COMPCASI TE HOLLOW FI BER MENMBRANE TECHNI CAL

FI ELDBx This invention relates to hollow fi ber nmembranes for the 5
degassi ng of chem cal liquids and, nore particularly, to conposite
hol.| ow fi ber nenbranes for the degassing of chem cal liquids for use

i n“sem conduct or fabrication processes (e.g., photoresist solutions,
devel opi ng sol uti ons, CORTOSeRi HOLLOWORIBSER TMEMBRAENE N a spi n-on- gl ass
process), 10 inks for ink-jet printers, liquid crystals and organic

sol vent s. BACKGROUND ART Wth

respect to high-purity water for use in 15 sem conductor fabrication,

wat er drained fromboilers, and TECHN&CARtBEELRpply |ines of buildings,
raw wat er cont ai ni ng di ssol ved oxygen in a saturated state tends _to be
responsi bl e Thds dxveation. radasea| ‘ggl polbewafiker manbhanes §ogptheno.
169303/"' 91 discloses a technique for reducing the dissolved 20 oxygen
concentr&tidﬁgb§sﬂ§909ﬁnghﬁm§§6ﬂvéHQB%9§eﬁn¢rdﬁ?@ﬁuﬂ?rth“iPé%ﬁha 8 with

the aid of a hollqw fiber nenbrane. IQ this ﬁmuégg, t.here_is used a
t hr ee- | ayer COBWRSitEe PR PHWEAPEE, Membranesfor, &Lhe) 4RA48F 0% 8fpgeneous
filmconsisting . of a_thin silicone_rubber . fil 1.l i.cone-pol ycar bonat e
copol yner, 2§ .PQ(&}ﬁBﬁﬂﬁl68ﬁt8ﬁ8-1¥,S%%}???ﬁﬁ?ﬁé%qﬁ%qﬁ)gfn§PBOr segnent ed
polyurethan%gd%ésg% rQ%?Sq,b85$%89e9959uéoiﬁkﬂ§ns, developing solutions,
and chemical liquids for use in a spin-on-glass process},
10 inks for ink-jet printers, liquid crystals and organic

solvents.

BACKGROUND ART
With respect to high-purity water for use in

15 semiconductor fabrication, water drained from boilers, and
the water supply lines of buildings, raw water containing
dissolved oxygen in a saturated state tends to be responsible
for oxidation. 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.



VWat er - cont ai ni ng chem cal |iquids include sem conductor devel opi ng
sofutions, inks for ink-jet printers alcohol- wat er m xtures and the
like. In the case of such chem cal | i quids, they are sonetines used at
a tenperature lower than 5 30[err]C so that their gas solubilities may be
reduced to the utmost. The reasons why this nethod of use is enployed
are . that, siwWatematenthéndagt ohbmiealobikquids iut¢lid¢s¢micondurtor
organic sol vent over a wide tenperature range, the use of a wat er - based
sol ution i s davietll@iplingf splubéopay pbeks ofor etidet jRt DOinkertHl \AskE sl -
concentrations, and that the gas solubilities becone | ower as the
tenperature“@ﬂeﬂhéﬁ§6P§?Foﬁnﬂsth@dhéb% In the casgy®dy &uchyg8R™iFE1net hod
described in the aforenentloned patent is applied to water-containing
chemical |i ddigyddsyh&hey arg| Fenphimp? obFedsdtr s"eemEP‘?F?‘Hb“’cals%“"?ﬁ 1%""‘r{’ol | ow
fiber 15 nmenbrane in which a thin silicone rubber film silicone-

pol ycar bénat3‘Copol vt |t |gesr ol lapilisligsemayr beegediced to the

pol yuret hane is used as the honpbgeneous film it has not only hi gh
oxygen and RitcR@eN PRE "Pa4sems TwhixashiduietHED of Risgh is empdogedvaper
perneation flux. Consequently, during the course 20 of degassing,

condensat i orcleals edinvet eadeepsehdsbeof havedlower gas tdelwppbisti tes suhdmce of

the nenbrane. This is the sane situation as the | eakage of raw water
to the opposimmrduyr sadeent ovebbaewide, téhpenatbrancasge) | shesavee edfy ani t h
al cohol s, ethers, ket ones and esters contained in chemcal |iquids, so

that the 25vatembased sepubéobr dkeaubtableafor BheUPRrRPse @k arrdusides
10 dissolved gas concentrations, and that the gas solubilities
become lower as the temperature of the solution is reduced.
However, when the method described in the aforementioned
_patent is applied to water-containing chemical liquids, the
following'problems'arise.' In the case of a hollow fiber
i5 membrane in which a thin silicone rubber film, silicone-
polycarbonate copolymer, perfluoroalkyl polymer or segmented
polyurethane is used as the homogeneous film, it has not only
high oxygen and nitrogen permeation fluxes, but also a high
water vapor permeation flux. Consequently, during the course
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



2 may be discharged to the secondary side (or evacuated side)
of “the nmenbrane. In the case of a hollow fiber nenbrane usi ng

pol y(4-net hyl pentene-1), this nmenbrane material has its gl ass
transition region in the vicinity of 30[err]C and hence 5 becones brittle
in"water having a tenperature |lower than 30[err]C. Consequently, the
menbr ane t emiy the lvH swhalrgedbyot bheasécondary side epdrerevadcystess wielegnd
cause the | eakage of raw water to t he opposite surface. In
seni conduct of ftdte imegbinamepr otrstles ,caks exft & hwdd ows fiberpmembzsnag spot s
may be produced owing to gas bubbles i ntroduced into the supplied
chenical |i sy oUW (dxaephylpentenenl) hethis Hegphapne pteudsy ihaswiteh a
thin filmoverlying a sem conductor wafer is patterned by coating with
a phot oylasis ttrsgisittiion, reghoauie the | vidinity cfBeCpahtichance 15
beari ng mask, devel opnent and etching, troubles such as poor

Cam conaitt drocates ATEYe SacRbEr vt o FoRERr e 10y e, 397C-

devel opi ng sol uti on havi ng_gas bubbl es introduced t herei nto. Moreover,
when gas bubinEeentlyt d4gcBgmbrage bendsectodasibrpkeniky e acticne
washi ng opergéions of .the | i t hographi c. process; washing spots nay be
produced. ©f externpl, pre§surpopAndhcanse r bRicleyRI YaFrBUBHLEL it
believed to ke as fol.lows. chemcal liquid is delivered to a

di schar ge nd?¥ EREIHEhEXELECEr nitrogen gas. When the

In semiconductor fabrication processes, defects such as

10 processing spots may be produced owing to gas bubbles
introduced into the supplied chemical liquids. For example,
in the lithographic process in which a thin film overlying a
semiconductor wafer is patterned by coating with a
photoresist solution, expoSure to light through a pattern-

156 bearing mask, development and etching, troubles such as poor
patterning due to processing spots may be developed when the
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 liquid is delivered to
a discharge nozzle with the aid of nitrogen gas. When the

25 chemical liquid is discharged from the nozzle, the pressure



25 chemcal liquid is discharged fromthe nozzle, the pressure

applied to the chemcal liquid is returned to atnospheric pressure. As
a result, the dissolved gas present therein beconmes supersaturated and
this supersaturated fraction forns gas bubbl es. The formati on of gas
bubbl es can be minimzed 5 by reducing the dissolved gas concentration in
t he chem cahpplied| tgutbedehenicyl slipiat cicr dietyprnedatbestmpsplesich as
menbr ane degassi ng. As techni ques for renoving dissolved gases :
from cheni ceressurel i i ds Rsuide dhea dissblyad, gedepreseninithprfdithods have
been 10 known. (1) a nethod for renoving dissolved nitrogen from
a chenbegpnes ganEesyatarated Andrihis FoipegRatusatefefBrahion fOrRgyj ng
i nterconmruni catin ores fromthe inner surface to the out er, surface
(Japanese Paﬁénbuglafasm&hwm@m@%pfgaas pybbdeg /an e mAgHg)Lzes
199607/'59 and 7915/' 89; Japanhese ﬁ?tent Publ i,cati,on gbs. 57478("' 93
and 45282/ B¥: TefBCiRE FhRefissolved gas cgncentrarigns dp FRACIABIR Ssol ved

nitrogen froma, chemical] liquid . b se of_ a,heterogengous hol | ow

fi ber ﬂBFQnQQHVﬁmcﬁJ‘%P h%%%%%%%?‘% B SISy 'r‘cﬁi 23 "4 thin

20 filmlayer fr: of, I rcomruni cating pores) is disposed on t he
surface andﬁgﬂéﬁgg?eéeggéglégious substrate | ayer formned fromthe sane

oLV 5 o, PREDUERFRYGNHLFok LERURURS otgpo b aPRatep FekAninialdafer
liquids by use of a membrane, the following methods have been
10  known.

(1) a method for removing dissolved nitrogen from a
chemical liquid by use of a porous hollow fiber membrane
having intercommunicating pores from the inner surface to the

s outer surface (Japanese Patent Laid-Open Nos. 243306/'96,
15 94447/'97, 7936/°97, 199607/'89 and 7915/'89; Japanese Patent
Publication Nos. 57478/'93 and 45282/’'93; and the like).

(2) a method for removing dissolved nitrogen from a
chemical liquid by use of a heterogeneous hollow fiber
membrane in which a homogéneous 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



25 (3) a nethod for renoving dissolved nitrogen froma - chem cal
ligquid by use of a non-porous (honbgeneous) tubul ar

4 menbrane prepared by formng a tetrafl uoroethylene resin
hayi ng excel |l ent sol vent resistance into tubes (Japanese Pat ent

Lai'd- Open Nos. 153675/'97, 243306/'97, 7936/' 97, 267149/ ' 93,
31804/"' 95, mEMMYar/ prepak248Dy/ ‘£Bonidqpanasterafl udrdeithylbhdekekand- Open
No. 9160/'90; and the |ike). (4) a nethod for renoving dissolved .
ni trogen frdmwing exasldmintalsollvgotdréyisisanad imtovdubege( Japapesete hol | ow
fiber. menbrane conprising a honogeneous thin filmlam nated onto a
por ous substRatent dyadd-Qpepatiese UEB6754 Mbd14334i6d-'GFen 7886/ '38,91601/ ' 90;

and Japanese Patent Lai d-Qpen Nos. 243306/' 97, 94447/' 97 and
68007/ ' 89). 267149/'93, H18R44EPRed576P8 4 chbvansdy 1Hi48ISI/ VA& i nTRPBBBASS r om a
chemcal |liquid by use of a three-layer conposite hollow_, fiber
nenbr ane 5prgﬁa’r]e’tﬁb94qqﬂlellﬁd§1i‘9§e§ ﬂ%n-%b@@l}sgq;i |apd f@‘:‘.ecéﬁfﬁ?i)si ng a .
(1o or oot 1 Dot Vel P S IRt S48 ST o T Sl B3 1
Hovever Emj%afﬁ%‘?%fahﬁgftq(‘e‘nbtz by, BEERT T %@QE@%S%%’R%? 22obECHChi8TEd | 1
e o g FihihAedle, g FASCIERLRhU B o
of the membrgfe,,d Nfibstrate layer (Japanese Utility Model Laid-Open No.
10 91601/'90; and Japanese Patent Laid-Open Nos. 243306/'97,
94447/'97 and 68007/'89).
(5) a method for removing dissolved nitrogen from a
chemical liquid by use of a three-layer composite hollow
fiber membrane prepared by interposing a non-porous film
15 comprising a fluororesin between porous substrate layers
comprising a fluororesin, and adhesive-bonding the layers
with together to form an integral structure (Japanese Patent
Laid-Open No. 63007/'89).
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
liquid 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



liquid being treated penetrates into the pores and | eaks out - to the
setondary side (i.e., the opposite side) of the 25 nenbrane. This
phenonenon i s noticeabl e especially when the chem cal liquid conprises
a chemcal liquid for use with 5

sefm conductors or an ink for ink-jet printers. In the nmethod (2),
it is difficseidondlicdors odrhan ink €6¥Simkljee prrireqmiion of the
honogeneous thin filmlayer perfectly in the spinning step, so that an
ordered structureInStimsesthonl 2yst akl iseddff e bt | om dsstordattdee t o sone
extent. As a result, intercomunicating pores tend to be forned in

t he honpgeneexiystal hing |onienratigor pAgthechemegeneqwis tiein filmydawiery step
for formng a porous |ayer. Mreover, during handl i ng of the prepared
nenbr ane, neReEFRERLY rifbihey sPéRBiNg 18teR, pFR dehat AmIRTdarqd, stracture
honogeneous thin filmlayer. Wth . - this penbrane, therefore, successful
degassi n@ caP@d®Rd ft crystaddigfearheREEEOR nkS |GERA LD ihF M SEENL -
penetrates into the pares of the porous |ayer apd tQﬁgjgeaks qQut
through the 88 2 IRFELL o inferGgPEUniFat{Rg n thike Famedayd . such

15 | eak f, t hem cal | iLquid,li ti bl ially wh ' th
chem cal Ti ot Tipisels, g FLl TREEF drhd i dpred BT ene  11°

' duct ' i nk-jet ' th d (3),
oSOt oSO 4 AL IS S gL (9
coefficient,, i) B¢t Nhd PP8Pared membrane, mechanical rubbing tends

10 to produce pinholes in the homogeneous thin film layer. With
this membrane, therefore, successful degassing cannot be
achieved because the liquid being treated penetrates into the.
pores of the porous layer and then leaks out through the
pores or pinholes of the homogeneous thin film layer. Such

15 leakage of the chemical liquid is noticeable especially when
the chemical liquid comprises a chemical liquid for use with
semiconductors or an ink for ink-jet printers.

In the method (3), not only the membrane material has a
low nitrogen permeability coefficient, but also the tubes

20 uged for degassing purposes have a large membrane thickness.

Consequently, the nitrogen permeation flux is low [e.g.,
nitrogen permeation flux = 0.5 x 10711 cm3/(cn3 *Pa-sec)], so

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

26 This degassed level is insufficient for practical purposes.



20 used for degassi ng purposes have a | arge nenbrane thickness.-

Cofsequent |y, the nitrogen perneation flux is low (e.g., nitrogen
perneation flux = 0.5 x 10[err] sec)], so t hat 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 purposdsn the method (4), both the homogeneous thim film

In the nmethod (4), both the honogeneous thin film material and the
porous subsmedierigdt anflathesperees \auhstrate madiegtiadc hawed serlaemdnce
chemcally inert, so that it is difficult to bond both layers with an
adhesi ve. AJ&Sigitagre, andsapethencs ahemicallin dpexit,y ssotddd By figsi on, but
the fusing ., __step tends to produce pinholes in the honmobgeneous thin
film WidfisuthotesPard hethvkaserss itdy a0 dhasdysssi AGCeaRRBI Ke

achi eve bhecau he liquid being treated ] eaks qut .thro t he

pi nhol es? %5’%% tlaYeFﬁ #he h‘é’f?‘u%’ﬁa]{]éﬁ ,bot”rdee‘jtalliﬁyclfﬁ’és?ndf lf’(%R:e 60 I36189s film
i s enlarged t he t.hi cknesses of ihe .adhesive |ayers resul td. in an
i ncrease i n 6% §F§ﬁ?eg?opﬁ?a§u%eerwe'§ﬁ]tﬁf in th TOIERFAY t?'t’rél ff:lg‘glés of

t he gases p I Ng . h e thin fil e substanti.ally._r o and,
t herefore, g@g%gs%ﬁhgw%g %%%a%’f?clh%cyec{]’en% st JtsorE a%é:olrﬁrs lljéfseﬂ%%selng SF %%%agg I cal

s ASMiSyS, bSO LA I Lt Wb e
the pinholes.

10 In the method (5), the thickness of the non-porous film
is enlarged by the thicknesses of the adhesive layers,
resulting in an increase in resistance to gas permeation.
Conseqﬁéntly, the fluxes of the gases passing through the
thin film are substantially reduced and, therefore, degassing

15 capability tends to be insufficient for practical purposes.

With regard to the liquid crystal sealing process,
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 teqhniques 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,

26 the piezoelectric element of the head repeats pressurization

and depressurization many times during ink discharge. It is

=



present in a liquid crystal by neans of a vacuum punp are di sclosed in
Japanese Patent Laid-Open Nos. 170932/'98 and 20 218921/'95. To this

process, the same techni ques as descri bed above in connection with the
degassi ng of chem cal liquids for use in sem conductor fabrication
processes are al so applicable, but still involve the sane probl ens.

