“%CW%oﬁé%o%?f%mﬁh?riah nute at
90C f ol-lowed by ‘super il el dyteChnRt] d&)adheri ng
by explsingPeBIRRE exgi M er Bight %he hol Pw fli beE nephr &ne godul es
pr oducedEmnoEmined'trrmnt snaotshtgugbsa' e epeh. 0ast|ald . ad3as-tosseow fi ber
menbr ame-no T e chenrcat—deqeratT th:atln:m dg atus—of a
coat er %% ?DFO? >e cdhductior i otidic? P on ar gh st in Fig.
4 foll vab@alﬁl_eaerat i am , 8582 n@ntm@f AU +be@3§rmd1>dasanrr@nw€n
hydr oxede—eet—et—'—eﬁ—g—"—tp"ﬁazl", Shi-pey—rit+oegen 3 pressure—203—kPa)
degr ee] FMRRELNARL160| PY) 9°4The9e06\é e hd Het af sO4RH e-dP L jn-Q b9
t et ranet g Amm@Eni wm hydy pxi de ,sqf W ijop; §rgat €d susj ng.,.gagh pf the hol | ow
fiber mnbrg;e rodul-es—produs sﬂ"n cbeel-%—n%ntt&‘ 13 t.m"nﬁ U7/ —Devel opnent
was parf6|0n'@d B .drfoppi hip t he d@a@rttad etll@leVe| dBi.96 So#Bi52n oATe8an
exposure fa ThelTesl 1] fal ped, T ,devgl gppEn r nl was
post - ake H{ %S%FMJHL ﬁ%bﬁéamﬂ?ghgf %gfa rgﬂﬁnﬁ ol VEEL%% %%%E% X 100
Eun of| t he deveI oped sBptgcef whange in thickness of potting material
' test piece after immersing for 6 months (%)
Chemical A B C D E F
Embodiment 1 |-1.181(-0.041-0.091(-0.060|-0.040]|-1.202
Embodiment 2 +4.64 +1.98 +4.02 +2.52 +2.00 +12.6
Embodiment 3 |+1.198 | +0.041|+0.211{+0.081 | +0.042 | +1.232
Embodiment 4 | -1.135|-0.051}-0.121|-0.090| -0.056|-1.234
Comp. Ex. 2 * +17.2 * * +15.2 *
Comp. Ex. 3 * +17.5 * * +15.5 *
Comp. Ex. 4 * +16.8 * * +15.3 *
*:Did not retain shape
‘ Table 3

Weight change per unit surface area of potting material

test piece after immersing for 3 months (mg/cm?)

Chemical A B C D E F
Comp. Ex. 1 +27.3 -13.2 * +17.5 +8.51 *
Embodiment 5 +8.3 +4.2 +7.5 +2.1 +1.5 +8.62

Weight change per unit surface area of potting material
test piece after immersing for 6 months (mg/cm?)

Chemical A B C D E F
Comp. Ex. 1 * -28.5 * +30.9 +25.2 *
Embodiment 5| +10.8 +6.5 +9.5 +4.5 +3.6 +13.6

*:Did not retain shape



observed with a scanning el ectron m croscope.

there were no defects observed in

As a result of this test,

31J UL 203 57 the devel oped sUdbiagds
" and the shape of the resist filmwas such that the groove wi dth was 0. 22

Eun, the land width was 0.30 fun and the groove depth was 0.5 ~m 1In
addition, there was no occurrence of ¢hem cal |eakage in any of the
nodul es. Di ssol ved nitrogen concen%r ng%s in the chemcal before and after
deaeration are shomm in Table 18 1) 8 Di ssolved nitrogen concentration
bef or g—deaecration—{ppmb-sselved—ntyrogen b”t er—deaer at i on
(ppm Bnbodi ment  1326. b&géﬁm. ghAde i, 3B ghnese 8?h§ﬁ?9 materis
1556, (2. 6Erbodi tent 138 551 PHEGE, ATER, Amnersisg g oBLhS| dJde| Test
Exanplle_3 G&aMifa¥ i be mﬂﬂw’ne Bodul es Qroduce® in thglahgye Enboli nent s
13 thriougbmp7 Bereli nstsald.ed |as4aeho] | ow fiher1meaby ame omdul exl of a
chem gat—deaerattomtreatment parafus_—stmitat trat—shgwr—n—+ g. 4
fol | oeEMRPHMEA 13 oh f}eétneﬁﬁ sdpr dpy| 3I80h|+(rﬁ%rod§hfbas
pressyre: 203 kPa, degREEe@ﬂfchaugetuﬂﬁﬂi&k@essThbpetm&ngmmxenm&mﬁ
det ectled in the isoprppglstalpdeleel atreat eadmaegshggesoh 6f mbhehbol kow fi ber
menbr gne rom@EMiesaPpr oduced 1 n [Enbedi ent$:13|thrmugh 17 The derer at ed
i soprd CORQI s{dr e SITJCO er It [gan thg si]icon
waf gr pybmﬂ.br pggl t \fﬁ i h?gpfﬁgf § ? § “M}%n%if hllﬁhl es on the
resi st| fErbodsiunerec & and6 t hierle 489 np eecr | erde 9of chenBcal +Leakage in any
of the modures. The 3 T JU 1D~
*:Did not retain shape
Table 5
Metal content of potting material (ppm)
Metal Emb. 1 | Emb. 2 | Emb. 3 | Emb. 4 |[Comp.Ex.l1l| Emb. 5
Na 20 17 18 25 5 35
K - - - - - -
Mg - - - - 6 12
Ca - - - - 10 11
Ti - - - - - -
Cr - - - - - -
Mn - - - - - -
Fe 4 6 6 9 18 24
Ni 1 2 2 3 7 -
Cu - - - - -
in - - - - - -
Al - - - 3 - 6.3x10°
Sn - - - - - -
Pb 5 580 18
Total 27 29 27 45 626 6.3x10°

