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DESCRI PTI ON HYDROPHI LI ZI NG AGENT FOR HYDROPHOBI C
POROUS MEMBRANE, AND METHOD FOR HYDROPHI LI ZI NG
HYDROPHOBI C POROUS MEMBRANE AND TEST METHOD USI NG
THI'S AGENT 5 TECHNI CAL FI ELD This invention relates to
a hydrophilizing agent that is used for a hydrophobic
porous nenbrane and cont BERERAPTAR@N fr ot hi ng

surfactant, and nmore particularly relate he |

of HRSRABEILIACNE! BRENTHEaRoBRBBLRHEEI EORONS, HRiERamE
the 1 id i [ f 6@5@ i
porouguﬂiﬁgﬁgﬁg§Fﬁﬁhﬁ?@éﬁéﬁ%ﬁ%ﬁ%ﬁén%fgg?%ﬁlnnng¢gﬁgys
or an ul tyafbkhhkAt ARD TRBIDHBTECDBESKEROINRSAREERAT ous
menbr anes, such as mcrofiltrati on menbranes or 15
ultrafiltrati on nenbr afESHNIERE BE8RDused in a w de

range of fields for such purposes as treating ,
i ndiBifi dnvigadienae bRy touéh MArephidyrdithgent that is
and sterilizi har maceuti cal water. Menbran _
usPY: SHHose PR GURRRORLR Bt S PR HF OB et i, GORtAIRS a low
: ORhQh r § kA S e
ex L0 SR, TR CRPFS) BREr LS oy ¥ Sto the us
o fSEPRE at hlodve Myieh DpEREHC Pedotisholfbabrsmesusar enembrane in the
preferabl e because of their chem cal resistance,
hyfioophagirzesisnhartesatmeentecfr exi dydophobdsi spareest genbrane,
degradati on by oxidation, and so forth. However, water .
sugh a@s aéueB‘&§r§§llﬂtFir6‘ﬁlé’5*nn6‘Fmg?§§§let hP&uglF™ héllﬁéfnaé;sltratlon
n ﬁ% a_hydrophobi ¢ 25 porous nenbrane because of the
e Eﬁgshobic nature of the nenbrane, or considerable
pressure nust be appli eghexyetoniio SMeh passage is
possi bl e. Therefore, hydrophobiC porous nenbranes are
subpetcbed tmembhynesphiductat iagn miendfkhtrahéad gfiembranes or

time so that water or an aqueous sol ution can pass
ulthpdaghrasieneagnbranes, have been used in a wide range of

fields for such purposes as treating industrial waste and other
such sludge substances, and sterilizing pharmaceutical water.
Membranes used for these purposes can be broadly divided into
hydrophobic porous membranes and hydrophilic porous membranes,
and in the field of solid-liquid separation, hydrophobic porous
membranes are preferable because of their chemical resistance,
fouling resistance, weather resistance, resistance to
degradation by oxidation, and so forth. However, water or an
aqueous solution cannot pass through the pores of a hydrophobic
porous membrane because of the hydrophobic nature of the
membrane, or cénsiderable pressure nmust be applied even if such
passage is possible. Therefore, hydrophobic porous membranes
are subjected to a hydrophilization treatment ahead of time so

that water or an aqueous solution can pass through more easily.
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1 w This hydrophilization treatnment is necessary not
only when a hydrophobi c porous nenbrane is to be used
for the first time after its manufacture, but also
whenever all or part of the nenbrane dries out

t hrough contact wth air during the 5 inspection or
Théﬁaﬂﬁ@ﬁ?Rﬁl¥¥ﬁﬁﬁﬁﬂ%rEﬁéaBPeHGH%ﬁ)%ﬁc%§§ hgegot only when a

wn of op eration._The.appro a
nyRREPBERER St GhemPragar aha coporSed o thg first time
afE@E‘t |6 apbyuraRenREaNTt Pt haﬁso"%mérn%ﬁ?%rcoﬁpps%@ %aﬁt of the
pol ymer that 1s h|ghfy hydr ophobi ¢, such as a
mehbttaher esiriedecaise tiwseghs eoptacsvunetthdeaieaseliming the
10 liquid perneability once the nenbrane is dried.
1nEpam§lleg ofr knbeankethods the meabsphel iofi duaing an extended

dr ophobi o
DR GRGRR B %?%f&glsorgf c {Fﬁgrea'aﬁgeﬁrf?ﬁ?s"Sﬂgrﬁeh&#&ﬁé%wn of a

t
o SRR GATBOES AL RER, Pl Bk cRRILETY Orporyane wich o
mefi@2ahat edn o RARRYS Ml d:r@terléz’@il%'ﬂly“ﬂ@dﬁﬂihdﬁlc, such
H5- 208121), al cohol (Japanese Lai d- Open Pat ent

asAppl EdabromeS58, 96638)se gkheerol if Japgnegwuraietl Qdenrease in
Pat ent Application 2002- 95939), or an inorganic salt
lleslas‘aM@e@éﬁldJMe@n% dhe memhGang iieh He-e%7470). 20

ot ESaabaE s s R BRrha RV Ia A R Wdtophobic
pok%é tg%?bf%ﬁ@”Enc?BBE'Q@thgﬂhbﬁ %9@@@@%ﬂ1tﬁ§dggﬁﬁﬁiﬁ% groups

or ough washed wth a cleaning |iquid

ar%UChnﬂfsoduJ:éﬁgQ.rﬁm)uﬁheOfmdﬁﬁne h.dtsreelfoveJapgtneéet Heaid-Open
mononer constituting the hydrophilic 25 groups that
Patemdi Aeplriceddioad HOT A6 Sfanbrahale W 188 Fraaatiow the membrane

whi ch the rane i s treated w.t deaerated
Wil B e ok i e TPRAGRSAJH ICAREh He8 BpLicat ion HS-
20%%§%r§tegl@@ﬁgi (Japanese Laid-Open Patent Application 3558-
96633), glycerol (Japanese Laid-Open Patent Application 2002-
95939), or an 1inorganic salt (Japanese Laid-Open Patent
Application H6-277470). |
However, with a method in which hydrophilic groups are
introduced into the membrane itself (Japanese Laid-Open Patent
Application H6-296686), the membrane has to be thoroughly
washed with a cleaning liquid, such as a large amount of water,
to remove any of the monomer constituting the hydrophilic
groups that remains unreacted on the membrane. With a method
in which the membrane is treated with deaerated water (Japanese
Laid-Open Patent Application H5-208121), deaerated water