I n ink-jet hnowhetbataviwging pilkimgimoesis; dissehveiieadses 262 ithe

pi ezoel ectric elenment of the head repeats pressurization and

depressurlzd@séﬁlﬁan?XYGQQSannnkﬁfqgﬁO)dmg@ﬁéﬁgelnlFh¢slnk contained in
known that, during this process, dissolved gases (e.qg.

d| ssol ve oxyhenhaad Srevobergas ukbkes nwhighi krndokPaFEaY 1 the "t he head

grow.to gas bubbles, which tend to stay iezoel ectric el enent

head. ThesePéS§°BﬁﬁﬁF§§°n%&ﬁﬁﬁptE?e%ﬂscﬂgﬁﬁﬁdg?%g%¥$hﬁeﬁmqﬁ¥ e ink to

cause pr$nt dot.lo

he K= h
a therma? h8&§C haraggsffog‘itmwt{}ha%t Pegﬁiuge:)grf‘hgtd&f cye %s ? \(;Irng

h [ dJ I
"nk gr ow tooaaéh%‘dﬁﬁl%? bt ngtnedt ‘ﬂl%%%ré?ﬂsgi‘?ﬁiéﬁw B s
tend to stay.l get pRotReLAmt head, éé‘s‘%)it”%\f Rfiprna1 Y5687 856 Hasihpr with

the ink to Cause print { osses. ethni que for renoving

o sl v 08k o op PR oD cocpenas i ot
gases 15 p&ﬁﬁeﬁko%”téngégkbﬁmwhh?nﬁ{galﬂé'afd opeRatlbhi orsines thesed
10 gas bubbles tend to stay in the thermal head, they may be
discharged together with the ink to cause print dot losses.
As a technique for removing dissolved gases from an ink
by means of a membrane, Japanese Patent Publication No.
37173/'95 discloses a method for removing dissolved gases
15 present in an ink through a plain-film partition positioned
in the ink discharge head unit so as to separate an evacuated
space from an ink-filled space.- However, since the head unit
of an ink-jet printer must be rapidly operated, there is a
limit to the area of the membrane which can be mounted in the

90 head. Since the membrane materials described therein have

oxygen and nitrogen permeation fluxes of as low as about 1 to
3 1072 em®/(cm® - Pa « sec), it is difficult to remove
dissolved gases to a sufficient extent.

Moreover, Japanese Patent Laid-Open No. 17712/793

25 discloses a method for removing dissolved gases present in an



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 nust be rapidly operated, there is a limt to the area of the
menprane which can be nounted in the 20 head. Since the nenbrane nmaterials

described tfir %élélﬁt\i%ely CHYBU 228190} 2988 PREABRALAO b | teRbif s | ow

as about 1 to 10[ érr] It 1s dI%JICU It to renove di ssol ved

gases to a jsdif fiird eﬁbt t9e Gifside of the mbRbeauer andagraeset fied efte Lai d- Open
No. 17712/'93 25 discloses a nethod for renoving dissol ved gases present

in an outside idK 38 erinibiaine .t hHOWEhe, hohd ove 1 dETuoreEthyieney
feeding a raw ink to the inside of the nenbrane and evacuating the
out si de of titsegandEdnm tHewvesampliese offetthdtl peteathiiheeea very tampelsl used
in the exanples of this patent have a very small 5 nenbrane thickness of

1 to 2 ism Nisrand AMidkndss Brda @ 2 pmf| Giedn at Raw Bakdes Ohaddieto
menbrane, the flow of the ink causes the nenbrane to expand outwardly.

Si nce the @fbw%ﬁﬁuﬁﬁe cil&sﬁ’lt ek%ﬁst g‘l\é%&%%%gt kh k%%vgft&éhirﬁcforce and

hence has ere I's a strong 10

bi lit bt h
Paut o bei st oes, i TeHEAM W%a‘ﬁd"%ﬁ‘ﬂw@ﬁsﬁé el g
An obj ect Oéh{a&égsesl@tvé@/%dﬂn red S Q vl Q%! 8818 fdPcHCIAS ShTBHY ane

whi ch has sufficiently high oxygen and ni trogen perneation fluxes and
a | ow wat eri ¥YaApefi s addctanical strength, there is a strong
10 possibility that the membrane may be broken to cause leakage

of the liquid being treated.

DISCLOSURE OF THE INVENTION .
An object of the present invention is to provide a
15 degassing membrane which has sufficiently high oxyden and
nitrogen permeation fluxes and a low watér vapor permeation
flux, and can be used to degas chemical liquids without any
liquid leakage.
fhat is, the present invention provides a composite
20 hollow fiber membrane having a composite structure consisting
of a homogeneous thin film interposed between porous
substrate layers wherein the ratio of the oxygen permeation
flux to the nitrogen permeation flux of the membrane is not
less than 1.1 and wherein, after the membrane has been

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



flux, and can be used to degas chenical |iquids wthout any - liquid

| eakage. That is, the present invention provides a conposite 20
hol I ow fiber nenbrane having a conposite structure consisting of a
honogeneous thin filminterposed between porous substrate | ayers
wherein the ratio of the oxygen perrreatlon flux to the nitrogen

h 1 and wh
B o the i e s BeRe 95 Fimeraat” 14 CRARIEL 1¥%ui do. accor di ng to
1115 prefer abl e Thdt®, BERTSFBIPC ERORORT Yer HaH b HEAL hoﬁr%égrr%?aln%erﬁé‘;
been | mrer seg g e gabelldulds, aceo ,shaeelr]gcal llﬁ;L[ ﬁes abbbta b .

per cent age ge I n Weig mbr ane range 0

+30% It is plSG pfﬁftller Q:l?i pEQ@Enta?el Ha q{ 83@51]: f ﬂ'r'%‘ﬁ\bli%%ea

nitrogen per rreatl on err Pa sec) and an

oxygen 5 i%erlr‘fPaéﬁé)'}afrl'g’éxo@fonx?& L?(ﬁ ”1%” Qll‘,olP{:@Eé]:aB@esﬁﬁt

In the present Invention,” the chemc 1|qU| i mrers 10 test according

to JIS K 71144 HATEE 19k R¥mbSaAE Rdy & nitrdgdif pedinefa@nC &1 ud @ifi ds
i ncludi ng i sopropyl alcohol, a sem conduct or devel opi ng solution, a

spi n-on- gl as&oﬁs}_ciégé q:'?matn 5n§n1bnek Jnf’r/(bﬂk jlg% B[ébgt &hd a ngxg%ghqun d

crystal. For t pur pose, wt % aquéous sol utli
t et ranmet hyl ammoni um hydr oxi de i s used as the sem conguctg devel op| ng
sol uti on, a penneatsagoffoxedfohofO¥edy WemgHL. ofx 107 /(cm * Pa * sec).

In the present invention, the chemical liquid immersion

10 test according to JIS K 7114 is carried out by using five
types of chemical liquids including isopropyl alcochol, a
semiconductor developing solution, a spin-on-glass solution,
an ink for ink-jet printers, and a liquid crystal. Foxr this
testing purpose, a 2 wt% aqueous solution of

16 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-glaee 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 nonanoate as the liquid

crystal.

10



| sopropyl al cohol, 2% by wei ght of tetraethoxysilane, and 28% - by

wer ght of water as the spin-on-glass solution, a dye-based I nk

cont ai ning a solvent conposed of 80% by wei ght of water, 20 5% by wei ght

of ethylene glycol, and 15% by wei ght of | sopropyl al cohol as the ink
fof ink-jet printers, and chol esterin chloride chol esterin nonanoate

as the liquid cryst alBRIEF DESCRIPTION OF THE DRAWINGS 10

BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic view of a
conposite holl ow FIkerl is a nelemabéci Miaw cof carnoempuditd e lioes diter

I nventi on; FIG 2 is a schematic illustration of an exenplary 5
appar at us f onerdeprssiity arahdancel witutle lpresanty imvention;conposite

hol | ow fi ber nenbrane of the present invention; and FIG 3is a
schematic vi ew shBing? tie s wchemetioniiinsbration off And@KANPIATY esi st
film 10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

The conpdsi t¥PPRFIGF fidedasessinged ofhemicdt ebiehtid by usipgnithdn has a
structure in which a ho eneqQus thin film free of pi.nhol es or

i G opor o5 | SOMBRBH R SR VabRT BPBREane of s Rse Nty drenhichss 8on

both sides of theFieerfié schematic view showing the surface condition

of a developed resist film.

10 BEST MODE FOR CARRYING OQUT THE INVENTION
The composite hollow fiber membrane of the present
invention has a structure in which a homogeneous thin film
free of pinholes or micropores is interposed between porous
substrate layers disposed on both sides of the thin film,

15 without being bonded to the substrate layers. Accordingly,
this membrane does not cause the leakage of chemical liquids
through the pores, as contrasted with membranes consisting
entirely of a porous layer. Moreover, unlike heterogeneous
membranes, mechanical rubbing does not prodﬁce pinholes |

20 Dbecause the homogenéous thin film is not disposed on the
outside of the membrane. In spite of the fact that the
porous substrate layers and the homogeneous 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



15 without being bonded to the substrate |ayers. Accordingly, - this

menbr ane does not cause the | eakage of chem cal |iquids t hrough the
pores, as contrasted wi th nmenbranes consisting entirely of a porous
| ayer. Mbreover, unlike heterogeneous menbr anes, nechani cal rubbing

doés not produce pinholes 20 because the honbgeneous thin filmis not

di sposed on t#eis undeyifrdbde @b diepsesbaanadhésisei betwéehhehé auoreiat t he
porous substrate |ayers and the honbgeneous thin film constituting the
conposi te hadhiayefatierl ayers ame ahet hemogenepussehini fivdém i because athanged
in nere contact with each 25 other, this conposite nenbrane can retain
its form stakdyesive laypsr itends ite Ggsaef5rreﬂgcdegassnngaéfP%I%ﬁ@h4¥%ﬂy

| i quid.

undeS|rable'Whﬂ@hsp@téﬂﬁﬂhaGW@§ﬁ$eab@?ﬂé@ﬁlpﬁelpo¢693851ng %%B%?%%}EYlayers
and t he honobgeneous thin f|In1 because the adhesive | ayer tends to

cause a r&d ¥|¥ﬁ14¥§9y%94ﬁﬁ 1 ftey integraglynbopg thenhoRageReOYS

duct d | d bl e t |1
bondt he. honSbehaetn Capahﬁnp?i‘mwaﬁwbﬁéa%%fﬁ%é’n%%hafaefaet o e?);aheﬁt
f w t.hout b | t
borton of tRELH, YEI T sHNEGIT ey bREROPES 1afa 1t haat hd Sefil, g‘rﬂﬂ % qui d
bei ng de_gasse Jlrigﬁryn tcﬁékt 411:91 ftlliﬁls%o kgo%%ggﬂgﬁﬁépores and thén the

present inv enlca resista
chemical liquid being degassed may leak through these

10 micropores.
In the present invention, the chemical resistance of a
composite hollow fiber membrane is evaluated by immersing the

membrane in chemical liquids according to the procedure (i.e.,
immersion at 20°C for 7 days) described in JIS K 7114, and
15 determining the indices defined by the following equations
(1) and (2).
(Equation 1)

Change in permeation flux ratio of membrane

20 (Permeation flux ratio after immersion) -

Permeation flux ratio before

25 (Permeation flux ratio before immersion)
x 100

immersion

12



conposite hollow fiber nmenbrane is evaluated by i mersing the menbr ane

I n"chemcal |iquids according to the procedure (i.e., | mrer si on at
20[err] C for 7 days) described in JIS K 7114, and 15 determ ning the

i ndi ces defined by the foll ow ng equations (1) and (2). (Equati on
1)° Change in perneation flux ratio of nenbrane 20

(Perneation flux ratio after imersion) -

Permeation flux ratio before 25 (Permeation flux ratio before
i mrer si on) Permeation flux ratio = (Oxygen permeation flux)/ x 100

I mer si on 12

Perneation flux rafNéteogenyprrmertiamif o)t ux)/ (Ni trogen
permeation flux) Equation 2) 5 Per cent age change in wei ght of
nmenbr ane (%(Equation 2 (Wei ght of conposite hollow fiber nenbrane 10

Wi ght of conposite
J 5 P Percentage change in weight of membrane (%)

(Weight of composite hollow fiber membrane

10 Weight of composite
after immersion) - (Weight of composite
15 hollow fiber membrane before immersion

hollow fiber membr ane before immersion)

x 100
20
As used herein, the gas permeation fluxes are values
obtained by supplying pure oxygen or nitrogen to the membrane
and 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 oxygen permeation flux to nitrogen
permeation flux, is not less than 1.1 and in that, after 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



after imersion) - (Weight of conposite 15 hol | ow fi-ber nenbrane
bef ore i mrersion hol | ow fi ber nmenbr ane before i mrersion)

x 100 20 As used herein, the gas perneation fluxes are val ues
obt ai ned by supplying pure oxygen or nitrogen to the menbrane and
measuring its pernmeation flux according to ASTM D 1434. 25 The
conposi t e haldmbifliider swditabdee for tbe jmgemeavtical appldoatannss
characterized in that the pernmeation flux ratio, defined as the ratio
of oxygen péiawemaron iffi bhet pemmensgen flux zpﬁetrlmeaﬁ deshl Gkan & . hot théss
than 1.1 and in that, after_ the menbr ane has been imersed in chem cal
|i qui ds accdrepuRFants ddejfack thex pimkolrs demengd rersigbesn £REMed: iB, as
defi ned by equation (1), is within 10% If the perpeation flux ratio
is not |ess &Raruion af,dheemsrRREN AN Iékﬂﬂaﬁttm&é@éssYﬂb“es less than

13 ]t ui t abl use _in practicgl tlons.
However , 9 f Q‘hgef adﬁé’zfﬁeyr? tuJ?lPEPS‘SSlgaY’e%% ﬁdﬁ‘e’l ciosfah Re' medn
represents t t hat. pi.nhal es_have alread been fornmed

borti o of tHedRTnet BvaEn: fel dFcRidrtRe il 4ot §°8ms§ iRarhs: e
that pi “ho'eén ér}ﬂmfb A l?ﬁ?{l}]glilﬂ? 'igﬁtréirl n&égfrggig's{.rﬁ %&’96” and

nit rOgen nol ecul’es "are Or ne OrTD eneous
This is L”“kﬁﬂéﬁﬁgéi'ﬂlddyaé tend to leak through these pinholes.

Moreover, if the percentage change in permeation flux ratio
10 after immersion, as defined by equation (1), is within *10%,

the homogeneous thin film has sufficient durability for
chemical liquids. On the other hand, if the percentage
change is a decrease greater than -10%, the homogeneous thin
film will have pinholes formed therein, and if the percentage
15 change is an increase greater than +10%, the homogeneous thin
film will show a reduction in mechanical strength due to
swelling or cause solvent vapors to be discharged to the
secondary side of the membrane.
The materials which can be used as the porous substrate
20 layers constituting the composite hollow fiber membrane of
the present invention include polyolefins (in particular,
polyethylene and polypropylene), poly(4-methylpentene-1},
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



chemcal liquids tend to | eak through these pinholes. Moreover, if the
pefcentage change in perneation flux ratio 10 after inmersion, as defined
by equation (1), is within 10% t he honbgeneous thin film has
sufficient durability for chem cal liquids. On the other hand, if the
per cent age change is a decrease greater than -10% the honogeneous
thin f i hembrahe hof el Prelseatfl anvedtidve) eand thelir fcHdreygeerioent age 15
change is an increase greater than +10% the honbgeneous thin film

wi || show a weilgbti are i apprectiaaitedly sérength due to swel l'ing or cause
sol vent vapors to be discharged to the secondary side of the nmenbrane.
The material s whi The cpererniagsl changieipoveightubas ré@%in% byyeguation
constituting the conposite hollow fiber nmenbrane of t he present

i nvention i n€EUdeoHotiR|IMRRS itienhgdlevchiiaer membrang ok Hihe RFefRPt

pol ypropyl ene), pol y(4- nethyl pentene-1), ol yvi nyl j dene, f | uorj and
pol ypxymﬁ hyi‘-éﬁ%ﬁtfﬁﬁés@ %}/PFS% Y rep%gg,%nﬁ;ﬁ gﬁ %‘%/%‘?ﬁ at? r"ées’rgol}%rfb#eqcﬁbe t he
chem cal | O fogonsus Fhil Fi1m. o' FE% & Vil dd 53 5, e ARG OPP R ke

of e Pr<Serbob e Sl At VIRt gBLEnAE S o1 JERRIL AR APy Tl Y
(2o, DB ol AU cEARE AT Chof 0 P GPERY o i8N o1
practical use, so that no leakage of the chemical liquid
10 occurs. If the percentage change in weight is less than 0%,
this corresponds to an undesirable situation in which the
membrane is dissolved to produce pinholes and thereby cause
leakage of the chemical liquid. If the percentage change in
weight is greater than +30%, the degree of swelling of the
15 membrane is so high that its mechanical strength will be
reduced and the membrane may be broken after long-time
degassing operation.
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
25 because dissolved gasses present in the chemical liguid tend

to form gas bubbles when the chemical liquid is subjected to



honogeneous thin film If its value is in the range of 0 to +30% the
nmenbr ane under goes no pi nhol e production due to swelling and retains
mechani cal strength sufficient for practical use, so that no | eakage
of the chemcal liquid 10 occurs. |If the percentage change in weight is
| ess than 0% this corresponds to an undesirable situation in which

t he mendicther vadusmokeep.t Egperdiadd ypiimhaehes casd btlfieinky fansnk-

| eakage of the chem cal liquid. If the percentage change in wei ght is
great er thanjet3@intieersdegr pervficsherlynyigh ddgassiksl leviedr 8% P& so high
that its nmechanical strength will be reduced and the nenbrane may be
br oken aft erre@rigad e prevepsgnsinhgdobelatseon. In such a 9pgR: althbhi cal
liquid is degassed to renove_ dissolved nitrogen gas and oxygen gas
therefrom tPeefignabdg dhadgkbseyltinate Jogasind A8 e %égﬁeff hat the

di ssol ved ni trogen gas and. ¢ en gas.concentrations in the degassed
chenical i q'i}?"’Hg 108 of é’-hﬁoﬁog}leéﬁgl?ﬁgﬁn%%’%%W?ﬁé‘%ﬁ%[ﬁﬁ%sﬁuéf'O?f%xygen

d ' her, i [ S Ul i y
S not at {aifii0 DAt PHas SERCr ool ORIEE Be dnedd iqidh! TR
di | ved . h ' L OuH d
pubbl o5 wherb Tl SBRCEC A PEELER ko Bl { PR tholiow tALidd m 655

