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- This invention relates to hollow fiber nenmbranes for the 5 degassi rig70fAR 7(0?
chem cal liquids and, nore particularly, to conposite hollow fiber

menbr degassing of chem cal liquids fox use in sem conductor
fabril@ﬁmbmmmmmsses (e. g., photoresist solutions, devel oping sol utions,
and c cal Tr1quids for useMPOSETEpHOERLOWQFBRBERMEMBRANE 10 i nks for
ink-jet ptffiters, liquid crystals and organic sol vents. BACKGROUND ART Wt h
resp I urity water for use in 15 sem conductor fabrication, water
drai m‘m“n‘mmlﬂmwer s, and the water suggl@élll ines of buildings, raw water
containi ng di ssol ved oxygen in a SHEGH sY&EEPt ends to be responsible

for oxida h. Accordingly, Japanese Patent Laid-Open No. 169303/'91
di scl oses a techPibiel TN ERCFRLATRS BP sBOL LW DEbeXkyRIPPERREMIGL M by

{{ ber MerbIRRESTHG 11 GHATBIAAL {hTErds TEy ToTH Rkt e omdd o
11 cone ¢ BT A o BT of ool gt Be @ 1

| - ' -1) .. | kyl J h
poly(4- met iyl entener Ay T L0OL08 Ky o il SO Ol S SRR S g ur ot hane

i s interpose orous 1 . r-contarning chemcal |iquids
i ncl ude sergconductor deyel Qo i SOL 18 06$) ut 1HsSs [ Medddop flg RIdNiEIGhs,
al cohol water m xtures and the [ike. In the case of such chem cal Iiquids,

they are sqifef idismitseld Biqei deNPeF alds eih ayvespiMadn Xy Béds serddwds heir gas
solubilities may be reduced to the utnost. The reasons why this nethod of
use is 1@nplimied fore iMetjetSipeentete, 1bqalsd tErye£ld aved @agarsiad ubilities
t han organic solvent over a w de tenperature range, the use of a

wat er - basecdsastaritison is suitable for the purpose of reducing 10 dissol ved
gas concentrations, and that the gas solubilities becone |ower as the
“tenperature of the solution is reduced. However, when the nethod descri bed
in the aforenentioned patent is applied to water-containing chem cal
liquids, the follow ng probl ens arBd&KGROUNRe ARdse of a hol | ow fiber 15
menbrane in which a thin silicone rubber film silicone polycarbonate

copol ymer, perfI¥brhalSPePbl yorehidh-ReEhbht B4t PBI §RF iRt i s used as the

honmogeneous fil (.t has nat_only. high oxygen and nifrogen permneatio

fl uxesf}')butsed‘l"scgg’hdtfﬁtg% v%lq%?l% npe‘?"?‘?b%‘?i Jf’l‘%&.f?%ﬁ ﬁ’y,arﬁﬁri ng
the course 20 of_.degassi ondensat,i o auses waterdrops tq be fornmed on
t he opposi t% esu"ﬁ‘taeclg%o“]@é]%é ]Er:rler}ﬁﬁ an .buf'ﬁ M av%a‘i‘%%’lptcuoaqoﬁa AaY t he

eakage O SIIREL LRdP SONPSLIE SUCLICE 0T eSS o IS, LA P |
liquids, soedhafxid¥rion. Accordingly, Japanese Patent Laid-Open No.
169303/'91 discloses a technique for reducing the dissolved
20 oxygen concentration by removing dissolved oxygen from such
raw water with the aid of a hollow fiber membrane. In this
patent, there is used a three-layer composite hollow fiber
membrane in which a homogeneous film consisting of a thin
silicone rubber film, silicone-polycarbonate copolymer,

25 poly(4-methylpentene-1), perfluoroalkyl polymer or segmented

polyurethane is interposed between porous films.



25 thin filmmay be broken or a large anount of solvent vapor 2  IndyMAR 2002
di scharged to the secondary side (or evacuated side) of the nenbrane. In
-the case of a hollow fiber menbrane using poly(4-nmethyl pentene-1), this
menbrane material has its glass transition region in the vicinity of 30C
and hence 5 becones brittle in water having a tenperature |ower than 30 C
Consequent |y, th¥akerbFanEatieAng Fbeﬂécﬁﬂo&éﬁuﬁﬁstm@Q%ﬂﬁQN$QﬂlQQRQQQE9r
pressure and cause the | eakage of raw water to .the opposite suyrf e. In
senlconductGPVF&BPFBStFB%UE%ﬁeésségksdéPécE§k§Q€ﬁ RE 1165 Foc 350 lspot s

b duced b duced d, chem cal
T gui ds! | FoPSERENBHBCUFRE AR T EROGPABNI cLpr GRESSTR Bh ERCE CHPALERFm -
overlying a, Se”‘88”d9ﬁ%§gﬁ¥@t§6mé§ RaLt £L0ad by 2CRahibag.uLLY aogagt%%%%'st

sol ution, expgsure to roug a pattern 1~ bea mask evel opnment
and etchlng groubl s h as or rning due to p essing spots may
be devel dpedOhei? t dﬁﬁ (ﬁ‘B\Héﬁlé'rnl’sessﬂ‘?arﬂ c‘%%t’é%‘g‘\’/ﬁ?# ‘go ﬁb‘? or esi st
sol ution or developlng solutlon havi ng gas bubbl es i ntroduced therelnto.
Mor eover, whémoghs Biisblmsasons iwhy othicedné thaed 20f t hee washémpléyad dansed in
t he mashlng operations of the lithographic process, washing spots may be
produced. ThbBatauSéneerwahreri hepdautPi bavef gugrbGB§Ié@lpblﬁéwﬂéﬁeﬁh@@ be
as follows. A chemical liquid is delivered to a discharge nozzle with the
aid of ni tregaﬁngasS°W§ﬂtt%ez5acwéﬁ?c51empﬁaar—arﬁsrapg@har-&@duﬁraomtﬁe
nozzl e, the ressg g Eg ied to the gheglcal %Uld i S 0 turned to

at mospheri c¥ 8F§§§ pEedp8OLuELan| 5 FHETAPLIEOFOEI TS PHFROER: Ofh&rusing

b Lyrag d_and ¢ hi t t f f huhb
The for Kt | anoaPLiae Sabor sbCelnPRBSRAR: npBbataoh] thetlerns B itiddsR o

gas concent Eé%bﬁ@ h 8, W%Peagh Hbcéémhégﬂkgrgeb VEhY %ﬁﬂt‘}%%o&g' e auLed,

t echni que sucn as nenprane egaSS| tec ni ques renovi ng di ssol ved

"gases from chem ﬁebebbgw dﬁehytuéem@fthadna@@,e&\&%edt he told QWRemERthetRd
have been 10 known . (1) a nethod for renoving di ssolved nitrogen from a

chem cal |igdidnbyiyseppliadpesonatbelbenchiiRe¢hgmerBhieal1navigidds, the
i nterconmuni cating pores fromthe inner surface to the outer surface

(Japanese Pabenbwhiagdppphet®sar2483061n Yhe 15294441/ & ol YORI6f i Bdr
199607/' 89 and 7915/'89; Japanese Patent Publication Nos. 57478/'93 and
45282/ ' 93; menbtrheel ikeyhi¢R)aathihhsdlliooneerubbeg didsgl védicibnhesgen from
a chemcal liquid by use of a heterogeneous hollow fiber nmenbrane in which
a honogeneopslyharbbnerel agpelyinee, , parfhiunreelkylnpbdyeerf pee segmented

i nterconmuni cating pores) is disposed on the surface and supported by

por ous subsPPéﬂYBrP apapef Fnegedr ofm the bam@gsaeynér faémt,hethgﬁégeﬁéoegllwhu n
f|In1Iayer Eanese Pategt Lai d- Cgen Nos. 94447/'97, 187629/' 97 and
278897/ ' 94: Pﬁ@g?Pk@? DEtYRYe] REFRGATEER feHBGRngPYts8dEPed RiifPogen

froma chem C%er LIBLY BYHESe Ohn2e RN, PAUONS SIOPEE R R ) nd UPKL Aoty se
20 of degassing, condensation causes waterdrops to be formed on
the opposite surface of the membrane. This is the same
situation as the leakage of raw water to the opposide surface.
Moreover, the membrane swells severely with alcohols, ethers,
ketones and esters contained in chemical liquids, so that the

25 thin film may be broken or a large amount of solvent vapor



menbr ane prepared by forming a tetrafl uoroethylene resin having exdep! MR 2002
sol vent resistance into tubes (Japanese Patent Laid-Qpen Nos. 153675/' 97,
- 243306/ ' 97, 7936/'97, 267149/'93, 31804/'95, 57008/'97 and 124875/"' 96;
Japanese 5 Utility Mdel Laid-Open No. 9160/'90; and the like). (4) a
met hod for renoving dissolved nitrogen froma chemcal |iquid by use of a
t wo- | ayer cowpodet dischhygefli ber thenbeaardasypsidengos RyAsyenedusitrin
filmlamnated onto a porous substrate |ayer (Japanese Utility Mbdel
Lai d- Open Nef theomepbrang. ke Uheafase Thtemollew- Hheer NB_RTNbDAR3 06/ ' 97,
94447/' 97 and .68007/' 89). &5) a nmet hod_for rennving dissolved,nithgggn from
a chenical MSd#ddPRYY(demethylprpEeneajer EBHPORPRBIABRI BRALFrHE! thfe
prepared by interposing a non-porous film15 conprising a fluororesin
bet ween por @dgssussensisipayspgiepnpri shagvacinydyopéspA.C s hence
adhesi ve-bonding the layers with together to forman integral structure
(Japanese Paieahekabds0ea M. ,83007haB9%q KORENELrakflrbNEoRELNOfah R0 C .

I t 20 Ift me

successfu egassli ng canno € acnl eve rane material Is

hi ghly wettable by the chem cal |iquid, Specifical whepn the liquid being
roated | s PousequeRETyy i FaPy RenbEatr tRESRekDy BRePYPREN PyuFGenaribon
treated penetrat srkgao tQ% areg ngaheak§ 8“% t atheO e%gud%g¥e§igg
(i.e., the S posiFe S|dgf §f 't Re?2 nen%?ang. RS Bﬁen nmenon I's notrceabl e
especially n i Lqui d conprises a chemcal liquid for use
with 5 sg%?cghgﬁggggggg?kgkbfnk for ink-jet printers. In the nethod (2),

It is difficult tg @E&H%b%dhg%o§r¥§b§&h%&§oﬂrE%BE%EE%@,OEe%@%tgoﬁqgﬁnﬁgus
thin filmlayer perfectly in the spinning step, so that an ordered

structung baseeeeBifgYsbakki AgyObkeptatileBdl swehgatgdghs pappiexstent. As a
result, intercommunicating pores tend to be forned i n"the honbgeneous thin

filmlayer dwtirbgutbd catubsehef suppldeawchgmstap Loguiasm NBon @odmpbe,

"l ayer. Moreover, during handling of the prepared nenbrane, nechani cal
rubbi ng tends thet diphoduweehpcnhobeessnihhehhohogenbans filhinnotreriyliaygea.
Wth this nenbrane, therefore, successful degassing cannot be achieved
because t he semdggicgdbeitay wadaredsppatteaned byt goshénpgowaéshof t he porous
| ayer and then | eaks out through the pores or pinholes of the honbgeneous

thin film| ®petorsgdrtisoleskage ekPpPhBrentai saphti hraupd AoPpEESENE
especially when the chemcal Liquid conprises a chemcal liquid for use
with sed?coR@GEidds M8F kandrNRIPBReNRKapd: epFhingr stTPRPLRE AEFROAS(BPOT not
only the menbrane materlal (123, 8.L98: ALt L898n RELRAPLLLLY 08" [hshePhe DU
semiconductor wafer is spin-coated with a-photoresist
solution or developing solution having gas bubbles introduced
thereinto. Moreover, when gas bubbles are introduced into
20 the washing fluid used in the washing operations of the
lithographic process, washing spots may be produced. |
The cause for the introduction of gas bubbles is
believed to be as follows. A chemical ligquid is delivered to

a discharge nozzle with the aid of nitrogen gas. When the

20 chemical liquid is discharged from the nozzle, the pressure



2U used for degassing purposes have a |arge nenbrane thickness. 12 MAR 2002
Consequently, the nitrogen perneation flux is low/[e.g.., nitrogen
-pernmeation flux = 0.5 x 10-11 cnB/ (cnkPasec)), so that degassi ng causes the
di ssol ved gas concentration to be reduced only to about 90% of its
saturated concentration. 25 This degassed level is insufficient for
practical pppldsdstoGthe ohanlicatetlioid)is bethrned tomaganspherihin fil m
material and the porous substrate naterial have solvent resistance and are
hence chenbP&gsisprieners gorefultitths disspiviped g8sbBRESHRE HtheyRIR with an
adhesive. Accordingly, 5 both |layers are integrally bonded by fusiaqgn, but
t he fusingb@F@ﬂeﬁeﬁﬂfeFﬁaﬁPGGG@@yﬁ“ﬁh6mé§ iSRPEKSE A yFBGEAe SGESLAPR £PFRP

Wh i nhol d : tisfact d j t. b h

because t nEaF; QPSS ng bk e BOHAF baRaCBLESE nPBBBLEE HEAi RAGMEAIMARS n ¢ he
met hod (5), the thi.ckness of, th non- par ous filmis enLarg d bx thg 1

t hi ckneSse YbFePHElgﬂhgiﬁvglﬁéf rs ﬂ%fuﬁﬂqﬂfﬁtﬁaﬁﬁoﬁnépeagg FneTésfst ance
t i |y, .l f ' th h
the thi b f EEauen deri¥REd Shee) ackatdifRd U R fndanes sRanceR 15>

capabi | i ty L.eRdS HeO dRQalsRSWdf i cient for practical purposes. Wth regard to
the liquid crystal sealing process, techniques for renoving dissol ved gases

or gas bubbles psesemthritpidd IfHH dHstiy] Db IRIRY Yas@sVI¢OHTCRBRRcANe
di scl osed in Japanese Patent Laid-Cpen Nos. 170932/'98 and 20 218921/' 95.

To this praceaddst by s@ee dfe@hmiefitdanas descCficdladwahgymeitho@ennecki baew t h
t he degassing of chemcal |iquids for use in sem conductor fabrication
processes &newal.so applicable, but still involve the same problens. In
ink-jet printers having a piezoelectric elenment head, 25 the piezoelectric
el ement of the Hd3dd a epddics] pices snemiaatrioo rd igred ldmysr esidmoigeat ifgommany ti nes
during ink discharge. It is known that, during this process, dissolved
“gases (e. §hemdicgdollidudsy dan ussed ofi & egaPuspheddny fabenempmkrasat ai ned in
the head grow to gas bubbles, which tend to stay_ in the piezgelectric

el enent hed&@ViPHed@ tGISOPMBICE LIRS POTSSdifEOMatded in8§Et REF EAFBhtPhENPNK
to cause print dot | osses. t he qt her hand,, in ink-jet havi ng a

on .
t her mal heQHFeFtSP§fﬁﬁ8wﬁJPW§PFS§SPétF@§uFPlSFOPﬁ€rHﬁ?'c?@%é§%?g§6heating

bubbl od? dupig 'Kead ‘ondrsl; i SPmbD T Reze ol J34% bRy cd5paRasFo Eraf e’
the thermalp, Bgada ey NERY, %%G}issxcfgfyr %2 %39%‘2*79@3")1 faﬁgt B! @55%(%2 cause

print dot [osses. As a technique f renovi ng di ssol ved gases m an i nk
(2) a method for removing dissolved nitrogen from a

chemical liquid by use of a heterogeneocus hollow fiber
membrane in which a homogeneous thin film layer (i.e., a thin

20  film layer free of intercommunicating pores) is disposed on
the surface and supported by a porous substrate layer formed
from the same polymer as the homogeneous thin film layer
(Japanese Patent Laid-Open Nos. 94447/'97, 187629/'97 and
278897/'94; and the like).

25 (3) a method for removing dissolved nitrogen from a

chemical liquid by use of a non-porous (homogeneous) tubular



by neans of a nenbrane, Japanese Patent Publication No. 37173/'95 d1ché§é@02
a nethod for renoving dissolved gases 15 present in an ink through a
“plain-filmpartition positioned in the ink discharge head unit so as to
separate an evacuated space froman ink-filled space. However, since the

head unit of an ink-jet printer nmust be rapidly operated, thereis a limt

to the areamefmbirheenprippamedwhicliocmandea nbemt 2l uoredrhylenreares 8Bince t he
menbrane materials described therein have oxygen and nitrogen perneation

fl uxes of adavéwdasxgsédent solgenp- resigpaneapiateciubes (FRAFFFRuUlt to
remove di ssol ved gases to a sufficient extent. Mreover, Japanese Patent

Lai d- Qpen NBath¥1@P193OP§ndN§§Io§é§5a5ﬁe?ﬁod24%ﬁoﬁénﬁﬂurﬁP &sHl ved gases

present in an i selectively thr g gh_a hol |l ow fi menbr ane by
feeding a rgﬁﬂlﬁﬁ/t33vhélﬁﬂ§/d350fSFHQ ZE%%r%ﬂ% %%&péaac%%ilqﬁP?W%§%utS|de

exanpl eob of UERi4 tHal BHEhko48500ERy Mamp £08 rafbrand e Eiﬁg%tnoﬁ " o 2
o™ onen @ raw il s iR 0cl! Qg0 Heal Bebeifea ol NEBBIDE AR 5 the 11 e

of t he ink causeé hé nenbrane o0~ expan mard nce nenbrane

t hi ckness i I I tQet | C f nt
nmechani cal Et%@ngt%nﬁ hgﬁg ? §g§t§§n§ 691 8% %nﬁo @ ﬁ%% %ﬂﬁg %gig may
be broken t gegaragel ee}ﬁ QQSQBgt thbhegéﬂeé’@é Nghif efd Bl 1 4 SE«CERURM S JHE

| NVENTI ON An obj ect of the présent invention is to provide a 15 degassing
nmenbrane whipghkolas sauktiratentbyeki gbapxu@% SO Ny regs ped eadpen Mo Lxes
and a | ow water vapor perneation flu and can be used to degas chem cal

| i qui ds1oM t bago1AnY0l;i guidd shpakage. pahahtlsaldimpémemmﬁu 140308 4 97 provi des
a conposite 2U holl ow fi ber nmenbrane having a conposite structure

consi sting 68#447HéA3gendo6800RV"BB)L m i nt er posed between porous substrate

| ayers wherein the ratio of the oxygen perneation flux to the nitrogen
“permeation flux db)t Remediiodaderi semovingsdissahvad iInhtwogdrreiom after the
menbrane has been 25 imersed in chemcal |iquids according to JIS K 7114,
the 9 peFBERi&de dAENGE BY HRE Pht R otECHT AVRF | CAMPOTHTE NPklAer abl e
that, after this conposite hollow fjber nenbrane has been i mersed in

cheni cal |i §&PES &EgBFBPﬁgPFEPQFSdeY11HteTPR§kﬁﬂ(ﬁnﬂ%ﬁﬁPQﬂf&Hb 3 wei ght
of the nbrane - f,0to +30% 1t _is also referable t hat

hi s nolT ovePIBEH7B90PaRd "Hag- B At POBRRS B YRa? oA Che o {tss
0.6 x 10-9 %ﬁﬁ‘ﬁﬁ%@ggi%ﬁ%1GP9°?Ee%¥2§§%E’§%ﬁZﬁ?" ToAded R Ul
| mer si on 191EESEOGEEQEQ'ES EBrﬁ'§hKiK@ Jé é“ﬁf%?éd&%é“biﬂéﬁ%

types of chem cal Iiquids including Iso opyI em conduct or
devel opi ng salitiopen RoSPEBOWN7IBASS solutlon an |nk for ink-jet printers,

and a liquid crystal. For this
However, in the method (1), successful degassing cannot
20 be achieved if the membrane material is highly wettable by
the chemical liquid. Specifically, when the liquid being
treated is fed to the primary side of the membrane, the
ligquid being treated penetrates into the pores and leaks out
to the secondary side (i.e., the opposite side) of the

25 membrane. This phenomenon is noticeable especially when the

chemical liquid comprises a chemical liquid for use with
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testing purpose, a 2 wt% aqueous sol ution of 1~ tetranethyl amoni um
hydr oxi de i s used as the sem conductor devel oping solution, a m xture
-conposed of 70~ by wei ght of isopropyl al cohol, 2% by weight of

t etraet hoxysil ane, and 28~ by wei ght of water as the spin-on-glass
solution, a dye-based ink containing a solvent conposed of 80~ by wei ght of
wat er, 20 5semdcaesidyttoats etrhghehrkgEygeoinkafdt 1psihyewel ght of i sopropyl

al cohol as the ink for ink-jet painters, and cholesterin chloride
chol est eri n nonanoattheageted| i(QQi, ditr gstdi f£i6ult BRI BEsDESCREREI ON OF THE
DRAWNGS FIG 1 is a schematic view of a conposite hollow fiber nenbrane in
accor dance wirwis titld imeeoxdentaténani of; the chomogengogshehini E11Mm| L8YRAt i on
of an exenplary 5 apparatus for degassing a chem cal |iquid by using the
conposi t e hFEIERCtlyed ndhEr §RENBLNEELPP esePt thAV AR BRICHAE EFTLCRUFE 3
schematic view showi ng the_surface_ condition of a developed resist film 10
BEST MODE FORSEARRW N%Yég?liHEelRF/E‘RFFFW%el%oﬂ'B%gF?g RoI FBWRf PHEFNE

menbr ane of _the present Ln¥ention h structure_in honmpgeneous

_ _ _ as g. m@icF a
thin filmfPSe Sof S5itel d2°6F CRPRPBASP &L sPPRERr hBREd BePResRTBET oul
b I i .sid he. t hi i i b
bonded 1 o t She, heRoURREEleo R’ R phIEa el BOFE' Endi baheds METRRUY DRLOY
he | eak f..G i lei~QUi : j
hobr anee o aaavaRG et (b koEnt B HOPoBts PORFER SMEABIAE! ML MAS

het er ogeneowa ndRTRIGARES theephapheal hembL&afe J0RScH2hiBEPI¥GBbRhHNEERES 20
because the honobgeneous thin filmis not disposed on the outside of the

menbraneo | Rospirodiuele piahbaet ihathéhrompgensdsusubRihatelhayeysrandiidie
honbgeneous thin filmconstituting the conposite holl ow fiber nenbrane of

t he present thigemembraaee aheaafede| nsuecessdal adeégasshingacAndtobaer, this
conposite nenbrane can retain its formstably even if it is used for the
-degassi ng ofachieived beicauisqutte liquidlbeisgutdestedbpeneébrateposstanthe
adhesi ve between the porous substrate |ayers and the honogeneous thin film
because t he padiessiofe thegy perpuadéayer candethen eti@gks oaut nthasupkr tbability
which, in turn, causes a reduction in degassing capability. 5 1t is also
undesi r abl e POFeSnC&gPAMDP1B8na Lt hBe hbrBeereseys t Ahanf fLinah#YeRe pBtdus

bstrate | b fusion wt t . ysi .adhesive, b I I
pubot 0, | BUaLagY diethel UL T U B, o) 200, SCLERL Vs cDscRee Lpeal

hem cal 1iquid i |l eak th h.th .10.m o th
chem cal || QY (RS0 Sod35REE EBgelC5Ke! 1" SRSl L0EoF 40, SEerOResei g, 1

nb i | i i t iD. Lcal liquid
ey ane ! o SRHIBUALEN Bt BPER) D R TR e fpcgbpmen Laude

JIS K 7114, and k% dsfemdchond (Bhe hpdi 683ydehinpdmBYahBenhebk-9¥i NHas a
equations (1) and (2). (Equation'1l) Change in perneation flux ratio of

nmenbrane 20 16Re higabigen bb@?ﬁeé_ﬁﬂ@t?fé@é_fﬂ@?éﬁi:?nﬁautPﬁlgBa’éhQntﬁbé‘g ratio
before 25 (Perneation flux ratio before imersion)
20 used for degassing purposes have a large membrane thickness.