essentially has to be pressurized and passed through the

membrane, so this treatment method is complicated. Furthermore,
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essentially has to be pressurized and passed through

the nmenbrane, so this treatnent nethod is

conplicated. Furthernore, 2 since the hydrophilized

menbr ane nust be kept noist at all tinmes, a nodule

contai ning the hydrophilized nmenbrane has to be _
sincandpoer t agdrophipiizgd soembrang swistor bR ikert shedst at all

a2 o
th in whi.ch _t.h ' i | .
co PSR bt T NGy 8R4, W 2LEQR o being

fi?@@dg%% S Csturiftng! €080hd0b Oy 1 SkbSt AREehUsREns that

or the treatnent remains in the hydrophobic porous
i tnEmdmaAbheng said hd neemvearientas t oWbeht hor meghlogd washedhich the

10 with a large amount of cleaning liquid at the tinme ,
megbraps se. trapted wifht MOEohP WhPEh thespetke | dJapanese Laid-

Opgh?%%%?eghf A’e?ggligrégﬁob]%s g.ltSr g%té ég@%&&aﬂgr Yi\:'ilw.teh 2l cohol or other
suB%¥dsaRR lth%éatﬁ' %(‘r:t r &l m%'}tea'ﬁar{?li‘x% fohanbydrPPbREI Giydrophobic
porous ne _

rane (Japanese Lal en Patent Application

poldbuslmekifl, dJapanesandmbrhiPenabattentbdpphbeatighdy washed
H1- 119310, however, is enployed the specific process

witb eedacget hecamsuwtt ofl eaguimigndiiamidiedd thed time ey its use.
mnimze a drawback of elution on . the basis that

thePdsPs Phaafmrbaidk Whiehat AREALEIFERBPSRES 4 SoGmployed to
trtFrg ait %g I\ﬂmrtg%{%laéggvgdlqﬁ ant, g%%rf%c%falnttheaglgrfﬁ&%ﬁgtdisclosed as

s gradualTy elute nt o

anbt@dtedhat8pnil Nza0L BRI ML demerBPARRIR aifdrOPgN hydrophobic
Patent Application H1-119310 nerely involves reducing

potrb@sanmenbrahesur fapanateusbdidndpebhePabsgnt eArphigcation H1-
t he amount of surfactant that is eluted, and 25 does
11831040l ve the fundanental probl em of surfactant

eluty on. e? SEB R e G L NENT B son H1-119310, however,

is employed the specific process to reduce the amount of
surfactant used and thereby minimize a drawback of elution on
the basis that there is the drawback in that when a membrane is
treated with a surfactant, some of the surfactant remains
behind and is gradually eluted into the treated water. In
other words, Japanese Laid-Open Patent Application H1-119310
merely involves reducing the amount of surfactant used and
thereby reducing the amount of surfactant that is eluted, and
does not solve the fundamental problem of surfactant elution.

DISCLOSURE OF THE INVENTION

It is a first object of the present invention to provide a

hydrophilizing agent that is suited to hydrophilizing a

hydrophobic porous membrane, and a hydrophilization method in
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It is a first object of the present invention to
provide a hydrophilizing agent that is suited to
hydrophi li zing a hydrophobi c porous nenbrane, and a
hydr ophi lization method in 3 r which this
hydrophi lizing agent is used. It is a second object of
whtiltdh piteiseitydmogshii I oning gpgeavi des wsdégdr ophi | i zi ng
agent for hydrophilizing a hydrophobic porous ) )
nmenthtanes & ?ﬁcwﬂcﬁbﬂﬁeta%@eofp%ﬁﬂrﬁpmw%wn to provide

ent remai ning_after._the trea nt .of a drophohi ¢
2 AR osh LTI " 8 ko Bk BT a3 B ERPBEe porous
mebE ORI | 'ﬁfﬁhoanE&HOdtRB Waeintt Nigy W ORI 21 Phg  agent
agent 1s used. It is a third object of the present
remaeniiicon foeprovederaatiehhod ff & HiedpripH dredf @ie membrane
nmodul e, with which bubbles 10 generated in a
ishydireapstiddad g eeuceduring a deydrepiblitabiken method in which
or the |ike of the nenbrane nodul e

f , Gl i ng,
thg'%‘n%(c:yt_é&q‘é}ﬂgﬁg%%ﬁ s"’lﬁfiﬂfesjs%o‘ils th the menbrane nodul e
Cetsaf o, T RN PR B IH ENE PREL D6 "o provide

net®idd h fIY eales@finle apr fepBrahBVeRbiANel 0 WieMi dfhiéh bubbles
favorabl e method for hydrophilizing a nmenbrane nodul e

gecwmadiad nn aahyngdopeipdli 1d Zaorp usgerebdanéngnd editipgseftbr leaks,
in a menbrane separation tank containing a solution

defede  rebpedingt r 0t det 1ikei @f dhe ela@nl@memﬁnpﬁiuéﬁ can be
£ SRR, ERBEE e v Dt B o BRERREE° P £ fpesining 5
hydfriHdgent sbpdysal Rutamd! VEAE t 2 i3R0Veimmersed in the

probl enms, the inventors arrived at the present
hyidneaiiil 16ie irppragatitscoveri ng t hat these probl ens coul d

be sol ved by using a

It is a fourth object of the present inventicn to provide
a favorable method for hydrophilizing a membrane module
containing a hydrophobic porous membrane and disposed in a
membrane separation tank containing a sclution to be treated
(treatment liquid) and equipped with an aeration apparatus,
while the membrane module is still immersed in the treatment
liguid.

As a result of diligent study aimed at solving the above
problems, the inventors arrived at the present invention upon
discovering that these problems could be solved by using a
specific low~-frothing surfactant having a defoaming property
and low surface tension.