-: Not detected

Embodiment 6

The respective weight changes per unit surface area and rates
of change in thickness are as shown in Tables 8 and 9 when a test
piece (measuring 60 x 8 x 2 mm) made of cycloolefin polymer (Zeonor

1020R, Zeon Corporation) was immersed in chemicals (isopropyl



58" di ssol ved nitrogen concentrations in the chem cal before and after
deaeration are shown in Table 19. Table 19 D ssol ved nitrogen conc nt P4kt h
" before deaeration (ppm Di ssolved nitrogen concentration after deaeration
(ppm Enbodi nent 1342021. OEnbodi ment 1442014. OEnbodi nent 1542042. OEnbodi nment
1642021. OEnbodi nent 1742084. 0 Enbodi nevat 20 A hoIIOM/fiber menbr ane nodul e
was obta'neﬁ gn the.san% nner, as .Enhodi g t he exagptlon of
Using t RECORPe- PRAESE 8%%855. CESRAORIGN FROGE ThBrbPRAE BPoRIeRd
Enbodinen@ 7. for the pollo menbr ane u§i g hat |ng|ca1 P
Conpar at vt ERAnpPE At e5 A1 e1&8PPFn§r¥%I%1| PHAGCREE LB FRIIRGY at

post - curlng on the potting material. Deaeratlon treatment was performed on
t he san%3éédﬁ@@hﬁu&@@¢h§h®m@résmsmthﬁlut|on as Usage Test Exanple 1 using
this hollow fiber nmenbrane nodul e according to the sane nethod as Usage
Test Exanpl Enladditiaonesthe, mPhahasodéentsedni hheheyphobdeédnspodpimati on at
0.45 ppm Enbodi nent 21 Wth the exception of using the three-|ayered
conposi { zetwbrrom0RDBer ZeenbCarpopradovaddaire Bsbedowantin7Thbilet e hol | ow

fi ber nenbrane, and using that shown in Enbodinent 5 for the potting
material, a hollow fiber nenbrane nodul e was obtained by the sane nethod as
Enbodi nent 13. Deaeration treatnent was perfornmed on 31J UL Z003 59
the sane aqueous tetramethyl anmonirabiwdsoxide solution as Usage Test
Exanple 2 using this hollow fiber menbrane nodul e according to the same

met hod [HePEA0ENAGK |HGIOH Fre| CASMA |1 Pe U K1 | O | B Adewmm T8RN agueous
tetrang M{: ﬁ.lﬁ onifuminydypr oxXy de| soffutTon af Z]9Y | pr
coom) | Lo eeer| - |- -1-1-10.02

-: Not detected

Comparative Example 5

The respective weight changes per unit surface area and rates
of change in thickness are as shown in Tables 8 and 9 when a
polycarbonate test piece (measuring 60 x 8 x 2 mm) was immersed
in chemicals (isopropyl alcohol, semiconductor developing
solution, spin-on-glass solution, printer ink, liquid crystal and
photoresist thinner) at 23°C for 3 months and 6 months. Inaddition,

the metal contents in the polycarbonate are as shown in Table 7.

Table 7

Metal [(Na| K |Mg|Ca|Ti|Cxr|Mn|Fe|Ni|Cu|Zn|Al|Sn|Pb| Total

Content 48! 8 | 3240 - - - 187129 - - 17|47 - 308
(ppm)

-: Not detected
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and using a hol | ow

conposition during deaeration treatnment are inhibited and a deaerated

chem cal free of cont grahatodrcheaygebin oiiaikietks of housing material
test piece after immersing for 3 months (%)
Chemical A B C D E F
Embodiment 6 +0.133 | +0.051(+0.205|+0.063}+0.052|+0.274
Disint-|Disint- Disint-
Compf Ex. 5 egrated|egrated +4.55 +6.68 | +5.15 egrated
Rate of change in thickness of housing material
test piece after immersing for 6 months (%)
Chemical A B C D B F
Embodiment 6 | +0.208 | +0.043 { +0.215)|+0.076 | +0.094 | +0.398
Disint-|{Disint-|Disint- Disint-
Comp. Ex. 5 egrated|egrated|egrated +16.9 | +15.3 egrated

In Tables 8 and 9, A represents isopropyl alcohol, B represents

semiconductor developing solution,

C represents spin-on-glass

solution, D represents printer ink, E represents liquid crystal,

and F represents photoresist thinner.