Consequently, the nitrogen permeation flux is low {e.g.,
nitrogen permeation flux = 0.5 x 10°1? cm3/(cm2' Pa-sec)], so

that degassing causes the dissolved gas concentration to be
reduced only to about 90% of its saturated concentration.

25 This degassed level is insufficient for practical purposes.



i mersion x 100 12 Permeation flux ratio = (Oxygen perneation f{yMAR 2002
(Nitrogen perneation flux) (Equation 2) 5 Percentage change in wei ght of

- menbrane (Wi ght of conposite hollow fiber nenbrane 10 Wei ght of conposite
after imersion) - (Weight of conposite 15 hollow fiber menbrane before

i rmer sion hollow fiber nenbrane before i mersion) x 100 20 As used herein,

t he gas perneatim fhanesttaod (Mal udstbttdiendbrngengmls i tigi puf lwxygen or
nitrogen to the nmenbrane and neasuring its perneation flux according to
ASTM D Z434na e riahanshiissipogovs selsftirgde marsmied dfavees phesrit
invention is characterized in that the pernmeation flux ratio, defined as
the rati o ofeD§ANFDaNfeatcomencex chemiiceddyed NRtve 9 oMt WWE 1% not

less than 1.1 and fn that, after the nenbrane has heen i mersed i(ﬂé_{:flg’m cal
li qui ds accdbhi gt o bANG lorhdavers Wdide agdhatintfe oPASRE TG as

defined b t] 1), i ithin.100. If th eat i fl tio | t
ess thdn’ SR SRt N s e D Ao ek s T teh . Rpat | T 809 ¢ abl o
f [ t,] licafi " P A ' io i

| oss than 259 s 3B B Ra IR i el GRS IRRI e B
f d i tl f rrggpg A | i.cyl - 0.93
i g(rjirrgat ;nt ﬁ%@%ié\q&}}d&e%}}\% n ahg%%g’clggggfst S%O?ym%%%ﬁ%dfﬁ%i@ lg’oexygen

and ni trogef- RS WS A ey rﬁd%dira 28 N tidR doganeousyd him-didim  This
is undesirable in that chemcal liquids tend to | eak through these

pi nhol es. Mi€qysiholds .t he percentage change in perneation flux ratio 10
after imersion, as defined by equation (1), is wthin 10% the
honmogengous t hi nIdithe hescisad (i) erdhed whililridss fof €hemerdpdicus dSilmn
the other hand, if the percentage change is a decrease greater than -10%

t he honogenepusnldrged idynthd thiakmesisezolods ther reethddiereei Igyes, i f t he
percentage 15 change is an increase greater than +10% the honogeneous thin
filmwll sPRswEndudt iagh ing ne@sieandinc Flessistampeh tugas rewedthPdr cause
sol vent vapors to be discharged to the secondary side of the nmenbrane. The
material s VIRRIPTHEN VY usdp £ wiee dr She SAFRT RAS TN HEFRUTDNHRT t ut i ng
the conposite hol|.ow fi ber nmenbrane of the present invention include

pol yol ef i nstf4h iR asr‘{bsr‘}@!%taﬂﬁyeﬁ@dé‘ﬁ@d_p(ﬂ r re, degassing
Thete. ooyt BT i e o G iahen o A IOas RIS hi ch
Z5 are intended *Pt}perééaexa& et% \Q‘jl';[eh firh%iccf)rg)r%}ssiéael hs%éf:%éiggécéés,
techniques for removing dissolved gases or gas bubbles
present in a liquid crystal by means of a vacuum pump are
disclosed in Japanese Patent Laid-Open Nos. 170932/'98 and
20 218921/'95. To this process, the same techniques as
described above in connection with the degassing of chemical
liquids for use in semiconductor fabrication processes are
also applicable, but still involve the same problems.

In ink-jet printers having a piezoelectric element head,

[
e}

the piezoelectric element of the head repeats pressurization

and depressurization many times during ink discharge. It is

b |



menbrane of the present invention, and their changes in weight ar e1 2 MAR 2002
approxi mately zero. The percentage change in weight, as defined by equation
. (2), of the conposite hollow fiber nenbrane of the present 5 invention
substantially represents a change in weight of the honbgeneous thin film

If its value is in the range of 0 to +30% ¢the cEﬁnbéane undeer%ges no

pi nhol e prbdoeni bhatuedwbiBGet i fHPEALT Bt A HESARERATEST® st5 hgt h

sufficient for practical use, so that po | eakage, of the. chem cliguid 10
occurs. Ifdiﬁéog‘é?c@m@@@ %ﬂ‘én@b@‘?ﬂ%?gﬂ’fe?%ﬂ et Vlﬁ%n“g%}oc’rgtﬁals”{édqqrp

corresponds to an undesirable sjtuation in. whigch th Is, di ssol ved
to producetpenhepesIBad FReIRByPRBBLES) e‘éﬁh%g B?n{l hgo 2%2%2%? t%r?equi d. If

t he percentage change.in ight is._greate , wee of

swel | i ng oPl?F\@eggcﬂEhﬁr ﬁﬁmgggs%eﬂlggha%}h%sté r}f‘% necBha{Lrﬁtéggnla@gﬁ ength will be
reduced_and.the_nenlran be. bt o ef ol b1 PR HEeORSS| Ngs gxer at i on.
When a %heﬁ'i‘égﬁaﬁgaui gogggﬁéﬁa‘g’égé Fggrg%vgodggggiévgﬁlni trogen gas and
oxygen gas otnh%ﬁgf éemert Agnd! t i ARt AxdsaaspedneOrkenalinyss tesemal [hedk, such
that the di'ssolved nitrogen gas and d0xygen gas concentrations in the
degassed chenmijgaknolvhdehdtar esnat rgsaatesft brern@$ ofclée Sof umdtines of
oxygen and nitrogen under atnospheric pressure. If this ultimate |evel is
not attaingg¢, cbbeidgianeednkevapidill, Héssndubfi gaeas peevertuse ¥ sol ved
gasses present in the chemcal liquid tend to formgas bubbl es when the
chem cal |iiqi ¢griosr swbjgast edbbaes)duriagohhed epeuakignep. SipgRedihas® in
the case of inks for inkjet printers, a particularly high degassed | evel
may be 1pequasetubbleserend poi stagotinl shseshermadubrad, chBey Teyike
preferable that the ultimte degassed | evel be not greater 5 than_10% of
the sol ubi lditsiche ngedertogertbephenith shesditke to] cange BEEAT 8Ghd PREES i n

order to degas chemical liquids to such a practically sufficient_|e , the
hol | ow fi ber merr eéndarligwe £oF r’ﬁec“}od@éwpﬁéwsﬁé’ "ie% IPaR %Fgﬁo In| égig t han

0.5 x 109 cnB/ (cnRkPasec) and an oxygen pernmeation f.l; npL .l ess than
0.6 x 10-9%6‘79(%%&)‘@“\ e (9%%‘&?5 g%atrﬁeflﬁ:oéglr?lﬁg?ﬁgg?i on fluxes are

| ess than the resaj.d val ues, t i | ¥gk cannot
be att ai ned?”\/?%gr)eg%z %r%roa?r?es i% m%;%ehgﬁsofoﬁgnr%bntg@?g&q\%ggigggeggf rom 15 a
wat er - cant ai_ni ng .c ical. |Jaqy ter ARV Vi thassadpbbietighetihe
menbr a?}?é ispraeeﬁ%vte:ig{zlnatc}g ltrLﬂeO&\ﬂa{%ﬁl m ;?ur%l prc;fvlirlglﬂeg%?hat theprrenbr ane has a
hi gh water ¥apgle PEIEAd G fdd healIaihiithe o/ 2 WD RIsFareespans esaanaokt
di ffusion punp, rotary punp or the like, the introduction of water vapor
into 20 the f206sa 1t O pause 1ied aigdds. t heweokr, Maiaowethet héadignat so
undesirable Troma hygienic point of viewin that water vapor having passed
t hr ough t he, freqir amle- fon defisese wMmidte seammially apdededf thegendfbPane and
the resulting condensate pronotes the growh of m croorgani sns such as
mol d. 25 Thusmit® tenbhanerdmw hotle metbrene whisdorc e hfedousted R t8e1e
not suitable for the degassing of water-containing chemcal |iqujds. As a
resul t 2f imeadti genicsn the meabyasse M2 teriddsoresCiribrys tg@éﬁlaoh?ﬁﬁet hat ,
in order to avoid the above-descri bed di sadvant ages, tl’ﬁgornenbra%n%tsrlotélod
preferabl y 8xngee andaREFreapRdrPeereRbt?dnt F1X5E o1t Mt diedt®er®thdn ~1 X
10' 2 gm (nRday). As ysed Qherein, the water vapor perneation flux is a value
obt ai ned ac@ot @i g a3 /ASM EP®6 sec)e. itby-ss@pfifycHgtatP ZEM28E and 70% RH
to a menbrane, evaluating the opposite side of the nmenbrane to 10 KPa,
dissolved gases to a sufficient extent.

Moreover, Japanese Patent Laid-Open No. 17712/'93

95 discloses a method for removing dissolved gases present in an



10 coll ecting water vapor having passed through the nmenbrane by rreaqsszApzﬂuz
cold trap, converting the anount of collected water to a value per unit
‘'menbrane area per day, and nultiplying this value by the thickness of the
menbrane. For the materials which may be used as the honpbgeneous thin film
15 in the prACtdARQ VNS RIHETRIYh IIMRINIAN AKE Windnben e sy | ferdiilma e |
their water vapor perneation fluxes are not greater than 1 x 10-2

gnt (nRday) .rabhe dihitekness iofs itdee dJorargeneos-drtd rarfd levdcugrisfertatd y in the
range of 1 to 10 a m If its thickness is less than 1 20 a m the nenbrane
wi || have iowisfifdecicentt her essuranreesi Hbaeveri, n theaceitealf luseceRhgfienabl v,

t he pol yol efin porous substrate | ayers each have a thickness of 10 to 50 a
m and a portogiasy usfedl (int ¢-180 exdntplas athetlpreg@aftenthvEame oh,vesie raldor e
porous substrate |l ayers are disposed on either side of 17 t he
honpgengousndntirarid lthidkhadsderf tlo entmnca.t eheechanawalnlst iengide adfo t he
menbrane, it is nore preferable to di spose two or nore porous substrate

| ayer s=on i ; q._r}ﬁ:;) i il I igknass ¢fx each
porous 5 sﬁ%scdt%r ?trfejqzlr{agg/el?&ﬁs regs?tg t alr{‘%f% ~a{(}1n€1j't ee rrfelr%‘}hadr;lﬂe( w | Iqukave

i nsuf fi ci entyyREhaNL HentrAR0M difpdite bl rd 1Y CkReSTeOf nEhRepOans
substrate | ayers di sposed on each side of the honbgeneous thin filmis
great er thahi2dhessnisholdGw sndler sreloivies it dhies hd e driddrermentiraane
have an unduly Large 10 outer dianeter and, when they are fabricated into a
nodul e, t hansalfifietirant efdfdiarminml ofttdregutertesrse wid la betordul y | ow. The
conposite hollow fiber nenbrane of the present invention may be prepared by
the stép ofpasribiiligyothatulttlid aymmbmapowiyt s giralien thdaure shegkage
drawing the 1~ spun fiber to make it porous. Specifically, using a spinning
nozzl e, forofexdimlldawid dsidehttnea osite structure, a nolten pol ymer
for the formation of a substrate |ayer precursor (i.e., an undrawn |ayer)
is fed to the outernostl ayer and innernost-|layer parts of the nozzle, and a
nolten 20 polyner for the formation of honmogeneous_filmis fed to the

i nternedi ate-layer part of tﬁ%@%‘l’%@ &%u’gﬁmt%% TP¥ en pol ymers are

ext ruded througt‘hrg heb concen ri.c nozzl e and cool ed undeéodrafte% condi tions

to solidify the oI T e%ecpol(g/netr%e IR e ?/V?%Hﬁ’%nl%n F atvh- Yot 1 ow fi ber .

25 Subsequ i m]% d ' ¢ S -rz_qy\g] t t he
out er-ﬁgyeg%do%%ﬁloﬁrgt her eo pc%lucgw%ét)ﬁ%%%ﬁuﬁhe rg\?\r/lr ti%@ﬁvﬂ@y
accordi ng t0 deydry RRSrafatfteh Poluwkes saptsed, 14 wStdsUpd hor i pedteadadige of
2 to 10 based on the length of the undrawn fiber. If the drawratio is |ess
than 2, thefxuporarsd taarfbd NesDrosisdsgds tdpdmei d &y el Bqwidd wieoae: |awer
than the aforesaid lower Iimt and nmake it difficult to achieve sufficient
gas perneabiiquid ldakdgedraw ratio is greater than 10, the breaking

el ongation of the conposite hollow fiber nenbrane will be so low as to
cause a probl emTat rom athe aeresent poivenbioni prpvidehas derpesbimd t hat,
as the material of the honogeneous thin filmconstituting in the Conposite
hol | ow &% beto kb r ke B fmemHer gt At LRV RIRPRS LR I BreWR TR Fanel 84S of
t hernopl astic polymers nay preferably be used. 15 These polyners are

descri bed HF G HGTQHSRSOUR THYR (£ bkl o+ 6T RRFTRLPREYRRT (BREGHS { he

honogeneous_filmis ol ymer. bl end conposed of _.a styrene-based .
t her nopl ast‘cf‘tbséﬁ%asfteo?flé)yea%sd wherst o1 BT et P h Bt yorkygen permeation

flux to the nitrogen permeation flux of the membrane is not
less than 1.1 and wherein, after the membrane has been

26 immersed in chemical liquids according to JIS K 7114, the



bl end conmposed of a styrene-based thernopl astic el astoner and 20 a ! 2 MAR 2002
pol yolefin can be formed into a honbgenepus thin filmhaving a thickness of
not greater than 10 ~Cm and this filmhas excellent chem cal resistance to
vari ous chem cal |iquids and can hence be used to renove dissolved gases to
a practically useful ultinmate degassed |evel. The gas 25 perneability

coef fi ci ent gepB€nfage PERARGE i 6 NtHd WS DiMeRrikhin bebew are val ues
obt ai ned by supplying pure oxygen and nitrogen to the film and nmeasuring

their perneation;fl uxe { AST, T Lty 1

obt ai ned by nel tllgg&!ghér%g%g%r&é]g‘fﬁ%béé\ﬂe% rltﬁglﬁsngcﬂn?p%ﬁ{ﬁ% %Ojf%%‘g %?ﬁ%?
2.16 kg to t Of ko d Q. 4100/ r i o
measuri ng t%‘?}gmé’grrlné)l %é%lﬁb%&geinm tyéégdr Zl I \gn}%lerqfl(l}tﬂiel g'zﬂc @ﬁg%%glidsﬁ'ﬁ]gt 150S.
The styrenespgsgdrigr ”@Héa%éf@e&&ﬁé Q.rfﬁnodés%h ik gt FESEHE néSRdn®n may
be suitably sel ected fromthe fol [ ow ng 10 two structures. A) A block

copol ymeg i psWphCbhé heahge do 5 egnBint-s3oNpIitSe@saagkyr pite feglaprer taad t he
soft segnents conprise a polyner derived fromat |east one nononer~sel ect ed
from but adi ehes ko hybentilber yrhamte;arne d@sere rEind- ety |peerga o ehlbux Z5£ B) A
random copol ymer conposed of two or nore types of constitutional units
formed fromestyrese engnag.s eastonendy (bmt adingecst Ayldeas buyyesne,

i soprene and et hyl ene-propyl ene. Such styrene-based thernoplastic

el a~toners have oxygen_and nitrogen perneability coefgfichents,in the range
of 0.6 x 20P§BW%§t%‘gn3f3<“’ion12“C&rr(l§lﬁ Fhan dnfz * Sde- 1cmPZI 0 1I'P R §&C o
obt ai n a honogeneous thin filmhaving the desired oxygen and nitrogen
perneation fluxein theypneeent oifreertorored e cheridad havquid ainheckbess of
10 to 1 a m However, the styrene based thernoplastic elastoners have high
mel t viHtostegt 26CpdEnd mekeBlS tK di ¥¥4 dif tcany igsk awtedyalumignd drivee
formation 20 of athinfilm On the other hand, a pol yner blend conposed
“of a styrenkYBaseaf t FRPMEPRhstiquidssinsiardidi 18 qrasR lefa e el eithaf t er

referred to briefly as a pol yol efi n/ styrenebased thernoplastic el astoner
hos 1 oner narpicradadied ERuETeSing UG h e P U IARS 150 B AT o)

and can hen formed into a thin film_ Wen .a styrene-based .
t her mopl ast;a:lg g lésf%ﬂe}n}f—sjentélgrlnt%rs, and a r11qu:.dy crystaal. For this

testing purpose, a 2 wt% aqueous solution of

15 tetramethylammonium hydroxide is used as the semiconductor
developing solution, a mixture composed of 70% by weight of
isopropyl alcohol, 2% by weight of tetraethoxysilane, and 28%
by weight of water as the spin-on-glass solution, a dye-based
ink containing a solvent composed of 80% by weight of water,

20 5% by weight of ethylene glycol, and 15% by weight of
isopropyl alcohol as the ink for ink-jet printers, and
cholesterin chloride cholesterin nonancate as the liquid

crystal.

10



bl ended with a polyolefin, its gas permeability coefficients tend 1 MAR 2002
reduced. However, it has been found that nelt 11U blending with a polyolefin
+having a density of not greater than 0.900 g/cnB can yield a pol yner blend
Wi t hout causing a reduction in gas perneability coefficients. The pol yner
bl end obtained by such nelt bl ending has oxygen and nitrogen perneability
coefficients in the range BHIg¥ DEEQRI®TION3OF THEIORARIMGS( STP ) 3cm cm?2
sec-1 Pa-1, and can be forned into a thin filmaccording to a nelt
spi nni ng process.FRAkt Ualis/,a aschematficl mikavbfigaacbhpoknéeshofl1bwt fibea m
could be obtained. This thin filmhad oxygen and nitrogen perneation fluxes
in the rangenesbiame xin@cFargdadcr vdtB thesppesent2épvenbPiaon; 2U and coul d
nmeet the requirenent that the ratio of oxygen perneation flux to nitrogen
perneation flux HeGot? i @ehemetic LAlbFgertionachi ale &RBRIEEY

(1 nt or pofiet AREATF P i desaraiRy o Fhemirelofinaie. BYchaing oe 1 - a
t -b d t her.nopl . ast.i l.ast Lth lefin. . In this.st L :
he' ol ecal SRR e JO R SiFEnBeBabanc: fer bpl EePenl SavghiSer EhdC
Lhe ol ecul A CNE DA% RNk GR! pIEASShRKLATLRE! BlirkdcR ShHLERSon
pmai n) and the nol ecul ar” charns of the polyolerin (i.e., the nolecular

chains havi ng a RN 1GHe LR35k G, point in a crystalline region)
It

interpenetrate with each other. IS believed that, owing to this
interpenetrating configuration of the threedi nensional network structure,
the polyner blend has 10 interstices fornmed between nol ecul ar chains so as

to al l owpgas nol ecul esBETPRSSE t PER &t ARFOUING Vit eTHsr PINEERST TN i t S
di ssolution or swelling in chemcal liquids. Such a structure can be

obt ai ned when t herhe xxangpasaittieo hafl loke fibgtrenembaaad bliieeheppasteatel ast oner
to the polyolefinis in 15 the range of 5/95 to 95/5 (by weight). Wth this
pol ynmer bl endyverttiicn praef er altiracthae inswhibtbcal homogeneocssribinréils an

| PN structure, though it depends upon the type of the chemcal liquid to be
degassed. Hdwmagerl iHFinkerles @Fomigrerorssai s atntarresgasbpeVERALPPFPYSt han

to chem cal resistance, 20 the nol ecul ar_chain structure of the polyner

bl end may beHFEESF tlaveLfoliePRSstr 0Bt BPEL ALEABUGR ERR BBLEYNEL LBl end

thin filmof the present invention has excellent chem cal resistance ow ng
to its dBovel 4 g’@d"ﬁ APSAGAe EO; £ ecﬁBﬁ?EﬁPt?egF}é?ﬁﬁce ‘}%CCb"cF{fr"‘?z’st th

(oPect L0 SN kool S8 BRREE 2 0RaET SP9RENELa{ 1 3Rl e
through the pores, as contrasted with membranes consisting
entirely of a porous layer. Moreover, unlike heterogeneous
membranes, mechanical rubbing does not produce pinholes

20 Dbecause the homogeneous thin film is not disposed on the
outside of the membrane. 1In spite of the fact that the
porous substrate layers and the homogeneouys thin film
constituting the composite hollow fiber membrane of the
present invention are arranged in mere contact with each

25 other, this composite membrane can retain its form stably

even if it is used for the degassing of a.chemical liquid.