Specifically, the present invention relates to:

1. A hydrophilizing agent for a hydrophobic porous

membrane, wherein the agent contains a surfactant, and the
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25 specific lowfrothing surfactant having a defoam ng

property and |l ow surface tension. Specifically, the

present invention relates to: 1. A hydrophili zing

agent for a hydrophobic porous nenbrane, wherein the

agent contains a surfactant, and the 4 surfactant has
sux facdtaimdbi hasy sucfretimabihitpusbich héibgit the bubble height
. immediately after _frothing, as nmeasured according . to
inmedindedy Mitar nbrelil 19l 2K B88sYredspRGoFdang fypthe Ross—

: eQus .sol ugi f SUrL tan t C._ ] :
iR RS IR R iab 8 P el Tahed vE3 oottt Blution of

£ SRRk PYOUSsecTe kN aBenaceer dekg L0 1 above,
wherein the surfactant has a frothability such that

t he ZaubblMehehght-obhié imii Agt esgehit erfoxf r at hhpdropkobic porous
measured according to the Ross-Mles nmethod (JIS K
megggAne ustagraingl tw o3 agbeses sdrexebn &het hpurfactant has a

fﬁ%ﬁ&%@%ﬁ%&h&?%ﬁcégéﬁgﬁéo%ﬁgzﬁyggg%%obgi%ﬁg?&ﬁgﬁ? minutes after
£ TRhne %C‘fr%adélﬂ%c% Qatécoqdi%}gab&vechms% 't%?s ethod (JIS K
surfactant has a static surface tension 0 '% nﬁvn1or

336295 Wieth@ 8. b Wt %ta0HgaEsus0lsellaicef dhethe surfactant at
surfactant is used. 15 4. The hydrophilizing agent for

25ChydsopRobincopoless. menbrane according to any of 1

to 3 above, wherein the surfactant is acetylene )
gl ycol , dttfoxrdreghdddeyrgne2gpyeolfor o2 ANKWPXPRREPSF PoTOUS

these. 5. A nethod for hydro Eilizin hydr.ophaohj.c
meBRES SRS ABIGnE Lofbr PoPHE 8’ STRS TOH brtigi g Eotant bas
a hydEOPRORIG RAOUSn JESR' ¥Fe 30t ANANtSET 1Wiskh fkén a 0.1 wts
hydr ophi l'i zi ng agent for a hydrophobic porous
aquedrsarse landandioly e aur fdcthardto b abowe. 6. The
met hod for hydrophilizing a hydroghobic por ous

4. The " hydrophilizing agent for a hydrophobic porous
membrane according to any of 1 to 3 above, wherein the
surfactant is acetylene glycol, ethoxylated acetylene glycol,
or a mixture of these.

5. A method for hydrophilizing a hydrophobic porous
membrane, comprising a step of bringing a hydrophobic porous
membrane intc contact with the hydrophilizing agent for a
hydrophobic perous membrane according to any of 1 to 4 above.

6. The method for hydrophilizing a hydrophobic porous
membrane according to 5 above, further comprising a step of
drying the hydrophobic porous membrane that has come into
contact with the hydrophilizing agent for a hydrophobic porous
membrane according to any of 1 to 4 above.

7. A method for testing a membrane module having a main

body, an inlet and. outlet provided to the main body, and a
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menbrane according to 5 above, further conprising a

step of 25 drying the hydrophobi c porous nenbrane

that has cone into contact with the hydrophili zing

agent for a hydrophobic porous nenbrane according to

any of 1 to 4 above. 7. A nethod for testing a
hyrerptarkd gt e havemigraneapnovihddsl, iasidel etheambin body, the

outlet provided to the main body, and a 5 hydrophobic
meddosh £ amrsEng vy iteaPs i de the main body, the

eI COIBELSLAG LIS SheRpeShe LETELS! DOt Wopnan < tng
bj '
oot AL OUBBRED LN Sl BBl o5 amy of 1

td 1l eibow;l ow ng the gas to pass through the
hydr ophobi ¢ porous nenbrane, and discharging the gas
t hr olZgh interasindiety aartegt3)gobsehndugh bbbl oslet, allowing the
di scharged fromthe_ nmenbrane nodule., 10 8. A nethaod

9%r HesPAF§ ahBrAYEPophPPi ZPHEraPheRbFaneCr pigdy| Rembrane, and

oY S by Al Snand Ll etpg ovi ded to

ophobi ¢ "porous Trenbr ane

provifledidisrivigg HBEL S Pshatdiey MBEAR O REMSEdWe module.

the steps of: (1) inmmersing the nenbrane nodule in the

hydraophi 1A zmaghod5 fagente&bding fpdr dphdborch pbi pitsg a membrane

menbrane according to any of 1 to 4 above; (2) .
modtleo iaT iy aa teainghedyhr stghndes andercutdigtoinyidrd to the
R s Ny AT M 5 R
S s dbtler Lo st ol

(1) immersing the membrane module in the hydrophilizing
agent for a hydrophobic porous membrane according to any of 1
to 4 above;

(2) introducing a test gas through the inlet, allowing the
gas to pass through the hydrophobic porous membrane, and
discharging the gas through the outlet;

(3) observing bubbles discharged from the membrane module;
and

(4) drying the membrane module.

By immersing a membrane that is highly hydrophobic, such
as a fluorine-based separation membrane, for a specific time in
the low-frothing surfactant of the present invention and then
drying the membrane, this separation membrane can be stored
stably in a dry state without degrading for an extended pericd,

and when this separation membrane is toc be used, it can be

spontaneously and completely moistened with water, which means
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By i nmersing a nenbrane that is highly hydrophobic,
such as a fluorine-based separation nenbrane, for a
specific time in 25 the lowfrothing surfactant of
the present invention and then drying the nenbrane,
this separation nmenbrane can be stored stably in a
thgrty drwt stoirageuti sdefpetil htated, aandxeandst-qierargy, hydrophobic
and when this separation nenbrane is to be used
PQﬁﬂP%m@e%%%%?%nEgé§l?%%4§(ﬂﬂﬂﬂ%ﬂ%ﬁ%a?ﬁﬁ%¥eﬁEdtthﬁlme of its
wat er. mhlch JERD 6 that dry storage is facilitated,
useccan excpelf? en caydrophobi C porous nenbrane that

neegs 19, prefdpat t AthdE tdFe Ble i tSreddf CalnPéntion for
provided. Al'so, with the nethod of the present

hydywtiloe frog a Shigchshidth 1 ¢ zbdngowds hystilopdyod) ca posooiss membrane
menbr ane, a porous nenbrane that has been dried and

thge oms hbaenpldcx@iecl cayd Hee e ohﬁdr@nholgbgdcanq@ed restored to

gchg{ fabl loitl%/q %ﬁ]{hgylfﬁ%atqh anrgq]cla pﬁgg’llé S%ﬁ:pen.?,lvely:

f h
rﬁ?\?alg}i ageougtméfe 131111_8 ]l'%%%ls S %ur%%%:&;é{@g?%;mn amount of
cHeRSCR T ONa OF Tﬂ&[}%mMBES HIsG  dxtsedebghem@ivatitageous for

dr aw ng ‘of a preferred exanple for working the nethod
impfudthel gor geergosewent i on for hydrophilizing a
menbrane. 15 BEST MODE ﬁ?R CARRYING OUT THE INVENTION