Embodiment 7

A three-layered composite hollow fiber membrane (inner

diameter:

transmission rate:

200 pm, outer diameter: 280 um, porosity:

7.5 x 10°° (cm®/cm® Pa‘sec),

50%,

nitrogen

oxygen



efficiently and with stability over a long period of tine. 3 1 JuL 8L 200
61 CLAIMS 1. A potting material for a hollow fiber nmenbrane nodul e that
adheres and fixes a hollow fiber nmenbrane that is an epoxy resin cured
product in which the weight change per unit surface area of a potting
material test piece after imersing sag test piece in a chemcal for 6
months at room tenperature_is W thigh the ran ge of -20 to +20 ny/cnR. 2. The
pot t i ngtﬁﬁPéF'lléls'Ho&r ratgs| Rod ¥i ber t‘(ﬁﬁ‘b'f%‘ﬂe ROMRF b R e &afiem 1
that is an epoxy resin cured product in which the rate of change in the

t hi ckne58tép :a3 pot VRAPHERINIeEPY Usdingr bdendrddro i ymes of idedaiap asti gi ece
in a chemcal for 6 nonths at room tenperature is wwthin the range of -15
to +15~St3remReepast PR mARPoAYPEOPYA e (OWKF 2Ber Patirpen Rdstdcs
according to claim1 that is the cured product of an epoxy resin having a
pol ysul €pde &lkcdl.dt d0xi thiet homolgepeloasartdiia Eddimngodymet . agndeastingont ai ni ng
an aromati c polyamne. 4. The potting material for a hollow fiber nmenbrane
nodul e higbrdengity plodiyetbyllleae (S Ntijpelownr Edrgr §dd6t’ ,offogphepoxy resin
having at |east three glycidyl groups in its nolecule and a curing agent at
| east coOotpogamdoan &oamthieC ppobyanisngport Thgepetlt i Tige péeiitd dbraa

hol | ow fi ber nmenbrane nodul e according to claim1l wherein, the netal

cont entcheémiBalpoééisfanc® test ob) the rQ@eultngbtieré @l 1ape B0 cRPoRiteeSsS.

6. The potting material for a hollow fiber nmenbrane nodul e according to

cl ai m Ihpheowi Fibke sbeabraske bFeakhbeastinomrabiigpeo.

. Embodiment 8

A three-layered composite hollow fiber membrane (inner

diameter: 200 pum, outer diameter: 290 um, porosity: 45%, oxygen
transmission rate: 140 x 10°° (cm’/cm®Pa'sec), nitrogen
transmission rate: 51.9 x 107° (cma/cmLPafsec), transmission rate
ratio: 2.7) was obtained by using a 2,2-bistrifluoromethyl-
4,5-difluoro-1,3-dioxol / tetrafluoroethylene copolymer (60/40
(mol%)) ("Teflon AF1600", Dupont) for the homogeneous thin f£ilm
polymer, and using poly(4-methylpentene-1) (Mitsui Chemicals,

+  Inc.) for the porous support layers. The results of a chemical
resistance test on the resulting three-layered composite hollow
fiber membrane are shown in Table 10.

Table 10

Chemical A B C D E F
Change in
transmission rate|-2.9(-2.9}-2.91-2.9(-2.9] -4.4
Embodiment 7 ratio (%)
Weight change
ratio (%)
Change in
transmission ratel{-3.7({-3.7!-3.7{-3.7}-3.7| -5.6
Embodiment 8 ratio (%)
Weight change
ratio (%)