15 eI mne3C YRS e 1555 Sﬁigé#ﬁ(eifﬁ&befﬁﬁ?eo@fndﬁ"'h%sfsor I nk-

: . m
jet printers, a particularly hig egasse evel nmay be
than 0.5 x 10°° cm3/(cm2-Pa.°sec) and an oxygen permeation

10 flux of not less than 0.6 x 10° cm®/(cm?« Pa-sec). If the

oxygen and nitrogen permeation fluxes are less than the
aforesaid values, the desired ultimate degassed level cannot
be attained.
Where a membrane is used to remove dissolved gases from
15 a water-containing chemical liquid, water vapor having passed
through the membrane is delivered to the vacuum pump,
provided that the membrane has a high water vapor permeation
flux. When the vacuum pump comprises an oil diffusion pump,
rotary pump or the like, the introduction of water vapor into
20 the pump tends to cause a failure thereof. Moreover, this is
also undesirable from a hygienic point of view in that 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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required to prevent print dot |losses. In such a case, it is -preferable
that the ultimate degassed | evel be not greater 5 than 10% of the
solubilities under atnospheric pressure. It has been found that, in
order to degas chemcal liquids to such a practically sufficient

| eVel , the hollow fi ber menbr ane nust have a nitrogen perneation flux
of not |ess not suhtabl® For Ihecdeglasingepfandtan-ogpgainpagnehenbeal 10
flux of not less than 0.6 x 10[err] Pa sec). |If the oxygen and

ni trogen perhiguids. f Bgxesrasvlitegf ihwesthgation by otk aprkesentues, the
desired ultimte degassed |evel cannot be attai ned. ) VWere a
nenbrane i s iBERNERETenidvdafi Peginy dougds shatyopn e5dgruhfepvesdt BhRi ng

chem cal liquid, water vapor having passed t hrough t he nenbrgng#g_Yl

del i vered t odbpeevdRIfFhsthslisadvantagesde$henenbranfefBPute RESIS
wat er vapor perneation flux. Wen the_ vacuum copprises_an oi
diffusioﬁgpuﬁﬁYe a watey FAPPuRTTIRY n|&Qg§ PEeDBgFBBBEgEFOEEB? Fer

vapor into 20 jhe punp,tends to cause a failure thereof. Mrreover, this is

al so undesi r &81% & t BAH(A® hygivani cAporsed drexeiny | the HATSRIEIPOT  vapor

havi ng passed through the nmenbrane condenses on the secondary surface
of the menbrpaemeatdidmef eslls iangalue obtadeesabecprdingesot ABTHr BwE 6, of
m croorgani snms such as nold. 25 Thus, a menbrane having a high water vapor

permeation f{uX,|sby supplying air at 25°C and 70% RH to %6 membrane, not
suitable for the degassing of water-containing chem cal

evaluating the oppqsite side of the membrane to 10 KPa,

10 collecting water vapor having passed through the membrane bj
means of a cold trap, converting the amount of collected
water to a value pef unit membrane area per day, and
multiplying this value by the thickness of the membrane. For
the materials which may be used as the homogeneous thin film

15 in the practice of the present invention and will be
described later, their water vapor permeation fluxes are not
greater than 1 x 1072 g"m/(nﬁ‘-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%. In the present invention, one or

more porous substrate layers are disposed on either side of



liquids. As a result of investigation by the present I nventors, it has
been found that, in order to avoid the above- descri bed di sadvant ages,
t he nenbrane should preferably 5 have a water vapor perneation flux of not
greater than 1 x 10-2 g .m(nferr] .day). As used herein, the water
vapor pernmeation flux is a value obtai ned according to ASTM E 96,

i .e., by supbleyhbmogeneatis2bhenr fQnand IR0 &k t ©o centearireartthe

eval uating the opposite side of the nenbrane to 10 KPa, 10 collecting

wat er vapor meahiangcpissedenptbugh the memibhraaes by is moneapzeférable| b
trap, converting the amount of collected water to a value per unit
nmenbr ane ar ddspesedaye andmore pomousd Hulisigatiei daygkgeopyeadl sHiRkpkss of
t he nenbrane. For the materials which may be used as the honbgeneous
thin film Ihe hompgepequsi tbinffike. pdésshickpoent9breashl RATAUSe
described | ater, their water vapor perneation fluxes are not greater
than 1 x510-shbgtmate] daykrday)less than 10 The, tthe kwggscaofe wid lhd@ygeneous
thin filmis preferably in the range of 1 to 10 um If its thickness

is less thannpkufdqcib@t hBEhhAEAEND ARy, | ThavRe | Pt T | H RIKngyL AU €
resi stance In practical use. Preferably, the polyolefin porous

substrate | &Ry pordtls Baveteaatdi Taypess difspbdddo onOepenr § ilandf athe
porosity of 10 to 50 vol% In the present invention, one or nor e

Ii(;r ous substfloRdn@beES thif ¢iEROSS dg Ukt R9anSh@® @m, hollow fibers

comprising the hollow fiber membrane have an unduly large

10 outer diameter and, when they are fabricated into a module,
the volumetric efficiency of the membrane will be unduly low.

The composite hollow fiber membrane of the present

invention may be prepared by the step of carrying out
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 fof the fdrmation of a substrate layer
precursor (i.e., an undrawn layer) is fe& 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 molten
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

18



t he honogeneous thin film In order to enhance the mechani cal strength
of “the nenbrane, it is nore preferable to di spose two or nore porous
substrate | ayers on each side of t he honogeneous thin film If

t hi ckness of each porous 5 substrate layer is less than 10 [err]m the
meribrane will have i nsufficient nmechanical strength. If the total

t hi ckness ofthe outtdre layeouposthionr dheréaf eperais.poddthongkathe sdgrw of t he
honobgeneous thin filmis greater than 200 [err]m hollow fibers

conpri si ng tiativoMagy viatye ogexdiagethatvhe stvpafd Ay the golyrergupepd,

di aneter and, when they are fabricated into a nodul e, t he vol rreLé_ri c
ef ficiency oft tife ufdiddandnwithe sangrdefy2| & 10 based on the dsRELE; P

hol | ow fi ber nenbrane of the present i nventi-on_may be Rr pared by the
step of carrghginsdgawn fibagn.i; THykhe HrAyoLiatdosdenhPag Shd tﬁe Thep of

d ] t h 15 ' t ke | . Specifically, '
pi i ngD - POTREIAG O G PRTANE. oBbs EBRER YR aridde FEEORe: J0PHre. o
| t I f the. f ti f a. trate .| ay. gt i.e.
an undr aan’ 15 14 e d are aBar - end W€ anerioBET RS ooy
t f th , I f t f t .00 Of 5
Pormgeneous 1S TG i 088 oefBRbLEREy, One vhe' BRI EROLTIE 1

Thus, these Y RIS r t tkkC nozzle
3 cftteé} thap g.fQJt 'e?lgo %)g-i%?ikgiéé Sty t W the conpest

and (ofo]o) under to solidify the nolten
pol ynmer s anchd ey bps et Medibrdndr awn1hsk! 89 {obeds tTaldRsadpedbliym the

undrawn hol |l ow fiber is drawn so as to nake
18 10 from a practical point of view.

It has been found that, as the material of the
homogeneous thin film constituting in the composite hollow
fiber membrane of the present invention, the following five
types of thermoplastic polymers may preferably be used.

15 These polymers are described below in order.

A first material suitable for use as the homogeneous
film is a polymer blend composed of a styrene-based
thermoplastic elastomer and a polyolefin. Such a poiymer

blend composed of a styrene-based thermoplastic elastomer and

20 a polyolefin can be formed into a homogeneous thin film
having a thickness of not greater than 10 gm, and this film

has excellent chemical resistance to 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 permeation fluxes given
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the outer-layer portion thereof porous. Al though the draw rati o may
vary according to the types of the polyners used, It is usually in the
range of 2 to 10 based on the | ength of the undrawn fiber. If the draw
ratio is less than 2, the 5 porosity of the porous substrate |ayers wll
becone | ower than the aforesaid lower Iimt and make it difficult to
achi eve suf fbel@antamgayyieraseabithingd by shppliyingrpore oxygen amdeater than
10, the breaking elongation of the conposite hol | ow fi ber nenbrane
will be so |nitesgen tadde £igmobhdnmeasuting bheincpermeapbPnt THRXES ew,

It has been found that, as the material of the honogeneous thin film
const i t ut i ngateoXding dipdSTe DhdkB4w The denssktyrevbranrieabie iRt Ay

i nvention, the follow ng five types of thernoplastic polynmers may
preferably beelsiny thHed phigserpalty 180¥ arextostindeik boidar ian lyatbrof

A first material suitable for use as the honbgeneous filmis a polyner

bl end CO@OSles)fk@@ayf@ﬁe -Paednd, cob'ﬂ@ﬁ&olﬂ:a§lbﬁl?| astpgBR and a
pol yol efin. Such a pol yner bl end conpoSed of yrene- based

t her nopl ast i gefpasdirRs, il mAsuipgl yahef sAmpaa be hoasrditpt gradient
honogeneous thin film having a thickness of not greater than 10

[err]m and thbe éd¢ddirding ttansamcel L606.chemni cal resistance to various
chem cal i quids and can hence be used to renove dissolved gases to a
practical |y usef ufhel ¢ tymaree-degask atierewelastie glastefepensedbini the
coefficients and gas perneation fluxes given
19 present invention may be suitably selected from the following
10 two structures.
A} A block copolymer in which the hard segments
comprise a styrene polymer and the soft segments comprise a
poljmer derived from at least one monomer selected from
butadiene, ethylene-butylene, isoprené and ethylene-propylene.
15 B) A random copolymer composed of two or more types of
constitutional units formed from styrene and at least one of
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 10713 to 3 x 107'? cm(STP)3em* cm™? - sec™! - Pa!. In 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

20



bel ow are val ues obtai ned by supplying pure oxygen and nitrogen to the
fifmand neasuring their perneation fluxes according to ASTM D 1434.
The density is a val ue obtai ned by nmelting the polyner at 190[err]C,
extruding it under a load of 5 2.16 kg to forma strand, cooling it slowy
t o room tenperature, and neasuring this sanple in a density gradient
‘tube accordiof actSTMilm508n the other Mied sta rrmlamisys &l ande COBPPESEH ¢

el astonmer used in the present invention nay be suitably selected from
the foll owi ngf acstykrrehagad dhermoplastic ﬂ}aﬂﬁﬁmﬁﬁkaEGp%I@9&¥°#QFMWHch
the hard segnents, conprise a SEXJene pol ymer and L%E,s ft segnents
conprise a (hereimathsr kgiaradd tonbgietdysasofePRb¥BRF 1ReF S T rom

but adi : hyl - b I vo d hyl - I N AS) B

At andom copBFUREr ROHIAREFE FIBoEPTR) e hApbavEF BelE KRGt LT T
its f d { t | t but adi ,

et hyi ene-but SPerEe T ShbHaE A esrrgnase 6 apgrinuer A4 E5F hegeg be

styrene-basego£ﬁg npﬁgéﬁ%iéhl ashrer s have oxygen and nitrogen

pernmeability coefficients Tntherange of 0.6 x 20 10[err] to 3 x 10[err]

c(STP)[err]. In ﬁﬁgﬁraték rene- UL the 8Requs eh BkRofibrM Hane NG t he

desired oxygen an . nitrogen permeationfluxes, they need to be forned
into a bibRabawdch & tgH19/01e33 0f 11Q GaslpberehBil S&£fid¥ents

styrene- based t hernopl astic el astonmers have high nelt viscosity, 25
whi ch mekes ténditdikel teditdise tbREVaLONet fRas tihded ofd@id ahat melt
10 blending with a polyolefin having a density of not greater
than 0.900 g/cm3 can yield a polymer blend without causing a
reduction in gas permeability coefficients. The polymer

blend obtained by such melt blending has oxygen and nitrogen

permeability coefficients in the range of 6 x 1071 to 3 x

15 10712 cm(STP)Bcnl-cm’z'sec'l-IPa'l, and can be formed into a
thin film according to a melt spinning process., Actually, a
thin film having a thickness of 5 to 1 pm could be obtained.

This thin film had oxygen and nitrogen permeation fluxes in

2

the range of 0.6 x 1072 to 3 x 108 cm(STP)3°cm’ 'sec'L-Pa°l,

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

26 (Interpenetrating Polymer Network) structure by melt-blending

21



20 of athinfilm On the other hand, a polyner blend conposed
of "a styrene-based thernopl astic elastonmer and a polyolefin

(hereinafter referred to briefly as a pol yol efin/styrene- based

t hernopl astic el astoner) has | ower nelt V|sc03|ty than 5 the styrene-based
t hérnopl astic el astomer and can hence h f or med nto a.tigiﬁﬁﬁlln
When a styre%eSQEEﬁRFT@ﬂﬁ?ﬁuﬂ@ﬁﬁWQPLﬁsééFoﬁéPStQmﬁﬁlYlt a Yith a

| yol ef bi | f f b d
ovover, 11 Haothes b T Ot m RO ep a5 Ema aftﬁhé"%f A Sy ng
d t f th 0..900 g/ | d d
Saltﬁf;ﬁ{ ! aushgndbEs e AT iaia (Gad o iBaBPRPFY 8ber i by %‘4‘5* i &
h It bl
her feabi | i typ&s% oL BT R IR e R Pl SR R a7 002
cn(STP) [ & r] ofggu%%:?u@ﬁ??{%@Pﬂﬂg Gyoreriicd i MACGROHAR D 2 Mol

Spi Nni ng pr oCéss ving‘a |ckness of 5to 1

[err]m could tRAP i (dHdy sl fi@'ﬁ exxgeﬂna&ld: 4t M06Mhe
per neati on ffﬁ%ﬁgpll?lé fﬁ]g aLhpehlrsalnge of 0s A e?r] to 3 x 10[err]

cm( STP) [ err] regfon fANfn€Qth&heBitd hﬁ.ﬁ}ﬁ@éd}ﬁf&hbrt hatt tie beatiieved§ thaygen
permeation fl uX to nitrogen perneation flux be not |ess than 1.1.

In order to awhhéVeo CtieDs ComtdRsdsdtarea i comfiigueation chevheathteaui ds,
it |s effective to create an | PN
dimensional network structure, the polymer blend has
10 interstices formed between molecular chains so as to allow
gas molecules to pass therethrough while suppressing its
dissolution or swelling in chemical liquids. Such a
structure can be obtained when the mixing ratio of the
styrene-based thermoplastic elastomer to the polyolefin is in
15 the range of 5/95 to 95/5 (by weight). With this polymer
blend, it is preferable that its molecular chain structure is
an IPN structure, though it depends upon the type of the
chemical liquid to be degassed. However, if more importance
is attached to gas permeability than to chemical resistance,
20 the molecular chain structure of the polymer blend may be
altered to a non-IPN structure.

Although the polymer blend thin film of the present
invention has excellent chemical resistance owing to its
above-described structure, its chemical resistance is poor

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

power to dissolve the styrene-based thermoplastic elastomer.
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25 (Interpenetratlng Pol ymer Networ k) structure by nelt-bl ending

21 a styrene-based thernoplastic elastonmer with a pol yol efin.

In this structure, the nol ecular chains of the styrene-based

t hermopl astic el astoner (i.e., the nol ecular chains having a physical
crosslinking point in a styrene domain) and the 5 nolecular chains of the
pol yol ef i n Howevert,hétsotbenical resisthaices iaekogliephywithl respesti¥king

point in a crystalline region) interpenetrate with each other. It is
bel i eved t hgthers, ke®pngstandhakcohnls pandt taerﬁgleomugyﬁht?ﬁn of the

t hr ee- di nensi onal network structure, the ymer bl end has 10

i nt er sti ces PEOANEANGePIBEALAS| dexing Qﬁ%mlﬁsp§6°§§cﬁb QPPB%Fatlonﬁas

nol ecul es to pass therethrough while sup re53|3%8lts aoluttﬁn or
swel ling in chem®&re ithgi 850repeHd Plock copoyd Fe(éénlﬁeuﬁﬁ affieti®®hen

ool yol of P FEYERnSTEasEr. tharBu Ao oS IEs BPE /| BYCnbPORET bt h t his
! bl ferabl e ¢ t t
ol Yer o Aeeiinchl deRLCLELAble A (Ll SR SEULAT CRNa! ugLgUcture s

upon em cal

auid to beoheasaasds HQUEKCE . oI GILIBACbased bi ghgached to gas

permeabi lit to chemcal resi tance e nol ecul ar chain

structure ofgtthe thelimee1 k8P dofBY s b:ﬁ:yrene 3bhkadst 9sa0PBri-EA shrekéUre.
Al t hough the polyner blend thin filmof the present i nvention has

excel | ent Ch%.lgl?l tyr 6% ibe%ean%wgﬂgstsotféﬁmtlon based on the

10 structural relaxation of soft segments is observed in the
vicinity of -50 to -70°C. On the other hand, the temperature
dependeﬁce 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 50°C, 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 um, 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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above-descri bed structure, its chem cal resistance is poor 25 with respect

to-sol vents (e.g., hydrocarbons) having strong power to dissolve the
styrene-based t hernopl astic el astoner.