11



However, its chenical resistance is excellent with respect to ether$,? MAR 2002
ket ones and al cohols, and there is no risk of producing pinholes during use
-in practical applications. Wiere the aforesaid bl ock copolyner (A) is used
as the 5 styrene-based thernoplastic el astoner, the tenperature dependence
of the storage elastic nodulus of this block copolymer is such that gl ass
transition hasiedupdeshieadlieuebutabpbekasat adheslivel YetN@eSEPMNpOCIS
observed in the vicinity of 100C and gl ass transition based on the 10
structural sabaxakitenlaiyezef andegienhsmogenksersyatinn fiiiem,vibacause dfhe 50
to -70C. On the other hand, the tenperature dependence of the storage

el asti ¢ nodualdhesdfvet Reyeandemdsopol gaese( B) rieslustdion Hat 98¢ gleameadlidssy
transition point is not observed. In the tenperature range of -50 to 50C,
this 1~ ranedicdopdhny e scassesf kexeduetipan ivhdesgagsdaw ¢anadaidity -
copol ymer (é),_and the sane is true of thin filnms. However, this random
copol ymep ddés ifo1§Qvangdegérabaestprudntreraddyr bsindy they Nome 9SG s
havi ng a mellidequed crQsslinkin oiné and tgerefore, h% sogemhat
inferior intPdm &dillt apRY tRe LRIVEPUBYSUREEFALP pR¥SSArBY PEREVERSLPR ei ther
(A) or (B), wh he _t.hi ckne f .t.he infilmis.n.t ran of tg 1.0
am the teﬁﬁgﬁgﬁbrgség e%@e%@gggﬁbﬁfsgg gg FCTRE &I&§%£§Q§bnt%é ﬂﬁéfh%
tenperature r of, ¢ t Cel; C e i tion for
renovi ng di S%?ggg %gsggeighggrfﬁggmggt$r¥%§§g ?ﬁ%ﬁ*ﬁﬁhggﬁlﬁ% 22&9
flexibility - gealicaiwideutiamperiahutegadted mays 124% Uk radd i cient
burst strength agai nst "'external "pressure, and is hence suitable for use as
a thin fipl mefierropod@gassi ng purposes. Moreover, the honpgeneous thin film
conprising the "polyol efin/styrene-based thernoplastic elastoner” al so has
| ow wat er vapor per ebigdelsyenand nventdees eneeldmidal thedis tdiese idf is
used to renove di ssolved gases froma water 10 containing chemcal |iquid,
-t he | oad i nposwsdtet he lvaeutfitbpummenbraaet éd evatllva teel diyd dmpnesisdengoft Hehe
menbrane i s reduced. Specific exanples of the styrene-based thernoplastic
el ast oner i membd@nkr anomheanied cilakuy dsv ackalyidé nigr dim Sl |pros eCvard ddl. eCo.
(U S . A), which is a block cppol ynmer having hard segnents forned froma
styrene pol ymeeraidnsaft 29&¢neont s7 fdayed desorr Bbddt aai @n& pot Yoy andan

et hyl ene- butyl ene copol yner; and Califlex TR conmercially avail able from
the samgscopieaR¥mitingh the anBlieek @RRFINLEELYNIHNE Ay iTRORMat j&thsf or med
fromisoprene or ethylene-propyl ene. SpecifiC exanples of t'he random

copol yner i nalyjudedH$BR1320P and. HSBR1320P (nanufactured by Japan Synthetic
Rubber Co., Ltd.) which are random copol yners of styrene and

et hyl ene- but(glgeae io@n 1t)he ot her hand, the polyolefin preferably has a 25
density of not greater than 0.900 g/cnB. 'Specific exanples of such

pol yol ef i ns i ncl éd@rgeacin eepoleptriopy Ifdwe; dadvi?-of megdnsne pol yet hyl ene,
et hyl ene- propyl ene copol yners and et hyl ene-oct ene copol yners (e. g., one
commercially avail abl e

20 (Permeation flux ratio after immersion) -

Permeation flux ratio before

25 (Permeation flux ratio before immersion)

x 100
immersion

12



from Du Pont-Dow El astomer Co. under the trade nanme of "ENGAGE'). 51 PhMAR 2002
above-descri bed styrene-based thernoplastic el astoner and pol ypropyl ene are
- nmelt-bl ended by neans of a tw n-screw extruder. The extruded strands pre
solidified by cooling, and then pelletized to obtain a resin material for
the formati on of a honbgeneous thin film Comrercially 10 avail abl e pol yner
bl ends conposed of a styrene-based thernoplastic elastoner and a pol yol efin
i ncl ude, for exanple, DYNARON H4800N and DYNARON H4900N [ manuf act ured by
Japan Synt het i Permsatiaq. £1ux ayiysk dR3ygeramemmeadsimd oo as MK- 1,
MK-2, MK-3 and MK-5 (manufactured by Dai N ppon 15 Plastics Co., Ltd). In
this case, the matBitEPILsr Pa¥Beasioph&lpsdous substrate |ayers may be
suitably sel ected from anong hi gh density pol yethylene, isotactic
pol ypr opyl f&uaididfoxdinet hyl ene, highly crystalline pol y(4-nethyl pent ene- 1}
20 and the like._A second terial, suitahle for use as: gt}e honbgeneous
filmis®a copol ifiCHIt e L0445 i ¥ Jb?%ﬂ?btt rﬂﬁo TR (Sro 1, 3-di oxol e)
and tetrafluoroethylene. This polyner is in a glassy state at room
tenperature, but can be nelt-spun. Wien 25 the mxing ratio of

2,2-bistrifluorone -4, 5- fi : i | £ oroet hylene is
i(n the range of 30/ é@é(:!r.%ﬁi‘__)ofi é%r C%%)t';-engﬁlgiwgﬁ#étlgpﬁﬁqlﬁﬁné:ss of %/he thin
filmiggin the range of 0.5 to 5 ~cm wgggﬁbi@fféé dasta nitrogen
permeation flux of not less than 0.5 x 1079 cnB/ (cnRPasec} and an oxygen
pernmeation flux of not less than 0.6 x 10'9 5 cnB/(cnRkPasec). If the
copol ynerization ratio is less than 50/50, the resulting thin filmwll
have unduly | ow gas qetrewainmedtsionl)f 4 hgWeipd yoferdongidsdrter ati o i s greater
t han 90/ 10, the resutrAg—thA—FtmwtHH—terd—to—be—brt+ittt+e at room
tenperature and henceolbok pibet irnahbrand ibhegford inmeriOidn | mthickness is
| ess than the aforesaid range, the thin filmwll tend to be broken during
-handl i ng or produce pinholes. If the filmthickness is greater than the
aforesaid range, the thin filmwll tend to have a nitrogen perneation fl ux
of less than 0.5 x MW blewp]ikew merey ane befqyq simeysiame material for
use as the porous subBStTate Tayers may be suitably serected ¥rbW among
pol y(4r?|9t hyl pent ene- 1), pol ypropyl ene, polyvinylidene fluoride and the
like. Athird material suitable for use as the honobgeneous 20 filmis a
[ uorine- contal nng, JeIBEL APt | 6n ) A3 PBlieaADAISATNY A YhliGes

fluorine-containin ernoplastic e ner 1s - a ner- havi ng “hard
segnents f Egtgr;gr i ropd LEORMLAD
fl uoror ubbg{r. rIaerr?ger S %4 t eﬁ%ﬁ%s’é@#o%%%%?ﬁ%%sggnéhtsﬁ}encra S an

ethyl ene 2Gng measuring its permeation flux according to ASTM D 1434.

25 The composite hollow fiber membrane of the present
invention is characterized in that the permeation flux ratio,
defined as the ratio of okygen permeation flux to nitrogen
permeation flux, is not less than 1.1 and in that, aftef the
membrane has been immersed in chemical liquids according to

30 JIS K 7114, the percentage change of the ratio, as defined by
equation (1), is within *10%. If the permeation flux ratio

is not less than 1.1, the membrane can exhibit degassing

13



tetrafl uoroet hyl ene copol yner and pol yvinylidene fluoride. Exanplesi]df MARe 2002
fl uororubber formng soft segnents include a vinylidene

- fl uori de- hexaf | uor opropyl ene copol ymer and a vi nyl i dene

fl uori de-hexaf | uoropropyl ene-tetrafl uoroethylene 5 terpolynmer. The
fluorine-containing thernoplastic elastonmer preferably has a gl ass

transition capgRihity esuitalhke rkogaisy i pragtited. appddichitdoaganpl es of

the fluorine-containjng thernoplastic elastoner include Daiel Thernoplastic

( manuf act urERKFeReDai i§ ntheRefteatsion tidux gagdioydsr lessi #§aro lhadrd tdddnent s
formed froman ethyl ene-tetrafl uoroethyl ene copol yner and soft segnents
formed fromf@PIRIRALT e tiack | thathBddiholGso Passy PereadypbegrefPrmed i s

case, the material for_use as the porous substrate |layers nay be suitably
sel ected f MO T GHTER HRBTATRul AP BSTREFYbRBoy Y &HESE hiGRFyEhan

crystal L. ne y{A4s hyl pent ene-.1). | yvinyli dene fluari he |ike.
A fourtr‘? maq gér):% a’fn%llf}‘le E Iée}“?ntorpllfgéc}lzfssot elﬁlgym?ggﬁggug lf)lslemql%s%rﬂg hdn

| owcrystallj - 1) e | al_li.n .

ol v( 4. et 51 et 5 At e oaRi o dRRINRES ekl Sormed 11y ehe
hi gher ol efd i (£ b S5\ &fH i StiGh ASTREL eDs) Lib £e €XANPhES
thereof include TPX}N&%%& (npnuf%cpured by I\/Itsuiun gﬁ?%al %b., Ltd).
this honogenesiscdNiNidiide ddnd Std MK AMrou@hk @R skt guﬂﬁaueg.of_ _
crystallinity low It 1s desirable that the degree of 25 crystallinity be
not great erMdtesvéda.if ftidepaiegemgy change Ghy pleatloatiiby if3ugr eattdo t han
60% the resulting thin filmwll have insufficient gas perneability. In
this cage, dheereimidddid®) 4b5eidsidde BORUStIRStnat e ikaygks imaY: PEs ,
sui tably sel ected from anmong highl'y crystalline pol'y(4 5 methyl pentene” 1)

h I ' |1 i ne, hyl . -1 -(a.-olefi I

o g TP Rsndd Al o5 AR SRR BRR By Bk coPel YT
e g TRX KISt TS . . iy

he” homgencuts 10 11 1T Te . OB sorePEhF, heid not fubfia BHELREgT 0™

used her ei rbhatrgﬁ PO VPl fdd #b d 9P G AMRISPORINAS! 1-G 08! aih@”ﬁgmbgeﬂe%go'th%r

conposed entir of polyolefins. Such copol yner$ include ¢opolyners
conposed off gt ENe KvPIPIHENS adtrditgleeial,ebind, i3UeReaPe?Bentage

et hyl ene-octene copol yner, a 1G propyl ene-octene copol yner and an

et hyl eng- pramnenel £ ool ntefeadd difeitert @ halt 2i10%3 thien hbnbgehaviugg thiigh
gas perneability, it is suitable to use such a polyner having a density of
not great erfilanwiol D0hqgy cnBrextucdbi©n Spemiecihandcadplseéseafythhdupoltyol ef i n
type thernoplastic elastoner 20 include comercially avail abl e polyners
such as TowRyfekiNRIVG(CaHRP XRUVANY pradeyise - Reokddsichacgpedl ¢Retdr and
P0680 (et hyl ene-¢x-ol efin copal yner), manufactured by Mtsui Chem cal Co.,
Ltd. In thiSLRRIATY Fetdmtdh e Mamhrédeas the formation of porous
substrate | ayers

b itably. selected 28 f hi gh-d it
pol yet hyl ene, hi%ﬂ$¥m§€%$g%i€ 'H§$6§§y§Fbﬁ?F@h€Fr83#;3%&%@?%%P§ﬁ%§§' t he
life. A th bove-d i b terials. f .the h fil
2 poi yiy TGS SOt B s 5o a8 daorn i hEE) HPPe aBraStorer
and a p0|ycﬂﬁg'ﬂkeéégétgﬁoékiion include polyolefins (in particular,

polyethylene and polypropylene), poly(4-methylpentene-1),

In

polyvinylidene fluoride and polyoxymethylene. These polymers
have high chemical resistance to the chemical liquid which

25 are intended to be treated with the composite hollow fiber

14



cont ai ni ng thernopl astic el astoner or a polyol efin type thernopl astli 2 MAR 2002
el astoner is preferably used especially for the purpose of degassing
. water-containing chem-.cal liquids. In the above-described pol yner
mat eri al s conposed of a styrene 10 based thernopl astic el astonmer and a
pol yolefin, the glass transition region of the soft segnents lies in the
range of SRed®rafnd,obrtino prdsendefinvedtgbass andapdietdiros hdd@esn ki sts. In
the fluorine-containing thernoplastic elastonmers, the glass transition
regi on |i eswehghtheararmappodxin@yely Z8¥C: In 15 the polyolefin type
t hernopl astic el astoners, the glass transition region l.ies, in the range of
-70 to -10C. ThuBhetperegnisage rGlirfiag di Megiadit /| iass C{Lﬁglﬂﬁ% BY |gRpation

tenperature range that the honogenequs filmis not easily  Qro if
wat er - cont al #) ngPEnEM EAMBIHHEG S WddRET NRPTARG 56 tttg\r?pgga%sﬁe&gg. The

chem cal_Iiguids which are intended tq he gas e of: npasi te
hol | ow f4 betNKeRbt &heS Yrs 145 erﬁeplrr?vseeﬁ]tq’%o% i%‘r?%r%e%g‘r gvg]lléc}ngoﬁent s

h t I th |, i butangl I ,
ot hyl 25 cehpBarpEot b SO L g R et oG e ST S manee k25

et her acet a gy, chey aluANDLA (| fAL Mk VP 9SG/ & RARI RS usClalt | ons;
e

napht hoqui none i azi type positive photoresists; a sem conductor

devel opi ng %8&9%&98_EﬁﬁpféééiﬁhtﬁﬂdﬁﬂﬂﬂJBMEﬁﬂﬂ&ngﬂnfﬁﬁtﬂmdiknthfnxﬂved in
wat er; dye-based 57inks for ink-jet printers; pignent-based inks for
ink-jet pripLgrsicandubéuid ehiastmd slealyechefrivtad amplidalcatianid ype
positive photoresist solutions are solutions prepared by dissolving a

met hacr yj at ece@gksn Mavitig gdreenitiageadhangeyingwedghtads dpslsi ¢hast dte
(oxocycl ohexyl ) groups as side 10 chains, a copolyner of neval ol actone

met haCr yl at ehaadcoetrbypandsate yan notdesisdhie s igruathion j e Yhieh e | act at e
and propyl ene gl ycol nononethyl ether acetate. The naphthoqui none di azi de
-type positi memphmenexési dissaleed otutPERANGH SHhU Y Qf?%sﬁ?‘?ﬁ%@y gcause

napht hoqui none di azi de |u based polyner in ethyl |actate and propyl ene

gl ycol nonodeekppeephethacehamricalinblqmid: 1 3 the PEFCHFRASS & € in

Comosed. of VRAEBE. 187 BYPRREF oFYEeI +S T Eort VISR 0f SRR ETS ofhyt iR et

conposed o , g , p SHETHYTE et hyl ket one
d the like. The liquid_ 20. tal s.incl i I Ol tals,

e e ke e U 20 CEvmkal o LTEL el el el B chyst o

" ut de. a5 Go0uFEHadhb, EhE°nBo O o R S RS e

| i qui ds as above are shown | 25 The data shown in this
table are b%%%gsgqnéghpggsggéﬁ(ibed i n "Kagaku Benran" (Maruzen) and val ues

measured by the pre
When a chemical liquid is degassed to remove dissolved

nitrogen gas and oxygen gas therefrom, the ultimate degassed

20 level must generally be such that the dissolved nitrogen gas
and oxygen gas concentrations in the degassed chemical.liquid
are not greater than 50% of the solubilities of oxygen and
nitrogen under atmospheric pressure. If this ultimate level
is not attained, the degassed level will be insufficient

95 because dissolved gasses present in the chemical liquid tend

to form gas bubbles when the chemical liquid is subjected to
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i nventors. Measurenents were nade by gas chromatographic anal ysis. The

di ssol ved gas concentrations described in the exanples given herein were

. al so neasured by gas chronmat ographi c anal ysis. 31 Table 1 Prncc~wa of
van~r nhaSe' 1 atm ppm (dissolved gas wei ght (g)/solvent weight (g)~ .

on- 1 nk foral cohol di net hyl f oacet at eet her (sol vent fordevel opi nggl assi nk
jet(used Jjet printers, a particularly high degassed level may be

i nr mam dechem cal sol uti onsol uti onpri nt er Exanpl ean‘EI ificationM~321(used
i ncartri dgeseIHiFRa JSSiRFME s RF It LOceeSd | AReSPSPSFERARPr et 13
2) 4) Exanpl e

usged .
i n5)Ni trog ?s‘gﬁzfz?ﬂﬁH?ifs.%&Hmmf@o}fd&}s%é@%%ﬁﬁﬁwww
243703939539Ni t rpaen 741711373921017537119814174
ai r xyg n81§3@h7€%&%%§2%§é%§8‘ﬁ% gﬁ‘rd%gﬁaljt.m.oslg}%éﬁr S s\%ﬁdr %)Tﬁase.
2 atm ppm (. di j.ght; i<0 C i
Met hanol | so%%ox%gﬁn%ﬁ-%%n&r&%)l{%?e;fﬁge Sylrataeg%pﬁ]y lPEl uJL’QISeg'iost Spi n-
on- I nk foralcahol di it £108 & aetier Qveant e dRvalRPisgeassi nk
j etr-mam dechem cal sol uti onsol utionprinteranplificationM--321(used
i ncartri dgasdmieaiOsidd v e{dieed inforygee pesaauioesi Iy bamdte less
2) 4) Exanpl e(used i n 5) Exanpl e
DNt 0gen Q3 3460893244704080G64480 xyaead 7 34948R1GEERE4E38A T 414487
407879078Ni t rogen376348342274784203507423962834828i n
ai rOxygenl621661681425613414230415616. 416Q16. gfi n a'&r * PEGVEA: pol yet hyl ene
gl ycol Tonobkuhydf eiterlessettdtan 0.8 X AN OCw N(cm” TR degassi nbf dthe
chem cal liquid by using the conposite hollow fiber nmenbrane of the present
i nvention isxyperaldnd aairtdRfeo e dieatdiars fAfux@sh@deo}edsbahaiendeane nodul e
“formed fromthis conposite hollow fiber nmenbrane. The 5 holl ow fi ber
menbr ane noaiideeswld be lheds | ddtee dlesfioredexdijiima t ebyddgeseed igva lbgadine tof
several hundred hollow fibers into a cylindrical housing, and filling the
space bet weleh attaio@n- hol l ow fibers with a sealing material while allow ng
the sealing material to penetrate into the pores of the outer 10 porous
| ayer of the conflR¥e e HIIRKARS bist WaSthrieheenie iR larsd @asesd tEem t he
degassing of a chemcal liquid.is _sqpaﬁci ficall]y described with refer enc«cei to

FIG 2.15A cheéfdA@H-99HR P4 Seitqat 4 1aved c fatsgyiaPiFadievings passe

i zed_ b |.vi it 20 th it 15 ly pi
B s, usH i TR P 40 S S ee FEMG VP e Dhen bal
liquidis f ' | t i
[ aui 0 f ooy R4 ki I 305 TR Shedy Qe SRRt ton

valves 8 a . a | @ed I Cp! dayngi g hC 0
[Faun o begi m T fow ang FrrRen Bamp R pERS, ~Hhs oot Char . Panty

closed as spotafs guip Wierdmall iieuithd |igws ot taford JIy RS PivR@ok4 in¥bt hi n
the hollow fiber nenbrane nodule, the chemcal liquid is fed to the bores
of hol |zow filberpundd, teands degasssed forf @A juedathermdotfed Mereodenf thie by
evacuating 25 the outside of the hollow fiber nenbrane to a pressure of 100
Pa to 10 KRalsy umdesingble acuum fygiendfd goiganmifetviiew din €33t water
vapor having passed through the membrane condenses on the
secondary surface of the membrane and the resulting
condensate promotes the growth of microorganisms such as mold.