+0.1|+0.21+0.2]+40.1+0.1}{ 4+0.3

+0.1|+0.1(+0.1|+0.1|+0.1(+0.15




sel ected from net hanol, ethanol, isopropyl alcohol, butanol, ”Ethyl:ffﬂyﬂ2m3
ket one, ethyl cellosolve, ethyl |actate) propylene glycol nononethyl '
et her, propyl ene gl ycol nononethyl ether acetate, sem conductor devel opi ng
solution, spin-on-glass solution, printer ink) liquid crystal and
photoresi st thinner. 7. A hollow fibet7nenbrane nodule in which a hol | ow

fi ber nmenbrane is adhered and fixed by the potting material for a holl ow

fi ber menbr o8B ulﬁigccording to claim1. 8. A hollow fiber nenbrane

. 1S . . . . .
nmodul e in whircit tne nor |l ow fi ber nenbrane is housed in a housing materi al

wherein th usi n tertal is a polyolefin_.in which the i ght_change per
uni t surfa?éh% %%e% a ef)% y%?%???‘ﬁf%sﬁlo%f%%eﬁa?‘?%rmer'ﬁ#f%?%?\rqgl’g'é‘f’ﬁ t est
piece in a chemical for 6 nonths at roomtenperature is within the range of
-20 t o SEAeRPENDPZ0Q AN + A1 test Alameter :c AftGeHM. | ROFRELHEIyAF & i #*Y3eB00 ppm
or less. 9. The hollow fiber nmenbrane mpdul e according to claim8 wherein

t he ratterarsehasteninatee 3h? cknk®s 6fma/emsPapseck, oiituegepol yol ef i n
after imersing said test piece in a chemcal for 6 nonths at room

t enper dtnansniks pred orabtey Wk b 1.0 hel airge’ Ha'se§ )t otrabsmissson JatkL 20G3
63 10. The holl ow fi ber menbrane nodul e according to claim8 wherein, said
pol yol efdatnia s pob yevhy| emeainddd . byl hes trod | @wt tiednesp daestiit @ nEl wechitess iaccor di ng
to claim8 wherein, said polyolefin is a cycloolefin polyner. 12 . The

hol | ow e1fd dieymene nfiiDeniee InPlermopt astdenm- 6 B0 t| dahkinviadeistraelkol Lodw ji ber
menbrane i s adhered and fixed by a potting material for a hollow fiber
menbr afmudchd ehdriagensowds DX e 1as ipo ynied, prrodlucding hdgiely t he wei ght
change per unit surface area of a potting material test piece after

i mrer sisntersore gwksdr pl eckactia pdiemospy Iene 6( THyddls G170@bMMEper ature i s
within the range of -20 to +20 ng / cn2 . 13. The holl ow fi ber nenbrane
nodul e Creodirah g, tInel hifoi8 tdeeperous Bapgat dalyers.at Theasésohes tgpe

sel ected from net hanol, ethanol, isopropyl alcohol, butanol) nethyl ethyl
ket one)a etHenic=l |10sal sfegned hydst aot attes  peaivti jare dineeo! 1 aypsadet hyl et her,
propyl ene gl ycol nononethyl ether acetate, sem conductor devel oping

sol uti eomEpEpEitorhgl hoe Sidbert insmbiHrietare i showrl iiquiThicre/stial and
photoresi st thinner. 14 . The holl ow fi ber menbrane nodul e according to
claim 7 wh@mbadimedrte 1wl | ow fi ber menbrane is a hollow fiber nenbrane
having a conposite structure in which a honbgeneous thin filmis

] uxt aposi t iRoradrdeet Meeyer g3 rasngp ceUiEo hio 1l laywe risi b etrh eneimbatesya JSiingvexr ate rati o
of the oxygen transm ssion rate to the nitrogen 3 1 JUL 10b3 64
transmgsdntded @f e dutlhkowibnBeerienbbapg, i Sododi©f: 5L, @nghddie rate
of change in the above transm ssion rate ratio after imersing in a

chem calrar¥mifs $0H hsa®d : 100N LEMIEP at &hE/ dnf? - Paiddd) ! B thagyes of - 15 to
+30% 15 . The hol |l ow fi ber nenbrane nodul e according to claim8 wherein

t he holdrem riiliasi siendd@ne 3.2 & 1ot Qenfj baf-pEesbe phethavimgsSion rate

" ratio: 4.0) was obtained by using low crystalline poly(4-

T
g

methylpentene-1) ("MX001", Mitsui Chemicals, Inc.) for the
homogeneous thin film polymer, and using highly crystalline
poly(4-methylpentene-1) ("RT31", Mitsui Chemicals, Inc.) for the
porous support layers. The results of a chemical resistance test
on the resulting three-layered composite hollow fiber membrane are

shown in Table 11.
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chem cal using a hollow fiber nmenbrane nodul e wherein, the hollow fiber
menbrane nodule is the hollow fiber nmenbrane nodul e according to claim?7.
21. A chem cal deaeration nethod for renoving dissolved gas in a chem cal
usi ng a hol Eawolithenhtmenabr ane nodul e wherein , the hollow fi ber menbrane
nodul e is the hollow fiber nmenbrane nodul e according to claim8. 22. A
chem cal deaetakreenlaptired tompbeieyi AgLUbGSEived @ambraAna ¢haregal using a
hol | ow fi ber menbrane nodul e wherein , the holl ow

diameter: 200 um, outer diameter: 280 um, porosity: 38%, oxygen

transmission rate: 1.75 x 10°° (cm®/cm® Pa‘sec), nitrogen
transmission rate: 0.5 x 10°° (cm®/cm* Pa'sec), transmission rate
ratio: 3.5) was obtained by using thermoplastic polyoclefin
elastomer ("Tafmer XR106L", Mitsui Chemicals, Inc.) for the
homogeneous thin £ilm polymer, and using the above "Hypol CJ700"
for the porous support layers. The results of a chemical
resistance test on the resulting three-layered composite hollow

fiber membrane are shown in Table 12.