22 However, its chem cal resistance is excellent with respect to
et hers, ketones and al cohols, and there is no risk of pr oduci ng

pi nhol es durbparason Fd¥ dEncfidngdRRkE6dE@Ngases is carride®reut heThus,

af oresai d bl ock copolymer (A) is used as the 5 styrene-based thernoplastic
el astonmer, tPRetEnDErHilM has fledtg@pendencover &hwidé otagperdtaste aamyyl us
of this block copolynmer is such that glass transition based on the
structural reasxatpoactofcaltly eud fiedennt burstobseengthiagaimst extaxnalnity
of 100[err]C and glass transition based on the 10 structural relaxation of
soft segment pressubserargt iisn hemee suitablenfoy ovse-&89 aothi@[&iklm Goxon t he

other hand, the tenperature dependence of the storage el astic nodul us
of the rdndodegassin®minpgases(-B) is such that no clear glass transition
point is not observed. In the tenperature range of -50 to 50[err]C,

this 15 random c¥pER9YRF . i hadicmopesernse thign fikB GPBPELSI BRI BERR K
copoL el (MofI LB RO L5 (Lue b L (LU PASNGLer: anad B
seurent s havh 09 Galeh AL Smenb 9195 T Eh RO B U B, 1S
However, in ghiRefe (A Wed By MMRYC" A3:EBLGKACEE8E FP6n a water-
| 10 containing chemical liquid, the load imposed on the vaéuum
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
156 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 polyoclefin preferably has a

25 density of not greater than 0.900 g/cm3. Specific examples

of such polyolefins include atactic polypropylene, low-
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thin filmis in the range of 5to 1.0 [err]m the tenperature

dependence of its elastic nodulus is gentle in the t enper at ure range
of -50 to 50[err]C in which the degassing

23 operation for renoving dissolved gases is carried out.
Thus, the thin filmhas flexibility over a wi de tenperature range,

has a practaeab&yyspéiy@tnymeﬁhuwﬁtnyuéﬁayﬁro@?qb&&tcgpbqyﬁéks and pressure,
and is hence suitable for use as a thin filmfor 5 degassing purposes.

Mor eover, tbthizdengeoeberse tduwpo Iynenscqrnrg.Si et kemmercially available

"pol yol efi n/ styrene-based t hernopl astic el astoner” al so has | ow wat er
vapor per nedibpni Py Bext+RBowehoss tomest [Gent underhathe tradewhemei bfis used to
renove di ssolved gases froma water- 10 containing chemical liquid, the

| oad i nposedEBGAEKEE) vacuum punp connected to the secondary side of the
menbrane_i s Specific exanples of the styrene-based

t her nopl &sti ¢ Tiggggg’?én%@?m%ét&mﬁ%mFéi‘%lﬂloplé\ﬁéziilcabl e from
Shell 15 emcal Co. (US A), which is a_block copolyner having hard
segrments f oPABELPIEH and (RRBFRFIRYTARRS aniey medtrbdegrer: bY meanfoPfed froma
DUt adtene POl She S Lo ThY YeEl e S SRIRIIEY oS0 FLA S T
copol ymer h93899n89fgngegﬂgﬂnﬁélletized to obtain a resin material for
the formation of a homogeneous‘thin film. Commercially
10 available polymer blends composed of a styrene-based
thermoplastic elastomer and a polyolefin include, for example,
DYNARON H4800N and DYNARON H4900N [manufactured by Japan
Synthetiﬁ 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

2b



20 fornmed fromisoprene or ethyl ene-propylene. Specific -exanpl es of

t he random copol yner include HSBR1320P and HSBR1320P ( manuf act ured by
Japan Synthetic Rubber Co., Ltd.) whi ch are random copol ynmers of
styrene and et hyl ene- butyl ene. On the other hand, the polyolefin

préferably has a 25 density of not greater than 0.900 g/cnferr].

IS|oecific exymles (mole &) auahthel ¥piekhess idE|tllliéet&'ﬁ.@CE%QmDQbYﬂﬁOﬁkéene,
oW ensity

24
ol yet hyl encapichdeResPRaPY! f, GHLKIR! #18fidhas a RBAQL- OCt ene

copolyners (e.d., one commercially available from Du t - Dow
El astomer Co. under the trade nane_of "ENGACE")q 2 . The
above- descr iRgsmeation&lyxsed raEr kP akhar 0.5 x d0ast@her(Uhd Pa « sec)

pol ypropyl ene are nelt-bl ended by neans of a tw n-screw extruder. The

extruded st ranfisamioxygen gefinedtbyn £lux coblrdty,lemsd thaan0pél keldzd to
obtain a resin material for ) the formati on of a honobgeneous thin film

Commer ci gl | yem3)Q a¥%ai pablsgcho! YiBrefd Q!Eﬁfolﬁ@@?%ﬁéi@ﬁ Aasiyrenerdased

t hernopl astic el'astoner and’a pol yol efin include, for exanple, DYNARON

[0, (I5R IR s i B FRE LR in 2L R L ey RBRR A Bl BEE
{he mater | aibTaPACd T nbt poe P iRg e bhckptia, 1 greqedt Mgy rUse
sel ected fraygAMPNGHY Hdsulting thin film will tend to be brittle at
room temperature and hence lack practical utility. If the
10 film thickness is less than the aforesaid range, the thin
film will tend to be broken during handling or produce

pinholes. If the film thickness is greater than the

aforesaid range, the thin film will tend to have a nitrogen
permeation flux of less than 0.5 x 1077 cm3/(cn3 *Pa-sec). In

15 this case, the material for use as the porous 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-

26



density pol yet hyl ene, isotactic pol ypropyl ene, pol yoxynet hyl ene,

hi ghl'y crystalline poly(4-nethylpentene-1) 20 and the |iKke. A
second material suitable for use as the honpbgeneous filmis a

copol ymer of (2,2-bistrifluoronethyl-4,5-difluoro- 1, 3-di oxol ) and
tetrafl uoroethylene. This polyner is in a gl assy state at room

t enper at ur et iiyla fARBYRR AR bnaPEB Sr 2w t Driyld dedbl @1Gbride.
(2,2-bistrif|uoronethyl-%?g-diflug?g?q,s- ;Qﬂgﬁgkgﬁé) to

tetrafl uor oapARS ioF ithet HeubaBgebbér SEYERidP soft segments include a
25 90/10 (nole %9 and the thickness of the thin filmis in the

range of 0. Sinylidete [finotridet-heraf L uordpsopy ke egppolymer padneation fl ux
of not less than 0.5 x 10-[err] Pa sec) and an oxygen pernmeation fl ux
of not | ess wigyl iGlethex £1Qpeide-hbxaf tnotopopslene-tdtirafiaocopthydenezat i on
ratio is | ess than 50/50, the resulting thin filmw/ll have unduly | ow
gas Spertexpsilymer. | The htleeopbigrrantadniog therpopiagkiatelastrmer

90/ 10, the resulting thin filmwill tend to be brittle at room

t enper at ur e RHRE Ihask apgdaspchransition tempenaturey in thet KpRRReSS s

| ess than the aforesaid range, the thin filmwll tend to be broken
duri ng handl429g tor 4405duceSpecifip mixampies| 6ft tlke f fluwotinelamdaining eat er

t han t he af oresaid range, the thin filmwll tend to have a nitrogen

pernmeati on fdHerrfplladtSct BaBs@ome¥ 1ACEaAd i SI€Whernoplastic

(manufactured by Daikin Industries, Ltd.; a polymer having

10 hard segments formed from an ethylene-tetrafluorocethylene
copolymer and soft segments formed from a vinylidene
fluoride-hexafluoropropylene copolymer). In this case, the
material for use as the porous substrate layers may be
suitably selected from among highly stereoregular

15 polypropylene, highly crystalline poly(4-methylpentene-1),
polyvinylidene fluoride and the like.

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

20 methylpentene-1) and a higher olefin (e.g., an a-olefin such
as octene). Specifié 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

25 crystallinity be not greater than 60%. If the degree of



15 this case, the material for use as the porous substrate -l ayers may

be-suitably selected from anong pol y(4- nmet hyl pent ene- 1),

pol ypr opyl ene, pol yvinylidene fluoride and the like. A third
material suitable for use as the honbgeneous 20 filmis a

fl dorine-containing thernoplastic elastonmer. As used herein, the
f1uori ne- congaystapl ity aFidated! 88hANMB0%, thei Besupbiygethiavinmhard
segnents forned froma fluororesin and soft segnents forned froma

f | uor or ubberwiEkahmpvesindufficiente ghkupeameabblitym rn drids segeentthe

i ncl ude an et hyl ene- 26

t et raf | uor oemayériel chpolusemsarndeppbyvirybubdshratéubayeres may b&xanpl es of
t he fluororubber form ng soft segnments include a vi nyl i dene

fl uori de- hexanftebbypreaplaated dopol pmengahdghly crystaylineneoly (4~

fluori de-hexaf| uoropropyl ene-tetrafl uoroethylene 5 terpolyner. The

f1 uori ne-ZontgFhY heeR ARSI homopodyastendr highly peeystabl indata gl ass
transition tenperature in the range of -20 to -10[err]C. Specific
exanpl es of méthylpentens-clnt(ak nohgfin) copelyngy dstid- TR RWA1 i ncl ude
Dai el Thernopl astic (manuf actured by Dai kin Industries, Ltd.; a

pol ymer havi pgandfabeited agnanttsufiocneadita@mal, Ltd.)), polyvinylidene
et hyl ene-tetrafl uoroet hyl ene copol ymer and soft segnments formed froma

vinylidene fluofideramke-ttexdfikear opr opyl ene copolyner). In this case, the
material for use as the porous substrate |ayers may be
A fifth material suitable for use as the homogeneous
10 film is a polyolefin type thermoplastic elastomer. As used
herein, the polyolefin type thermoplastic elastomer is a
copolymer composed entirely of polyolefins. Such copolymers
include copolymers composed of ethylene or propylene and a
higher olefin, such as an ethylene-octene copolymer, a
15 propylene-octene copolymer and 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/cm3 at 25C. Specific

examples of the polyolefin type thermoplastic elastomer

20 include commercially available polymers such as Toughmer

XR106L and XR107L (propylené-cx—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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suitably selected fromanong highly stereoregular 15 polypropyl ene,

highly crystalline poly(4-nmethyl pentene-1), pol yvi nyl i dene fl uoride
and the |ike. A fourth material suitable for use as the
honbgeneous filmis lowcrystalline poly(4-nethyl pentene-1). The | ow

crystal line pol y(4-nethyl pentene- 1) I's a copol yner of poly(4- 20

net hyl pent enerdn @itshep Hiighhaensliefi polpethylame A-0i gl suedeoregulas
octene). Specific exanples thereof 1 nclude TPX MX001 (manuf act ured by
Mtsui Chem pselygiopyled),. pbdybhimethyleheonagéngousliiken film it is

i mportant to keep its degree of crystallinity low It is desirable
that the degree dimomdp tdreysbalviei-desyprhbedonagecbabs fommsHoas |tthe he degree
of 27 crystallinity is
great er thanh@@sgendmis dddmi agpohymertihaterial wiompaerad afhustiyde®Rr gas
perneability. In this case, the material for_use as the porous

subst rat & | Byased ridiemmoplastis plastones| apdedl POLYR keibHY g‘ﬁ‘l}?rme—

crystalline poly(4-, 5 nethyl pentene-1) honopol yner, g crystalline
(4- met FA o ti‘)er(“QPEFiéFilﬁ) e%@ﬁ’&?‘?%rof 2 990114‘?5)?%%1 f}/
(manuf acture dene foﬂ %grlde

I | i
and the I|kedhe¥h°PlaSthAeﬁaF%ﬁmﬁﬁté?lBfegéiég Y X $y R
h 10 f | ef t b I . d
o TUNPTR N ety e
: the above-described polymer materials composed of a styrene-

10 based thermoplastic elastomer and a polyolefin, the glass
transition region of the soft segments lies in the range of -
50 ‘to +5C, or no well-defined glass transition region exists.
In the fluorine-containing thermoplastic elastomers, the
glass transition region lies in the range of -20 to -10C. 1In

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

25 cellosolve, ethyl lactate and propylene glycol monomethyl
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copol ymer conposed entirely of polyolefins. Such copol yners - include
copol yners conposed of ethylene or propylene and a hi gher ol efin, such
as an et hyl ene-octene copolynmer, a 15 propyl ene-octene copol yner and an

et hyl ene- propyl ene copolynmer. In order to obtain a thin film having

hi gh gas perneability, it is suitable to use such a polyner having a
density of rahed aabtatbhanhem9081ghapBiatc2di e riype FReditfive exanpl es
of the polyolefin type thernoplastic elastoner 20 include comrercially
avai | abl e pghperesdisthsaiutdogbgenaphthodiRifdie ahih2ide) type positive

(propylene-[err]-olefin copolyners) and P0O680 (ethyl ene-a-olefin
copol yner) , prorastisted by skhiisonductor Glevnebepi@p.solitdon gompiréseage,
the material for use as the formati on of porous substrate |ayers may

be suitabl y tedinesegdrylammonium hydroxide dissolved in water;2gye-based
from anong hi h-densi;ﬁepolyethylene, hi ghly stereoregul ar

pol ypr op§l eda@kspdiofoiipetinfl prénspgst heigpeet-based inks fegndnkndet
above-descri bed materials_for use as the honogeneous film a, pol yner
material coMFOSERTS Angt prgndd CEYBRALE- ¢ EERAS LR émﬁi%gh%?thﬁﬂ a
R AR MADTTIC SN TR kR R e A R
[0S o ARG, REPHARLBOP LA AN R FORGE, o L
t her mopl ast ig%o%p%“a%'&y@ﬁ.ﬁcakggbﬁgl ‘?Bkgcy&fghé&ff)g groups as side
10 chains, a copolymer of mevalolactone methacrylate and
methyladamantyl methacrylate, or the like in ethyl lactate
and propylene glycol monomethyl ether acetate. The
naphthoquinone diazide type positive photoresists are
solutions prepared by dissolving a naphthoquinone diazide-
15 based polymer in ethyl lactate and propylene glycol
monomethyl ether acetate. The inks for ink-jet printers are
solutions prepared by dissolving a dye or pigment in a
solvent mixture composed of water, ethylene 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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transition region of the soft segnents lies in the range of - - 50-to
+5Ferr] C, or no well-defined glass transition region exists. In the
fl uori ne-containing thernoplastic elastonmers, the gl ass transition
region lies in the range of -20 to -10[err]C. In 15 the polyolefin type
t hernopl astic el astoners, the gl ass transition region lies in the
range of -7Qn@ntdPEer Ndasubftidfonts werkhRalbapy Jdnfiddritd@@pdidies in
such a | ow tenperature range that the honbgeneous filmis not easily
broken evenanalysis.Watles -&idEAvdd gashebheahttatibrms dostrdégalbsed tade | ow
20 tenperat ures. The chem cal |iquids which are intended to be
degassed exahplesegifrehhhecobposete dldd awakuiped bhpnpasne of the present
i nvention include organic solvents such as nethanol, ethanol,

i sopropyl alktaleslatoguaphidt, aneiyngis et hyl ketone, ethyl 25 cellosolve,
ethyl lactate and propyl ene gl ycol nononet hyl

29 et her acetate; chem cal anplification type positive
phot or esi st sol uti ons; napht hoqui none di azi de type positive

phot oresi sts; a sem conduct or devel opi ng sol uti on conpri sing

t et ramet hyl anmoni um hydr oxi de di ssolved in water; dye-based 5 inks for

ink-jet printers; pignent-based inks for ink-jet printers; and liquid
crystals. The chem cal anplification type positive photoresist
solutions are solutions prepared by di ssolving a nethacryl ate resin

having alicyclic adamantyl
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10 chai ns,
nmet hyl adamant yl

and propyl ene gl ycol

naphthoquinone di azi de type positive

| act at e

or the like in ethyl
acetate. The

groups and cyclic ketone (oxocycl ohexyl) groups as side
et her

copol yner of neval ol act one net hacryl ate and

met hacryl at e,
nononet hyl
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The degassing of a chemical liquid by using the
composite hollow fiber membrane of the present invention is
usually carried out by means of a hollow fiber membrane
module formed from this composite hollow fiber membrane. The
hollow fiber membrane module may be fabricated, for example,
by inserting a bundle of several hundred hollow fibers into a
cylindrical housing, and filling the space between adjacent
hollow fibers with a sealing material while allowing the
sealing material to penetrate into the pores of the outer
porous layer of the composite hollow fiber membrane.