(1) Hydrophi | iZrsef A

me e The _hydro h|| Zin ent fo I ob

bor e mehbPEng SRR ls cLeRri g Bh¢ %ﬁ*@fﬁ%&. ‘gpample for
wdf%%ﬂd(%K%nﬂe§H6&aSEa%hea?%e§¥%t5%H6€HEldH“k&¥Wh¥drophl1121ng

addi t1ves desired. 20 Surfactant The surfactant

a oferbrarpy esent i nvention has | ow

BEST MODE FOR CARRYING QUT THE INVENTION

(1) Hydrophilizing Agent for a Hydrophobic porous membrane

The hydrophilizing agent for a hydrophobic porous membrane
of the present invention contains a low-frothing surfactant and
any solvent and any additives desired.
(1-1) Surfactant

The surfactant of the present invention has low
frothability. The frothability can be measured according to
the Ross-Miles method (JIS K 3362). For instance, a 0.1 wt%
aqueous solution of surfactant was frothed at 25°C using an
apparatus c¢onforming to the froth strength measurement
apparatus set forth in JIS K 3362, and the bubble height
immediately after frothing and the bubble height five minutes

after frothing were measured according to the Ross-Miles method

(JIs K 3362). The Ross-Miles method mentioned here involves




10

15

20

25

frothability. The frothability can be neasured
according to the Ross-Mles nethod (JIS K 3362). For
instance, a 0.1 wt% aqueous solution of surfactant
was frothed at 25C using an 25 apparatus conformng to
the froth strength neasurenent apparatus set forth in
pult Sy 33@2, mBnch i ha bshbf ecbshghtaquevedi abeliyiahtetn a glass
frothing and the bubble height five mnutes after
cYimdgengwieheanedssice atiguetieny ¢ PhemRossrmppdsg 200 mL of

net hod JI'S K 3362) . The Ross-M I es hod ntioned,
SHRrRton | 98UCOFS (SBLUELAG 89 HOPoPT &fya height of 90
queous I uti in a S is q_er it h hnsi :
Cngi aneOJJtJer of %%hmagdrgglﬁngeﬁﬂ%% of tws?ur?%@?%%t Hglght (mm)

1 AP BP| W f 108 OidcbGig t hirkd T 133 Rex hai gBpefifI@ time has
cm for 30 seconds, and neasuring the bubbl e hei ght

elapged. | miEdi aselfjavaitadrl ar Hppi peansuafdacrant spécitfhe present
time has elapsed. It is favorable for the surfactant

infenhionr tgehe sumfenthah thepdubbde thdihthelmugmbiately after
£ Lo ohets e B ta b bA e g ReFnREFsrLLeE metnod,
i§nﬁi?pfnfﬁf %&aqe\%ssiooa{rﬂq OréfSfapPPd3BVER T Qekk, and even more

preferably 20 nm ess. 40 mmor less is favorable
pbetatsiel y f pantig diy Ides surfachanbrcardie kepfavomable because

Also, it is favorable for the surfactant of the
fgarteptby i thensiovfacbabt camhbehkepthéowubbl e hei ght

five mnutes after frothi n%étras nmeasur

abovblint Thnct FEatoRRle ngha 5opaTackinbesy, fhe present
ORI B8, QUPEELE! A AT Ul §5° ¢ A hBNGRes arter

nor e prefera mm or

TSP RY) eabesabsarbaamyna iy dhwySidmeicidd GédsPeMiles method
kept low. The surfactant used in the present invention

(prefBraBky) ,hds Gt i cr slefaceandnpirefeafabdy ¥ mroror less,
l ess when a 0.1 wt% '
and even more preferably 0 to 10 mm, 20 mm or less is
favorable because foaming by the surfactant can be kept low.
The surfactant used in the present invention preferably
has a static surface tension of 29 mN/m or less when a 0.1 wt%
aqueous solution of the surfactant 1is used. Even more
preferable is 28 mN/m or less, with a range of 20 to 28 mN/m
being better vyet. The static surface tension here can be
measured with a CBVP-Z Automatic Surface Tensiometer (made by
Kyowa Interface Science) that features the JIS Wilhelmy (plate)
method. It is preferable for the static surface tension to be
30 mN/m or less because the hydrophilization of the hydrophobic

porous membrane will tend to take less time.

Also, the surfactant wused in the present invention

preferably has a dynamic surface tension (room temperature) of
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20 aqueous solution of the surfactant is used. Even

nore preferable is 28 nWmor less, wwth a range of 20

to 28 nm being better yet. The static surface

tension here can be neasured with a CBVP-Z Automatic

Surface Tensioneter (made by Kyowa Interface Science)
50 hati/eabur e3ekbe wh&nWa het iy (W%t @qu2buzet Bedutlibn of the

is preferable for the static surface tension to be 30
sunfaatant ebs veeduse EvMea marogmeieorablbm 8 shgange of 10 to

hydr ophobi.c . porous nepbrane will tend to take |ess .
S TRI/RAL S0, heS o i 200 ot/ Bs P 179 { REthRES@E- - The dynamic

j ti f b S 1C S a Si ;
B PO EARPLE MR SR SRR Manea ot 1
HAM 36 Q0960USz Sebt 00 of {1he  aeiiclRE! aéﬁllh@im,edpsﬁﬁgn a Bubble
nore preferable is a range of 10 to 50 nVm wth 25

Pres Ak eNiyndrei mgBhiebl er PyessuTke Ténsdmmetesyr fkaiess BP-2 (made
tensi on can be neasured fromthe val ues obtained at 1

bys Kfisg MPHA¥Ewr ke 0. 1 wt % aqueous sol ution, using a
Bubb| e . Pressure nam ¢ Eubble PLeSE%{e Tensi qnet er