Table 12

Chemical A B C D E F
Change in
transmission [-2.9(-2.91-2.9|-2.9(-2.9| -4.4
Embodiment 1ll|rate ratio (%)
Weight change
ratio (%)

+0.1|(+0.1(+0.2(+0.1|+0.1]+0.15




fiber membrane nodule is the hollow fiber nmenbrane nodul e according fo .
claim14. 23. A chem cal deaeration nethod for renoving dissolved gaEJUh2@3
" chemi cal using a hollow fiber nmenbrane nodul e wherein, the hollow fiber
menbrane nodule is the hollow fiber menbrane nodul e according to claim 15.
3 1 JU TO03 66 24. A chem cal deaerat4d%n nethod for renoving di ssol ved gas

in a chenicghbgﬁh dnd QQIIom/fiber menbr ane nodul e wherein, the chem cal
contains a ﬁﬁﬁrﬁﬁﬁé‘fru_

orosurfactant, and at |east the portion of the

hoIIom1fibeqsggggkqgﬁttQgnggqg%niQegg@tact with chemcal is conprised of

pol yol efin . em cal""deaeration’‘method for renoving dissolved gas in
a chem cal ysing.a hollow.fiber nmenbrane nmodul e wherein ) _the eni ca
Contains & HoftoAPE LR POSaPPEAPEnCe Bt nE P RoFPEACPEEE: SRERE: SnhRBRa € i s
the hollow fiber nmenbrane nodule according to claim 14, and at |east the
porti onlaverigd iseMpewitebbelieibLibert Rembganes (LAnesntddmekrrh éRlnitcal is
conprised of polyolefin. 26. A chem cal deaeration nethod for renoving

di ssol vag @atset diameltetri: 280 usi, nprodialy 0804 | ety genbransmiwsiibe nahrerei n,
the chem cal contains a nonionic fluorosurfactant, the hollow fiber

menbr ang . soAUl € °i schheertiobd ek d) baik tiegehateanddut eian coatk NQ tioxch ai*m 15
and at | east the portion of the hollow fiber nenbrane that cones in contact

Wi th chegintatmt 2acos®y | seempfahe! YL £dtd. arda: Theo Chift) Gal WG athleon
met hod according to claim24 wherein, the polyolefin is polyethyl ene,

pol ypr OHM}negénﬁbuBOiIY:(ﬁ’rf&'&ﬁn}yépﬁﬁ@ﬁ%sl')mzﬁﬁ' » Thaiaheponabl seaeeatoan

nmet hod according to claim24 wherein, the chemcal is photoresist solution

or devet.eal.NgbiehubiaoBolyhkl. BF, ¥nASmOBLRAYYeASSYa-bieA81ALLOMERS ARTE. A
CAHO. A% A [y. AA& A

L. AHf . Ab¥livAropG1en&) A And\ tHE)p Ao ¥upbotd_1 APEBs Afe AANIDo IO HARREL . A Ay
A LA CAA A(h A ApR AL A\ AF, . AYl
5110" (Tosoh Corporation, high-density polyethylene).

The test involved evaluating the degree of adsorption based
on the change in the value of surface tension by immersing the
three-layered composite hollow fiber membrane in ethyl lactate
solution containing surfactant (concentration: 360 ppm). Fluorad
FC-430 made by Sumitomo 3M (nonionic fluorosurfactant) was used
for the surfactant. Surface tension after immersion is shown in
Table 13.

Comparative Example 6

{Surfactant Adsorption Test)

A surfactant adsorption test was conducted in the same manner

as Embodiment 12 using a polytetrafluoroethylene tube (inner

diameter: 600 pum, outer diameter: 1000 um, membrane surface area:

250 cmz). Surface tension after immersion is shown in Table 13.
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membrane, and using the housing material shown in Embodiment 6 and
the potting material shown in Embodiment 3, a hollow fiber membrane
module was obtained in the same manner as Embodiment 13.
Embodiment 16
With the exception of using the three-layered composite hollow
fiber membrane produced in Embodiment 10 for the hollow fiber
membrane, and using the housing material shown in Embodiment 6 and
the potting material shown in Embodiment 4, a hollow fiber membrane

module was obtained in the same manner as Embodiment 13.