One exemplary method for the degassing of a chemical
liquid is specifically described with reference to FIG. 2. A
chemical liquid 4 stored in a chemical liquid tank 3 is
pressurized by supplying nitrogen gas 20 through a nitrogen
supply pipe 5. Thus, using the nitrogen gas pressure és a
driving force, the chemical liquid is fed to a hollow fiber
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
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
the outside of the hollow fiber membréne to a pressure of 100

Pa to 10 KPa by means of a vacuum pump. After completion of
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The degassing of a chem cal |iquid by using the conposite holl ow fiber
merbrane of the present invention is usual ly carried out by neans of a
hol | ow fi ber nenbrane nodul e formed fromthis conposite hollow fiber
menbrane. The 5 hollow fiber nmenbrane nodul e may be fabricated, for

exanpl e, by inserting a bundle of several hundred hollow fibers into a

cylindrical fheugcR@ssang,fyhly8919hes Sd?é‘xfédflaid/\@@édafﬂré@hnbhemicahm | ow
fibers with a sealing material while allow ng the sealing material to

penetrate intenutilde tpotdse Ab1LLIER PIHEF mefbRicOw®dudyeivhaflet Heschapgsng e

hol | ow fi ber menbrane. One exenplary nethod for the degassing of
a chenmical the deigasisddi shepecali Liadphid dixso idbedheniclalr dfignédcrosale| ¥ . 2.
A chemcal liquid 4 stored in a chemcal liquid tank 3 is
pressuri zed Ty ssdeglgsrd ohembgeh bigud isrfmdyiton aniseogedntis5 supply pi pe
5. Thus, using the nitrogen gas pressure as a driving force, the

chemi cal 51 i dditdoughf shet chemhohlobiqubdris fed fenithendoxsgdde 26 ¥hRough a
chem cal liquid feed pipe 6. . During this process, valves 9 and 15 are
opened, and hpdilgss fgber mephyane ipethimsease Athy vdergcpd dAgHiE BRAYi| the

chemcal 20 liquid begins to flow and fills the hollow fibet. nenprane
modul e, and B8 §&9@sgedshynfgeding tﬁeﬁ?C%WeIQQﬁﬁ%F?IQ§N§h8ug°il°an+€%F

bypass pipe 14, Wthin the hollow fiber nenbrane nodul e, t he chem cal
liquidis f&FTFAe bores of hollow fibers 11, and degassed for a

et e soe s T s e REASHAL e e el o
punp. AﬁberyﬁﬂﬁPEﬁ&%QaneE to the following examples.
Example 1
10% by weight of Kraton G-1652 and 80% by weight of
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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33 t he degassing, valve 17 is opened to feed fresh e¢hem cal
ligquid to the hollow fiber nmenbrane nodul e whil e discharging t he
degassed chemical liquid froma chemcal |iquid nozzle 19. Thi s
degassed chemical liquid is fed to a use point. 5 Although the chem cal
liquid is fed to the boreside of the hol | ow fi ber menbrane in this

case, the chetnfedm |ddpatataire by abEadegasosed1by,f aadi ohent dtawh het out si de
of the hollow fiber menbr ane. The present invention is nore

speci fical | y; feechiybgdradfopi 6P §ef enfnce e ddh¢alsolbbewinedexagntes-
Exanmple 1 10% by wei ght of Kraton G 1652 and 80% by wei ght of

St yr one- basclYRer A, TSP RIPET Mgnenyn taiolbfie spneiile™

f - 14 j =0
PRSI ity iy
el d- b erhgedimem%rlﬁagfrbfom iistlg KNeAtAAnEBAE! RRinTREDn &f CORposite

hol | ow fi'ber was _ carrying out three-layer conposite spinning

t hrough 20 DR HPRY he-basdungntbRopELE ¢ ended
pol ymer [gl a@%i riﬁsk:)ti on tenpergg’rf;%g)%t\g}l-ezl%[ %??] tCi:] to t?\gE

i nter nedi at eo] Avesmderand @d Joagdiea ik .ghTHENgihens ions podoresditlygngall61

(manuf actured by Asahi Chem cal |ndustry Co., Ltd.) to the innernost

and out er nospetfy£t tor iaticteristics and chemical resistance of this
hollow fiber membrane were tested, and the results thus

10 obtained are shown in Table 2. The water vapor permeation
flux of this hollow fiber membrane was 1.5 x 107> g°nd(m2'

day) .
Example 2
A three-layer composite hollow fiber was formed by
15 carrying out melt spinning through a three-layer composite
nozzle while feeding Teflon AF1600 [a copolymer of (2,2-
bistrifluoromethyl-4,5-difluoro-1,3-dioxole) and
tetrafluoroethylene in a copolymerization ratio of 60/40

(mole %), manufactured by E.I. du Pont de Nemours & Co.,

20 Inc.; glass transition temperature (Tg) = 160°C] to the

intermediate layer thereof at a resin temperature of 270C

and féeding poly(4-methylpentene-1) (manufactured by Mitsui

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

thereof at a resin temperature of 270°C. This hollow fiber
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25 This hollow fiber was anneal ed at 115[err]C for 12 hours, drawn

34- at roomtenperature by a factor of 1.3, and then drawn at
111[err]C by a factor of 5. Thus, there was obtained a three- | ayer
conposite hollow fiber nenbrane in which the innernost and out er nost

| ayers conprised porous polyethylene and the 5 internediate | ayer

conpri sed a ARMGRRAIE LRI B2t B 1bMGours, @eAyHT™ & the
styrene-based t hernopl astic el astoners an e ponoIefln The

di mensi ons, porosity, gas pernmeation characteristics and chem cal

resi stance &I thifactor ofolll dw andekhemdnasme afetdliehed® f@stahet esults
thus 10 obtained are shown in Table 2. The water vapor perneation

flux of thi st ,| @heebaasmebbaaned wastHrde X alerecbhpgstiténhelidw fibeday) .
Exanpl e 2 A three-|layer conposite hollow fiber was fornmed by 15
carryi ng outmemdirtanspiimniwhdchhtbeghneetiwse-dray euteempesi Layers nozzle
whi |l e feeding Tefl on AF1600 [a copol yner of (2, 2-

bi strif| Gor erompmjilsed, podiotsupody 14 3relthiripesitemed 1) andt sheathbernedhgtene

in a copolynerization ratio of 60/40 (mole %, manufactured by E.|I. du
Pont de Nendi¥eiz comprisgd mnbomogeneeus ridrgl thidm oénfefienr 2FLGRY- =

160[err] C] to t he I nternmedi ate | ayer thereof at_a resin tenBerature of
270[¢rr]C The gigensdqngy BSF?%HtﬁEt$®§FRﬁﬁmﬁﬁ§lfP EH&HGF&%F&FEH ByaRtt sui
Chemi cal dhéﬁf%&h f%s&g hggeggngﬁlgqgiﬁﬂkfrl %& %grane were tested,

and the results thus obtained are shown in Table 2. The

10 water vapor permeation flux of this hollow fiber membrane was
-2 2
7.3 x 107 g m/(m® - day).

Example 3

A hollow fiber was formed by carrying out composite
spinning through a three-layer composite nozzle while feeding
15 a fluorine-containing thermoplastic elastomer (Daiel

Thermoplastic T-630, manufactured by Daikin Industries, Ltd.;

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

intermediate layer thereof at a resin temperature of 2007C

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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thereof at a resin tenperature of 270[err]C. This hollow fiber

35-
t enperature
factor of 3.

was anneal ed at 220[err]C for 12 hours, drawn at room
by a factor of 1.3, and then drawn at 11l1[err]C by a

Thus, there was obtained a three-layer conposite holl ow
fiber menbrane in which the innernost and outernost |ayers 5

compri sed. pof oys ok Wi TRLINPRAt SR AN Lhe Lber Jedigl e o deaver

conpri sed a honbgeneous I'm o e di nensions,
porosity, gas %eﬁgealigg characteristics and, chem cal resistance of
this hol | ow ¥3betP A% e aypEqcompos ity hq ey ddihars membragst dfned

are shown in . Jable ,2. The 10 water v% or perpeation flux of, this holl ow
g PReETRoE 3

fiber nenbré%%} éthe ln&ﬁ%?%?tlﬁf

RWEHS ComPTiSEGOroY

hroe: | ayer Conpaa 1€ Mosterient Alaothy ieddiag nal Phfibraged’o" °

t hree-1| ayer
t her nopl gst |

Dai ki n | ndustri es,

& ﬁgﬁgﬁﬁﬁgﬁqé[%ﬂfﬂ £film oghgﬁgnfi&g¥{ﬁé:%é%gﬁiﬂpi ufachred by

glass transitrion Tenperaturée g) =

LJ0LeTT1 Q) tondhifopast dd AR BL | MSTalielARhed! pBrbESED L GaBEratur e

200[err] C

ropyl ene

and feeding highly stereoregular is ctic p

of
20

[ H pol CJ700pd#nexie ditardttRHia¢ivsedndYcMA Sl lisddince of ERis Ltd. ]
to the innernost and outernost |ayers thereof at a

10

20

hollow fiber membrane were tested, and the results thus

obtained are shown in Table 2. The water vapor permeation
flux of this hollow fiber membrane was 1.9 x 107> g« m/(m®-
day).

Example 4

A hollow fiber was formed by carrying out melt spinning
through a three-layer composite nozzle while feeding low-
crystalline poly(4-methylpentene-1) [MX001, manufactured by

Mitsui Chemical Co., Ltd.; glass transition temperature (Tg)
= 30°C]) to the intermediate layer thereof at 250°C and feeding

highly crystalline poly(4-methylpentene-1) (RT31,

manufactured by Mitsui Chemical Co., Ltd.) to the innermost

and outermost layers thereof at 250C. This hollow fiber was
annealed at 210°C for 12 hours, drawn at room temperature by

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

Thus, there was obtained a three-layer composite hollow fiber

membrane in which the innermost and outermost layers



resin tenperature of 200[err]C. This hollow fiber was anneal ed at
150[err] C for 12 hours, drawn at roomtenperature by a factor of

36 1.3, and then drawn at 145 C by a factor of 3. Thus, there
was obtained a three-layer conposite hollow fiber nmenbrane in whi ch

t he i nnernost and outernost |ayers conprised porous | sotactic

pol ypr opyl enrnipid sielde pooasnpol gl -y hylpenpensetl) ahd atlie nnpsrreeds atel n
filmof the fluorine-containing t hernopl astic el astomer. The

di mensi ons Jayessicopprdasd a hopegemabinentbhar ftlmroftpeky ehd chemi cal
resistance of this hol | ow fi ber nmenbrane were tested, and the results
t hus olmedinydgeartenskdwn | Tha abiners ighe, \RIRTS Mahogase PREREREAON10
flux of this hollow fiber nmenbrane was 1.9 x 10[err] g nl(n2 day) .

Exanpl e 4 characterispdrcsoantli phemiaalf seabatapceapf yrives Rl Ry £ idiirhni ng
t hrough a three-layer conposite nozzle while feeding Il ow 15 crystalline
pol y(4- mbt hyisshadse Were] vRebed, nandr kheureaupys thus \phtyinedaHg fhoyg |

Ltd.; gl 1 ition t t T =" 30 C t.h
et g ar et BRHLE Hor CERS Ya b 4TS BRRRTEEthg L ot iRy "OLIFal | i ne

pol y(4-met hyl pentene-1) (RT31, manyf act ur ed ﬁ¥$hﬂtsui Chem cal Co.,
Ltd.) to théiharemegbrangowagd3edt & ABst 9 apd{& t'h@2¥ebf at 250[err]C. This
hol | ow fi ber was

Example 5

A hollow fiber was formed by carrying out composite
10 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 190°C 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 150°C for 12 hours, drawn at room temperature by

a factor of 1.3, and then drawn at 140°C 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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anneal ed at 210[err]C for 12 hours, drawn at room tenperature by a

factor of 1.3, and then drawn at 200[err]C by a factor of 5. Thus,
there was obtained a three-layer conposite hollow fiber menbrane in
whi ch the innernost and outernost |ayers

37 conprised porous pol y(4-nethyl pentene-1) and the

i nt er medi at ehollow | Gilerr cemhrianed wvarkotegtadpuand htlme frdanldfs pdlg( 4-

nmet hyl pent ene-1). The di nensions, porosity, gas perneation )

char act er i stoksaimetl chenisdwiwr doi Sabiee20f The wvatsin owpbirbpermeatEdhr ane

were tested, and the results thus obtained are shown in Tabl e 2. The
wat er vapor PRiEESt itid Ihol 1ok tfiberhabbyane waéiber srerdrage mie?3: 3 x

10[err] g m(nferr] .day). Exanpl e 5 A hol |l ow fi ber was

formed by cag4 jpg out conposite 10 spinning through a three-I|ayer
conposite nozzle whil e feeding a polyolefin type thernoplastic

el ast onery (E@gﬂ&£E£J§R106L, manuf actured by Mtsui Chem cal Co., Ltd.
gl ass transition tenperature (Tg) = -60[err]C) to the internediate

| ayer ther eO{Degassﬂg o Amdne 1d sbagdbAgubteh! photeranisagunar i sotactic
15 pol ypropyl ene [Hi pol CJ700 (trade nane)] to the innernost and

out er nost | ayepBiddei@nfo AtreBi@tesollatidh)s hol | ow fiber was anneal ed
at 150[err]C for 12 hours, drawn at roomtenperature by a factor of
1.3, and then dr aliml how 1063 embrfaaet modofle8. (havinFhasnenbrane wasea of
obt ai ned a three-iayer conposi te hollow fiber 20 menbrane in which the
i nner nost and. Duner meste [faparicated by using the hollow fiber membranes
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

95 solution to the hollow fiber membrane module. The silicon
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conprised porous isotactic polypropylene and the internediate - | ayer
conpri sed a honogeneous thin filmof the polyolefin type thernopl astic
el astonmer. The di nensions, porosity, gas perneation characteristics
and chem cal resistance of this 38

hol' | ow fi ber nmenbrane were tested, and the results thus obt ai ned are
shown in Tabfefex wwe smircrony apepipeetrébirodt a rotfdtord]l tdpedh@fl ow fi ber
menbrane was 3.1 x 10[err] g m(nferr] day). 5 Exanple 6

(Degassi ng t3 £ Gerpm gfo ssprieedndhet drophetioresist soildition aappltheatbyn of
resi st sol ution) Hol | ow fi ber nenbrane nodul es (having a nenbrane

area of fokd afteiin Jremarse frahi ¢atied BYythstlgeddohda Jgaw fnpesn the
menbranes 10 prepared in Exanples 1 to 5. Each of themwas installed in

Lhe, cher cald gl dakeed |hEChtLUSME ALt TS iel o ovoBBERLBaR! VoS

9, 15 and 16, em cal anp I cation ositrve resist s tion
APEX- E24Q5 (manuf act ured by SHI PLEY Inc.) within the ¢chem cal |iquid

t ank vvas%f e %8014%@ bsﬁevse"%f' algloghé“'hd’? I]CR?J f‘?’?)e’l’esgj'rq{‘ I |t§\ﬁ ght‘}é‘r menbr ane
module 11 with the aid of nitrogen gas having a pressure of 2

at nospher es.resist ffilay surfaes wew PbBervedowith |4 extannting led estvawincal

l'iquid, valve 16 was closed and the resist solution was degassed by
keepi ng t he TIZARAORT ankk themedy prpaingdnberneiatpreseneg of defects

considered to be irregularities caused by gas bubbles. The
results of evaluation are shown in Table 3.

10 Example 7
(Exposure of semiconductor photoresist, degassing treatment
of developing solution, and development)

The thin resist film obtained in Example 6 was prebaked
at 90°C 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 m?) 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 aqueous solution of

25 tetramethylammonium hydroxide having a nitrogen gas
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20 for 30 mnutes. A sanple of the degassed resist solution was

col l ected through bypass pipe 14 of the chemcal liquid feed |l ine and
anal yzed for dissolved nitrogen concentration. Then, valve 17 was
opened to drop the degassed resi st solution onto a silicon wafer while
feeding fresh resist 25 solution to the hollow fiber nmenbrane nodul e. The
silicon concentration of 50 ppm) was fed to 3he bores of theatherllwas spun
on a spin coater at a rotational speed of 3,000 rpmto spread the
dropped resi 5ibe®s (@t on By tedeef 1 L/mimy mAftel sheebpzest Enthaith a

t hi ckness of O, 80 [err]m on the wafer. After the thin resist filmwas
dried to evapetiee &iRers Eweneeélé&&ﬁ ybthethe devdeRiad jsalation [ ditr | m
region of the thin resi st filmsurface was observed with a scanning

el ectron wa?n?ﬁ?ﬁﬁﬁﬁﬂa9¥u¥qﬁﬂéng§ xRt REde 1o thee WldoshddbeE def ect s

consi deregd t i rrequl ties caysed, by gas bubbles. The results of
eval uati ch at %%1fﬁﬁag? for %éiﬁkﬁ 27 (Exposure of

and 3233?‘82%5?%9{ 88 Sono fER AR o7 he? %g%‘]%’rﬁ%btgﬁége G4m0 6 vas
5 oxor mer 1 SSBFLARHRE ol ony ke CiRlRReq Ao S Hhehant o1 ° Gai o
film onto*%ﬂé‘&&ﬁdé&ﬁ'éﬂ%@géénﬁongﬁ%%fﬁb(iE?“ R9s3m8Y8b66“€hérea of
degassed developing solution was collected through the bypass
10 pipe and analyzed for dissolved nitrogen concentration.