25 Thus, a membrane having a high water vapor permeation flux is
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t he degassing, valve 17 is opened to feed fresh chemcal liquid toigthR 2002
hol | ow fi ber nmenbrane nodul e whil e discharging the degassed chemcal liquid
-froma chemcal liquid nozzle 19. This degassed chemcal liquid is fed to a
use point. 5 Although the chemical liquid is fed to the boreside of the

hol | ow fi ber nenbrane in this case, the chemcal liquid may be degassed by
feeding it hott heivabledéoonfthbedbghssnngi bérwaeabranetalnéngr ebenmtical
invention is nore specifically described 10 with reference to the foll ow ng
exanpl es. Elagplidsl ARodyramilghtofofinres tbiga® ildbountha§Oprégyemei ght of
Kraton G 1657 (both manufactured by Shell Chem cal Co.) were used as

st yrene- basédventprdpl 6t has ebpeenofensd thati10imbordsrwspghvodtl EREAGE 8400
(rmanuf actured by Du Pont-Dow El astoner Co.; density = 0.870_g/cnB) was _used
as a pol yol 8PpHe-tReSELRef yHifadviareages ghkle olieMRra ReFHCHILENBEE BT 2R ¥ns
of a biaxiab kneading machi ne. Then,  a co ositg hol | ow fi ber pas formed by
carryi ng® ouf@Vfir Be¥f ?ErVQBﬂBOB?f%eEB?ﬂHigg“FhP uBRt28T52LRFe NPy dr ¥
conposite noz%ke whi | e, feeding the nelt-blended polyner [glass transition

t enper at ur e107g)9 - W4RCdep) t hds MsSddWRain | Hhe YHATOFARME f eedi ng

hi gh-density pol yet hyl ene B161 (rmanufactured by Asahi Chem cal Industry
Co., Ltd.) permhetionefiustisna waleenobtaliagdr actbedéanf. t25ATAMS Eh8Kl, ow

fi ber was annealed at 115 C for 12 hours, drawn 3~1 at room tenperature
by a factoriok.}]. By sippliengdaswnat 28Tl dadyr o fractd Himdmbrddws, there
was obtained a three |ayer conposite hollow fiber nmenbrane in which the

i nnernost a : NS a i 3ed_po S yl.enega the 5
internediatggﬁggéﬁiggn%P%segégs%gﬁgégﬁgoag %ﬁ?nmgﬁ#%EhP %ﬁeﬁgo?gﬁér bl end

conposeq of cbligestrheNGabagedab T ABPLAT! basEbaSLATBLEARS! REnBRbYE! B N-

The di nensions, poroSity, gas perneatlo aracteristircs and chem ca

resistance pbahbi 6rhal tevaftbep, "eshvapei Wgr ehteshetdntabd tbe1kesEht s thus
10 obtained are shown in Table 2. The water vapor perneation flux of this

hol | ow fi bevaepbtane wasud. pex URiB @ehbAEndayreabpanplay? Antihree-| ayer
conposite hollow fiber was formed by 15 carrying out nelt spinning through
a three-|l ayanltapppsngethdgzvalubi bg fteedthickabékenocAFtG80meabeapel. ynisr of
(2, 2bi strifluoronethyl-4,5-difluoro-1, 3-di oxol e) and tetrafl uoroethylene in
a copol yner that maheraels which/may (hel esedi, asnhbeabbupgdnbpuE. thidufRémt de
Nemours & Co., 20 Inc.; glass transition tenperature (Tg) - 160 C] to the

i nt er nedd at én| &her rrackéer af bheeBrasephpinuentéosf apdowelankef eedi ng

pol y(4- net hyl pent ene-1 énanufagtured by Mtsui Chemical Cp., Ltd.) to the
i nner nost aﬂﬁsﬁﬁﬁg?ﬁné t ﬁyngelr water  vapor permeation fluxes are not

greater than 1 x 1072 g:m/(m? « day).

The thickness of the homogeneous thin film is preferably

in the range of 1 to 10 um. If its thickness is less than 1

20 um, the membrane will have insufficient pressure resistance
in practical use. Preferably, the polyolefin porous
substrate layers each have a thickness of 10 to 50 um and a

porosity of 10 to 50 vol%. 1In the present invention, one or

more porous substrate layers are disposed on either side of



thereof at a resin tenperature of 270C. This hollow fi ber 3~ was1 2 MAR 2002
anneal ed at 220C for 12 hours, drawn at roomtenperature by a factor of
-1.3, and then drawn at 111C by a factor of 3. Thus, there was obtained a

t hree-l ayer conposite hollow fiber nmenbrane in which the innernost and
outernost |ayers 5 conprised porous pol y(4-nethyl pentene-1) and the

i nt er medi atehé dymmogemgus echian Honogen&ousrderntdi enhafcgethen AF1600. The
di mensi ons, porosity, gas perneation characteristics and chem cal

resi st ance mgchanichbl §toverndtderofmits meabrane t d&t d§, mane Prefp&Eshiles tohus
obt ai ned are shown in Table 2. The 10 water vapor perneation flux of this
hol | ow fi beRisRPHR O R MOIe POroMs Bupstyatentaygay) on BREApFEAS Rinol | ow
fiber was formed by carrying out conposite spinning through a three-|ayer
conposi te noBS | ROPFIFLIER M 1510 f | d6r FRECKBRTSI Af n‘@a?ﬁe‘?%ﬁ?ﬁsti c

el astomer (Daiel Thernoplastic T-630, nmanufactured by Daikin | ndustries,
Ltd.; gloasssubsikeate okeyesnpisr atarse tiRg) 10 100 the mérbranervwiekl Hhave ayer
thereof at a resin tenperature of 200"C and feeding highly stereoregul ar

i sotactic pDhgwfdipyleme édhijnedl Gi@hdgtr.adef nene) totahut act knesls by f
Mtsui Chemcal Co., Ltd.] to the innernost and outernost |ayers thereof at
a resin tenpke pereudHfs BT atkhilaverd clisposed was eacheslide af tHeC for 12
hours, drawn at roomtenperature by a factor of 36 1.3, and then drawn
at 145C by hormagémsowd thinhfiSlm tiergrasas rokhainn@doa iy sl yer £ Cosposi t e
hol | ow fi ber nmenbrane in which the innernost and outernost |ayers conprised

por ous isot@ﬁ'ﬁ@ﬂwwwvﬂ@l v B1e retibafedindhe LAy §hda@yPihged S @

honbgeneous n filmof the fluorine-containing thernoplastic elastoner.

The di ngnsi iger PRI ARty RS, RAULEAHSN atleAFABEEatldC s n2Bd aC hedugal,
resi stance of this hollow fiber menbrane were tested, and the results thus

obt ai ned argn&hgymumet Aab| &f 25 c i PaIfe it hed RRmbPan e &ti1 N b0 uhbut yoh othi s
“hol | ow fi ber nenbrane was 1.9 x 10-3 gm (nR2 day). Exangle 4 A hol[ow fi ber

was fornmed by carhyiompeositel o Sypwirf it Menbgiang dfr ede presenanposite
nozzle while feeding | ow 15 crystalline pol y(4-nethyl pentene-1) [ MX001,
manuf act ur etngni o umayChem madpad@md byt dhe gltaps oifr aagiryiog benper at ure
(T9) multilayer composite spinning and the step of drawing the
15 spun fiber to make it porous. Specifically, using a spinning
nozzle, for example, of concentric composite structure, a
molten polymer for the formation of a substrate layer
precursor (i.e., an undrawn layer) is fed to the outermost-
layer and innermost-layer parts of the nozzle, and a molten
20 polymer for the formation of a homogeneous film is fed to the
intermediate-layer part of the nozzle. Thus, these moléen
polymers are extruded through the concentric nozzle and
cooled under drafted conditions to solidify the molten

polymers and thereby form an undrawn hollow fiber.

25 Subsequently, the undrawn hollow fiber is drawn so as to make
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- 30C] to the internediate | ayer thereof at 250C and feedi ng hi ghl 1(l:h2 MAR Fugz
crystalline poly(4-nethyl pentene-1) (RT31, nmanufactured by Mtsui m ca
Co., Ltd.) to the innernost 20 and outernost |ayers thereof at 250C. This
hol | ow fi ber was anneal ed at 210C for 12 hours, drawn at roomtenperature

by a factor of 1.3, and then drawn at 200C by a factor of 5. Thus, there

was obt ai nethea olteeellagper poanposni tthelebfopofober rektdranth ithaudrdy t he

i nnernost and outernost |ayers 37 conpri sed porous

pol y( 4- net hpltien merye vay yaad coxgliingt éonthrateppayef EBRpPPL¥BCLS hBFBYenecous
thin filmof poly(4nmethyl pentene-1). The _di mensions, por osLty 8&?
per meat i on idhdsasisaaldyi dd 4Me @aagiecRE ResPstAnbassd PR ENfol PRAFRI Bér 5

menbrane were tested, and the results thus obtaiped arerﬁs)r;low"biq__ﬁl' bl e 2.
The water vdornsE@w@atfii®es | ukfoFhehAEa¥oF 24P 11 DetefeiHhe was 3. 3 x

10-3 gm (n¥Zday) ., Exanple 5 A hollow,fi ber s.forned, by [ t
conposi Pe PPISSIHY ﬁgpttﬁ?eowoélst ﬁl“é’é‘ﬁrﬂg\r’ﬁéé{ﬁﬁgsVf‘é?ngggpégvxglgrgyf eedi ng
a polyolefint t her mopl asti.c_el ast. r (o] I o X : nyfact ured by
v foul Conerttan s SRSl dorde AT snlHARE Le BB re TRNYEE U O
i nternedi ate,,|. .eqf f [ hi gh SA LA OF SO A s

i sotactic fghplo yprﬁlﬁgﬁi%%ogﬁggb?ﬁgggg ngﬁe{):%{et%@% he i nnernost and
outer most | gyens t REAPT1 AL 0 Hreallling RAngwtiiohebfwaneanompbedtat 150° C
for 12 hours, drawn at roomtenperature by a factor of 1.3, and then drawn
at 140C by 1 f1ast ofi sty nembitihe thierie s ohoa aed te thuse- hapepbdemposite
hol | ow fi ber 20 nmenbrane in which the innernost and outernost |ayers

conpri ged poFdvS iaidCl o i agly lveirsy .a- nd the i nternedi ate | ayer

conpri sed a honogeneous thin filmof the polyolefin type thernoplastic

el astoner. The ditemnss dmsen pbowsd tyhatgasaparhweaatericiaodcttds stics and
chem cal resistance of this 38 1 hollow fiber nenbrane were tested, and
-the resul t shdnmgenEnes rdvimrl ghowns b thding An the ®erePsv&FoRCpdPieat i on
flux of this hollow fiber nenbrane was 3.1 x 10-3 gm (nR (ﬁy . 5 I;xarrple 6
( Degassi ng fiker menbIANS & ORI RESTCPh NS i raidCapPr O8N *6V S esi st
solution) Hollow fiber nenbrane nodul es (having a r%g)rlan ar eadof 2.5 nR)
vere fabri CeXRepF B uhHRIPER Hol G RP FYTRFAS ﬁ“é‘%%fr?efgr Br &5aP8§% n Exanpl es

1 to 5. Each of themwas installed jn e chemical_Jiquid feed |Iine
i |1 ustrigt edT}P‘?F%IRE’ﬂQ‘.‘erB? e %sgc’f/’alf%g’egl,o“%marﬂf " the cheni cal

anplification type_posjti { S o) PEX; E24 R by
SHI PLEY Inc.) v RhEEEEh hdbet el é??ﬁ%‘?’%ét%ﬁ %%eﬁ% the %oresu%gf 15
the hollow fjhers_i I fi %@g@d idpaske ai d of

ni trogen gaél%gv?%ggaggirgg%rﬂépﬁdz at rmsphg)gg esﬁ%f]yt]rgrﬂe{-}r?e shoI | ow fibers

was filled yhibnbbEashea £ahstomiet dand ad iso o Mesiicl osedhaadpbhemeesi st
sol uti on was degassed by keeping the outside of the hollow fiber nenbrane

at 100 Pa 201&pd SOmpbseitiesf A seypéeedfadd regasgeldhstesi stlasdlomsomngas
coll ected through bypass pipe 14 of the chemcal liquid feed Iine and

anal yzegh f oa gbbgol&etin nc&nogenfoomednintt i prhomygenens wd i1y fddd opened to
drop the degassed resist solution onto a silicon wafer while feeding fresh
resist 25 sphyihgnat @nibrnbek| 69 hbbegra®edr atieanorul em, ThadsthisohiBa
waf er was spun on a spin coater at a rotational speed of 3,000 rpmto

spread the Hggpgﬁgeiféi@tcﬁ&lnkf_'égimré@f]s{mé@b&/o various chemical liquids

and can hence be used to remove dissolved gases to a
practically useful ultimate degassed level. The gas

25 permeability coefficients and gas permeatipn fluxes given
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forma thin resist film(with a thickness of 0.80 ~cm) on the wafer! 2AMARr 2002
the thin resist filmwas dried to evaporate any 5 residual solvent, a 100 a
-mx 100 a mregion of the thin resist filmsurface was observed with a
scanni ng el ectron m croscope and thereby exam ned for the presence of
defects considered to be irregularities caused by gas bubbles. The results
of eval uati belarvearhovalias Tabteiged 10y Eappl¥ing( BRpesoxry¥Ien 386 conduct or
phot oresi st, degassing treatnment of devel oping sol ution, and devel oprment)
The thin resii§roprpntebEtBenbllPnarstaRpreuslnasthpébaRegmgatdon fuxes
seconds, and exposed to light froma KrF 15 excinmer |aser_through a
phot omask pP&E@ﬂdﬂﬁchﬁtééngPtH4§ﬁe|@Qﬁsﬂeqﬁ4?ﬂ +%I?d%?¥?%e?b%§hﬁ?3ngy
nodul es (having a nenbrane area of 2.5 n2) were fabricated by using the
hol | ow fi bemedgiboabbe ppépaerdatnl R snplasrmuding. i Faghder &hbardast
installed in 20 the devel oping solution feed |line of a coater-devel oper,
for use pn emecandyuet ornabr s€ahha@n wbbThinyastastbeliycab kiogw d feed |ine
simlar to that of FIG 2. Then, using nitrogen gas having a pressure of 2
at nospher es teapdeaehopi, ngndohedsonifyFtBR4, samplitachuaedelnyg iSkl BirBY ilemt.
an aqueous solution of 25 tetranethyl ammoni um hydr oxi de having a nitrogen
gas 40 combenarapirdangf t§0ARPM) DwWas05ed to t he bores of the hol | ow
fibers at a flowrate of 1 L/mn. After the bores of the hollow fibers were
filled with the JogessprRiesbraeHoRNerMORASSHEGaSdaq tOPSiedisiady itthdhsut si de
of the hollow fiber 5 nmenbrane at 100 Pa for 30_m nutes. After conpl etion
of the dega®IEA§Ntt hBVEBHASRcHaYehRl Bpihab Lyl aelBRtRds [aPBpbbe £rddoriag
di scharge nozzl e _onto the exposed surface to develop it. A sanple of the
degassegode&@PoﬁFﬁBc§8FﬁFron was col |l ected through the bypass 10 pi pe and

anal yzed for dissqlv ityrogen concentration After_the resi film
resurting fron1t2§ dQS%F%é%néhp%égp%ft%ﬁ-Yﬁ&% ?heayaf€ %Sgﬂea%slzoc, a 100
um X 100 u i o] e u c S it ranni-n

Sl estron m oigrdle0h LerdRUTbORIHoP LARDENYOSORDOECUREREL! Bofp2iBRTLI0 |
22, groove %Q}},@e@c”déﬁ@eﬁ' Bror) afNfebbe Bﬁésﬁaﬁsmeifggﬁéezédc%%%ﬁd by

devel opnent.” T results of evaluation are shown In e Exanpl e 8

(Degassi ng peadient, obthgoehepylitpl 6080 ).sBﬁré/ﬁabéﬂaeelﬁﬁ?llbﬂ&_-gﬁt@bﬁﬂlgn@.
menbrane area of 2.5 nR) were fabricated by using the hol low fi ber

menbr angs prepar@d i A Exadph eSodolymér d@tpooéd tbemwasotrnabael egpes af
chemcal liquid feed line simlar to that illustrated in FIG 2. Then,
usi ng nitrogemsgasubhavnad anptessormedf fPomt abgphaeceand2ati depsapyphnealbdohol
was fed to the hollow fiber nenbrane nodul e 41
butadiene, ethylene-butylene, isoprene and ethylene-propylene.
Such styrene-based thermoplastic elastomers have oxygen

and nitrogen permeability coefficients in the range of 0.6 x
20 10°'* to 3 x 10712 cm(STP)3cm cecm™? +sec”t - pa !, 1In order to

obtain a homogeneous thin film having the:desired oxygen and

nitrogen permeation fluxes, they need to be formed into a
film having a thickness of 10 to 1 um. However, the styrene-

based thermoplastic elastomers have high melt viscosity,

25 which makes it difficult to use them alone for the formation
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in the sane manner as in Exanple 6. After the bores of the hollow fli BeMAR 2002
were filled with isopropyl alcohol, it was degassed by keepi ng the outside
.of the hollow fiber nmenbrane at 100 Pa for 30 m nutes. After conpletion of
t he degassing, the degassed isopropyl alcohol was dropped fromthe
di scharge nozzle onto a silicon wafer to clean it and, at the sane tine,
fresh i soprofyk shiohbilmas Gredhe athendmndnea malymer A kentlaonmrossdtk
degassed i sopropyl al cohol ways collected through the bypass pipe_ and
anal yzed fopfdRs§syyveaenbasedehhapnephaehicaeldptorpe fBduptBOBYO LSSl Mati on
are shown in_Table 5. ExanPIe 9 (Degassin? treat ment o; ggin-on- | ass
sol ution) MéRBEFSHBARDREI EEIPRESH N aPFERHERngS af eBObYP 451 Rf FEVET RS 1~

E;?Lié?t?ﬂgﬁ¥a§§i?ﬂs%ﬁﬁp §L#§¥;éi%§ﬁ9§§$?{ﬁ%%?agiéﬁﬁ%ﬁﬁﬁ29§$%$$§#§f%*?%2t5'
| Paas galy _ !
at mosphol o ca Eb7refa-irEda RphioBlteRe e BBk ing BAERLhE Phg

i sopropyl akggﬂgh,iﬁggya hoht spit etraet hoxysil ane, and 28~ by wei ght of
water) was fed to the hollow fiber nenbrane nodule in the same manner as in

Exanpl e 6. After yha@ BosegrahelBgsBAl Eﬁlé’rf:\bg%%;%r g1hskbferWi hmkhe-
spi n-on-glass solution, it was degassed by keeping the outside of the 25

hol | ow fi bep)anraBHaRELAt a1P01P81&01n30idk ngggspe%ésbiwayl ebbopi Ofehbe
degassing, valves 9 and 15 were opened to drop the degassed

Spi n- on- gl agendokut benrédased he Hbweahar gei thdrad ebewn of Gursd |tceon nveddfter t o
forman insulating filmthereon, while feeding fresh spin-on-glass solution
to the hol | bwehidbeg wehhr anpohpdlétinAhsuipyeaoflenbityegfisset gpeater
on- gl ass sol ution was collgcted t hrough the bypass pipe 14 of the chem cal
liquid feedthine0iPPlsgramedcam Yedd 22 potiymen| jlend foithpwstansing t& ogen
concentration. After the insulating filmformed as above was heated in a
“dry oven at Fe30€tépnaint gagplEmeakitbkyecRaf fbnirBhEt i Ohe PPYRREed, a 10
100 a mx 100 ,un1h§gion of the insulatinngilnlsurface was observed with a

scanni ng el BLERENCREEFBEEORE SheEhtRet bohlendinAchas oPXYHen pRRE htkro7en
defects. Th ts.of ti in Table,_6. I 0., 15
(Degasei ng BPERERERLLEY FHRTFERLERRE] Er ER¥TraRas "Shat pki AU ng Pect i th
degassed_i nk) _Menbrane npdul es_{ having a ngnbrane area of 2.5 nP) were

fabricated BY usiiRfSH W8 19W i 5&F merit ane&nFr £38 & IRTERINPNES 2 to 5.
Fi ve nodul es of each type were connected in 2U series, and this holl ow

fi ber nenbr &hennbdlineaassedbhyg tasaimsglhl §pidnning pheoesal |Aguiad ffyeed |ine
simlar to that illustrated in FIG 2. \Wile being pressurized under an air
pressure of tRiat fmiphraesngad thkcknessnkf) Bt tor lnLed cxarlld ikdgedtedned.
dye- based i nk containing a solvent conposed of 25 80~ by wei ght of water,

5~ by vei ghtpnet ehbx! 898mIh¥80bxy88A 4Rd nitrogen permeation fluxes in

2

the range of 0.6 x 10™° to 3 x 1078 cm(STP)B-cm' -sec”! - pa?t,

20 and could meet the requirement that the ratio of oxygen
permeation flux to nitrogen permeation flux be not less than
1.1.