Embodiment 17

With the exception of using the three-layered composite hollow

fiber membrane produced in Embodiment 11 for the hollow fiber



0 \ 31 JUL, 2063

10&: 10%& () -y810% ()-9610% ()-1((()\)))dE_@#10% 10% ()-" ! 10%& () U618
Y()--#109& ()- 109& () -

@10% ()-)) $+g++++dE_@#109% & 109K ()-$ 109%&' ()-"#10%& () -

#109& ()-#109& ()-f 109& ()-+1,u,,, -] -8B @H#10%R2#10%& () - 0#10%& ()-f.

109 () mehrd ; s*haY8ok) £156: WMEMand movuleabs Cob SRR ULOTARe () -

10&: #10%&@ syl O YRl da e O %8s () - &4#10%&' ()-p. ... % N/ dEnbC2#10%.#10% & (

)-s10% & (

10% & 10Q% % & ()-//0B0000dEMHC2#10%.10% & () -L

10% & 8 L#% gt Ie@PO% & %) “1109% & () - 001p2223] 3dEnbC2#10%

iggﬁg i E g ?3%%§4§2%f%%1v % Jlrgg chébtghx(c),e -9:@3934%& (:)ompos:Lte hollow
10"99100/ oé?e( 10% &&g?(iﬂu%# 0/ & %2#10% g 9(;:?9% 1810(“) £ 45 555aBYN

02#10%5 /6 0

10% ' 109% 0&' - 56N66Q67dEYNC2#109%1.0% .0 s10% o #10% o0& () -#1
0% o0&’ ( AT ("3“ 1‘b°°/% q} WQM%Q%Q%%%%%M 0& ()-
$#10% o& (56" "#10% - #10% o0& &a 10% 0&' %‘ *9h999. :dE:/ 10'o

10' o: ! 189k ot6& PPriéro G&I%?lﬁﬁ 0382‘(§°’9%%%\6%L ’”ﬁ’ja"@be

10% o0& () ::::: xY:/ 10'.0#10% & g;}[ "109% & ( 1)&18 1094 & ()-310% & () -

10% & (§4J( ’1‘0’@{(?&1?‘7 fa‘e%,ﬂzw e12g ot Lane mannd

10% & () - 10% & ) #10%{ & ()-91 10% & ()-"10% & ( ) <o | :::>>>dE /

10' o @Y ESVER () -

"10% & ()-"10% & %) ' ' 10%{ & ()-"10% & ég >>>>>?2\WP?aB: /

10' 00" 10% &-I(x) addy WI&" ﬂhe@l %&a%zya ap %:&aa:)nept was performed using
($10‘V¢((&' -&"109% & (&? @aopdl YNC 10" o 10(, 10( 10( @ 100i&' ()-8

" 109 & H‘ @"%%& @iher TB%E@? odigsy @n Che@arAdAARBIBYREY 1 R Is8horoos. () -

9" 109%&' -9 #109%& (0) O#10%&' ()-!,9 10% & ()-@ 10%&' () - 3BxBBBCYCCAEYNC
10" 0&F" G%c(o)n Gquctor developing 'solution, spin-on-glass solution,

109%&' () - &L0%& () &&1 100& () - &#10% () - 9#100& () - CCDYIDDDIEYNG 10 0&
109& () PF$RE6HR i(fg CEYsiipigand ghodogesiss fhdpner) DRRIEFEEEGFaBYNC

conditions of a liquid flow rate of 2 L/min. More specifically,
the hollow fiber membrane module was installed in a drum container,
chemical was passed through the inside of the hollow fiber membrane,
and the chemicals were deaerated by reducing the pressure outside
;  the hollow fiber membrane. Chemical deaeration treatment was
carried out satisfactorily. However, contamination of each of the
chemicals by metal was confirmed. The metal contents of each of

the chemicals after deaeration treatment are shown in Table 14.

Table 14

Metal content in chemical after deaeration
treatment (ppm)

Chemical A B C D E F
Comparative Na:0.3 | Na:0.4|Na:0.2|Na:1.8|{Ca:0.5(Na:0.2
Example 7 Ca:1.3}Ca:0.7|Ca:0.8|Ca:0.5|Fe:0.3(Ca:0.7
Fe:0.9 | Fe:1.5|Fe:1.1|Fe:0.8 Fe:1.2