After the resist film resulting from the development was
after-baked in a dry oven at 120°C, a 100 gm x 100 um 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)

20 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 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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2.5 nferr]) were fabricated by using the hollow fiber nmenbranes
prepared in Exanples 1 to 5. Each of themwas installed in 20 the

devel opi ng solution feed |ine of a coater-devel oper for use in
sem conductor fabrication which was a chem cal |iquid feed line
simlar to that of FIG 2. Then, using nitrogen gas having a pressure

of 2 at nosphigx éshe Fagey glaopengasoint Example 6 ( MAL32%, thenhbaesuobdtiny

SHI PLEY Inc.; an aqueous solution of 25 tetramethylamoni um hydroxi de
havi ng a niﬂﬂﬂééﬁlg§§ers were filled with isopropyl alcochol 43t was

concentration of 50 n&_mas fed to the bores of the holl ow fibers at
aflowrate gaisie/%ha( £EPengt hhe b@}r@%ldﬁ qfhe¢he holjem diberpeesbrape
filled with thlﬁgfvel%g!ng sol ution, was degassed by keeg g the
outsi de of tde el mlﬁuﬁ%ﬂbr£ﬁ§e§tCPG@1P§1P8r°§OtH?n@?% ssing,
After co t.ion, of th ass n egasse evel ution
was drop edeﬁ' rﬂ%gr?és Pﬁgpﬁgﬁ#%&‘% tcgrqwde%ﬁ(?g‘e%?‘?uaﬂﬁs arge
develop it. f al ssed evela oI coll ected
t hrough t he ypassO f’g’ leéﬁ ana yzetaofg"r a%‘edcsi |tr %’aﬁ‘e glme’
concentrati t | el opnent
was af ,ff;‘rre hal%esﬁ%%gl ché@%%svs# 1}2%} err] I}[%ﬂ%:%{;ger F‘?dg’ig 08&[ errjm
regi on 0 régﬂ%\m

el ectron m cﬁ%%lgﬁ\r{fgkt Egg ﬁﬁéégﬁ? 1’f?torsaEigr oovle wtv# dt% ﬁi}%@%% | a

width 22, gragsudiertle %ﬁpﬁ&@epf & amd &{Hjlg}ﬂ:ﬁi HdrS i8S olved ﬁﬁt%fgéﬁt S

caused by devel opnent . e results of evaluation
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 iilustrated 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 membrané
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
256 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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are shown in Table 4. Exampl e 8 (Degassing treatnent of isopropyl

al cohol) 20 Menbr ane nodul es (having a nenbrane area of 2.5 m[err])
wer e fabricated by using the hollow fiber nenbranes prepared in
Exanples 1 to 5. Each of themwas installed in a chem cal l'iquid feed
line simlar to that illustrated in FIG 2. Then, usi ng nitrogen gas

having a predsopetbé Q@egdsasphgiias.on-4Ads$0R0AM oA ¢ebal tnasdisdnhegbhe
hol | ow fi ber nenbrane nodul e 4%

in the same neaate esténa Bxihiptan Grafift ao tleembancednsfilakhéng filhol | ow
fibers were filled with isopropyl alcohol, it was degassed by keeping
t he out si de Bher@enhohble fignsting Minesie spin-oat-gl@@sPaoflotidA hbnthes.
After conpletion of the degassing, 5 the degassed isopropyl al cohol was
dropped fronhehtodi SEbRF geembrane godudepnt d sample cofi Wae cdegasstdapin-
and, at the sane_tine fresh i sqopropyl alcohol was fed to the nenbrane

nodul e. A’P on-glast SQFutinn Jag sodd ecdeer shyrugic shel byaaseopipet &4 of

t hrough t he a i d anal yzed for dissolved nitrogen 10

concentratioﬁﬁgT§§g$%é§}§1;Qﬁl ahdige éﬂéu§ﬁ6ﬁﬁepnl¢agF€- 2, and

Exampl e 9 Sgl treatment .of spin-on-glass, solutio

Menbr ane rmd%?%is%%gvfénlg%als °§t%e§ﬂé‘l§|r8 Rji c??’ggﬁ'?éﬁﬁl?“werpe&?er the
insulating film formed as above was heated in a dry oven at

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

10 100 #m x 100 um 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

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

. Membrane modules (having a membrane area of 2.5 mz) 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 ip a chemical liquid'feed line similar to tha£
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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15 fabricated by using the hollow fiber nenbranes prepared in . Exanpl es

1 to 5. Each of themwas installed in a chem cal liquid feed |ine
simlar to that illustrated in FIG 2. Then, usi ng nitrogen gas having
a pressure of 2 atnospheres, a spi n-on-gl ass solution (conposed of 70%
by wei ght of 20 isopropyl alcohol, 2% by weight of tetraethoxysilane, and
28% bys wwehyg hie infhtwaiferisopadpi@dal 6oh6E) hods ofed ithertheethsdde of

nodul e in the same manner as in Exanple 6. After the bores of the

hol | ow fi behes heeklow i filed: wienbrahe api a- 6bhegl 6sse of 1EOMLY/mdn,. | Thewms
degassed by keeping the outside of the 25 hollow fiber nenbrane at 100 Pa
for 30 m nthesinfway degassediminethensefet hannker assiing Exaaiples 69 and. 15
were opened to 42 drop the
degassed SpY rkeppilasha sutsige piotthehbolileehbikpr membnapezpé dA0oPa
silircon wafer to forman insulating film thereon, while feeding fresh
spi n- orf- gl 8% 3P IMAnHes .0 Ahsample ¢ thry degnpssadedBkahaviBauwPassed sanpl e
of the degassed spi.n- _, 5 on-glass solution was collected through th
bypass pi petEeugt the fivg galapi gOtdeFted FhrRug IQXEPﬁéthPFnlzlG. 2,
and anal yzed f di.,ssol ved nitrogen concentratjion. After .the
insulatinggh? For QTag; gﬁgvgnﬁggzﬁ a?@ﬁ ?%F%P{N%A(Rﬁ¥$9£tand 150[err] C
so as to ¢ Is re [on t.op 1 100 [errfmx
100 [err] rﬁ%ﬁ?%%}?o‘f&{%&%%t%%gﬁ'ngﬁﬁ%%ﬁ fcge%(eé%\%%g Tnk Q%f)ser ved with a

scanni ng- Sl eeliaMhdi F03F e A09=ABCEABn in PREM MMk (Harkll RHESCRCC Of

def ects. ere
10 vessel of an ink cartridge (by evacuating its internal space

and keeping it at 100 Pa). This cartridge was mounted on an
Ink-jet Printer PM700C (manufactured by Seiko Epson Corp.)
and subjected to a printing test. In this test, the
frequency of prin£ dot losses was expressed'in terms of the

15 relative proportion of the area of unprinted dots to the
total area of print dots. If the frequency of print dot
losses is less than 1%, the print has few print dot losses
and is recognized as a high-quality print to the naked eye.
The results of evaluation are shown in Table 7.

20 Example 11

In this example, cholesterin chloride cholesterin

nonanoate (cholesteric liquid crystal) was used as a chemical
liquid. Membrane modules (having a membrane area of 2.5 mz)
were fabricated by using the hollow fiber membranes prepared

25 in Examples 1 to 5, and each of them was used to carry out a

degassing treatment. The chemical liquid was fed and

44



eval uation are shown in Table 6. Exanple 10 15 (Degassing treat nent

of -ink for ink-jet printers, and printing test with degassed i nk)
Menbrane nodul es (having a nenbrane area of 2.5 nferr] ) were
fabricated by using the hollow fiber nmenbranes prepared in Examples 1

to'5. Five nodul es of each type were connected in 20 series, and this
hol | ow fi ber Jqefiy<ne vPaidit %%eraigb&r}é@ﬁs similasted | ewat G EhsBLain
liquid feed line simlar tot illustrated in FIG 2. Wile being
pressurized UEkniplan & r sPemfmesnw etid chaimsphaiget.d amas e lficeredk-j et
printer cartridges (a dye-based ink containing a sol vent conposed of
25 80% by weiwideofpwedsmire Sty thei ghti of aihybgee gaycE? , atamispheres),
43 15% by wei ght of isopropyl alcohol) was fed to the inside
of t he hitgd owe filleerinsddder afe the hofllow faber ofienitame /ati ra fhen, rate
t he i nk was gmgassed in the sane manner as in Exanple 6, i.e.

keepi ng t e st de/Toim ¢t (ach dlelgewsedbby keapingethe awrside of the lgdlow
m nutes. A sanple of the degassed ink having passed throu%h t he f| ve
nodul es was c%’rkl’%‘{:t“lafd“q%%g*‘ﬁ Bj?ﬁagé 69§e394mmute§hm;&kq igpga sryghal
anal yzed for d| ssol ved oxyge en concentr JOI’] Then, (Pe

degassed ink @3 analyzg &é&sﬂlgﬁ{it ﬂé;t ECUSHET H- ¥ ezfQJ:r?d an
charged 1110 Zred d67R%Y, dhd @ﬁecafetgg'sgg& £befufaagyyastt'amg ad nternal
evaluated in a liquid crystal sealing process. The results

10 of evaluation are shown in Table 8.
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and subjected to a

frequency of print dot

t he
15 rel ative proportion of the area of unprinted

This cartridge was nounted on an
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In this test,

PM700C (manufactured by Sei ko Epson Corp.)

and keeping it at 100 Pa).
expressed in terns of the

Prtnter
printing test.
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liquid crystal
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10% by wei ght of Kraton G 1652 and 80% by wei ght of

Exanpl e 12
Kraton G 1657 (both manufactured by Shell Chem cal Co.) were used as
styrene-based t hernopl astic el astoners, and 10% by 5 weight of ENGAGE
8400 (rmanufactured by Flast oner Co. ;. density = 0.870
g/ tnB) was used as a pol yo . {These. pol yner|s wer g wei ghed out and
mel d- bl ended by neans |of a bi pxi al £kneladi ng maghi . [Then, a hol | ow
fi ber was fornmed by e cfarrying put r’r'glt Spi nni ng |n.§o1 three-layer
configuration in 10 Whi resul t Bng di fi@d thegmopllastic el ast omer
[ gl ass transitio urel (Tg );.— -l45[ €Pr] G %\/ﬁs di sposed in the
internmedi ate | ayer an depsi tly polgethyl ene Bl 153 (manuf actured by
Asahi Chemical Industfy Cdq., L}d.)| was 2 di sposed 2/ tHe innernost and
out ernost | ayers. Thi $—heHlew 15 fiberwas _‘gatg 115C for 12 hours,
drawn at room tefperdturel by ja factor Jof 1.3, amthgn drawn at
111[err]C by a factorl of pb. Thus, f£herle was obiﬁﬁed a three-| ayer
conposite hollow fiber merforang (v%(ith i nner di anptee of 300 [err]m
and an outer diameter|of 42@[err]m Bn%whlch the 2(§ ©nne¢r nost and
outernost | ayers conpli €ed porus jpol Yeghyllene ™ agng the internediate
| ayer conprised a honpg®ngous fhir fil n§ of the| go€ymr bl end conposed
of the styrene-based thermag)l astic®el astoners prdgt he¢ pol yol efin. The
por ous | ayers (ile—tthefi ghdrmnst and out er npbt® ayérs) both had a
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t hi ckness of 30 [err]mand a porosity of 50 vol % The honbgeneous thin
fitmlayer had a thickness of 0.8 [err]m This hol | ow fi ber nmenbrane
had an oxygen perneation flux of 6.0 X 10[err] cnferr] cnferr]
.sec[err] PaJ[err] and a nitrogen perneation flux of 5 4.6 x 10[err]
Whén this hollow fiber menbrane was imMmersed in a 50/50 (W% m xture

of water andgExample sigpropyl al cohol (IPA) at 20[err]C for 7 days in the
same nanner as described in connection with Table 1, its oxygen and

ni trogen per meat i ook fhyxesigher e 6 KratohOenek2 afAd 8ex[ley Meidts] @] and
4.6 x 10[err] , respectively, and the hollow fiber nmenbrane-retained
its initial Ktatan G-1657THdqidr camnfakéangedi hywehght CHertilvalmEobnawereas

al so zero. A total 5,000 three-layer hollow fibers as descri bed above
were bound tWiRd RS Stynaliecbases tbarippéprsbindébastoners, BRA50030 bywt %)

m xture of water and | PA having a dissol ved oxygen concentration of 8
ppm was @egdihth ek SNEARY 84000 (manufppsuradile B Ront-ReW Siasiteser

menbr ane at flowrate of 5 L/ gin and keeping the outside of the
hol | ow fi beréj‘%nﬁi/vea‘}?é"té& = 0'87:909{8?‘?1) e el AY & BPY§REdBnceMFSR i on

after degassi 20 was 0.1 .ppm,. The water p.o rpeation flux of this
hol Low - RIBEISTR M ISlet. §5% #5fone{dgoleiden di sy oF @
Exanpl e 13 biaxial kréatcﬁtneg m%fch%.hgqo ‘f‘}?err? ,e _a|1 E}Yoe_“l.rlor\]vmfli%\évrf {vgg r%ozfrr%gegy as
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 B161
(manufactured by Asahi Chemical Industry Co., Ltd.) was

disposed in the innermost and outermost layers. This hollow

15 fiber was annealed at 115°C 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 of
300 ym 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 blehd 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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described in Exanple 8 were bound together to nmake a hol | ow - fiber

bundl e, and a 60/40 (W% m xture of |PA and water containing 1 ppm of
di ssol ved oxygen was degassed by feedi ng it to the inside of the

hol | ow fi ber nenbrane at a flowrate 5 of 5 L/mn and keeping the outside
of " the holl ow fi ber menbrane at 30 torr. The dissol ved oxygen
concentrati @hiidkness offh80Mu X Wn@ &f F@fog S&t "o Was1 . 0@hpm

Exanpl e 14 90% by wei ght of HSBR1390P (manufactured by Japan 10

Synthetic Rubber Co., Ltd.; styrene content = 30% by meight% was used
as a styrendOFegedeons kBpnakiin aven hnsk a shdckoess of By 8ywimynt THds
ENGAGE 8400 (manufactured by Du Pont - Dow El astoner Co.; density =
0. 870 g/ cni dralYownefdibaeseniembrane had Eal yolyefenn petiveat ipal ¥iexsofiebe Owai ghed
out and nel d-bl ended 15 by neans of a biaxial kneading machine. Then, a

hol | ow fiber1g-? cmagnd8r-nRe-by atr ¥hAJa Ol t FEGdn PR A B ds0ree- | ayer

configuration in which the resulting nodified thernoplastic el ast oner
[glass transition tegperature,(Tg) £ -55herr]C] was di spased in the

i nt er medPat & 16ayertOandChi gRMden&efy *F@  polWhsityihdSe held ¥ Fdh&Fact ured by
Asahi Chem cal Industry Co., Ltd.) was disposed in the innernost and

out er nost | membgrane wasThimehedd cim fa [5/ S50y wad)ealiatiuae of5faterCandr 12
hours, drawn roomtenperature by a factor of 1.3, and then drawn at

at
111[err]C b)ﬁ@p‘r@?ﬁﬂr a0tohol TNLEA ) thera Basopbt addpsd in il asame? ma et
conposite hollow tiber nenbrane (W th an inner dianeter

56 as described in connection with Table 1, its oxygen and

3 2

nitrogen permeation fluxes were 6.0 x 10°° cmd s em™? -

2 1

10 sec'l'Pa'1 and 4.6 x 107? cm3-cm' 'sec'l'Paf , 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 1073 g *m/(m? * day) .