In order to achieve chemical resistance to various
chemical liquids, it is effective to create an IPN

25 (Interpenetrating Polymer Network) structure by melt-blending
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15% by wei ght of isopropyl alcohol) was fed to the inside of the hbi2l MAR 2002
fi ber menbrane at a flow rate of 100 nL/m n. Then, the ink was degassed in
-the sane manner as in Exanple 6, i.e., by keeping the outside of the holl ow
fi ber nmenbrane at 100 Pa 5 for 30 mnutes. A sanple of the degassed i nk
havi ng passed through the five nodul es was_collected,throu bypass pipe 14
shown in FIGiSEYrﬁﬁg -DASPY, EReFBPP4REESF v BLABRORER WAk n? ¢ %ﬁ@%P eftn

concentrations,. Then, the degas romthe nozzl e own
g

i HG 2 afB Ehé?géﬁrpifﬁrﬁ'l Egev’éQEEFm@PraﬁﬁFhﬁgggg \[-%*%g“etb(lb‘if‘% Sags :jn
100 P

;ﬁsj'?ﬁﬁf P naPRGELARRE CERaPRantr bl cPed ﬁb%&? §oifhy et Hafid €7 ©f

subl ected 1 g, 0cRELT' LPGcLFShyi ko bALRCLERn LBECLRETHEREYn plad e GOt

| osses was ressed in terns ela e propor & area of

unprint egd dﬂ&ietzelwechamg a&eeh@f R?iﬁaieggf il .t hend rRuEACYaf print

dot losses 1s less than 1% the pri rint dot |osses and is
recogni zed aﬁa@nblghvﬂﬂglat h?EhBBlt@rbbglﬂﬁKQH epeinthenresetystofline

eval uation are shown in Table 7. 20 Exanple 11 ?n this exanple, cholesterin
chl ori de chekgsbani inbeppenateatehwlieht each btherd CItysisalbelussradgsadhaas a
chem cal liquid. Menbrane nodul es {having a nenbrane area of 2.5 nz) were
fabricated byingi hg théshohtempénberatenpransfigneptied @6 tie Blamees 1 to
5, and each of themwas used to carry out a degassing treatnment. The

cheni cal |idémgngaonpédnakdork struegucsedthy pelwgeanbippdriasis sinilar to
that described in Exanple 6. § eC|f|caII¥ the chem cal |iquid was

del i ver 8 uhBERTpEESSEr Eonmer PREWARH BPLlArHL8EeRhgaBs (90 AFOEDHRIEY , fed
to the inside of the hollow fiber nenbrane at a flowrate 6 of 1 L/mn, and
degassed byIREePBPhECEAES0hPsPAESoFNERETREPRE FhbP FBRBFEFRIAT 480 Pa for

30 t Th d t | d f di | it
‘congeﬂgrgflSﬁsggkngbﬁnggégvghlggéagg?ﬁ égéﬁa :héagg iggg %ﬁ?gncrysta

was eval uat [ d,.gcr a C Th
eval uation §?5h§ﬁ§a% ?%th%IXBEQ %§ L#%ﬁl Bg §§2é58|?s£ i%aﬁuatlon of
Characteris - an le 1
3Structure %F??eﬁ%rgﬁgéﬁrtﬁb?ﬂ&g?@%?ﬁgcgg?ggéﬁgg 8yg§égﬁ$§y%ﬁ%g ree ayer
structugel npge QlaageteE gvgbokbowSl‘/sb% n&a@gaeT ( witH %m?sﬁ%ﬁ
di aneter of hollow fiber nmenbrane ( a nj 3944224101 nner | ayer/t |ckness (a
m Pol yet hyl gpnehdQPaky4- EEbEékasmbeﬁﬁai 31£85h80baGLAE chain structure is
pol ypr opyl ene/ 32Pol yner bl end of styrene-basedl nternedi ate |ayer/thickness
( a mthernmapl asNi etehasuespr thndgaf iendApbénas/ tpahekhdheypopbd fisthe/ 1of ro
| ene/ 2Qut er | ayer/thickness ( ~,( mPol yet hyl ene/ 30Pol y(4-net hyl pentene-1
)/ 35| sot act Fbepatyppr dpghedetd2BPer deghygsefl.i nileweaand, ouft evortenyiapr(ibagice
~) 4545471 nitial oxygen perneation flux, x 10 9cnB/ (cn2 3.91403. 9Pa
sec)lnltlallﬁlFﬁéeégeﬁeﬁﬁeaﬁﬁoﬁermeﬁbl%lEM QhéﬁBFPcﬁQemlcal resistance,
1.151.91. 1Paseclniti a gerneatlon flux ratio, égen per neati on3. 52 73

u

5f 1 ux/ nf¥r oG8R PELREYLRSNChRER éﬁEHFE&FeIPéuFBe 4YPRT| hherdiBay P

f?ZL:Q?CEE?gggEAﬁnggx gnaageégefgkggtflux after imersion inchem cal
93'93'93'9;40140%ﬂQ%§g§%0%h%3p%ﬁy%% 9%1%§| ng§t§§n1€r§§e§{ter

i ner sion inchereica sec

11.11. 151. 9§kv%§%1851h8§1 géelleﬁl é%e%lcé??%@@?% cé'H%lﬁ 1o _alder

i mrersion in chemcal [ qui oxygen perneation nltrog 3 53 53

53.53. 52. 72aE%vZZdZ%cZQbéé3s%%ué%u%% 59%%”Eﬂéh98aﬁ|HéE@é%Qﬂé@gfscaﬁaﬁ in
wei ght of hollow fiber 05 O 160

25 with respect to solvents (e.g., hydrocarbons) having strong

power to dissolve the styrene-based thermpplastic elastomer.
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0000000 Omenbrane after imersion in chemical liquid (%. A |2 MAR 2002
i sopropyl al cohol; B, sem conductor devel opi ng sol ution; C spin-on-glass
-solution [isopropyl al cohol/tetraethoxy-silane/water = 70/2/28 (wo)]; D,
ink for ink jet printers; E, cholesteric liquid crystal (cholesterin
chloride chol esterin nonanoate) ° Test conditions: imersed at 20C for 7
days n N O Kpwevemablts XlenRaal tresdfstBngeuasi excefl 1ensr ddttdr ireisipes tofto
Hol | ow Fi ber Menbranes a Exanpl e 4Exanpl e 5Structure of nenbraneThree-| ayer
st r uct ur eTHRERET By JFe kAR tANTE | TN GiSandndr tHRrRoLEoRCf FBEK Rénbrane ( a

280280Qut er dianeter, of hollow fiber menbrane ( a 4224221 nner
hyer] ¢ hi ckAERLBIEE HUIHSR MBI aifond. PIRF3SFad REPLAcat 1ons

I I [ 40Pol yol ef i I T h I i I [t hi.ck
polvpr opylenel 405 vol s ELESLETE CIVIMEN ST T Qe Juerdd ikness,
1Qut I t hi - | - L i
toner [SYLianessed ol e e che) LTSGR
Oxygen Per EghdAllefddbs e AUILEE ogky ol Aol EBEC kil bkt ogen

per neati on , X 10 9 cnB/(cn ~ Pa 3.2 0.5sec)lInitial perneation flux

rati o, oxygespdpymeatidndudis. aidtdinisls’ *aanspelthabiagadf buxemem cal i quid
used in inmersion test ABCDEABCDEOxygen perneation flux after imersion in

chem cal | i gstt fluctudd]l redil{tcitth A styrene segments is observed in the
sec) 12.712.711.912.012. 71. 731. 731. 731. 731. 73Ni t rogen permneation flux after

i mersion ip;eheMmeads ligCdany 49a8s CEBAfSI¥io®ased on the _ _
sec) 3.13.13.13.i 3.720. 50. 50. 50. 50" 5Perneation flux ration after imersion in

chemcal, 4 0.4.0.3.84.03.9 35 5 5 3 5 3.5liqui oxygen _permeation
fIux/n?%IogEﬁF?ﬁﬁ?ﬁé;i%éh?*%ﬁ&qg ﬁ%I@gﬁﬁaégggﬁgﬁﬁelgno%gﬁﬁﬁﬁgoﬁnhgpfbM/fiber
menbrane 0 05 0 02 0 05 0 05 0 O_1

vicinity of -50 to -70C. On the other hand, the temperature

dependence of the storage elastic modulus of the random
copolymer (B) is such that no clear glass transition point is
not observed. In the temperature range of -50 to 50C, this

15 random copolymer is more flexible than the aforesaid block
copolymer (A), and the same is true of thin films. However,
this random copolymer does not have a domain structure
comprising styrene segments having a well-defined

crosslinking point and, therefore, is somewhat inferior in

20 resistance to burst by external pressure.

However, in either (A) or (B), when the thickness of the
thin film is in the range of 5 to 1.0 ugm, the temperature
dependence of its elastic modulus is gentle in the

temperature range of -50 to 50°C in which the degassing
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-0.1 0101100 1lafter imrersion in chemcal liquid (0)..... A iJoBrMAWUUZ
al cohol ; B, sem conduct or devel oping solution; C, spin-on-glass solution

» [1 sopropyl al cohol/tetraethoxy-silane/water = 70/2/28 (ww'0)]; ..r D, ink
for ink jet printers; E, cholesteric liquid crystal (cholesterin chloride
chol esterin nonanoate) ", a 0 O N Table 3 Degassing Treatnent of Chem cal

Li qui d and buadnstiioon fotr Degesiad GiesbizkbdlLiggsed ds Hakrawdf cher nBhbs ane
usedExanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4Exanpl e 5f or degassi ng

t r eat ment Merdireansh iar €4 lof hasniflaxéb215t® bvBr2abwide Semgelreture range,
(nm2)..... Chemical liquid to beChem cal anplification type positive resist
APEX- E2405d dgets e @biassdlondd ynsuf genegssbonssnsicaengthi agehamitcgrisonppnlo0
ppml90 ppml90 ppml90 ppniiquid before degassing(converted to a weight

basi s) Di ssolpx&ssMneogas gas@@mentspattabgei AoEhufrcar19 53ip1§168. 338
Oliquid after degassing.(converted to a wei ght basis)Eval uati on of
degassedéhedaIAS{TGUPYTPEFESuat ed i nEl ectron mi croscopi ¢ observation

act ual process)  HEEAYer, NS GONCUSRERIE” £y dedhg HREICHIR B Chen cal

UL o S, RS ST bk 2 oG ene

treat ment Menby Ang, e { apb MpER@R8i2i%y and is hence excellent in that,
when it is used to remove dissolved gases from a water-

10 containing chemical liquid, the load imposed on the vacuum
pump connected to the secondary side of the membrane is
reduced.

Specific examples of the styrene-based thermoplastic
elastomer include Kraton commercially available from Shell

15 Chemical Co. (U.S.A.), which is a block copolymer having hard
segments formed from a styrene polymer and soft segments
formed from a butadiene polymer or an ethylene-butylene
copolymer; and Califlex TR commercially available from the
same company, which is a block copolymer having soft segments

20 formed from isoprene or ethylene-propylene. Specific
examples of the random copolymer include HSBR1320P and.
HSBR1320P (manufactured by Japan Synthetic Rubber Co., Ltd.)
which are random copolymers of styrene and ethylene-butylene.

On the other hand, the polyolefin preferably has a
26 density of not greater than 0.900 g/cm3. ‘Specific examples

of such polyolefins include atactic polypropylene, low-
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2.5 2.5 2.5 2.5nodul e (n2)Chemical liquid to beResist. " devel opi ng sd ?tMRR zr[]m
M- 321 (nfd. by SHI PLEY | nc.)degassedDi ssol ved ni trogen gasconcentration i

. chem cal 26. 026. 026. 026. 026. 0l i qui d bef ore degassi ng(converted to a wei ght
basi s) Di ssol ved nitrogen gasconcentration in chem cal 2. 60.872. 61. 35. 2| i quid
after degassing(converted to a wei ght basi s)Eval uati on of degassedEl ectron
m croscopi deabieyvapbilpathpgienéedethplehbepeoppl enrocdpbégimerisnankde

devel oped surface and that thechem cal liquid (evaluated inresist film had
a groove wetihirlehefoggene uppalYmadsm(dtg-ofoﬂeBOoamﬁrcandlx gredvebdept h
of 0 5 a man actual processi n NO O N Table 5 Degassing

Tr eat ment &koGhBri BanttPawi 8 aaﬁogyalggt|énd@r pBgassadechapecaf Liquid c
Hol | ow fi ber nenbrane usedExanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4Exanpl e 5for
degassi ng tﬁ@ﬁﬁﬁﬁnﬂwbnbrane area of menbrane 52 52 2 5 2.5 2 5nodul e

(nz). Chem cal id to bel sopr al cohol dega sedD sol ved nitrogen
gasconc@ntratloﬁhﬁ ggﬁgﬁrSSPﬁﬁebg gxﬁﬁgﬁeo 2596423 EF& &t or e

d Di
oo O BB AR A VIR T R
wel ght._basighBvaLuall an.eladegasspd T ,Ir&éééts&m yes. ¢ 52 a0ed; Wi £e

degassed |soprop aIc es were produced on

resi stchenqggh jhigguhdd( euéhug&;@@ew%m éaraseslanaagtag% RaReesd) Nz N N O
O N Table 6 Degassing Treatnment of Chem cal Liquid and Eval uation of

Degassed Chegi gakmbig8hdorHal hembgehebuseahi AN i UM dExamme £c 1EXapD| e
2Exanpl e 3Exanpl e 4Exanpl e 5f or degassi ng treat nent Menbrane area of
menbr ane@ S5azallable polymer blends composed of a styrene-based
thermoplastic elastomer and a polyolefin include, for example,
DYNARON H4800N and DYNARON H4900N [manufactured by Japan
Synthetic Rubber Co., Ltd. (JSR Co.)]); and MK Resins such as
MK-1, MK-2, MK-3 and MK-5 (manufactured by Dai Nippon
15 Plastics Co., Ltd).

In this case, the material for use as:the porous
substrate layers may be suitably selected from among high-
density polyethylene, isotactic polypropylene,
polyoxymethylene, highly crystalline poly(4-methylpentene-1)

20 and the like.

A second material suitable for use as:the homogeneous
film is a copolymer of (2,2-bistrifluoromethyl-4,5-difluoro-
1,3-dioxole) and tetrafluoroethylene. This polymer is in a
glassy state at room temperature, but can be melt-spun. When

25 the mixing ratio of (2,2-bistrifluoromethyl-4,5-difluoro-1,3-

dioxole) to tetrafluoroethylene is in the range of 50/50 to

25



2 2.5 2.5 2.5nodule (nR)..Chenmical liquid to beSpin-on-glass 17 MAR 2002
sol uti ondegassedDi ssol ved nitrogen gasconcentration in
chem cal 410. 0410. 0410. 0410. 0410. Ol'i qui d before degassi ng(converted to a
wei ght basi s) Di ssol ved nitrogen gasconcentration in
chem cal 41. 013. 741. 020.582. 0l i qui d after degassi ng(converted to a wei ght
basi s) Eval wt/i1dn (afoleedgs sedEltdet ttvicknesesobptbheobBénvitlonis eyratbe t hat
there were no defects in the spin-on-glass film (or insulatingchem cal
liquid (evaldifee s nf.IsMeos W fiase. aie aeh Ul £ PMPIRSS)a Mtrogdd 0 N Table 7
Degassing Treatnent of Chemical Liquid and Evaluation of Degassed Chem cal
Liquid G- t~ Holl ow fiher nenbrane usedExanpl e 1Exampl e Exaqu 3Exa | e
4Exanpl e SRATMESALN fd U &4t MOt NeSSr &HéngBeé Bf lprentﬁ“hr{ d FoduFd
(nm2)2.52.52.52.52.5Chemcal liquid to belnk for ink jet printer
cartri dgescdeghssedbiygsol pedmeiatiogerf lgxsobnoent Llessobhan 0.6 x 10-°
chem cal 18. 018. 018. 018. 018. Ol i qui d before degassi ng(converted to a wei ght

basi s) Dpssamfed ciit- rmers@gscomeeﬂhéa&d;pﬁlyrﬁe;@mm B HLBA LS 610 quid
af ter degassi ng .(converted to a wei ght basis)Frequency of print dot

| osseswhen wegasspd g e PSENAARd RinaR aRkys R F90nd01 20180 gds 0and

used for printiAgpur poses gassinhg Treat nent

of Cheni calpdsnfilinh 18RS . EVQE”%Bé°Boﬁ&1§S§§§§&&h%H@?A id WtichiGr andipol | ow
fiber msrrbr ane usedExanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4Exanpl e 5f or

degassi ng tgggatore i Hysane idigeahdin Fenhr aie12+8n8 205bd br2t218nmadul e
(n2)..... Chem cal liquid to beCholesterin chloride chol esterin nonanoate
(chol est er im>dn chempenratsiral Jathely henedDilastl pedchnitabgenipasgoncentthet i on in
chem cal 4504504504504501 i qui d bef ore degassi ng(saturated state)(saturated
st at e) (19at Uridired rsicking)s(ss asurl@sed téieat shesaforessidsrangs( coheerbed to a
wei ght basi s) Di ssol ved nitrogen gasconcentration in

- cheni cal 45.f04m MEllozt?rsbctoo%eqénr@k&mt durdagabandgi{nenoerpradeeca wei ght
basi s) Eval uat i on of degassedTwo gl ass plates were positioned in parallel at
an inter vaIPJd’f hal &fm aRd the §b&@etbh‘é}‘§%§%mb%rﬂm‘&férﬁftad} 1h&yui d

(eval uat ed evac ated to 1, 055' io tOR Each of the afopresaid five
degassed | | AN o 10 £idB VA éaﬁeﬁet B3I h¥BcRsRythRIeN

evacuat ed space WlthOUt produci ng gas bubbles. .. 3I\I
permeation flux of less than 0.5 x 1077 cm (cm *Pa-sec). 1In

15 this case, the material for use as the poraus substrate
layers may be suitably selected from among poly(4-
methylpentene-1), polypropylene, polyvinylidene fluoride and
the like.

A third material suitable for use as the homogeneous

20 film is a fluorine-containing thermoplastic elastomer. As
used herein, the fluorine-containing thermoplastic elastomer
is a polymer having hard segments formed from a fluororesin
and soft segments formed from a fluororubber. Examples of

the fluororesin forming hard segments include an ethylene-
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3nNOON Exanple 12 10% by wei ght of Kraton G 1652 and 80~ by1\iMAR: 2002
of Kraton G 1657 (both manufactured by Shell Chem cal Co.) were used as

- styrene-based thernoplastic el astonmers, and 10~ by wei ght of ENGAGE 8400
(manuf actured by Du Pont-Dow El ast omer Co.; density = 0.870 g/cnB) was used
as a polyolefin. These pol yners were wei ghed out and nel d- bl ended by neans
of a biaxi atetkreplisgoetityidee dhsslymehdidwdlihemyldsiene rfaddnt ded whi ch
the resulting nodified thernoplastic elastoner [glass transition

t enper at ur eexdigples -db G havasl ub sqossiskrr nf drel rigntserfite diegpre ity dmcdnudie a

hi gh-density pol yet hyl ene B161 (rmanufactured by Asahi- Chem cal |ndustry
Co., Ltd.) wisylidensefil uor ide-hewsf hnstopmrupydigne mogto lymesy «andTig s hol | ow
15 fiber was anneal ed at 115C for 12 hours, drawn at roomtenperature by a
factor of 1vBnyhidendehlubridediexafil wispropvdans-tetmmilporoetiydenags
obt ai ned a three-layer conposite hollow fiber nenbrane (wth an inner

di amet e of taORPLYReEind The Jdtrer igieasonsainingobhgrRppLashif cRLERECDET

i nnernmost and outerpost | ayers conprised poraqus polyethylene and the

| nt er modi atBFFESEIPLEAT Lo L HroREGUeT FHETHS ARGt P61 FASS bi%dnd
conposed of the styrene-based thernoplastic elastoners and the pol yol efin.
The porous t&Yek@ (106 BRECiLAAEr ABITPHAE ofit ERPOEILPRIRS JORAIRG a JA
t hi ckness of 30 a mand a porosity of 50 vol % The honogeneous thin film

| ayer had athdundpbsstid €1&8stcomer Tincslyud [Daiel Mremefirssta chad an oxygen
permeation flux of 6.0 x 109 cnB cm2 sec-1 Pa-1 and a nitrogen

per neati on (haxubictured by 10akimBIlndustxiessc-Litd .Ra-al polymen hiay ing | ow

fi ber nmenbrane was imMmersed in a 50/50 (% m xture of water and isopropyl
al cohol10( | A rdisoguenes omHwsd fron mn Sthy Ianarde e idasgoatdy Liene
connection wth Table 1, its oxygen and nitrogen perneatiqgn fluxes were 6.0
x 10-9 cnBch?ROYYMRECAAd 2t SHEMENTE xEommes GREPM @mvAnydddene pa- 1,
“respecti vel

d h fib nb i.ned._i iLnitial . Th
or cont - chabeST FaRet b S ¢ R IR erB. TRPorares BOB. |
th - | fl i b b t t Kk
o o oy e BN HOE e 2% SO0 o bW DAL SBYE L Toke o
di | ved ' f [ it toth
inaide. of CHATRar Fou TTBer hermh, Eh R AP RGBS " 4 keepi ng
the outg dep@i%éb@pppéxh@yv ﬁi&ﬁ%r@ﬁ%@mi&}{e ?;%ﬂrﬁmr-mem@rye?&%\éeq yoxygen

concentration after” degassing was 0.1 ppm~ The water “vapor perneation

flux of thi%obpslri@wid'i&% FROGF A€ AR$ thed X ED- 3 gm (nRday). Exanple 13 A
total of 2,500 three-layer hollow fibers formed as 55

A fourth material suitable for use as the homogeneous
film is low-crystalline poly(4-methylpentene-1). The low-
crystalline poly(4-methylpentene-1) is a copolymer of poly(4-

20 methylpentene-~l1l) and a higher olefin (e.g., an a-olefin such
as octene). Specific examples thereof include TPX MX001
(manufactured by Mitsui Chemical Co., Ltd). In this
homogeneous thin film, it is important to keep its degree of
crystallinity low. It is desirable that the degree of