10" oy2" 109%&' ()-s0"10%&' ()-."109%& ()-Sy, 109& ()-*109%& ()-!F($10%& (3 -‘@F\I‘:F‘ﬁm
G G GEAGNHC 10' 0) 10% & () 10 10 10:1
" 109%& ()-83"10%& ()-6"10%& ()-4"10% ()-4G/G GCGEBHXHIENMHC 10" oL#10% & () - F
#10% & ()-,1"10% & ()-&H10% & ()-f 10% & ()-,10% & ()-xHHHOI {111 aBnbC
10" oL10% & ()-Y'10% & ()-! YF$10% (& ()53 9! 10% & () - Y#L0% & () - SHI0% & () - 1!
JaJJJ( KXKdEnhC
10' 0& g10% & 1)~ ob% & S BRETRE B8PS 80P Parodk EoFFesEts
1094 & () - XKKLL MaB 0897" 10% & 7#10‘V & -5
109 & (RIS TAT ORERITS SAUATE W‘Wﬁ}?ﬁ@ @I\w on-glass
10' o, #10%—!& ()-'k , S#H10%H& () -l a, S#lO%—lH& m( 10941& - 10( 10( 10( @
"109% & OCLUEkRRS DSESBEPERPES RB{‘-FF&OH-‘I‘kl'OﬁI—F?P’Se?LB w B F0¥S&20)- 1 a
$"10%HH& () - $" 109 ()-!\, #10% H H& ()-SSSTbTTT}"?M?1  10HHA10% & ()-S
10% & (rn< FLO9AIRX €50 mhe (ore S@t 0vedxgen).- @ Y( 10% \ & () - TTOUgUUUUdEMP 1
10HHION & ()-@ 10N & ()-10%n & ()-L10% & ()-@10%n & ()-3 .
10% & () - UWVEnNDOFENR 118 10HH( #10% & ()-& "10% & () -$#10% & () -"#10% & () -
#10% & () - @0% & () - BWAWKRXXXdEM?1 10HH@ 10% & ()-f2T 10% & () -
0"10% & () - M HM&EW Eioer boenBlréhe* Ot Ke (NaviYQYHYYaYybate 104 of 00%
m’ as shown in Fig. 5 was produced using the same respective hollow
fiber membrane, potting material and housing material as
Embodiment 13.

Chemical deaeration treatment was performed on semiconductoxr
developing solution and photoresist thinner, respectively, using
this hollow fiber membrane module under conditions of a liquid flow
rate of 2L/min. More specifically, chemical was introduced
through chemical inlet port 8 of the hollow fiber membrane module,
chemical was passed through the inside of the hollow fiber membrane,
and chemical was deaerated by reducing the pressure out;ide the
hollow fiber membrane through exhaust port 6. Satisfactory
deaeration treatment was performed for each chemical.
Contamination of the chemicals by metal aftexr deaeration treatment
was not confirmed.

Embodiment 19

A hollow fiber membrane module was produced in the same mannex
as Embodiment 18 with the exception of the housing material. A
polypropylene housing material was used instead. The shape was

the same as that of Embodiment 18. The contents of metals present

in this housing material are shown in Table 15.
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Deaeration treatment was performed on semiconductor
developing solution and photoresist thinner using this hollow
fiber membrane module. Deaeration treatment was performed
according to the same method as Embodiment 18 at a 1liquid flow rate
of 2 L/min.

Deaeration treatment was performed satisfactorily. However,
contamination of the chemicals by metal was confirmed. The metal
contents of each chemical after deaeration treatment are shown in
Table 16. Furthermore, metal was not detected in the chemicals

before deaeration treatment.

Table 16

Metal content in chemical after deaeration
treatment (ppm)
Semiconductor

Chemical . . Photoresist thinner
developing solution
. Mg:0.35, Ca:0.05, Mg:0.95, Ca:0.57,
Embodiment 19 Al:0.29 Al:0.52

Usage Test Example 1

The hollow fiber membrane modules produced in the above
Embodiments 13 through 17 were used as a hollow fiber membrane
module 1 of a chemical deaeration treatment apparatus similar to
that shown in Fig. 4 to perform deaeration treatment on a

semiconductor photoresist solution (chemically amplified positive
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thin film, a region covering 100 um x 100 pm of the resist thin
film surface was obsexrved with a scanning electron microscope.

As a result of this test, there were no surface irregularities
observed in the resist film surface. In addition, there was no
leakage of chemical in any of the modules. The dissolved nitrogen
concentrations in the chemical before and after deaeration are
shown in Table 17. Furthermore, measurement of dissolved nitrogen

concentration was performed using gas chromatograph analysis.

Table 17
Dissolved nitrogen Dissolved nitrogen
concentration before concentration after
deaeration (ppm) deaeration (ppm)

Embodiment 13 190 9.5
Embodiment 14 190 3.8
Embodiment 15 180 19.0
Embodiment 16 190 6.3
Embodiment 17 190 38.0
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The hollow fiber membrane modules produced in Embodiments 13
through 17 were each installed as hollow fiber membrane module 1
of the chemical deaeration treatment apparatus of a coater-
developer for semiconductor production similar to that shown in
Fig. 4 followed by deaeration treatment of agqueous tetramethyl
ammonium hydroxide solution ("MF321", Shipley) (nitrogen gas
I pressure: 203 kPa, degree of vacuum: 100 Pa). Thefe were no metals
detected in the tetramethyl ammonium hydroxide solution treated
using each of the hollow fiber membrane modules produced in
Embodiments 13 through 17.