Kr USSP TERSF P Hete Iy KPlsET, UPGF dRahhi® P& tHhfption can
bét"“éé¥%$€¥%.us%40hp tgﬁoﬁbesegh%bHYEnt'QHer@taH@s,10 cationic

sel ected from anong anioni'c surfactants, cationic

susfidcAcae S , ampRbeé £ ¢ Csaurhachanks, amdd Mo surfactants.
surfactants. A nonionic surfactant is particularly

A f snooriaplies f roomg fdetamt andpoipast bfufamhy ngfawerable from the
frotthqi Specj fic, exanpl es of nonionic surfactants
s GandRpid! %c‘éﬁﬁ%ﬁ%’é”gqy%gql-%%@al%rfact ants, acetyl ene

R SRriec BB LRI LRI inciuce

a eaeet yl e dodecy! sPeiytartder , adot ypayet hyl édgol-based
al kyl allyl ‘ether, polyoxyethylene ol eyl ether,

sydaabardtdy| ene pdodyopyedtthdrene nonyl phenyl ether,
polyoxyethylene octyl phenyl ether, polyoxyethylene dodecyl

phenyl ether, polyoxyethylene alkyl allyl ether,
polyoxyethylene oleyl ether, polyoxyethYlene lauryl ether,
polyoxyethylene alkyl ether, polyoxyalkylene alkyl ether, and
other such ether-based surfactants, polyoxyethylene cleic acid,
polyoxyethylene cleic acid esters, polyoxyethylene distearic
acid esters, sorbitan laurate, sorbitan monostearate, sorbitan
monooleate, sorbitan sesquicleate, polyoxyethylene monocoleate,
polyoxyethylene stearate, and other such ester-based
surfactants, dimethylpolysiloxane and other such silicon-based
surfactants, and fluoroalkyl esters, perfluorcalkyl
carboxylates, and other such fluorine-containing surfactants.
Of the above-mentioned nonionic surfactants, acetylene

glyccl-based surfactants are particularly favorable because of
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pol yoxyet hyl ene al kyl ether, polyoxyal kyl ene al kyl
et her, and 20 ot her such ether-based surfactants,
pol yoxyet hyl ene ol ei ¢ acid, polyoxyethylene oleic
acid esters, polyoxyethylene distearic acid esters,
sorbitan laurate, sorbitan nonostearate, sorbitan

thenool egke] 1sakbi i sasoui ©f cat perRebp@iyelNyl et defoaming
nonool eate, pol yoxyethyl ene stearate, and ot her such

PespertpasedirR5addiftaonantasy dcetyhghpolgisidmixaserfiadtant is a
ot her such silicon-based surfactants, and fl uoroal kyl
r%lsq@%elxperf Bisbé&l ky|Subkahansay at e@ndandwe\tlﬁer dirty” undergo
cont ai ni_ng gﬁgfactant

oL A Fhea R Pcasdp?%%’f%%slsaémﬁgnefor an extended
p&H Y5 'baS%o%‘HJLathﬂ{‘ééa@E&Pﬁiécubi‘”3é aVé’é@@yfene glycol

because of e their excellent wettabil

spef aeedit | w, iasd rdﬁg‘mammealpwpeytyanan paﬁdj'ﬂdmrlqn its low
acetylene glycol surfactant is a relatively stable
dyndrstaneer; fagel wehsiont vhderydingl vdeyr adaniloe eved favorably

l&ﬂ%}?ﬁiﬁﬁﬁ”‘éﬁﬁ? S2RSIPE G eaNTARR: Aterfo K YRGIVLY thick hollow
e S GRS, | 45 LB, BRLIPADLL 104, cB0Kh OLAT 64! 8" ort. time,

nam C Ssurtace tension.

aﬁghgﬁgxhé@vg§@@fytsln t he hydrophilization treatnent
of a relatively thick hollow fiber nenbrane, and

tre%ﬂpmnﬁfranebampbapleﬁe@catyieﬂanglyaamasuﬂfhemammﬁ include

ot her benefits ecific exanples of acetyl ene gly ol
25%¢?G§qgﬁﬁggm¢@mmﬁgs -decyn-4, 7-diol, 3,6-dimethyl-4-octyn-3, 6-

d%@)é‘ gl ﬁe§h§| ARt %& 27 ge&” 430 4ol 5 5 8,11-tetramethyl-6-
dédécﬁar@tm&lé)z hexy&- &ﬁéxy2a§e§ d&-tgLs@met hyl - 6- |

dodecyn- 5, 8-di o and et hoxyl ates of these. 15 One or
nor eod éheﬁeréabfbeh&uet dalny eelaciteabias sbrd@t«edl abydictated
the situation, but of these, it is preferable to use
bynehefsituation, but of these, it is preferable to use one of
the above-mentioned ethoxylates in which the total number of
added moles of ethylene oxide is between 2 and 30. A range of
4 to 12 moles is even better. Keeping the total number of
added moles of ethylene oxide to 30 or less lowers the static
and dynamic surface tension, and the product can be used
favorably as a hydrophilizing agent.

Acetylene glycol surfactants and ethoxylates thereof can
also be purchased as commercially available products, examples
of which include Surfynol 104, 82, 465, 485, and TG made by Air
Products, and Olfine STG, ©lfine E1010, Olfine EXP4036, and
Olfine PD-001 made by Nissin Chemical Industry.