Example 13
A total of 2,500 three-layer hollow fibers formed as
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of 300 [err]mand an outer diameter of 420 [err]nm) in which the

I nner nost and outernost | ayers conpri sed porous pol yet hyl ene and the

i ntermedi ate | ayer conprised a honbgeneous thin film The porous

| ayers (i.e., the innernost and outernost |ayers) 5 both had a thickness
of "30 [err]mand a porosity of 50 vol % The honogeneous thin film

| ayer had a dééekitess iaf Hkahgier 8] Werdhbsund todeiiaaw tid heikemaninoddewhad an
oxygen perneation flux of 7.5 x 1J err] and a nitrogen perneation

flux of fPbdr Xouds y Jand a 60/40Wmet$ j hixthotd cvf fiHPerandl@7ateenbr ane
was imersed in a 50/50 (% m xture of water and | PA at 20[err] C for
7 days in theostabnimgnerpps afesddssbdded noxygen ctamealsgassed by feelddng, its
oxygen and nitrogen perneation fluxes were 7.5 x 10[err] and 2.1 X

10[ err] it tesghetinside OéndthehlaOhbbwoﬁu-lﬁelbe\‘emmEaHQT%raarféoﬁetr&ltﬁed
its initial state. The percent change in ht of the menbrane was

al so zerd® Aofob ab/min mmgbdkeepinghiche- P&\]%%d%cﬁl% § dHHofibeFers as
descri bed above wer e bound to%Ether tq make a holl ow fiber bundlLe, and

a 50/ 50 neHo /b'aﬁ‘f*? Alurd JoLgat e %r%quﬂ&vl%\/|°|’F§9§ndf’9§8le9§ﬁaﬁk95eﬁn 20

concentratio of 1 assed by fe |t to the I nsi de of
the hol | ow f ?fb’?%rﬁg% %eglaé\ﬁ/lf‘gtéa%fgsd{/ and keeping the
out si de of tﬁg hﬁéﬁgﬁflber menbrane at 30 torr. The di ssol ved oxygen
concentrati gassi ng was 57

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/cm3) was used as a
polyolefin. These polymers were weighed out and meid-blended

15 by means of a biaxial kneading machine. Then, a hollow fiber
was formed by carrying out melt spinnihg 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 Bl61 (manufactured by Asahi Chemical Industry

Co., Ltd.) was disposed in the innermost and outermost layers.
This hollow fiber was annealed at 115°C 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-

25 layer composite hollow fiber membrane (with an inner diameter
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0.9 ppm The water vapor permeation flux of this hollow fi-ber menbrane
was 2.50 x 10[err] g m(nferr] day). Exanpl e 15 MK Resi n

MK- 2F [ manuf actured by Dai N ppon Plastics Co., 5 Ltd.; glass transition
tenperature (Tg) = -35[err]C] was used as a polynmer bl end conmposed of
a styrene-based thernDpIastic el ast oner and polypropylene Then, using

a three-laygg 0 Qﬁﬂﬁ ch et A bi end
was dlspoge int |nter%é§:ate g%gr%f 3§R ens gﬁ&ﬁ%gﬁ

pol yet hyl ene (" Ni on Hard 5110" nuf act ur ed Tosoh
di sposed in P% ﬁﬁgrﬁﬁgtoﬁﬁﬁmﬁﬁﬁﬁrigkﬁrﬁeS&WEFlsg/ PQQR¥§nHQ%¥?tP€§FH§ mere

dr af f
form a ho {§€*vh?.th8”?ﬁ#%]‘fﬂéﬁm3f%eerr%cm sed S et negi®: Hid L0 or
12 hours, &ﬁ@“P3}05QOf%%C %ﬁgfpgraiﬁﬁl é?é&g%(gh&ﬁ E%QQlEQEQS?raMM

at lll[err]C b ere was obt alne ayer

conpositg hol I,ber ane an i nner dianeter rr]m
and an oﬂteg hﬁ:ﬁg?e? Bgﬁagﬁef%r$¥$é§|%ﬂvﬁp hatHBrOSltyl9ﬁe§%ﬁ§?l%nd&%
out ernost | ayers conprised porous pol yethylene 20 and the internedi ate

| ayer conpr hepdganbou®gERELRUSi I Nafdt Mad a thit&RYLOWT lpagensm (i mhis t he
I nner nost and out er nost | ayers) both had a thickness of 30 [err]m and

o POl O°1 oY b1 20V ELBer TWéubrane APUGN S ad flodaP iy $1ul 271 B! gness

1

10“9 m> +cm? + sec™! - Pa! and a nitrogen permeation flux of

2.1 x 10°° em® cm™? - sec™! - pal, 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 wefe.7.5 x 1079 cn@ ccm 2. sec'l'IPa'l and 2.1 x 107°

cm3'cm72°sec'1'Pafl, 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 oxygen

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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When this hollow fiber nmenbrane was i mersed in a 50/50 (W% m xture
of rwater and I PA at 20[err]C for 7 days in the sane manner as
described in connection with Table 1, its oxygen and nitrogen
perneation fluxes were 7.5 x 10[err] 5 and 2.1 x 10[err]
respectively, and the hollow fiber nenbrane retained its initial

state. oT.beéﬁﬁf.CefnheC»b&E@ﬁ Vvdpovei gH¥meRft ilhe £raRbs anehieishall 1sav zer o.
A total of 5,000 three-layer conposite hollow fibers as descri bed

above were t}_q tn%‘&&:&'%ﬁ% gﬁsﬁggeﬁﬁgfgno\g f}'np 2 'Fi\%ZZ‘.md' e, and a 50/50

(M% mxture of water and di sso oxygen concentration
of 120 ppm was d%%?%%ed by feeding it to the inside of the holl ow
fiber menbr MRS, 1o flowrate of 5 L/min and keepi ng the outside of

osarerbine,  andlo dort PRl LG L SHRER wtbbetcalter 1

degassi ng was 1. sin continu

for one nonth, the dissolved oxygen concentration ter degassin
r emai ned Sundtkshge #lassobkgRAGL tLRR bpBParabire (Td)péy i'écrf.@é #h‘éasf/\/d'?seﬁds\fa%or

perneation flux of this hollow fiber menbrane was 1.50 x 10[err] g
m (nferr] day)poly2@r Blemdl eomfosed of a sEMiNAROYAUBOBNermapléstiar ed by
JSR Co.; gl ass transition tenperature (Tg) = -45[err]C] was used as a
pol yrer elgisheaezo gpds pe lybrapyignene - Theged ushognapthsee clayeist orer and

pol ypropyl ene. Then, using a three-|layer conposite nozzle in
59 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 115C 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 zm 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 gm and a porosity of 50 vol%. The

homogeneous thin film layer had a thickness of 2.0 um.
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whi ch the aforesaid polyner blend was disposed in the I nternmedi ate

| ayer and hi gh-density pol yethylene ("N polon - Hard 5110" , manufactured
by Tosoh Corp.) was disposed in the i nnernost and outernost | ayers, the
nolten resins were spun 5 at a resin tenperature of 190[err]C and a draft
ratio of 850 to forma hollow fiber. This hollow fiber was anneal ed at
115[err]C f Gtheir? thdisr doldoswE iberr membt &neerad Uinendnserl fiactaos09501. 2,
and then drawn at 111[err]C by a factor of 2.0. Thus, there was

obtai ned a t(wisey IniureOBEOSterNahlOSA | DEr grENkEane é&‘ﬁré hin lbhe Bhmdner
di aneter of 300 [err]mand an outer dianeter of 362 [err] I n which

h d hyl d
he i nt or medl R erty %Pféégﬁscggﬂgékse JEtteD d2He &rm - OB o ous

| ayers (i.e t and_outernost |ayers) othyhad_a thickness
of 30 [err] d"ff:'v r’rﬁta{:r?@eél B&F@?P§§°Bf g%"%%l‘%r%ﬁe% Frddene®fs "M n *fil m

| ayer had a thickness of 1.0 [err]m Th| s holl ow fiber nmenbrane had an
oxygen pér nmeaddon PaUx apf 6.7 x 106f®rgd? - - se@Md. pa-1 arddfdgBiely,
perneation flux of 2.2 x 10[err] In this exarrple t he water
vapor per megtdPLr [ y A
total of 1,200 célrépgl)séll}tig%%ﬁ? e%g"?%&%sleéd%éslcn%g 3:%[% l]t ggv)gt\%?e bound

t oget her tOTm%k%e%c@%ElQﬁhﬁbgeinbwgg§ﬁt of the MehAl OWEE'QQEObgggB? Was

inserted into a cylindrical
A total of 5,000 three-layer composite hollow fibers as

described above were bound together to make a hollow fiber

10 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 afﬁer

15 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 1073 g- m/(m2 * day) .

20 Example 16

DYNARON H4800N [manufactured by JSR Co.; glass
transition temperature (Tg) = -45°C] 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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housi ng made of a nodified pol yphenyl ene ether resin. At the - opposite
ends of the cylinder, the space between hol |l ow fibers was sealed with
a crosslinked bismaleimde resin to fabricate a nmenbrane nodul e. The
vacuum side of this 5 nmenbrane nodul e was evacuated to 100 Pa by neans of
a vacuum punp connected thereto. At the same tine, using an ink feed
punp attachewhichathe nkfgrdsgid plodiymebebl ghd heds IbHd3ed in thenuf act ured
by Hewl ett Packard Co.), a pignent-based bl ack i nk (manuf actured by
Hew ett Packamtefivediaves Xaykn antdhéighOdens ivey ypalyktiydrenend| "de)padfont he
hol | ow fi ber nmenbrane and t hereby degassed. The degassed ink was fed
to the ink hBaud 5110 %hndramefdtaredr byt TagobrCorp i hotasn e pnasst ifprthe
excl usi ve use. The di ssol ved oxygen concentration in the degassed
printer ippRrpest amd PPAITPEE BAYRLS ngthRMTHIRD AT ] FPYhk 15
charged into the ink cartridge for ink-jet printers was conpl etely
exhaust ech | atedi eely teiprmtire ofk 198 and aedirafist edtiohefdBS§8otoed
oxygen concentration in the ink was 0. 06 ppm When the nunber of

unprinted dots_and i he total upber. of 4 Nt ts [ t ' s by

observation %\?Fﬁ E hﬁgl%g%iqeﬁ‘ngi‘gf%ﬁé%]t T pﬁlr?eerf ggug\r%\\l@?g%fqﬁp??’g?ﬂggf

| osses in the resulting prints was found to be 0.5% and renai_ned

constant t hr585hbathewes defydt Ry spePatrBReraRece iy fed@rtor ofofl (Fri nt

dot losses is a value defined by the follow ng equation. Dot areas

were determ ard them dravwnefe t1HrGvey iy fazfoxr wdgadi- Oyi riBhys o) tdraxs was
obtained a three-layer composite hollow fiber membrane (with

10 an inner diameter of 300 gm and an outer diameter of 362 pum)

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 1072 em® - em2 - sec™! - Pa~! and

3 2

a nitrogen permeation flux of 2.2 x 1072 cm® - cm™? - sec™! - Pal.
In this example, -the water vapor permeation flux was 2.50 x
20 1073 g-m/(m® - 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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61 Frequency of print dot |osses (% Sum of
dot areas in poorly printed regions

x 100 5 Sum of dot areas in printed regions Exanpl e 17

MK Resin MK-2F (manufactured by Dai N ppon Plastics Co., Ltd.) was
used as a polyner blend conposed of a styrene-based 10 thernoplastic

el ast omer ansbwpPingdnei oFea hBANEid8! P8l Pphenyldnl R&-HedY HesGNTPOAL L €he
nozzle in which the aforesaid pol yner bl end was di sposed in the

i nt er medi at eoppy=itarchds @if- daBstyYinder, pethy edpudenetwaddpdoddokar d 5110,

manuf act ured by Tosoh Corp.) was disposed in the innernost and
out er nost | afjivers wits tse@aledl twébhr @scnss skl mkesp Ui sita lae imeigien riesrdpertat ur e of
190[err]C and a draft ratio of 850 to forma hollow fiber. This holl ow

fiber was anfaatiszhte al dembreh€ module. hdlhes vaduawm sider ofnthis

tenperature by a factor of 1.2, and then drawn at 111[err]C by a

factor off 2.1membprane moserle was eveanakbed ate hiQe-Bayksy meagisc @fpdsVideuns| | ow:
fi ber- menbrane (with an inner dianmeter of 300 [err]mand an_ outer

di amet er of BEP [GanMafted, therekos hebt the jsamer fide aNdisgt 8rndRE F&a§ers

FUIT AT R LR AP L M T NI T
20 et oD SRSy, TR PRERNLSEs s RS BUR s o
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 foﬁnd 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

256 a magnifying projector.
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62 t hi ckness of 30 [err]mand a porosity of 50 vol % The

honogeneous thin filmlayer had a thickness of 1.0 [err]m This hol | ow
fi ber nmenbrane had an oxygen perneation flux of 6.7 x 10[ err]

and a nitrogen perneation flux of 5 2.2 x 10[err] The wat er
vapor perneation flux of this hollow fiber nenbrane was 1.55 x 10[err]
gm(nerr]" Fugplency of printAdbbt Bbseés 1(€P0 conposite hollow fibers
as descri bed above were bound together to nake a hollow fiber bundle.
10 This hollow fiber bundle was inserted into a cylindrical housi ng

made of a nodified pdhyphénﬁb&nereahelnrpeonlyﬁpriHEed regbpposite ends of
the cylinder, the Sp wk t Gy
crosslinRed bi snal ei Buie ofedok ageas infppintederaghemdrane nodul e. The
vacuum side of this 16 nenbrane nodul e was evacuated to 100 Pa by neans of
a vacuum punp connected thereto. At the same tine, using an ink feed
punp attach L7 k-jet printer (Design Jet 3500CP manuf act ur ed

by Hewl Pack i -based bl uf d b
il ot 1 Packard_ &K AR ?ﬁé@%”‘@‘%@ﬁé&mﬁw R b M RROR AL e

hol | ow fi b d d b f

Tl ustrat oa 1R o us@8asn pof PR Thr ol e o (e S A

used foqo

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 190°C
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 111°C by a

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

20 composite hollow fiber membrane (with an inner diameter of
300 ym and an outer diameter of 362 pm) 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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printing on 54 inch wi de paper for exclusive use. The di ssol ved oxygen
concentration in the degassed printer ink

63 was 0.05 ppm The printing was continued until the ink
charged into the ink cartridge for ink-jet printers was conpl etely
exhausted. Imedi ately before the ink was exhausted, the dissolved

oxygen concentration i he i nk s 50.Q6p en, t he_nunber of
unprinted ddtdS SFhBQtépaF“‘an~ ﬁuﬁﬁéPs6FngEL§ggﬁﬁk%MBF ©det erm ned by
observation with a magni fying projector, the frequency of print dot

| osses in  homdgedebasulthiAgf Plkni Sys@shddtHizKies@. b¥ and peivai Dhils
const ant throughout the degassing operation. 10 Conparative Exanple 1
Melt spinni Rg, W35, GabkirClefblahO0flqt Y Ylinfda@i®n £f1uxdSti 6, PRI e
1, except tgg?'a styrene-gasgaﬁghgéﬁngﬁast i ﬁgaastgneruglone (1.e.,
100% by wei 9of Kratoem G 1697, -1 nufactured by Shell m.cale Co.)
was used in rbﬁe 5" M er st at eP"i‘ay@@ﬁoﬁég’é??e?h%g%%euﬁngc}glﬁxt 3’ fof t he
styrene-based t hernopl astic el astoner was so high that the

styrene- based 2 ken®opl @st  cmef astewsTir BaTli.t sTI®Iwarerstvaiper permeatlidnnot be

extruded fromthe extruder. Consequently, it was inmpossible to forma
three-ayer SO0 LRs0obLYOh Dohar RullSIIE s 1.55 ST % L9 (RearPl e 2

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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A three-layer conposite hollow fiber nmenbrane was forned under the

same conditions as in Exanple 1, except that ENGAGE 8400 (rmanufactured
by Du Pont-Dow El astonmer Co.; density = 25 0.870 g/cnB) al one was used in
the internmediate | ayer. This hol | ow fi ber menbrane had an oxygen
permeation flux of 2 x 64

10[ err] e ro e, . u hjm fil mhad

t he same phﬁ@ﬁngé§§sp @'tﬁ§§%%¥g{EE%ﬁﬁtﬂ%ﬁnf%ﬁ%lgggggﬁggﬁ$ gp%o%a. of 5,000

t hree-| ayer s i het 5.2 | be Qﬁﬁ@ t ther to

make a y5 ﬁlglg }ré\%wf %BEP %h%dﬁék g%gg?g%%a?%f av-i%%{ zng'?l;&gglsvgggoxygen

concentrat i eaneh 8RR TeWRSuEeEas S St f A8 BforkO thBC ink wad nsi de of the
n

hol | ow fi ber nenbrane at a flowrate of 5 L/'m and keeping the
outside of hhalBRBEZNEhA! d88sbBVEd dRPgen costtGsOtMEbrOXgEhecankerasation

after degassing was 5 ppm 10 Conparative Exanple 3 A total of
5,000 popou® .06l ppmopywese tid | mumbébers unprintiédrio@s ahdatke nbored]
manuf act ured by M tsubi shi Rayon Co., Ltd.] were bound together to

fabri.cat e anumberand prdutedots websi dgtéhninecd ity avtesemudlion sréghssi ng
experinments on a 15 devel oping solution, a sem conductor resist and an ink
for i nmajgmii fiyriingt ero jeetercatheefireguency thke print Maindesgssi 4n
Exanpl e 1. The devel opi ng solution contained a surface- .active agent.
In all expetheemesultiagnprbnifevasi feundoto 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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produce a degassing effect because the chemical liquid | eaked 20 through

t he pores of the nenbrane. Conparati ve Exanple 4 A total of
200 pol ytetrafl uoroet hyl ene tubes [Poreflon (trade nane), nmanufactured
by Sumitono El ectrochem cal Co., Ltd.; menbrane thickness = 50 [err]nj

wer'e bound together to 25 fabricate a nenbrane nodule. Using this nenbrane

nodul e, -7 3., am=2 . -1, -1 65 Ssi ng

experiments 1oOn acaleve(fn})pi n%e%ol uflf'%%, ‘a The p%%?ﬁsc&??é'l?(ﬁsoranﬁdcejg:?ls and an

ink for ink-jet printers were carried out in the same manner as in

Exanpl e 1. TInogeneqys, dihdmi dd1mohadi bhe coanaitidgknessepaas- #80P¢e agent .
the nenbrane failed to produce a degassi