20 crystallinity be not greater than 60%. If the degree of
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described in Exanple 8 were bound together to nmake a hol |l ow fi ber er?dIM;AR 2002
and a 60/40 (W% m xture of | PA and water containing 1 ppm of dissol ved
. oxygen was degassed by feeding it to the inside of the hollow fiber
menbrane at a flowrate 5 of 5 L/mn and keeping the outside of the hollow
fi ber menbrane at 30 torr. The dissol ved oxygen concentration in the
m xture aftefydegasshigy Was Prélocpmhdixaai e tife Hesyte ivey gt iwf £ HEBR1390P
(manuf actured by Japan 10 Synthetic Rubber Co., Ltd.; styrene content = 30~
by wei ght) w&3lukevde asnsuff g seret bgese partmeramidl iasy i ¢ Iel asticmeaseand kD~ by
wei ght of ENGACGE 8400 (manufactured by Du Pont-Dow El astoner Co.; density =
0. 870 g/ cnBhatesiatefiomnsuse pas yohefporourhesbsiotatrerkayere may ghed out and
mel d- bl ended 15 by means of a biaxial kneading machine. Then, a hollow
fiber was fGribabLY Saleghed HLAM MNAnGH gy aryetakh e | BybY (4-
configuration in_which the resulting nodified thernoplastic el astoner
[gl ass t& an8PENBAPERFPR? at LrPtoRplYMers @ Righly Groeterthitfe(4nt er medi at e
| ayer and hi gh-density 20 pol yet hyl ene B161 (rmanufactured by Asahi Chem cal
| ndustry Comethydp¢nt@redl sposedliaf ine copedymest (End -oufTd¥ndk3 ] ayers.
This hollow fiber was annealed at 115C fox' 12 hours, drawn at room
t enper at ur e (lagnafbattoed oby IMBtswhdChdmeit £l aywn. atLdd 1 pypal yathpl idéns.
Thus, there was obtained a three 25 | ayer conposite holl ow fiber nenbrane
(wth an inf¢nodiderérd €@ lil#. 300 a mand an outer dianeter of 420 ~ m
in which the innernost and outernost |ayers conprised porous polyethyl ene
and the internmedPateéfthypateviptisedtablenbeeneseisas htlhe f hompgeneopsr ous
| ayers (i.e., the innernost and outernost |ayers) 5 both had a thickness of
30 a m 4hd A1pBrbSi & yPotyetein ttymetmm{ﬁmc t S QMR | ayeir UERH a
t hi ckness o{l 0.8 um, This h(gil w fiber menbrane had an oxygen perneation

gE =Lt

flux of 7.5N8T¥¢HNe EAB PREY YYPHLENCIIAP LA 3G RS TArRatT o flux of
2.1 x 10-9 cnB .\/vfib%[\:l OFrg%orane was

i mrersed i ncapgb)%g%lz_(ﬁﬁﬁéé#?{a%%i5$ﬁ?é?§%ﬂ l . o 5% the
iU ogen pet IGALTEnCPRERESE FUBRagT of Shnlif s 'RlaiVORl §RS 0 5 o
ey ane. r el AP ReE TRl (TN SHAre TR P Eharo s RN O of the
merbr ang; Weprappef8iOcténé ddho Kfmer MHY an ethylene-propylene
copolymer. In order to obtain a thin film having high gas
permeability, it is suitable to use such a polymer having a

density of not greater than 0.900 g/cm® at 25C. Specific

examples of the polyolefin type thermoplastic elastomer

20 include commercially available polymers such as Toughmer

XR106L and XR1l07L (propylene-a-olefin copolymers) and PO680

(ethylene-a -olefin copolymer), manufactured by Mitsui

Chemical Co., Ltd. In this case, the material for use as the

formation of porous substrate layers may be suitably selected
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t hree-1 ayer conposite hollow fibers as descri bed above were bound t'ogeMABrZUUZ
to make a hollow fiber bundle, and a 50/50 (w~) m xture of water and | PA
-havi ng a di ssol ved oxygen 2U concentration of 100 ppm was degassed by
feeding it to the inside of the hollow fiber nenbrane at a flowrate of 5
L/ m n and keeping the outside of the hollow fiber nmenbrane at 30 torr. The
di ssol ved ofygmnamongehigatdems iyt qro egtlsslene wasighly stee@megulEie wat er
vapor perneation flux of this hollow fiber nenbrane was 2 . 50 x 10-3 g m
(n2 day) .pBkyppbpyleneK pekyoxymethylenmuandtihredlbhe Dai N ppon Pl astics
Co., 5 Ltd.; glass transition tenperature (Tg) - -35 C] was used as a

pol yner bl end coAesadthe abaygrieecpiRed materbdlBsfPE eFastDnERe and

pol ypropyl ene. Then, using a three-layer conposite nozzle in which the

af or esai d pBPPREFNBPRAIL WHR: f RROSEET MAHRF 13t FHRRASRD PhyerSRpne-
hi gh-d ity 10 th ("N | Hard, 5110" fact d by. T h
o5 v HraReEehUEhOVhRTi ARSI ik o et TR 4 B

i . at i t t 0] @ d d . i f 700 t
Lo b PoRER i RSk od FAMEI A A £ B N B oy FARLES f M O} 700 1©

drawn at 1 0oL dfob aREL AL £ fimd: A SYe Alrdb Py Ok ' O8Re L QMY o:l Ihd bY

O
a factor of 2. Th there was obtal ne ree-|layer conposite hollo

fiber ”E”br§09p6!\étBfa@eéﬁ‘@fn?iv@é@ff—fc&ité;ﬁoiﬁgr&l@é}ﬁli@é‘l oui i i gk angher of
424 ,unm) in which the innernost and outernost |ayers conprised porous

pol yet hyl enehdOaBbdet €st PiosdEsh Bkt ay£te €041 | SEifipds D B e antisrdriv-n
film The porous |ayers (i.e., the innernost and outernost |ayers) both had
a thi ckn@ssbaked0themmapbasit porekad tyomér Sond/ cd tpo Iel dibiwgetteduslddd n film
| ayer had a thickness of 2.0 a m 58 When this hollow fiber menbrane was
i mrer sed i ntaabeisfoiwtégion xolirchefsaft esegment A bes 20C floe Fardy/ i - t he
sanme manner as described in connection with Table 1, its oxygen and

"nitrogen pesgeabi 87| weehovaied 1-de O nHE Y 1IEEC Mrans i39onl refddoh ards2s.1 X
1009 cnmB cm2 sec'l Pa' l, respectively, and the hollow fiber nenbrane

retai ned it§niEk%ifhuéﬁfﬁéhcJK%%fﬁiﬁi?%hé%ﬁgﬁﬁ%é{Hawgﬁggtéﬁef§F1ﬂ§§brane

was al so zero. total of 5,000 thr ayer conposite hollow fibers as

descri bed aggggswgggngggp ntP et her, t o make .a h°||0“’f£b§§o to -10°C.

1onm lies 1n the range o In

15 the polyolefin type thermoplastic elastomers, the glass
transition region lies in the range of -70 to -10°C. Thus,

the glass transition region lies in such a low temperature
range that the homogeneous film is not easily broken even if
water-containing chemical liquids are degassed at low

20 temperatures.

The chemical liquids which are intended to be degassed
by use of the composite hollow fiber membrane of the present
invention include organic solvents such as methanol, ethanol,
isopropyl alcohol, butanol, methyl ethyl ketone, ethyl

26 cellosolve, ethyl lactate and propylene glycol monomethyl
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10 bundle, and a 50/50 (wt~) mixture of water and |PA having a distq@ MAR 7002
oxygen concentration of 120 ppm was degassed by feeding it to the inside of
-the hollow fiber nmenbrane at a flowrate of 5 L/mn and keepi ng the outside
of the menbrane at 30 torr. The dissolved oxygen concentration after 15
degassing was 1.6 ppm Wen this degassing operation was continued for one
nmonth, the &igspl yest oxy gerhERNELNT &Rpl PPiddt B6n JBGRS SH) ¢ rai ned
unchanged t hroughput the operation period. The wat'er vapor perneation fl ux
of this holprutdrdesstvesblabtonds Aaphbhagqddndng didzidd® tyey)pas i2livexanpl e
16 DYNARON H4800N [ manufactured by JSR Co.; glass transition tenperature
(Tg) - -45 phovesessets asa asqol yordudtenddevabosing ofohutsion ermeepsiseichg

t her nopl astic el astonmer and pol ypropyl ene. Then, using a three-|ayer

Conposi t e noeztanébhpbammombume hhydeonfde edhs sio podg nim v ted; whse-diasyssked i n
the internediate | ayer and hi gh-density pol yethyl ene ("N pol on Hard 5110",
manuf actbur etinky fosohnlcoj et ) Pnbst el sposkament +has ¢t nrk® stormnidouladr nost

| ayers, the nolten resins_ were spun 5 at a resin tenperature of 190C and a
draft rati cPBENBBDSt 2RSrhi @ idI FevEtaber . The shemicew ppdd fkgstaRReal ed

t 115C f 12 h . d t t t b I f 1.2 d
L1502 O 0 LOPIL L SIRELALME S BY S 1ELSE, i)
th - ! i i fh . j i f
e | Yoracommepiys ALLBLDRL I LD DA o AT ©

t t | i : t L N |
outer st | gy8ise CORRTE Al oFgtn D0l YL ERRe D0 A T © | ove

and outgy noéﬁalﬁy,e@)cctj’%ﬁyﬁé‘ﬂ &f b G468 OndUndon & Afth e RAHPSI Ly of 50

volt. The honpgeneous nfilmlayer had a thickness of 1.0 ~cm This

hol | ow fi behe tByDs@aEaEF] afle OXYELP] PEE 'EGE | e F1 ke Ofn ethyd IR ate
cnBcm 2sec-1Pa'l and a nitrogen perneation flux of 2.2 x 10-9 cnB cmz

‘sec-1 Pa- land nptdpglexangpl gcol hfonGhet hyRpOthPeradatd o). f e was 2. 50 x 20
10-3 g m (n2 day) . Atotal of 1,200 conposite hollow fibers as

descri bed abapletweqeiboundiagsddetype peket avdghhovofediertound e. Thi s

hol | ow fi ber bundle was inserted into a cylindrical GO housi ng made of a
modi fi ed potghhehghenerepdresd riewidi sl vimg opposphBhendsnafe tdi@zdde-nder

t he space between hollow fibers was sealed with a crosslinked bisnmal ei mde
resin tié f prf@EtROWMeRbiativHul 2ctate rd RIFPRY lRN®fIkHASL 5 menbr ane
nodul e was evacuated to 100 Pa b% nmeans of a vacuum punp connected thereto.

At the sand"PRPRETRE] QEDRE i 3REFRER: pTHS dttkEcHOF tiotkand StnRFLBECEFi ALEY
(Desi gn Jet_3500CP, manufact ur.ed (?i/ Heiévi ett Packard Co. a"tpj gnent - based
bl ack i nk (T T BRP T RS V\ﬁ)f’é_t Paekat Y . FY " f%’dg"é%‘ He' f0 primary
side (or 'rﬁ%f%énéﬁmii%hiéﬂé&HﬁééQ@roPQHQ{éP? é@“&lene glycol, isopropyl

alcohol, methyl ethyl ketone and the like. The liquid

20 crystals include chelesteric liquid crystals, and one
specific example thereof is cholesterin chloride cholesterin
nonanoate.
The solubilities of oxygen and nitrogen in various
chemical liquids as described above are shown in Table 1.

25 The data shown in this table are based on values described in

"Kagaku Benran" (Maruzen) and values measured by the present
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t her eby degassed. The degassed ink was fed to the ink head and usédszAR 2002

printing on 54 inch wi de paper for exclusive use. The di ssol ved oxygen

- concentration in the degassed printer ink was 0.05 ppm The printing was

continued until the ink 15 charged into the ink cartridge for ink-jet

printers was conpl etely exhausted. |Imedi ately before the ink was

exhaust ed, itfRerdicysAl VREa % ¥8RBnESNGERE IMdd& by rgaéﬁebﬂfainalﬁa?&gﬁﬂdﬂpm Wien

t he nunber of unprinted dots and the total nunber of print dots were

det er m ned adma lgfsder.vaThend s s bl aed Uy a8 otd fidye mtgr 40 ijrec tdys et ieed riaqueaney  of

print dot losses in the resulting prints was found to be 0.5~ and renai ned
const ant extanplgiso @iviene heegdssiwegeopésat measuifée byegaency of print dot

| osses is a value defined by the followi ng equation. Dot areas were

det er m ned hromade IrRRY Ct RNGMYSBY -Z5 a magni fyi ng projector. Gl

Frequency of print dot |osses ($) Sum of dot areas in poorly printed

regions a Sumof dot areas in printed regions Exanple 17 x 100 MK Resin

MK- 2F (manuf actured by Dai N ppon Plastics Co., Ltd.) was used as a pol yner

bl end conposed of a styrene-based | U thernopl astic el astomer and

pol ypropyl ene. Then, using a three-layer conposite nozzle in which the

af oresai d polyner blend was di sposed in the internedi ate | ayer and

hi gh-density pol yet hyl ene ("N pol on Hard 5110", nanufactured by Tosoh

Corp.) was disposed in the innernost and outernost |ayers, 15 the nolten

resins were spun at a resin tenperature of 190'C and a draft ratio of 850

to forma hollow fiber. This hollow fiber was anneal ed at 115C for 12

hours, drawn at roomtenperature by a factor of 1.2, and then drawn at

111°C by a factor of 2.0. Thus, there was obtained a three-layer 2U

conposite hollow fiber nenbrane (wth an inner dianmeter of 300 ~ mand an

outer dianeter of 362 a m in which the innernost and outernost |ayers

“conprised porous polyethylene and the internediate | ayer conprised a

honogeneous thin filmof the polyner blend conposed of a styrene-based 2~

t hernopl astic el astonmer and pol ypropyl ene. The porous |ayers (i.e., the

i nnernost and outernost |ayers) both had a &
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" F thickness of 30 ~cmand a porosity of 50 volt. The honbgeneous 1t ai MAM”H?
menbr ane had an oxygen
. pernmeation flux of 6.7 x 10-9 cnBcm 2sec-1Pa-1 and a nitrogen perneation

| ayer

had a thickness of 1.0 a m This hollow fi ber

1l

C2

flux of 52 .2 x 10-9 cnB cm2 sec-1 Pa-1. The water vapor permneation
flux of thi's oLl gw fli ber renbfane I.55 % 1Q; 3 pm day). Altotal of
1, 200 SoiPas Eeohell 0w, | ibprg fs.descr|ddl Safoy & vef g baynd, tjoget her to
make a@hgly ey Bbgl”’ hungFe| 10| Twi g ho|& eavEf Bbkrs Buptl e™was¥ijnseried into a
cyl i ndg{cal h@u3ivg radé of a frodi fli €dl| pol YpBenid enp e hdr relsin. |At the
opposi@r,enas:q% ThelcylTnger, [The|space Det wegn ho[ Tow ffi berfs wap seal ed
W t h a§<:§0§§ igmged bilmhle| ng.de regi =19 f abpizsate ac,npgtraae rdhl e. The
vacuung sEd® D B s | mehprane ®odul®| pesSefag Hat efi3t 021065 Fa By| means of
a vac@@rﬁpuanOGnnected theretop. At @@a%sanegw#ne, sijng lan ijnk feed punp
att ache¢—tg dniu‘.\‘k-jtt prter{oesi gn[Jg)— 3500CP, [manufgeruried by Hew et t
Packar$| £e5 )5 qaspy gngnt 1 based bl ack i-g%h;(gngrmf.%(;:i ur gd |by |Hew ett Packar d
Co.) wasafed Pogthe 2@ pgj peaxy|sfde (® gi,gngi“a@ Sof | 8e Bql W fu ber
nerrbra@;;: prméqég;ass d by peang of |a qssiéggqoparat us lillustrated in
FIG 2| Th® deqadded|ink was fed t¢ ¢t ihk hea® and used for| pripting on
54 inch -v<u ge gaper for exc|usiye uge > gues _di__$$qlvce;d oxyggn concentration in
the dedpased §r @Erdinkd®P o |Wgs |0. D ppi ghepel gtiigd was| confi nued
unti | ;—g%s_grﬁgc%@rg & hio| tRelimk c@%igdé(% oz & BkRjleX |p8 Nt 62 s| was
conpl et aﬂfy@é:x a’ng‘t*e | predi at el y befeopge &t & E K~wWas exhgusted, the
di ssol & pd—exy-§eh—eongent+ration-+A— he Frk—nwers=5—6-—0 prar—Wher—the nunber
of unpr|mted dots and the tota int d i hed by
observatfah with a n%&b Ry @? P fr pt | osses
in the f@sulting pripts|iwas fo an t
t hr ought s$i-ny—operati } spi nni ng
-was carf+eg out undef the sanme that a
styrenerhased ther rmpl;ohs’s?i c 2l pf Kraton
G 1657, |Zequf act ur ed | By| Shel T t er medi at e
| ayer. Lt i scOgi stic
el astongp was so high that|the mer inits
nolten ggate could notg pbe exer e t he extrude €] y, it was
i npossi Jjée to form a|thi &el |y pnpoisd t e hol | ow fi 'Bgre 20 ngnr ape.
Conparative Exanple 2 Althree- colibosi te _hol | ow fli bér nmenbrape was
formed (ing®r, the samg condjtio 5 i n Bgagpl e 1, excgpt [t hatl ENGAGE 8400
(manuf agt W ¢d by Du Pent sDow, E per | ICE E density] & |28 (0,870 »/cnB) al one
was usefZih g he interredrat €| Thi= ghgl | ow fi ble? |renbfane “hald an
oxygen per tion flux of P x o o
5 5 ®
3 g 2R z 6| &3¢
- ~ £
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10'i cnmB8 cmZ sec'l cnHg' 1. The porous |ayers and the hormgeneol,lsz MARN2002
filmhad the sanme thicknesses as those obtained in Exanple 1. A total of
- 5,000 three-layer hollow fibers as descri bed above were bound together to
make a b hollow fiber bundle, and raw water having a dissol ved oxygen
concentration of 8 ppmwas degassed by feeding it to the inside of the

hol | ow fi ber menfphandeghsaihhovsratehehidal/ mguaddoikeeping the outside of
the nenbrane at 30 tort. The dissolved oxygen concentration after degassing
was 5 ppm ¢6mEoespaeahoVeokxalipde wembitaial o Oft1ve OfPe poriOusnpehy poopysene
hol | ow fi bers [KPF190M (trade nane), manufactured by M tsubishi Rayon Co.
Ltd.) were beurdlyogetheedtout aby inzdms co frearthahkownfliiber mismhpandai s

menbr ane nodul e, degassing experinments on a 1~ devel oping solution, a

sem conduct Bpdndsi Sormad gnomnkhi@rc¢mmp§¥ﬁe;ﬁ¢¥&quka¢é rembrage outThe
the same manner as in Exanple 1. The devel opi ng sol uti on_contained a

surf aceatti Peligenfiber BENPESRR Mednte mMandeciahhaieated | efoT 0oH2BBLRe a

d [ ff b h ' liquid | eaked 20 th h the, f

the monbranEY GOABSELIAvE BRERER B4 FEYGIS ATGERR ot bLeF rFPeEr obbhYl Bne

tub Poreflon (trad t d by, Sum t | ect hem Co.

Lid: ronbr BRELPHFERAGSBOUT L9 \ THY bt b UL CRAREroTraRh (4RI TEalE o

menbr ane ”DQBE?PWU%!LBQI:L*“L,&HEQ% i&@%&@eﬁ.@l duhPfgaifjf&Siﬁﬁp%é”E“ts on
or and an in orink-jet

a devel opi ng Solution, a seni conduc resis

printers “EééaﬁﬁhbiﬁQtQEKai”térﬁéﬁgggig?ggf§%Zé%%g%$&§$p$? the TH&ter

devel opi ng solution contained a su n all 5 experinents,

t he mempgangok-aukedayerpoodte comisdassd kb I @ ct i EE akisRbt e cheni cal
| iquid | eaked through the pores of the nmenbrane. Conparative Exanple 5 A

three-layer conposket exbfplewfhdehoderdr abite Vasghos IR 46 anchbmisane
manner as in Exanple 1, except that the thickness of the internedi ate |ayer
"was al teredltiqu28 asmspdbi fidel 1pvddsdretbenk nnt an erdnfelr emcexygehI@er 2eati on
flux of 4 x 10'10 cnB cm2 sec'l Pa' 1l and a nitrogen perneation flux of
1.7 x 10'1 ch8micalzligetd14 $Pzorded Ain ot atheriidal QDDqy bd evahlay2ris G hol | ow
fibers as described above were bound together to fabricate a hollow fiber
menbr ane noBYPESULEEAY PYi supRhbingan Hodden gawied| bpregl ok ut i bROGRR
degassed_in the same mapner_as in Example 6. Simlarly to Exanple 6, a 100
a mx 160 aSHPPAYi BAPBf 2t hTHSvreliSHidd HS Add TRISTO IS RERSAYYER 2AF f

S 19, el 888 SOPe A [P, SIE [ L8 RLERSIOP:8L
membrane module 10 through a chemical liquid feed pipe 6.
During this process, valves 9 and 15 are opened, and valves 8
and 17 are closed. A valve 16 is opened until the chemical

20 liquid begins to flow and fills the hollow fiber membrane

module, and closed as soon as the chemical liquid flows out
of a bypass pipe 14. Within the hollow fiber membrane module,
the chemical liquid is fed to the bores of hollow fibers 11,
and degassed for a predetermined period of time by evacuating

25 the outside of the hollow fiber membrane to a pressure of 100

Pa to 10 KPa by means of a vacuum pump. After completion of
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result, 100 circul ar undevel oped spots having a radius of 0.5 a n1mérg MAR 2002
observed in this region. Thus, the nenbrane failed to produce a degassing
-effect. 66 Conparative Exanple 6 A total of 5,000 three-layer conposite
hol | ow fi bers [ MHF200TL, manufactured by M tsubishi Rayon Co., Ltd.; the
porous | ayers conprising pol yethyl ene and both having a 5 thickness of 25 a
m the honogeneadeigadsing ColivesiIl i ppensditmfeand et nhemichilckness of
1 am inner diameter - 200 a m water vapor perneation flux = 7.30 x 10-1
gm (n2 day)liqwic twurite tlageidvert it afEniboaine andaol leowlfiillee d Useiiargieg
nodul e. Using this nmenbrane nodul e, isopropyl 10 al cohol was degassed in
t he sane navimerdegassedcimiicdl liguid tromplchentita lhdrisgede agg zfliel do .
swelled with the chem cal |iquid, and the percentage change in weight of
t he hol | ow Phierdegasiethe i onl- 1igweid jits il thd &d use ®E&AMf .out a
degassing treatnment by using this hol]low fiber nmenbrane, 15 successfu

degassi iy vistRRIHIB iR VREHEEuSE IHE Rghd@chdqusa barRsd dsr QetNgnd t he
hem cal ligujd I dth h th . | ) ti Ex le 7 A
"k wao dedible At TR ARG U FASRe FRTIS A ag e BeTt he
hol | fib the d i i il ith
o oner a1t S5t g SRS IO R SRR 2 3 it Tok Bl s sed

ink was fedd it ink head and used for printing on 54 inch w de paper for
excl usive use. The printing was continued until the ink 67 charged into

the ink cartridgend O%réé_’li‘ni ef nREA DL S Si dVaso <0 B! B Je £XRARERG:  plidt h
respect to a print obtained imedi ately after the start of the printing,

the nunfper witnnpsidattalais gl tdedwty duamlesofl print dots were 5
determ ned by observation with a magni fying projector. Thus, the frequency

of print daxdmskesl was found to be 0.1~. At the tinme when about half of
the charged ink had been used, the frequency of print dot |osses was
~determ ned in the0same waigler ahdKfoword G-ol 452 knd Mbtedyemweightt lo€ ti e
when about 10 half of the charged i nk had been used, the deposition of a
Kraton G-1657 (both manufactured by Shell Chemical Co.) were
used as styrene-based thermoplastic elastomers, and 10% by
15 weight of ENGAGE 8400 (manufactured by Du Pont-Dow Elastomer
Co.; density = 0.870 g/cm3) was used as a polyolefin. These
polymers were weighed out and meld-blended by means of a
biaxial kneading machine. Then, a composite hollow fiber was

formed by carrying out three-layer composite spinning through

20 a three-layer composite nozzle while feeding the melt-blended

polymer [glass transition temperature (Tg) = -45C] to the

intermediate layer thereof and feeding high-density
polyethylene B161 (manufactured by Asahi Chemical Industry

Co., Ltd.) to the innermost and outermost layers thereof.