For example, Olfine EXP4036 (made by Nissin Chemical

Industry), which is a type of acetylene glycol surfactant, has

10
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t he above-nenti oned et hoxyl ates in which the total
nunber of added nol es.of ethylene oxide is between 2
and 30. Arange of 4 to 12 noles is even better.
Keepi ng the total nunmber of 20 added nol es of ethyl ene
oxide to 30 or less |lowers the static and dynamc
a ssrdate senfaos, tandidheoprddunl/manrbtdensedt 0.1 wt%. Olfine

favorably as a hydrophilizing agent. Acetylene glyco
PR1PPhcaadt §l§ﬁ@eet9rﬁfgylla%b PRdecdY dHFSiy sehemical Industry)

f%r%ﬁlr P RRVE N8l T Cd (A D4 5L ORGHE s MOA] oG less at

IR AR e BB BRI ernion o

h@m@mﬁi 1 DEYSEE Yan Fext e¥aapyelod a‘:bﬁ@eﬁi@éesen( made
by Nissin Chemical Industry), which is a type of

(c2k y$eheegt ycol surfactant, has 10 a static surface
tension of 30 mMVmor less at 0.1 wt% dfine PD 001 )
and ¥ t¢he SPEsARdTifRde BFLARSsiaF CRBAEREF 1afHRRys)) solution

have ta surf t.ens
?é%ﬁégng ﬁ%@C% ﬁag%eén SAcEt %llénémékﬁxﬁf $“gn¥8EFer Ci to
Sanrexhy ﬂéﬁe %rc%)B&dEQPhLBWSktXIEBhéﬂ e?&f?&?h¥ | eWioroform,
concentratlon Sol vent Water, physi ol ogi cal
cyal onexame anethel ageéats, Sabluetr, cantaimixigimn of these can
el ectrolyte, ethanol, nmethanol, or another Cl to (4,
b%\n@lS@defésabayseiV@mtczforow@rS@Jdblm tbyruwrmfeactant of the

pﬁgﬁéﬁf’é‘%g?ﬂﬁig the 58 Seiahs L) Bartppfarly “Favorable
(§50hK WAL ADGSUI{CLEN ] L peectr SHENnd NUEBLLGRLS used to

e use wat'er I's partic avor ab romt

p@ﬁmﬂ@otnbs widridphiaffacti g0 theatmeet| apdstsedeba®ment of the
performthe hydrophilization treatnent, post-treatnent

sqﬁVQMb,15a§©tyen¢QSSafenq,sooﬁorthnd b fisrebpetialdy good for

especi al ly_good fo
the water That is used to be ordinary tap water or deionized

water that has been filtered through a hollow fiber membrane
with a pore size of 0.01 to 1 um.
(1-3) Additives
Additives can opticnally be added to the hydrophilizing
agent for a hydrophobic porous membrane of the present
invention. Examples of additives that can be used include
surfactants other than the above-mentioned one, and glycerol.
For example, ethylene oxide or propylene oxide, or a
mixture of these, or a block polymer thereof (such as Epan 750
made by Dai-ichi Kogyo Seiyaku), can be used for the purpose of
increasing the water solubility of the surfactant used in the

present invention.

These additives can be used to the extent that they do not
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the water that is used to be ordinary tap water or

dei oni zed water that has been filtered through a

hol | ow fi ber nmenbrane with a pore size of 0.01 to 1

pm (1-3) Additives 20 Additives can optionally be

added to the hydrophilizing agent for a hydrophobic
cqmp sl senbhanehafr sidte risgdest of ntbat hgarophddilzdngofagent of

addi tives that can be used include surfactants other ,
t%azﬁr@ﬁen*abé@ém%r%pponedb“@ﬁemaﬁangﬁycetrw ¢zp be used 1in an

exaqE §tQ¥L Qe 0 )de $6%€ €%¥§%€¥ ?h ?:%? YgﬁthWhgh respect

tcﬁpﬁ{b 7e5r9t1f@dr?y Iifﬂl Kg(gé@%se'?‘@f‘fzﬂerrﬁg e e[?l‘i'f%?water or

for the purpose of |ncrea in e wat er

a et st S ADhIBNE UB68nid bb&vefitesant benvsid ao ﬂﬁesextent that
~additives can be used to the extent that they do not
il ocbms onimet t hecwipremisei stths ofclmleacterlstlcs of  the

rophilizing agent of ~ the present inveption.
sr#q 2302 AgeRt R UERY Ph g%mn € hpuRCLene dpdogan be used,

fc% /ch lgreiﬁ Slglzgmguk% %(% F—5 t\%l tor]c rleeséJseCtant?fgferably 10

entiTte hydf op I'ng agent. ermore

tO120 W YRLRL L8 Ot P EOT BAN Ke SOAY ERE ﬁwr@@hnglﬁ@ agent .
the extent that it does not conprom se the

( hir Rt egrasdt oen b £ t e ydyaoploghi ¢ i Ronguadéahboéne he
present invention, and can be used, for exanple, in
2ﬁrqnh&#42%nqz$gann@or | ess, and preferably 10 to 20

res to the entire,h dro iLizin
10 vt R aRRaba” nirals) Memptede R toR pbRaT ik, agent of
i Jisz i T h Cpfor (gﬁﬁg{ n -
ydlr’p%%%lelnltil Eg"éggﬂ%nopfs %ﬂ! %K%g%gntbl nvcgl% on i sgel The above
neftepaied byrdnssahvi rng tHesabovat, myitdedbguitsetld#ntor along

in a solvent, either by itself or al ong
with any optional additives. An example of how the surfactant
is dissolved is to mix the components by a known mixing
preparation method, such as using a propeller type stirrer,
Components that are solids at normal temperature can be heated
as necessary before mixing.

The hydrophobic porous membrane hydrophilizing agent of
the present invention preferably contains the above-mentioned
surfactant in an amount of 0.05 to 5 wt%, and even more
preferably 0.05 to 1 wt%, with respect to the entire
hydrophobic porous membrane hydrophilizing agent. Keeping the
surfactant content to 0.05 wt% or higher tends to contribute to
excellent characteristics as a hydrophilizing agent, while
keeping the surfactant content to 5 wt® or less tends to reduce

the amount of elution from the membrane and lower the COD.