Ie?f glclt bgch eraicilqgenctﬁﬂé‘rﬁﬁ:é‘élmpllﬁq&i'd A &ated ofr A0t hBreert YerlﬂgHoYhe
ol Low 11 ber SRR Bl QAR HEPRCAPOL8 ¥R RO A AREEE B0 PA¥BXAnpl e 1.
Corrim i SPOTO R ngte. and o BERPE RGBS hRLyRn BTEghD:
10[12”1]0 C&m(%{t{ﬂoattéonofofg?gggmwééeg@%%%g% L%%Id%\%lvg? ﬁgar'é - ggédescr | bed

fLigpve vere bindihd QICUWHY noQ1low fib8P m&mfarie Y lOW1bPeatEEBR! 8NE /RHU! €.
I ng S
and keeping the outside of the membrane at 30 torr. The
dissolved oxygen concentration éfter 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 polytetrafluoroethyléne tubes [Poreflon

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

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

26 fabricate a membrane module. Using this membrane module,



menbr ane nodul e, a devel opi ng sol uti on was degassed in the - same manner
assin Exanple 6. Simlarly to Exanple 6, a 100 [err] mx 100 [err]m
regi on of the devel oped surface was observed with 20 a scanning el ectron
m croscope and thereby exam ned for the presence of defects in the
groove and | and portions. As a result, 100 circul ar undevel oped spots

havi ng a ra?ﬁil%@aé)stigg%)xpper%‘ eq{ﬁs] wer 899Q§8é¥r?€0%&&ﬁo§1'r%gi on. Thus, the

menbrane fa uce a degassi ng

66 semi QMR & VP RINg Gn inrhiﬁﬁ %#klfgfﬂgﬁﬁhﬁéf@o%ere

t hree-layer conposite hollow fibers OOTL,” manuf act ured by

Mtsubi shi ReyPPi&® outiih i tHd@ame maRRELUSs | By fBarIEOr1l Si gepol yet hyl ene
and both having a 5 -thickness of 25 [err]m the honbgeneous film

conpri si ng adeveloPpdhy WEluthith achthdavieddaasthf gddrass dfe adedits.] Mini aber

di anet er 200 [err]m water vapor perneation flux = 7.30 x 10[err]
gm (nferrg expediyentserchdmendbriangetfhgletotd aprodatee sa degjdsminfg ber
menbrane nodul e. Using this nmenbrane nodul e, isopropyl 10 al cohol was
degassed i n ¢htestnkecauswerthes dhencadplég8id| heaked thiangixdis @orelse
honogeneous filmswelled with the chem cal | iquid, and the percentage
change i n wepfhthefmempransg  ow fi ber menbrane was 95% Wen it was

tried to carry out a degassing treatnment by using this hollow fiber
menbr ane, 1@%2%%&&#%&9 was not achi eved because the honpgeneous
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 10710

3

cm” ¢ cm’2

1 1

*sec”” *Pa’" and a nitrogen permeation flux of 1.7 x

-2

10°1% em® - cm? - sec”l - 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 ym 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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filmwas broken and the chem cal liquid |eaked through the por ous

| ayers. Conparative Exanple 7 An ink was degassed in the
same nmanner as in Exanple 16, 20 except that the hollow fibers used for

t he degassi ng purpose conprised silicon tubes (with an inner dianeter
of *300 [err]m and a wall thickness of 100 [err]m . The degassed ink
was fed to th%.lnk head.and used for printing on 54 inch w de paper
for exé¥§§¥¥%L&§e—E¥ﬁ§9&$rgt|ng was continued until the ink

67 | a g | was
conpl etely exhaug@a‘{ﬁ dt? ?’étg%eclttﬂgeg i%’ég go%?ési@g ﬁﬁl&{’nﬁa}gé%? ely

after the StﬁiﬁFﬁo'ﬂLhenﬁhh?%b@gre&hg%nﬂﬂ@éﬁbf?éhl Ray&HIRE Nt ek dlof scrand t he

total nunber”of print dots were term ned by observatlon with a
magni fyi ng psotsed Q.rayeyéu%ompr151ﬁ HepblpatRPLanOfamd ivdtKldiatDSFes was
found to be 0.1% the tine en about hal f of the charged ink had

been used, mcl&r@s 948N Ol iyl 43599 19 SRk eETged 11 the

sane manner foun 0 be eover, n about

hal f of the charged i nk had been used, the deposition of a scunlmas
reveal ed by mhsprnatthane aindt hevingf acebickness of 1 gagoddaey didwesPrt he
degassi ng tubes. This caused a reduction I n apparent gas perneability,
:gtm‘gz eghe disse YRY water WSO PSS F108 € 948! «t 2070% O AR -

day)] were bound together to fabricate a hollow fiber
membrane module. Using this membrane module, isopropyl

10 alcohol was degassed in the same manner as in Example 8. In
this example, the homogeneous film swelled with the chemical
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 gm). 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



15 concentrations under atnospheric pressure. This reduction in gas

permnmeabi lity was considered to be responsible for the I ncrease in the
frequency of print dot | osses. Conpar ati ve Exanple 8 A tota
of 1,200 silicon tubes (wth an inner dianmeter 20 of 300 [err]m an outer
di dneter of 500 [err]m and a nenbrane t hi ckness of 100 [err]m were

bound 1 0get ngf ot AARKR: S 6Lk care LRS! cUGhR: 3101 Sl fader bundl e

was inserted’i'n ane housi ng-as use abricate

a menbr ane . [ | Y/ j ected to
25 a printi ngoﬁggtgggil/ﬁfeee%?ung t 'eI ﬁlﬁﬁﬁ%&?ﬁ%{ ntd;x@g%l cliqﬂt1 QAR rivdp)

_ I'nk'to af ores nmenbr ane
68 immeH?QHéf¥aQ§kéF'€Hb'd%a&% b@etﬁénﬁrﬂhtﬂhéi-tﬂ@'ﬁ&mﬁéﬁiof.
frequency of print dot |osses was 0.2% at the start of the printing,
i t was afprinediadety Hef e terailnkundsreshapsing. ddbe were

deposition of a scumwas noted on the surfaces on the 6 negative-pressure
si de of the denbimiged by advbasrvatioiewith ammabhafigingdprejedtos. cBlused a
reduction in the apparent gas perneability of the nenbrane, so that
t he di ssol vetthga§requencynuf miriatti diox Wesseequwak foubB8otofbe h@e. Bat uPdt ed
concentrations under atnospheric pressure. This reduction in 10 gas
per meabi | i t ythastivaswhen ezbaut e lfeofomdebrcbargedt hak had beeneddedin the
frequency of grint dot | osses. Conpar ati ve Exanple 9 .
the frequency of print dot losses was determined in the same
manner and found to be 1%. Moreover, at the time when about
10 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
156 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

20 of 300 gm, an outer diameter of 500 pm, and a membrane

thickness of 100 uzm) 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

25 a printing test by feeding the ink to the aforesaid membrane
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Conpar ati ve Exanple 7 was repeated by using tetrafl uoroet hyl ene tubes
(wiet h an i nner dianmeter of 300 [err]m 15 an outer dianeter of 500 [err]m

and a nmenbrane thickness of 100 [err]m in place of the silicone
tubes. A total of 1,200 such tetrafl uoroet hyl ene tubes were bound
t oget her to nmake a hol | ow fi ber bundle. This hollow fiber bundl e was

_ q ; - d_j L& . f '
20" mertr ane "ISHIS 2 SR3EE 18 T00nE2 RS pEOnEEE T R Whe TSGRBES

20 nenbr ane no e sa as use

to a printi tast ' t i Rkok 0Lt h o) ' l e
printinge ntbﬁofte%'s%ts Rgsl B.Z%V\ﬁ?:lgh?hset?f{ 6?%&&?{}{% ndu

and using it 1n the sanme printer. requency rint” 'dot

| osses was Qa0 inRdiladelly befofbk thE PhkNyh§Jexhdudesd 2%rnaredi ately
before the ink was 25 exhauSted. The deposition of a scumwas noted on the

69 deposiiffifac @F @anstha wagahb¥edpoaSthE st flec®d dmecwenbr ane
contained in the nmenbrane nodule. This caused a reduction in t he
appar ent sgasmezgrtnnabigrespuat shdenefibthaemembrahatcoieained ih sids ved gas
concentrations were equal to 96% of the 5 saturated concentrations under
at nospheri c nemyance mothile. This echuwsedm i redyest ey nigaliile tappaaent gas
considered to be ~~ responsible for the increase in the frequency of
print dot Ppermeahiddty of tignpembrane, ERanphat 1the 1@issolveqd sgasft opy

al cohol was degassed under the sanme_conditions
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,
16 an outer diameter of 500 um, and a membrane thickness of 100

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

tetrafluoroethylene 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
afofesaid 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

256 exhausted. The deposition of a scum was noted on the
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as in Exanple 8, except that a heterohonbgeneous hol |l ow fi ber menbr ane
[ SEPAEL, manufactured by Dai ni ppon I nk & Chem cal s, Inc.; glass
transition tenperature (Tg) = 30[err]C] forned from

pol y(4- net hyl pentene-1) was used as the degassi ng nenbrane. 15 However,
successful degassing was not achi eved because I sopropyl al cohol began

to leak to toerSEEONEH i %gcafu%epressu%n@ia@eofnvﬁélﬁéredﬂa@‘ter t he
start of the degassing oper at i on. Conparative Exanmple 11 20

The chem cal cgnbdihedatn Athd YREHRARE! MB8u18S| SthSP|ddisdd a redhBEXoR24A5
(manuf actured by SHI PLEY Inc.) was degassed under the sane conditions
as i n Exanpl ené, app@eqit il prrmeabilet§r eliothgeneabsand) | sov fhdrertheenbr ane
( SEPAEL, nanufactured by Dai ni ppon Ink & Chem cals) forned from

pol y(4- 25 dbsdylypsdtgare-conosat ratddnagswelte dqgaistogendf artee Bef ore

70 the hollow fiber nenbrane was imersed in this resist

sol ution,5 t heataratedfcanggdrgidomsatinderf ktimosphericogeassure. p&haeat i on
flux was 1.2. After inmersion, however, the ratio of oxygen permeation
flux to nltrE@ﬂ#F§k9¢m%R|§ﬂ$1ﬂanmaﬁ&ill5y wag3candideregeredi® age change in
wei ght was 31% V%en this hol | ow fi ber nmenbrane was used to de as the
resi st sol ut¥ofponsible fQrddyqingsgass Ay khs AseIuenRFEVel Bieiddy s

resi st fggégéon began to | eak to the secondary side of the nenbrane

Comparative Example 10

10 Isopropyl alcohol was degassed under the same conditions
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-1) was used as the degassing membrane. Before



I mmedi ately after the start of the degassing operation. 10 : The

conposite holl ow fi ber nenbranes of the present I nvention can be
produced at a |l ower cost than fluroresin t ubul ar nenbr anes
conventionally used for the degassing of chem cal |iquids, and

degassi ng nenbrane nodul es can also be 15 fabricated at a | ower cost. This

per i {s_the iaehoil o448y, mempE 48! 9k bl dii0tRLe LRBYSRAVC oot

practical uti ey can be Ins ed inalimted space

(For exampl go1utsgnnehB kBk1behePEkPIEH)pdbndtiReATILRY LERARE B0gen
WHAT I'S CLAI MED . A conposite hol | ow

Ihberf”F”br%%&mﬁéihﬁﬁ &lux wﬁQ”DQﬁltQu&khﬂqhﬁk@sﬁaﬁ$lHbWé@eﬁf thdaraigeneous
e 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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I nt er posed between porous substrate |ayers wherein the ratio - of the
oxygen perneation flux to the nitrogen perneation flux 5 of the nenbrane

is not less than 1.1 and wherein, after the. menbr ane has been i nmersed
in chemcal liquids according to JI'S K 7114, the percentage change of
the ratio is within [err] 10% 2. #kfxﬁﬁxﬁuie_hQLL_M/flber
menbrane as clainmed in claim1l1 wherein, after rane has been

i mrersed in chemi cal |iquids according to Ji S "ﬂu ”m rt age
change i n weirgght ™ dibhamppricane is in the range of

3. A conposite hollow fiber nmenbrane as clained in cIa|n11 or*

wherei n the nenbrane has a nitrogen perneation flux of not |ess than
0.5 x 10[err] cnferr]/(cnferr].Pa sec) and an oxygen perneation flux

of not | ess than 1. 6 XA ijmpasite holPaws€éithber membrane hadzing A conposite
hol | ow fi ber menbrane as clained in any
72 compsa- tef sdtiraictmre tonSishingiof tdhchamegeneoashabin faler vapor
perneation flux of not greater than 1 x 10[err] g m (nferr]day).
1nterposed between porous substrate layers wherein the ratio
of the oxygen permeation flux to the nitrogen permeation flux
5 of the membrane is not less than 1.1 and wherein, after the

membrane has been immersed in chemical liquids according to
JIS K 7114, the percentage change of the ratio is within =+

10%.

2. A composite hollow fiber membrane as claimed in
claim 1 wherein, after the membrane has been immersed in
chemical liquids according to JIS K 7114, the percentage

change in weight of the membrane is in the range of 0 to +30%.

3. A composite hollow fiber membrane as claimed in

claim 1 or 2 wherein the membrane has a nitrogen permeation

flux of not less than 0.5 x 10°° cm’/(cm? - Pa - sec) and an

oxygen permeation flux of not less than 0.6 x 1077 cm3/(cm2~

[

Pa * sec).

4. A composite hollow fiber membrane as claimed in any



5. A conposite hollow fiber menbrane as cl aimed in any one of clains

1 to 4 wherein the porous substrate | ayers

pol ypr opyl ene, pol y(4-nethyl pentene-1), pol y(ﬂm“ﬂmammumrde) or
pol yoxynet hyl ene. 5 6. A conposite holtow fitber nenbrane as
cldined in any one of clains 1 to 5 wherein the honbgeneous thin film

conprises a PO Y 'Elafls (P B ShbkbiHOLROES )%aéhe'shas a w_ilter VagoerOSI fe

di fl uoro-1, 3-di oxol e) and tetrafluoroethy ene

the homogendBuEntr o it I 3he B %%ﬂ%ﬁ%ﬁseal el 7 b 2difyLel

pol y(4- net hyl pent ene-1). . A conposite hollom/flber menbr ane
as clainmed in any one of clains 1 to 5 wherein the honngeneous thin

film conpri se nmer bJen osed of a styrene-bas

t her nopl astic el a toneg % 3ﬁﬁgng fibgr membrghegas ¢ %ﬂﬁﬁxﬁﬂt@?y

hol | ow fi ber i m 8 wher ol olefln is a
pol yol efin h&WF n%)f criealmsdglnqﬁnﬁ Hheﬁ‘(?f‘ng'?}é%t%?rql}ﬁarf“g’%qﬁl , and

the styrene-,

d
therrmplastlc:om ok erﬁ?lY%§%¥ﬁﬁ Sk P c%%%??%%}e%ﬁﬂnﬁﬁﬁﬁf4-methylpenQ%%%_l)’

poly(vinylidene fluoride) or polyoxymethylene.

(1

6. A composite hollow fiber membrane as claimed in any
one of claims 1 to 5 wherein the homogeneous thin film
comprises a copolymer of (2,2-bistrifluoromethyl-4,5-

difluoro-1,3-dioxole) and tetrafluoroethylene.

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

comprises low-crystalline poly(4-methylpentene-1).

8. 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.

9. A composite hollow fiber membrane as claimed in
claim 8 wherein the polyolefin is a polyolefin having a

density of not greater than 0.900 g/cm3, and the styrene-



5 of polystyrene segnents and segnents forned fr§7i ﬂ Ieas

noronmer sel ected from but adi ene, ethyl ene-butyl en %m” and
et hyl ene-propyl ene, or a random copol yner conpose ’#ﬂWand at

| east one of butadi ene, ethyl ene-butylene, |soprene ana
et Kyl ene- propyl ene. 10 10. A conposite hollow fiber menbrane as

clainmed in aaged the%ﬁ%p?ﬁsﬁié'@fhét&dér51%h%rSchkhéoBBW?ﬁéﬂeeéﬁpbbéa f||rn
conprises a fluorine-containing thernoplastic elastoner. A

conposi t g holfl PalysherefBNBEgRENES HlPisREhentsafyrmed @RBmOAtCLEaEE d:néO 5
wherei n the honogeneous thin film conprises a polyolefin type

t her nopl ast monemast eetected 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.
10
10. 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.

11. 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.
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ABSTRACT

Disclosed is a composite hollow fiber membrane having a
composite structure consisting of a homogeneous thin film
interposed between porous substrate layers wherein the ratio
of the oxygen permeation flux to the nitrogen permeation flux
of the membrane is not less than 1.1 and wherein, after the
membrane has been immersed in chemical liquids according to
JIS K 7114, the percentage change of the ratio is within 1i10%.
This composite hollow fiber membrane can be used to degas

chemical liquids without any liquid leakage.
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