25 This hollow fiber was annealed at 115C for 12 hours, drawn
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scum was reveal ed by observation of the surfaces on the secondary{s? MARTR00?
t he degassing tubes. This caused a reduction in apparent gas perneability,
.so that the dissolved gas concentrations were equal to 70~ of the saturated
15 concentrations under atnospheric pressure. This reduction in gas
perneability was considered to be responsible for the increase in the
frequency ohtprbbih dempbeasaese Bpnpafatitve bfanpi3e @nA tokal dehwh, 260
silicon tubes (with an inner dianeter 20 of 300 a m an outer dianeter of
500 a m angia‘aeRpramddicidress, ornl@) antrawiae Rptd feuet direlc Make a
hol | ow fi ber bundl’e. This hollow fiber bundle was inserted into the sanme
housi ng as

as used in E%Xnﬁ Eégggggsﬁ%}ég eggpb%abgm%rrlntﬁﬁg%Pneg lt%efetelgle gFﬁLnk
|k 1o the ghar gg@egme‘sgbﬂa &xFBoonpiddbe a%ugskgqysttgweh@ ﬁa”?he

printer. requenc pri 0Sses fe start of
t he pr'”ﬁ'”ﬁntbkm@@§a@e RH?EQ'@Bﬁb¥l§%ﬁoﬁehbﬂ%gbﬂ%oW§stﬁ&ha¥§§%d £Thee
deposition of a scumwas noted on"the surfaces on the 5 negative-pressure

side of thep H@ghéanbléﬁat abfigdska bletReMBEgRaneRBdlsed thesmopusedia
reduction in the apparent gas perneability of the nenbrane, so that the

di ssol ved ga3aetomeptr ahiobRewpbeyeqedlint.o Phe diméheisas|rpbedsity, gas
concentrations under atnospheric pressure. This reduction in 10 gas
pernmeabi | i t pemmsatonsi dbasdcterbetiespendi bhemfioalt resiiscasaseoifnthhe
frequency of Erlnt dot | osses. Conparative Exanple 9 Conparative Exanple 7
was repeat eliobyousfhferenembraneoeekyl pstedhegndnith® ZesuAner thhEnet er of
300 um 15 an outer diameter of SO0 ~ and a nenbrane thickness of 100 a
m in plthcecBfainredsprpcdhevhubbsTapleoral Bhe 1Wabersy@por permeation
tetrafl uoroet hyl ene tubes were bound together to nmake a hO|£OM/fIb€E
bundl e. Thi §1hal béwthibehoblowl éibkar mambrase waso lt.hexsdfe” hougi/Mg as used
in Exanple 16 to fabricate a 20 nenbrane nodul e. The sanme ink as used in
Exanpl e 16 wa ng ysubjected to a printing test by feeding the ink to the
aforesai d nmenbrane nodule and using it in the sane printer. Wile the
frequency oExpmpie dot | osses was 0.2~ at the start of the printing, it was
2~ imedi ately before the ink was 25 exhausted. The deposition of a scum
was noted on theAGYhreesdrfacesonposhéendgiiliowe fibesswas Sogdeedf byyhe

menbr ane contained in the nenbrane nodul e. This caused a reduction in the
appar entb gaSapsvBabPREt e bt SheNAdREr AReOougd ehahreRe ldyssoroBEOgase
concentrations were equal to 96~ of the 5 saturated concentratlons under
atnnspherlcnBFé%@uVBll?h?@egéBEcF?SAOPnAgééOﬂeﬂﬁeSBPPﬂﬁVeﬁag cbhsfdered to

b lLe f th f t t |

Compar i1 ve Egaﬁg%éuago!m%%g??obyPlgﬁea%ﬁﬁ‘fﬁé%sga%éﬁaa der the same
dit t het h fib

renr ane. | SLBAERTTGRRPELTAPER B BalAPBBSIGE e RLGRoRFERPaCLl AR 0g! ace

transi tion ygmper @surﬁagggg,gﬁgﬁggl b{OETRd GOBLRR! YeANERLYEPENEENE- 1) was

used as the degassing ne wever, sucCCess egaSS|ng was not

achi eved., because | o ohal ole ond S|de of
'he ment? andAEreBiare bapeL l?ﬂetswﬁﬁfa%PrEhZ'faégasQgﬂs@ﬁp%?

Conpar ative Exanple 11 2U The chem cal anplification type p05|t|ve resist
sol uti on APEXtEZA68i&tanlégeruthdrbyfSkHkPhEYekia. rewperdegassed~andEtr t he
sanme conditions as in Exanple 6, except that a heterohonogeneous hol | ow

fiber menbrang ¢SERARL. pa@wﬁaﬁéehwpexta%uuryp%ahnlfa&t@em 63l B QL med
frompoly(4 25 nethyl pentene-1) was used as the degassing nmenbrane. Before
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Chemical Co., Ltd.) to the innermost and outermost layers

thereof at a resin temperature of 270°C. This hollow fiber



the hol I ow fiber nenbrane was imersed in this resist solution, thd §aMAR 2002
of oxygen perneation flux to nitrogen perneation flux was 1.2. After

. i mrersion, however, the ratio of oxygen perneation flux to nitrogen
perneation flux was 5 0.93 and t he percentage change in wei ght was 31~.

When this hollow fiber nmenbrane was used to degas the resist solution,
successful (Jggagihog ¥Gsaflods GFeNisBYCdaDREANSE Lhawh Cat Stosh! téhoBrbears Lo

| eak to the secondary S|%e of the menbrane imredi ately after the start of

the degassing operation. 10 The conposite hollow fiber nmenbranes of the
present i nvent&ohacker bef pk oducant athen |dveein @dstl klHanby | ar baeteh efibdil ar
menbr anes conventionally used for the degassing of chem cal |iquids, and
degassi ng neRrbs anehapdules Siia ted derlifed-akiyiegalicethpals izel G\wal ovoStibekhi s
permts the user to reduce running costs. Mreover, they have great

practical uhenbtynenin halbidheyhe ainmernost ardedutermasitmliegerspace (for
exanple, in an ink-jet printer) as a degassi ng nenbrane. il WHAT | S

CLAI MED i S: cdmpai sedppstoes hpd 1 pit fidibry ipsrideaee 1Hawindg thec dmpeginegliate
structure consisting of a honpgenous thin filmconprising |owcrystalline

pol y (4- met h§YPENELARL i5ed nd chpergeneratswtdn Hhdridds ofulfsitlane AFdpd0s wherein
the ratio of the,oxxgen erneation flux to the nitrogen perneation flux of
the nmenbranElf sAHBRNFLEQRS ¢ HBRT IS YT ¥on F3th AR He CEFESHEMSIE Shd8 SDeen
imrersed in_chem cal liquids according.ta JIS K. 7114, the percentage change
of the rat | BAPELRAT hFREEBENSE S CohHoaI e oI 1 S HAdiRy PRTS JE R rad
inclaiml rein, t s b j r i_nchepcal
| i qui ds acc%\ﬁgi ﬁggtgé%\%gé?( %&?@%@i}g@r’%&rﬁ ngle%dc alngzt%l%nlewezi'gh)tﬂl%f t he
menbrang, i s,,1 h +30~ . i 8L Ter ane
as clai I?r)\ed Y%Q%%a?%é??gﬁe%%%%%% nggﬁfe orgrfer@rlfas(r)uraﬂEJ %gs?kg fnqﬂéfgg‘gwb%?r“ meat i on
flux of not.legss an 0.5 30- n8/ (cnkPasec) and an oxygen perneation

-fl ux of not7 s3 %Qan go.g‘/zmlo-cgayg)n‘el(cnﬂ Pa sec ) . 4. A conposite hollow

fi ber nmenbrane as clainmed in any 72 one of clains 1 to 3 wherein the
menbr ane haBXa8mp&€e? vapor pernmeation flux of not greater than 1 x 10-2

g~m (nZ~day). 5. Abco osite hollow fiber nenbrane as clained in any one of
claims 1 to 4 whBrBPhleHel pBebudas ufRimed LY HA Wi s EPRAFHYR 1 ene,

pol ypr opyl ene ol y(4- et hyl pent ene- ol y(vi nylidene .fluogride). or,.

ol Yoy et ropbBend SHERAG £ TRERE e iiednbin: Apgele S Ro Seniag,

one of ai e DV ] e E‘lqg equys thin film.c r.ises a pol yner

bl end cggnpogg{ii.%%ﬁéé%w?éﬁée%%g%d{? er pﬁ%sltcl cele 5 ?ﬁeﬁ%ﬁﬁﬁa pol yol ef i n.
Thermoplastic T-630, manufactured by Daikin Industries, Ltd.;

glass transition temperature (Tg) = -10C) to the

intermediate layer thereof at a resin temperature of 200C

and feeding highly stereoregular isotactic polypropylene
20 [Hipol CJ700 (trade name), manufactured by Mitsui Chemical

Co., Ltd.] to the innermost and outermost layers thereof at a

resin temperature of 200°C. This hollow fiber was annealed at

150°C for 12 hours, drawn at room temperature by a factor of
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7. A conposite hollow fiber menbrane as clainmed in claimé6 wherei Ph4AR 2002
polyolefin is a polyolefin having a density of not greater than 0.900
. g/cnB, and the styrenebased thernoplastic elastoner is a block copol ynmer
conposed of pol ystyrene segnents and segnments fornmed fromat |east one
nononer sel ected from but adi ene, ethyl ene-butyl ene, |sopr ene and

et hyl ene- propyl ef\f¢qs e J?&Bﬂp o NBY &OPROS tyneng ang,cle | east
one of but ad{o%ne et hyela ene- ;ﬂeﬁ@%l(?soprene and et hyfene propyl ene. 8. A

hol low fib | d I
Wherein ¢ ha b riReHEbtS & a1 IR TeRs L4 FO3ARe JABREaTATRE "SI
Uher mopl ast g, & ANOMElne et Tand o SHIAIS 1! LOYELLIEL BREBLANe as

cl ai med in any one of erein th onbgeneous 't

conpri ses & a/&éfé Mﬂiﬁ'{ PR R5L % EJ’.In% 'r%n 1at’é<t ayer, ¢ comprised

.AYn. AL A Al An. Al . A'Y. A Al A& Af

LA A5, Alg. Any aa%i{ae%ma A fm %fAlén%l f&uelnﬁé_e%weaame E.A&A
AZA%@\Q A AA.AAAAA

A A Ane. AcHéandp AN Y. ﬂhesu%tlak AyTRe. ASné¥3EdRY, Pdpbsdty, gas
| wr mhc”~Y] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] c"a] cal ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] gadxred el ara d e oRad rifd] i sa landMBhiemical resistance of this
KPQ={ <, nO} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c"a]ca
] ca] ca] ca] da}Xlxjw aff iber membrane were tested, and the results thus
a] ca] ca] ca] ca] ca] ca] ca] ca! OY" _0dL=v{| U} xsni d_Z] ] ca] ca] ca] ca] ca] c
a] ca] ca] ca] @ xd)eh]aks ] ¢ cJa‘] cléthlﬂ da] cEheayebprayenprapenpearson
a] ca] ca]ca]ca]cal{ 2V KT A" R #>#] #####0$5$6$h$$$%’%&R&&&&

z' } xsniod_Z 1wa] xf] thal < d el ava | fieoa reaioaneavas] d .9 x 1073 g- m/(m .
aJ ca] ca] ca]ca] ca]ca]ca] ca]ca]ca] calca]ca]lca]calcalcalcalcalcalz''' (Y((()>)w
)))))+ -111449p111282k2nR22
- 303} xsni d_Z]]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calcalc a]Jca]ca]ca]ca]c
a] ca] ca] ca]pedmslead cal] ca] ca] ca] ca] ca! 03d334444445p55555%6) 66671 777777- 8} 8~
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] ca] ca] ca] ca] ca] xahehloa] £ilbgx ajasn] tajnea] ¢y @HYrm4% Dut melt spinning
?- @ @Q.A[ AAABLBx By BBBBBBCFCPCVC\ C] CCCCCD} xsni d_Z] ] ca] ca]ca]ca]ca]c"a]ca]ca]c
a] ca] ca] ca] ajeedl & cdjred cld ] cajnpdscdlec apealealbdlle dpedjing] d@peal calc
a! DD#DKDuDDDDDEUEE~FFF3@G GeHI KLLL, MKMVMVKN=NN
o O xsnlidd_ Z]I]Y:%‘]Q:Ja]]b%ﬁ mleaa(]‘h-at}etfdmlaqamﬂ]%@]-d )a][¥XPO3), c apayfegrured by
a] ca] ca] ca] ca] cal ca] ca] ca] ca] ca ca] cal] ca] ca] ca! | O#Q OOCPLPPPPQ_?
R{ RRRRRSSS\H: @32‘—2%1} 19%rgl JHHoic Glessc Areapdaioa) caregrature (Tg)
a] ca] ca] ca] ca] cc] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
111127 ] tea$hebActecnedeasss dbyet 2thgreshi dt 72504 eald flecalicg)] ca]
ca] ca] ca] ca] calcalc a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca]ca]ca]calc
a]j Ca] ca! kgggi'tiiﬂl'y_f'dml‘ystalllne poly(4-methylpentene-1) (RT31,

] Ca] ca] ca] U&éma]mt}\@aé}@d]}cd‘}xﬁtm Chemical Co., Ltd.) to the innermost

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nPnnnnooopNpppg: gwgqqb6rtrrr) sfsksssttttuFu/

vnv} xsniod_ZAdndd adeteed ed<ta] tayers thereof at 250°C. This hollow fiber was

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] cal calca]ca] ca]ca]c
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"109&' ()-s8W _i K-410%&' ()-3#10%& ()-3110%&' ()-S/ 109%&' ()-- 109%& ()-+
. 109%& ()-)f#10%& ()-Fi K4109%&' ()-,f!110% & ()- 10% & ()-, 10% & ()-
10% & ()-OL' 10% & ()-1010104p( d
gH) 10% & () -, 31 10% & () - Sg#10% & ()-!10%& ()-,:!10% & ()-,!10% & ()-L
110% & () - cdisr HEdl @RmIYS) ,polh0R-Sd)hy kndvtendyl) "@id 0ehe {ntermediate
1 10% & ()-,Z10% & ()-,:!110% & ()-s b@o% ! D/, $10YDHDHS, () -
"109%4& () - Ltanepig qmprisgsl ajdiomogeneous thin film of poly(4-
10\ 3@s10% & ()-"3"10% & () -qzX6b@ XS#* $109XHXHE () -1\ S# $10%\ & ().-! SS#* $1
0USHSHE () Retsuieenteneriiod Abpgdimenss oREo @IS HEYINOSES| Pe@ngation
"109& ()-3"10%& ()-!K%|*10%#& ()-. 10H 10H , .
10H338§)10%%a(5a-<¥£r§f6%% (5n-c? sé%'skga@ X EAEBRATGE R 0okt § ) ho L hcysef {5er

(255 AR AR Rl SRR SR e e o
%R ()-sf)SHIOUR (s ' 3" LAYR (L% 10%& () -"hCl UR (s :

100 () - T0Mad T3S oL E. "E5SFo VEBPEL PP ddoh HiaE e
1098 ()-!109%& ()-, &M 109%&' () -, F'.109%& () @s! 10%& () - dLdEbC! X! , %

100/2' 8 , &ﬁ%/&“i%ﬁﬁf“% ({# X%%i&g )S‘-“ T%%([&}a(%)-: GLOY&' () - =vxyzdE: /
10 108’ 109%&’ () -

1098’ (>-3#m§£§é_@‘ 1 109&' ()-s)"109%& ()-' 109%& ()-z{| UxY7/ 10!'s

"10%CC& () - @ 10%r&')é]%}- Sf 10%r& () - @10%r& () - S&MLO%E ()-L' 10%m& ()-Y 10{

21 k! 1 aB7/ 10! s @A 0% QY - idhonsd g ) fornedqdR F3raringnRM ) CRBROUEE () - @

10%m&' () -s!!#'R'""#dE7/
(&) spinning through a three-layer composite nozzle while feeding

a polyolefin type thermoplastic elastomer (Toughmer XR106L,

manufactured by Mitsui Chemical Co., Ltd.; glass transition

temperature (Tg) = -60C) to the intermediate layer thereof

at 190C and feeding highly stereoregular isotactic
15 polypropylene [Hipol CJ700 (trade name)] to the innermost and

outermost layers thereof at 190°C. This hollow fiber was
annealed at 150C for 12 hours, drawn at room temperature by

a factor of 1.3, and then drawn at 140C by a factor of 3.

Thus, there was obtained a three-layer composite hollow fiber
20 membrane in which the innermost and outermost layers
comprised porous isotactic polypropylene and the intermediate
layer comprised a homogeneous thin film of the polyolefin
type thermoplastic elastomer. The dimensions, porosity, gas

permeation characteristics and chemical resistance of this
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10! s) #10%r&' ()-S 10%& () -, Yd0%r& () - S&$MLO%r' () - @"! 10%m& () - f
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I, 1L$10%R (FlukxNpESLOR 1i9llow! £ u@pdhenbrane was 3.1 x 1077 g-m/(m” -
1'19%$10% " & ()-!D9%$10% ()-//////001bC 10!L!10% & () -
#10% & ()- @QaPY & ()-'310% & ()- 10 10" 10 SBs1l0% & ()-11282k222dEbC
10! "& 10% & ()-, F'10% & ()- ° 10% & ()-yMO% & ()-10% & ()-$10% & ()-2
303d33440EbExd0pPE"A0% & () - Y+& 10% & () - y) $10% & () -
"10% & ()-% 10% & () -#!10% & () -444444445p5bC 10!'Y
110% u&' () - yPagesaing)ttdgomemt (9£f "sdifdéadygtor jghotitesist and
10t 7t 10% & () - p555%] 666dELC 10! ]
10% u&' () - f APROVEF RLIQN - BB 1086 LRL (ol DOB L& () -, &10% u&' ()-L! 10% u& ()-6717
777-8aBbC 10 ""10% u& ()-@s10% u& ()- '10% u& ()-s!'10% u& ()-!%d0%u& () -
"10% u& () - - 8" 9] H94099oiiPeT 1nenbIa0EMAdYd &R (JaVving a membrdne area of
0 ' - 0 ' - --100 ' -1 +100 ' -$ "100 ' - i h
;15%/10//0&%0%2( _ZI%Q)/G#gre()fabrfcoa{geué& b(} Llsilnog/etlf'lgé (}?olﬁowl%.{ebuegf Qem ?‘g?lles’ h;
10 prepared in Examples 1 to 5. Each of them was installed in
the chemical liquid feed line illustrated in FIG. 2. By
opening valves 9, 15 and 16, the chemical amplification type
positive resist solution APEX-E2405 (manufactured by SHIPLEY
Inc.) within the chemical liquid tank was fed to the bores of
15 the hollow fibers in hollow fiber membrane module 11 with the
aid of nitrogen gas having a pressure of 2 atmospheres.
After the hollow fibers was filled with the chemical liquid,
valve 16 was closed and the resist solution was degassed by
keeping the outside of the hollow fiber membrane at 100 Pa
20 for 30 minutes. A sample of the degassed resist solution was
collected through bypass pipe 14 of the chemical liquid feed
line and analyzed for dissolved nitrogen concentration.
Then, valve 17 was opened to drop the degassed resist
solution onto a silicon wafer while feeding fresh resist

25 solution to the hollow fiber membrane module. The silicon
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"()-11""-_f__aBNBY thin resist film obtained in Example 6 was prebaked

at 90C for 60 seconds, and exposed to light from a KrF

15 excimer laser through a photomask placed in contact with the

resist film.
Hollow fiber membrane modules (having a membrane area of

2.5 mz) were fabricated by using the hollow fiber membranes
prepared in Examples 1 to 5. Each of them was installed in

20 the developing solution feed line of a coater-developer. for
use in semiconductor fabrication which was a chemical liquid
feed line similar to that of FIG. 2. Then, using nitrogen
gas having a pressure of 2 atmospheres, a developing solution
(MF-321, manufactured by SHIPLEY Inc.; an agueous solution of

25 tetramethylammonium hydroxide having a nitrogen gas
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After the resist film resulting from the development was

N

after-baked in a dry oven at 120°C, a 100 um x 100 pm region

of the developed surface was observed with a scanning

electron microscope and thereby examined for groove width 21,
15 land width 22, groove depth 23 (see FIG. 3) and the presence

of defects caused by development. The results of evaluation

are shown in Table 4.

Example 8

(Degassing treatment of isopropyl alcohol)

2) were

20 Membrane modules (having a membrane area of 2.5 m
fabricated by using the hollow fiber membranes prepared in
Examples 1 to 5. Each of them was installed in a chemical
liquid feed line similar to that illustrated in FIG. 2. Then,

using nitrogen gas having a pressure of 2 atmospheres,

26  isopropyl alcohol was fed to the hollow fiber membrane module
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10% & 8 lljoé/f’g ?%gtyﬁ%é’() ogf/éf(&')l(s)o%%xor@]é Hickrar hea %SG reeted

through the bypass pipe and analyzed for dissolved nitrogen

10 concentration. The results of evaluation are shown in Table
5.
Example 9
(Degassing treatment of spin-on-glass solution)

Membrane modules (having a membrane area of 2.5 mz) were

15 fabricated by using the hollow fiber membranes prepared in
Examples 1 to 5. Each of them was installed in a chemical
liquid feed line similar to that illustrated in FIG. 2. Then,
using nitrogen gas having a pressure of 2 atmospheres, a
spin-on-glass solution (composed of 70% by weight of

20 isopropyl alcohol, 2% by weight of tetraethoxysilane, and 28%
by weight of water) was fed to the hollow fiber membrane
module in the same manner as in Example 6. After the bores
of the hollow fibers were filled with the spin-on-glass
solution, it was degassed by keeping the outside of the

26 hollow fiber membrane at 100 Pa for 30 minutes. After

completion of the degassing, valves 9 and 15 were opened to
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10% & () - " abRELow foPerogprbugRre (F0dRlR 100 SqHR1e 195 ¥he )degasgedy gPiy-
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10%& () - 3”@X§§l&@ §91@Hlm formed as above was heated in a dry oven at

150C so as to cause the condensation reaction to proceed, a

10 100 um x 100 u#m region of the insulating film surface was

observed with a scanning electron microscope and thereby
examined for the presence of defects. The results of
evaluation are shown in Table 6.
Example 10

15 (Degassing treatment of ink for ink-jet printers, and
printing test with degassed ink)

Membrane modules (having a membrane area of 2.5 m?