(2) Membrane Module

12
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15 with any optional additives. An exanple of how the
surfactant is dissolved is to mx the conponents by a
known m xi ng preparation nethod, such as using a
propeller type stirrer. Conponents that are solids at
normal tenperature can be heated as necessary before

M Xi The 2y dHpHYEAIOPPOBbGs PO SFRITDRhgACophilizing agent of
hydrophi li zi ng agent of the present invention

tipe efperestigint chnvanhsohhe sabusedndnt | byduopbdifiaet ant hiydrophobic
an anount_of 0.05 to 5 w% and even nore preferably
POr93s t BeALHRDE it | F@@é’@[ﬂf{ Fahel fent Ay %%V%!a%ﬁctypes of

nflF4e A LR oit $%0. BB oo fers | G165 dipibrane type,
cfPDAaEDUL S E9peeX§§E5€QH EUBEACLErhBLIER 29p8r type.

ydrophi I'1 zi hg agent keeplng the surfactant
zenteﬂtrﬁOtEruﬁ&&onehbsanéendaune reduce the anount
of elution fromthe nenbrane and | ower the COD. (2)
anb?laﬁemwbuaeelmodnéehmﬁo@artﬁim dm@m apnbrbee, an outlet,
drophili zing agent of_  the res L on.i sed
a%% By ?B%H?|w%@b 2R§dr cPABB; & esa bEa L hﬁelp and outlet

d Y, 0 e r
o BT BVEQERILE o Bl BG4 LB Bt MR S0 cene porous
méMbr&FlE | Gal bYP@didedeal @i dy PaheOl mBoh! aysdy ber TH@G inlet and
(2-1) Structure of Menbrane Modul e The nmenbrane nodul e

oh@tet maynbeodyovadedntet thantwat brtls ofindha peinubody (a type
menbr ane. More specifically, the |nIet and outlet are
thabvided ingarhanterARehea hoBBFR FROS) body, ®rfdamethe inlet or

cBRSUE AP RPLATARh L IR o0 {6 LB, Py an open
oﬂfohgesﬁﬁbw .bodh d b ¥Pes ﬁ@ﬁﬁrhﬁe'thQEﬁ%Ea 'Eﬁ% inside of
both ends), or either the inlet or the outlet may be
tlopenadnl &gy (8ot ype ddhadiivbdéi nher raich dpedly into to a first
chamber having an inlet and a second chamber having an outlet.
This linking includes adhesive bonding or sealing of the ends
of the porous membrane to the inner walls of the main body, or
the ends of the porcus membrane may be detachably connected to
the main body inner walls. Therefore, the membrane module of
the present invention has a structure with which a liquid or
gas that has been introduced through the inlet enters the main
body, constantly passes through the porous membrane, and is
discharged through the outlet.
The inlet, outlet, and main body of the membrane module of
the present invention may be made of stainless steel,

[ordinary] steel, or another such metal, or of a fluororesin,

ABS resin, polyolefin resin, vinyl chloride resin, or other

such resin.
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on one side). The porous nenbrane is linked to the
inside of 15 the main body so as to divide the main
body into to a first chanber having an inlet and a
second chanber having an outlet. This Iinking

i ncl udes adhesi ve bonding or sealing of the ends of

iug OEDHBYHY 3rd@s tdnibiyes Wal | s of the main
y, or the ends of the porous nmenbrane may be

det aittabhydrophebiedporo2® trembmane bofly thengrregdrits. invention
Therefore, the nenbrane nodul e of the present
camat ABY aa§oasmea@tr@n@ \@g hLORd chsalki d&i @ d?orcyia% membrane
i.ntroduged t

el e SRR G 1 S%amb 68" BR, 5%, PP, it ote 'fiidrophobic
p E“M%mﬁ?&h%S offi SG@@rgﬁg% éﬂ@Ugﬂnééﬁkfﬁﬁleincféde a flat

he 1 nlet, out and na ody of the nenbrane

mefsktd ree Of a Hod 1fe SETbe § NMeRbEReYBY beuliRlgr ohenbrane, and a
stai nl ess steel, [ordinary] steel, or another such
spigtaal , memiofaree f | uoTdreeshydropBSbiesi porpysyonehbpane of the

PRSAE LT IBHODR CHPEr BUSONEIRH Ph A CHAE RO et ane  (MF)
arP%%%a’ﬁ'I‘% %'%G:i‘.o%f #Qﬁbggﬁgen Uﬁ.)nver‘lit ' Rgno‘fgﬂtggt?_g}ﬂ membrane

ous nenbr ne -as

mat ¢S S IPh ok en féﬁi@é@for@fmém&ﬁ@pe of the

drophoblc 5 porous nenbrane of the present invention
IncPﬂﬁE hyfitaphobtabpareusa b oand | bEr timentpressnta invention
t ubul ar_ menbrane, and a spiral nenbrane. The
carydespHeBmed of 508 ABNDraheVer 1PHE m@t@é-“é@tlﬁrnv%ﬁt LBRY as the

m%ﬁ%%%ﬁf??ggt ?ﬁﬂfﬁl E%?}%ﬁ? gﬁéﬁ8%|%t qqaﬁéklon menbrane,
\ﬂﬁpbééng ﬁ%&é%ﬁgl Rh saROtNer caueh188Rar fd1 lefln, polyvinyl

menbr an ydr ophobi ¢ porous nmenbrané o
ald&sEn! ipvepdkDfon€Aan Bel fa¢elod1oni bay Ocﬁrva.il ofifuocroresin.

materials, as long as the
Examples include polyethylene, polypropylene, polyvinylidene
fluoride, polytetrafluorcethylene, and polysulfone. The use of
a highly hydrophobic resin is particularly favorable in terms
of the surface characteristics of the hydrophobic porous
membrane, and a fluororesin 1is especially good. Among
fluororesins, it is even better to use a vinylidene fluoride
resin because of its good chemical resistance and because it
can be easily shaped into a £film. Examples of wvinylidene
fluoride resins here include a homopolymer of vinylidene
fluoride, as well as a copolymer of vinylidene fluoride and a
mononer that can be copolymerized with wvinylidene fluoride.
Examples of the above-mentioned copolymerizable monomers

include vinyl fluoride, tetrafiuoroethylene, trifluorcethylene,

and hexafluoropropylene.
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material can be fornmed in the shape of a separation
menbrane, such as a material based on cell ul ose,

pol yol efi n, pol yvinyl 15 al cohol, polysulfone,

pol yacrylonitrile, or a fluororesin. Exanples include
pol yet hyl ene, pol ypropyl ene, polyvinylidene fluoride,

pol yired rnﬁﬁﬂ@pn@bm&l e oudn dngidh vk f ope theherssertf invention
a highly hydrophobic resin is particularly favorable
has ternpsluvélibe soff aperebar act dhiestd cpayfes heare preferably

hydr ophobi ¢ porous 20 nmenbrane, and a fluororesin is
CPYpERIQHT PR, Eheorde 3+hiokee edpnsthrugk Bhenpfront and back

b i nyl.id fluorid inb £
S B83 el ARt LB R S8 1 PREUSRA diameter
cEp%hé Ys&hapeddi Bk0dackhlkey %&afﬁ?iee%rﬁﬂ‘eﬁaéwléfﬂﬁi&ation, but a

fluoride resins here include a honopol yner o
switabli<denengs, f Ifvar isdsmple welk @s 04 copobypmer, afnd preferably
vinylidene fluoride and a nononer that can be