Development was performed by dropping the deaerated developing

solution onto an exposure surface. The resist f£ilm obtained in
development treatment was post-baked in a drying oven at 120°C,

and a region covering 100 pm x 100 um of the developed surface was
observed with a scanning electron microscope.

As a result of this test, there were no defects observed in
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Table 18
) Dissolved nitrogen | Dissolved nitrogen
concentration before | concentration after
deaeration (ppm) deaeration (ppm)

Embodiment 13 26.0 1.3
Embodiment 14 26.0 0.87
Embodiment 15 26.0 2.6
Embodiment 16 26.0 1.3
Embodiment 17 26.0 5.2

Usage_ Test Example 3

Hollow fiber membrane modules produced in the above
Embodiments 13 through 17 were installed as a hollow fiber membrane
module 1 of a chemical deaeration treatment apparatus similar to
that shown in Fig. 4 followed by deaeration treatment of isopropyl
alcohol (nitrogen gas pressure: 203 kPa, degree of vacuum: 100 Pa).
There were no metals detected in the isopropyl alcohol treated using
each of the hollow fiber membrane modules produced in Embodiments
13 through 17.

The deaerated isopropyl alcohol was dropped onto a silicon
wafer to clean the silicon wafer. As a result of this test, therxe
was no formation of bubbles on the resist £ilm surface, and there

was no occurrence of chemical leakage in any of the modules. The
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‘Dissolved ‘nitrogen ‘| Dissolved nitrogen
concentration before | concentration after
deaeration (ppm) deaeration (ppm)

Embodiment 13 420 21.0
Embodiment 14 420 14.0
Embodiment 15 420 42.0
Embodiment 16 420 21.0
Embodiment 17 420 84.0

Embodiment 20

A hollow fiber membrane module was obtained in the same manner
as Embodiment 13 with the exception of using the three-layered
composite hollow fiber membrane produced in Embodiment 7 for the
hollow fiber membrane, using that indicated in Comparative Example
1 for the potting material, and not performing post-curing on the
potting material. Deaeration treatment was performed on the same
semiconductor photoresist solution as Usage Test Example 1 using
this hollow fiber membrane module according to the same method as
Usage Test Example 1. As a result, Pb was detected in the
photoresist solution at 0.45 ppm.

Embodiment 21

With the exxception of using the three-layered composite hollow
fiber membrane produced in Embodiment 7 for the hollow fiber
membrane, and using that shown in Embodiment 5 for the potting
material, a hollow fiber membrane module was obtained by the same

method as Embodiment 13. Deaeration treatment was performed on
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Industrial Applicability

Since the potting material, housing material and hollow fiber
membrane of the hollow fiber membrane module of the present
invention have superior chemical resistance, the module can be used
to treat chemicals for a long period of time without the occurrence
of leaks in the module.

In particulaxr, the use of the cured product of an epoxy resin
having a polysulfide skeleton in its molecule for the potting
material enables a potting material to be obtained that has low
compatibility with chemicals and is resistant to the occurrence
of swelling caused by the chemicals. 1In addition, the use of the

, cured product of an epoxy resin having at least three glycidyl
groups in its molecule or the use of the cured product of an epoxy
resin and a curing agent at least containing an aromatic polyamine
results in a potting material having an increased crosslinking
density and even better chemical resistance. Moreover, the use
of a potting material and housing material having low contents of
metals in their materials enables the obtaining of a chemical free
of metal contamination.

In addition, the use of a hollow fiber membrane having a

composite structure in which a homogeneous thin film is
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deaeration is performed using a chemical that contains a nonionic

fluorosurfactant, and using a hollow fiber membrane in which at
least the portions that come in contact with this chemical are
composed of polyolefin. Consequently, changes in chemical
composition during deaeration treatment are inhibited and a
deaerated chemical free of contamination can be obtained

efficiently and with stability over a long period of time.
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25. A chemical deaeration method for removing dissolved gas in a
chemical using a hollow fiber membrane module wherein, the chemical
contains a nonionic fluorosurfactant, the hollow fiber membrane
module is the hollow fiber membrane module according to claim 14,
and at least the portion of the hollow fiber membrane that comes

in contact with chemical is comprised of polyolefin.

26. A chemical deaeration method for removing dissolved gas in a
chemical using a hollow fiber membrane module wherein, the chemical
contains a nonionic fluorosurfactant, the hollow fiber membrane
module is the hollow fiber membrane module according to claim 15,
and at least the portion of the hollow fiber membrane that comes

in contact with chemical is comprised of polyolefin.

27. The chemical deaeration method according to claim 24 wherein,
the polyolefin is polyethylene, polypropylene or poly(4-

methylpentene-1).

28. The chemical deaeration method according to claim 24 wherein,

the chemical is photoresist solution or developing solution.