) were
fabricated by using the hollow fiber membranes prepared in
Examples 1 to 5. Five modules of each type were connected in

20 series, and this hollow fiber membrane module assembly was
installed in a chemical liquid feed line similar to thét
illustrated in FIG. 2. While being pressurized under an air
pressure of 2 atmospheres, an ink for ink-jet printer

cartridges (a dye-based ink containing a solvent composed of

25 80% by weight of water, 5% by weight of ethylene glycol, and
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The resist film was cleaned with the degassed isopropyl alcohol. No gas bubbles were producettofy

film surface.

Hollow fiber membrane used
for degassing treatment

Degassing Treatment of Chemical Liquid and Evaluation of Degassed Chemical Liquid

Table 5

Membrane area of membrane

module (m?)

Chemical liquid to be
Dissolved nitrogen gas
concentration in chemical
liquid before degassing
(converted to a weight basis)
Dissolved nitrogen gas
concentration in chemical
liquid after degassing
(converted to a weight basis)
Evaluation of degassed
chemical liquid (evaluated in
an actual process)
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weight of ENGAGE 8400 (manufactured by Du Pont-Dow Elastomer
Co.; density = 0.870 g/cm3) was used as a polyolefin. These
polymers were weighed out and meld-blended by means of a
biaxial kneading machine. Then, a hollow fiber was formed by
carrying out melt spinning in a three-layer configuration in

10 which the resulting modified thermoplastic elastomer [glass
transition temperature (Tg) = -45C] was disposed in the
intermediate layer and high-density polyethylene Bl161l

(manufactured by Asahi Chemical Industry Co., Ltd.) was

disposed in the innermost and outermost layers. This hollow

15 fiber was annealed at 115C for 12 hours, drawn at room

temperature by a factor of 1.3, and then drawn at 111C by a

factor of 5. Thus, there was obtained a three-layer

composite hollow fiber membrane (with an inner diameter of
300 um and an outer diameter of 420 pm) in which the

20  innermost and outermost layers comprised porous polyethylene
and the intermediate layer comprised a homogeneous thin film
of the polymer blend composed of the styrene-based
thermoplastic elastomers and the polyolefin. The porous

layers (i.e., the innermost and outermost layers) both had a
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homogeneous thin film layer had a thickness of 0.8 um. This

hollow fiber membrane had an oxygen permeation flux of 6.0 x

-1

10°% cm® cem™? - sec™! - Pa”! and a nitrogen parmeation flux of

4.6 X 10°° cm3-cm’2-sec’l-Pa'l. When this hollow fiber

[wh ]

membrane was immersed in a 50/50 (wt%) mixture of water and

isopropyl alcohol (IPA) at 20°C for 7 days in the same manner

as described in connection with Table 1, its oxygen and

nitrogen permeation fluxes were 6.0 x 10°% cm® - em~? -

10 sec?! -Pa"! and 4.6 x 10 em® em™? - sec! - Pa'l, respectively,

and the hollow fiber membrane retained its initial state.
The percent change in weight of the membrane was also zero.
A total 5,000 three-layer hollow fibers as described above
were bound together to make a hollow fiber bundle, and a

15 50/50 (wt%) mixture of water and IPA having a dissolved
oxygen concentration of 8 ppm was degassed by feeding it to
the inside of the hollow fiber membrane at a flow rate of 5
L/min and keeping the outside of the hollow fiber membrane at
30 torr. The dissolved oxygen concentration after degassing

20 was 0.1 ppm. The water vapor permeation flux of this hollow

fiber membrane was 1.9 x 107> g - m/ (m? - day) .

Example 13

A total of 2,500 three-layer hollow fibers formed as

1]
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it to the inside of the hollow fiber membrane at a flow rate

RRE

(W)

of 5 L/min and keeping the outside of the hollow fiber
membrane at 30 torr. The dissolved oxygen concentration in
the mixture after degassing was 0.06 ppm.
Example 14
90% by weight of HSBR1390P (manufactured by Japan
10 Synthetic Rubber Co., Ltd.; styrene content = 30% by weight)
was used as a styrene-based thermoplastic elastomer, and 10%
by weight of ENGAGE 8400 (manufactured by Du Pont-Dow
Elastomer Co.; density = 0.870 g/cm’) was used as a
polyolefin. These polymers were weighed out and meld-blended
15 by means of a biaxial kneading machine. Then, a hollow fiber
was formed by carrying out melt spinning in a three-layer

configuration in which the resulting modified thermoplastic
elastomer [glass transition temperature (Tg) = -55C] was

disposed in the intermediate layer and high-density
20 polyethylene B161 (manufactured by Asahi Chemical Industry

Co., Ltd.) was disposed in the innermost and outermost layers.
This hollow fiber was annealed at 115C for 12 hours, drawn
at room temperature by a factor of 1.3, and then drawn at

111°C by a factor of 5. Thus, there was obtained a three-

]
<

layer composite hollow fiber membrane (with an inner diameter
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The porous layers (i.e., the innermost and outermost layers)

both had a thickness of 30 um and a porosity of 50 vol%. The

(wny §

homogeneous thin film layer had a thickness of 0.8 um. This

hollow fiber membrane had an oxygen permeation flux of 7.5 x

3 -2 -1

10'9 cm” *cm™ ¢ *sec”" - Pa'l

and a nitrogen permeation flux of

2.1 x 10°° cm3 scm™? - sec™! - pPal. When this hollow fiber

10 membrane was immersed in a 50/50 (wt%) mixture of water and
IPA at 20°C for 7 days in the same manner as described in

connection with Table 1, its oxygen and nitrogen permeation

fluxes were 7.5 x 10°° cm® *em % - sec™t - pPa-! and 2.1 x lO'9

cm3'cm'2'sec'l-Pa'l, respectively, and the hollow fiber

15 membrane retained its initial state. The percent change in
weight of the membrane was also zero. A total of 5,000
three-layer composite hollow fibers as described above were
bound together to make a hollow fiber bundle, and a 50/50
(wt%) mixture of water and IPA having a dissolved oxygeﬁ

20 concentration of 100 ppm was degassed by feeding it to the
inside of the hollow fiber membrane at a flow rate of 5 L/min
and keeping the outside of the hollow fiber membrane at 30

torr. The dissolved oxygen concentration after degassing was
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Example 15
MK Resin MK-2F [manufactured by Dai Nippon Plastics Co.,

5 Ltd.; glass transition temperature (Tg) = -35C) was used as

a polymer blend composed of a styrene-based thermoplastic
elastomer and polypropylene. Then, using a three-layer
composite nozzle in which the aforesaid polymer blend was
disposed in the intermediate layer and high-density

10 polyethylene ("Nipolon Hard 5110", manufactured by Tosoh

Corp.) was disposed in the innermost and outermost layers,
the molten resins were spun at a resin temperature of 190C
and a draft ratio of 700 to form a hollow fiber. This hollow

fiber was annealed at 115°C for 12 hours, drawn at room

15 temperature by a factor of 1.2, and then drawn at 111°C by a

factor of 2. Thus, there was obtained a three-layer

composite hollow fiber membrane (with an inner diameter of

300 um and an outer diameter of 424 um) in which the

innermost and outermost layers comprised porous polyethylene
20 and the intermediate layer comprised a homogeneous thin film.

The porous layers (i.e., the innermost and outermost layers)

both had a thickness of 30 um and a porosity of 50 vol%. The

homogeneous thin film layer had a thickness of 2.0 pgm.
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10

20

(wt%) mixture of water and IPA at 20°C for 7 days in the same

manner as described in connection with Table 1, its oxygen

and nitrogen permeation fluxes were 7.5 x 10°° em® - em”? -

3 -2 -1 -1

sec™> +Pa™! and 2.1 x 10°° cm® - cm 2+ sec™! - Pa”!, respectively,

and the hollow fiber membrane retained its initial state.
The percent change in weight of the membrane was also zero.
A total of 5,000 three-layer composite hollow fibers as
described above were bound together to make a hollow fiber
bundle, and a 50/50 (wt%) mixture of water and IPA having a
dissolved oxygen concentration of 120 ppm was degassed by
feeding it to the inside of the hollow fiber membrane at a
flow rate of 5 L/min and keeping the outside of the membrane
at 30 torr. The dissolved oxygen concentration after
degassing was 1.6 ppm. When this degassing operation was
continued for one month, the dissolved oxygen concentration
after degassing remained unchanged throughout the operation

period. The water vapor permeation flux of this hollow fiber
membrane was 1.50 x 107> g 'm/(n@ - day) .

Example 16

DYNARON H4800N [manufactured by JSR Co.; glass
transition temperature (Tg) = -45C) was used as a polymer

blend composed of a styrene-based thermoplastic elastomer and

polypropylene. Then, using a three-layer composite nozzle in
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intermediate layer and high-density polyethylene ("Nipolon

Hard 5110", manufactured by Tosoh Corp.) was disposed in the

innermost and outermost layers, the molten resins were spun

5 at a resin temperature of 190C and a draft ratio of 850 to

form a hollow fiber. This hollow fiber was annealed at 115C
for 12 hours, drawn at room temperature by a factor of 1.2,
and then drawn at 111C by a factor of 2.0. Thus, there was
obtained a three-layer composite hollow fiber membrane (with
10 an inner diameter of 300 ym and an outer diameter of 362 um)

in which the innermost and outermost layers comprised porous
polyethylene and the intermediate layer comprised a

homogeneous thin film. The porous layers (i.e., the

innermost and outermost layers) both had a thickness of 30 u
15 m and a porosity of 50 vol%. The homogeneous thin film layer

had a thickness of 1.0 um. This hollow fiber membrane had an

oxygen permeation flux of 6.7 x 107% cm® - em?2 - sec™? - pa~! and

a nitrogen permeation flux of 2.2 x 107 em® - cm™? - sec”t - pPa”t.

In this example, the water vapor permeation flux was 2.50 x
20 1073 g 'm/(n@ « day) .

A total of 1,200 composite hollow fibers as described
above were bound together to make a hollow fiber bundle.

This hollow fiber bundle was inserted into a cylindrical
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03109695 (%uép connected thereto. At the same time, using an ink feed

pump attached to an ink-jet printer (Design Jet 3500CP,
manufactured by Hewlett Packard Co.), a pigment-based black
ink (manufactured by Hewlett Packard Co.) was fed to the

10 primary side (or inside) of the hollow fiber membrane and
thereby degassed. The degassed ink was fed to the ink head
and used for printing on 54 inch wide paper for exclusive use.
The dissolved oxygen concentration in the degassed printer
ink was 0.05 ppm. The printing was continued until the ink

15 charged into the ink cartridge for ink-jet printers was
completely exhausted. Immediately before the ink was
exhausted, the dissolved oxygen concentration in the ink was
0.06 ppm. When the number of unprinted dots and the total
number of print dots were determined by observation with a

20 magnifying projector, the frequency of print dot losses in
the resulting prints was found to be 0.5% and remained
constant throughout the degassing operation. The frequency
of print dot losses is a value defined by the following
equation. Dot areas were determined from an image thrown by

20 a magnifying projector.
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Example 17

MK Resin MK-2F (manufactured by Dai Nippon Plastics Co.,
Ltd.) was used as a polymer blend composed of a styrene-based
10 thermoplastic elastomer and polypropylene. Then, using a
three-layer composite nozzle in which the aforesaid polymer
blend was disposed in the intermediate layer and high-density
polyethylene (“Nipolon Hard 5110, manufactured by Tosoh

Corp.) was disposed in the innermost and outermost layers,
15 the molten resins were spun at a resin temperature of 190C
and a draft ratio of 850 to form a hollow fiber. This hollow

fiber was annealed at 115C for 12 hours, drawn at room

temperature by a factor of 1.2, and then drawn at 111C by a

factor of 2.0. Thus, there was obtained a three-layer

20 composite hollow fiber membrane (with an inner diameter of
300 zm and an outer diameter of 362 um) in which the

innermost and outermost layers comprised porous polyethylene
and the intermediate layer comprised a homogeneous thin film
of the polymer blend composed of a styrene-based

25  thermoplastic elastomer and polypropylene. The porous layers

(i.e., the innermost and outermost layers) both had a
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10'9 cm3 ccm™? - sec™t - pat

and a nitrogen permeation flux of

1

5 2.2 X 10°° cm® +em2 - sec’! - pal.

The water vapor permeation

flux of this hollow fiber membrane was 1.55 x 10°° g 'm/(mz-

day) .
A total of 1,200 composite hollow fibers as described
above were bound together to make a hollow fiber bundle.

10 This hollow fiber bundle was inserted into a cylindrical
housing made of a modified polyphenylene ether resin. At the
opposite ends of the cylinder, the space between hollow
fibers was sealed with a crosslinked bismaleimide resin to
fabricate a membrane module. The vacuum side of this

15 membrane module was evacuated to 100 Pa by means of a vacuum
pump connected thereto. At the same time, using an ink feed
pump attached to an ink-jet printer (Design Jet 3500CP,
manufactured by Hewlett Packard Co.), a pigment-based black
ink (manufactured by Hewlett Packard Co.) was fed to the

20 primary side (or inside) of the hollow fiber membrane, and
degassed by means of a degassing apparatus illustrated in FIG.
2. The degassed ink was fed to the ink head and used for
printing on 54 inch wide paper for exclusive use. The

dissolved oxygen concentration in the degassed printer ink
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exhausted, the dissolved oxygen concentratjon in the ink was
5 0.06 ppm. When the number of unprinted dots and the total
number of print dots were determined by observation with a
magnifying projector, the frequency of print dot losses in
the resulting prints was found to be 0.5% and remained
constant throughout the degassing operation.
10 Comparative Example 1
Melt spinning was carried out under the same conditions
as in Example 1, except that a styrene-based thermoplastic
elastomer alone (i.e., 100% by weight of Kraton G-1657,
manufactured by Shell Chemical Co.) was used in the
15 intermediate layer. However, the melt viscosity of the
styrene-based thermoplastic elastomer was so high that the
styrene-based thermoplastic elastomer in its molten state
could not be extruded from the extruder. Consequently, it
was impossible to form a three-layer composite hollow fiber
20 membrane.

Comparative Example 2

A three-layer composite hollow fiber membrane was formed
under the same conditions as in Example 1, except that ENGAGE
8400 (manufactured by Du Pont-Dow Elastomer Co.; density =

25 0.870 g/cm3) alone was used in the intermediate layer. This

hollow fiber membrane had an oxygen permeation flux of 2 x
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homogeneous thin film had the same thicknesses as those

obtained in Example 1. A total of 5,000 three-layer hollow
fibers as described above were bound together to make a

hollow fiber bundle, and raw water having a dissolved oxygen

(w1}

concentration of 8 ppm was degassed by feeding it to the
inside of the hollow fiber membrane at a flow rate of 5 L/min
and keeping the outside of the membrane at 30 torr. The
dissolved oxygen concentration after degassing was 5 ppm.
10 Comparative Example 3
A total of 5,000 porous polypropylene hollow fibers
[KPF190M (trade name), manufactured by Mitsubishi Rayon Co.,
Ltd.] were bound together to fabricate a membrane module.
Using this membrane module, degassing experiments on a
15 developing solution, a semiconductor resist and an ink for
ink-jet printers were carried out in the same manner as in
Example 1. The developing solution contained a surface-
active agent. In all experiments, the membrane failed to
produce a degassing effect because the chemical liquid leaked
20 through the pores of the membrane.
Comparative Example 4
A total of 200 polytetrafluoroethylene tubes [Poreflon

(trade name), manufactured by Sumitomo Electrochemical Co.,

Ltd.; membrane thickness = 50 pm] were bound together to

25 fabricate a membrane module. Using this membrane module,
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V310% & () -carried out in the same manner as in Example 1. The
developing solution contained a surface-active agent. 1In all
5 experiments, the membrane failed to produce a degassing
effect because the chemical liquid leaked through the pores
of the membrane.
Comparative Example 5

A three-layer composite hollow fiber membrane was formed

10 in the same manner as in Example 1, except that the thickness

of the intermediate layer was altered to 20 pm. This hollow

fiber membrane had an oxygen permeation flux of 4 x 10°10

3 -2 -1

cm® ccm™? - sec™t - pa?!

and a nitrogen permeation flux of 1.7 x

10°% emd -em? s sec™t - pal. a total of 5,000 three-layer

15 hollow fibers as described above were bound together to
fabricate a hollow fiber membrane module. Using this

membrane module, a developing solution was degassed in the

same manner as in Example 6. Similarly to Example 6, a 100 u

m x 100 um region of the developed surface was observed with

20 a scanning electron microscope and thereby examined for the
presence of defects in the groove and land portions. As a

result, 100 circular undeveloped spots having a radius of 0.5
um were observed in this region. Thus, the membrane failed

to produce a degassing effect.
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liquid, and the percentage change in weight of the hollow
fiber membrane was 95%. When it was tried to carry out a
degassing treatment by using this hollow fiber membrane,

15 successful degassing was not achieved because the homogeneous
film was broken and the chemical liquid leaked through the
porous layers.

Comparative Example 7

An ink was degassed in the same manner as in Example 16,

20 except that the hollow fibers used for the degassing purpose
comprised silicon tubes (with an inner diameter of 300 um
and a wall thickness of 100 um). The degassed ink was fed to

the ink head and used for printing on 54 inch wide paper for

exclusive use. The printing was continued until the ink
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charged into the ink cartridge for ink-jet printers was

completely exhausted. With respect to a print obtained
immediately after the start of the printing, the number of
unprinted dots and the total number of print dots were
determined by observation with a magnifying projector. Thus,
the frequency of print dot losses was found to be 0.1%. At
the time when about half of the charged ink had been used,
the frequency of print dot losses was determined in the same
manner and found to be 1%. Moreover, at the time when about
half of the charged ink had been used, the deposition of a
scum was revealed by observation of the surfaces on the
secondary side of the degassing tubes. This caused a
reduction in apparent gas permeability, so that the dissolved
gas concentrations were equal to 70% of the saturated
concentrations under atmospheric pressure. This reduction in
gas permeability was considered to be responsible for the
increase in the frequency of print dot losses.

Comparative Example 8

A total of 1,200 silicon tubes (with an inner diameter

of 300 um, an outer diameter of 500 pym, and a membrane

thickness of 100 um) were bound together to make a hollow

fiber bundle. This hollow fiber bundle was inserted into the
same housing as used in Example 17 to fabricate a membrane
module. The same ink as used in Example 17 was subjected to

a printing test by feeding the ink to the aforesaid membrane
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module and using it in the same printer. While the frequency

of print dot losses was 0.2% at the start of the printing, it
was 2% immediately before the ink was exhausted. The
deposition of a scum was noted on the surfaces on the

5 negative-pressure side of the membrane contained in the
membrane module. This caused a reduction in the apparent gas
permeability of the membrane, so that the dissolved gas
concentrations were equal to 95% of the saturated
concentrations under atmospheric pressure. This reduction in

10 gas permeability was considered to be responsible for the
increase in the frequency of print dot losses.

Comparative Example 9

Comparative Example 7 was repeated by using

tetrafluoroethylene tubes (with an inner diameter of 300 um,
15 an outer diameter of 500 um, and a membrane thickness of 100

pm) in place of the silicone tubes. A total of 1,200 such

tetrafluorocethylene tubes were bound together to make a
hollow fiber bundle. This hollow fiber bundle was inserted
into the same housing as used in Example 16 to fabricate a

20 membrane module. The same ink as used in Example 16 was
subjected to a printing test by feeding the ink to the
aforesaid membrane module and using it in the same printer.
While the frequency of print dot losses was 0.2% at the start
of the printing, it was 2% immediately before the ink was

25 exhausted. The deposition of a scum was noted on the
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as in Example 8, except that a heterohomogeneous hollow fiber

membrane [SEPAEL, manufactured by Dainippon Ink & Chemicals,
Inc.; glass transition temperature (Tg) = 30°C] formed from

poly(4-methylpentene-1) was used as the degassing membrane.
15 However, successful degassing was not achieved because
isopropyl alcohol began to leak to the secondary side of the
membrane immediately after the start of the degassing
operation.
Comparative Example 11
20 The chemical amplification type positive resist solution
APEX~-E2405 (manufactured by SHIPLEY Inc.) was degassed.under
the same conditions as in Example 6, except that a
heterohomogeneous hollow fiber membrane (SEPAEL, manufactured
by Dainippon Ink & Chemicals) formed from poly(4-

25 methylpentene-l) was used as the degassing membrane. Before
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the hollow fiber membrane was immersed in this resist

solution, the ratio of oxygen permeation flux to nitrogen
permeation flux was 1.2. After immersion, however, the ratio
of oxygen permeation flux to nitrogen permeation flux was

5 0.93 and the percentage change in weight was 31%. When this
hollow fiber membrane was used to degas the resist solution,
successful degassing was not achieved because the resist
solution began to leak to the secondary side of the membrane
immediately after the start of the degassing operation.

10

The composite hollow fiber membranes of the present

invention can be produced at a lower cost than fluroresin
tubular membranes conventionally used for the degassing of
chemical liquids, and degassing membrane modules can also be

15 fabricated at a lower cost. This permits the user to reduce
running costs. Moreover, they have great practical utility
in that they can be installed in a limited space (for example,

in an ink-jet printer) as a degassing membrane.
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4, A composite hollow fiber membrane as claimed in any
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comprise polyethylene, polypropylene, poly(4-methylpentene-1),

poly(vinylidene fluoride) or polyoxymethylene.

6. A composite hollow fiber membrane as claimed in any
one of claims 1 to 5 wherein the homogeneous thin film
comprises a polymer blend composed of a styrene-based

thermoplastic elastomer and a polyolefin.

7. A composite hollow fiber membrane as claimed in
claim 6 wherein the polyolefin is a polyolefin having a
density of not greater than 0.900 g/cm3, and the styrene-
based thermoplastic elastomer is a block copolymer composed
of polystyrene segments and segments formed from at least one
monomer selected from butadiene, ethylene-butylene, isoprene
and ethylene-propylene, or a random copolymer composed of
styrene and at least one of butadiene, ethylene-butylene,

isoprene and ethylene-propylene.

8. A composite hollow fiber membrane as claimed in any
one of claims 1 to 5 wherein the homogeneous thin film

comprises a fluorine-containing thermoplastic elastomer.
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9. A composite hollow fiber membrane as claimed in any
one of claims 1 to 5 wherein the homogeneous thin film

comprises a polyolefin type thermoplastic elastomer.