0 coplo? yherhzed It s wlegl inkefedabler ifnr thxdpytieeplpbic porous

A o P ST S SRR Y TP £8P € TORS ™ Sve | "Eh UG eymmetr ic

si#d.dgé X 02f hyhene, tr?é:rg_rpé‘?é(ah?%%‘&@&"% €1 1408 ®ne side of
ydr ophobi ¢ porous ne ane of the present 1nvention

tHERShadpbphabi by pfrdi efemdP@5€ BAHES AR PR ehablother side.
continuous pores that go all the way through the front

Iranthdatdse st Hesn ods yrhwe byt ophobtupes ois henbawpeable for the
The pore dianmeter 5 can be selected as dictated by the
POLR chbEBeBPpl PRaPPEN SR &P ke PabtethaRgd, tigle and not more

exa , J:S 0,01 t r abl 0. pm
eiffRbg; LR 30 BB rer%%gyﬁy@{"g‘%hgb?ﬁg p%‘r}otﬁgm‘l's' the pore
TR PSRl chbe  PrEsegfqé nvention to have an |

asymmetric structure in which the pore dianeter is

smal 1f ortlene hyddepbbbl@ t hberbydr apdmabrangorimisa hollow fiber

menbrane and |arge on the other side. In the case of
nmefbraemetthiec svEstdar dignetier f afords ehpddophefiber 1is, for

example, 0.1 to 10 mm, and preferably 0.5 to 5 mnm. It is
favorable for the hydrophobic porous membrane of the present
invention to have a pure water permeation coefficient, which
indicates the liquid permeation performance with respect to
pure water, of 10 to 250 m*/m®/hr/MPa, and preferably 20 to 150
m*/m?/hr/MPa. The pure water permeation coefficient can be
calculated from the following equatibn.

Pure water permeation coefficient = {amount of pure water
permeation (m®)} / {surface area of porous membrane (m?)} /
{permeation time (hr)} / {pressure of pure water (MPa)}

(3) Method for Hydrophilizing Hydrophobic Porous Membrane

There are normally cases when the surface of a hydrophobic

porcus membrane comes into contact with the air and is in a dry
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pore dianmeter on one side to be nore than 1 tine and
not nore than 100 tinmes, and preferably from2 to 10
times, the pore dianmeter on the other side. 15 If the
hydr ophobi ¢ porous nenbrane is a hollow fi ber
menbrane, the outside dianeter of the hollow fiber is,
sthtle, eXaP!£s Phdnt @hi0 g¥RoRN G Meably (sbdt Fo2 the first
mm It is favorable for the hydrophobi c porous
timenbr ghenoftide mandaente isvenépbacéd, hatteera fivee membrane 1is
wat er perneation coefficient, which 20 indicates the
washed &ifdy meathe@nq@dm STaThan \ihen mestane t10'5 rmﬁéised for an
vvat%{ of 10 0 nB/ @/ hr/ MPa, c{}}grefe 2Q t d
e 5B/ 10 1\/Pa PrHUERr GGG er %gr %t‘F“S Pafe?ds tmmerse
ag2aef {g %ﬂ% Lp.'ﬁi e8! ¢y at eda ££M ((Lhe el I‘%%uld) or the

equati on ure ter perneation coefficient =
1iMe pame@ Wal efttaifipiperBeatddn wB)chfte{rSUttrﬁ@c:traaemeufc liquid,
porous nenbrane (nm2)} / {perneation time (hr)} /
L ifgpries pemmenit igur eardicemerivita )41 (13)suMtidrodridbrthe membrane will
Hydr ophi I'i zi ng Hydrophobi ¢ Paorqus Menbrane There are
beno‘rlﬁﬁgp'? cfa%ege\x%ﬁn& hetSuPFd@est almydFbphosit @ separation

RELQUS TETDIANS SRS |1 0 L0bAGte WA N A A S fouling

RS ry 15 such s por ous ‘e
ré§¥§%éﬁﬁétiﬁﬂféﬁﬁﬁncédn?lqﬁﬂﬁnpégﬁeﬁﬁﬂmﬁﬁ?echﬁ be obtained by
repl aced, when the nmenbrane is° washed a
passEmgathe otrehenehbe lieptcanshrcugiot thisedefibraae after first
extended period. In such cases, if the nenbrane is
thﬁﬁﬂhﬂ&i&i@@aﬁhe|@QHﬁ§I@EuﬁQQ(ﬁ$ﬂ¥Q9hﬁh%@ POIOUS membrane

t t d
In tr%eﬁafﬁ"??”%tﬂ%qm%’fh’éﬁi U dnsEr Rt hty sk e e THE treated
11%1bcfrg§ncv§a suffed, apdihie FEIRrang W'sleI tR€ hydrophobic

eto pe orml S Ori gi nal”™ function as

POYRNAY aldrirar® N aer, Télﬁcﬂeé@rforah;mﬁbr a@;epmaﬂhﬂmﬂh for the
good fouling 10 resistance and enhanced |iquid

hyshrapseibiilding cagede obtheéngdibkly removed by passing a liquid
through the hydrophcobic porous membrane.

The hydrophilization of the hydrophobic porous membrane
here includes bringing the hydrophobic porous membrane into
contact with the above-mentioned hydrophobic porous membrane
hydrophilizing agent. An example of Thydrophilizing a
hydrophobic porous membrane in a membrane module will now be
described.

A hydrophilization treatment using the hydrophobic porous
membrane of the present invention in a membrane module is
conducted by injecting the above-mentioned hydrophobic porous
membrane hydrophilizing agent from the side of the hydrophobic

porous membrane facing the second chamber having the outlet.

If there are two or more outlets, then (a) the hydrophobic
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passing the treatnment |iquid through the nmenbrane
after first hydrophilizing the pores of the
hydr ophobi ¢ porous nmenbrane. |In terns of elimnating
the inefficiency of recovering treated liquid as
waste liquid, being able to use the hydrophobic 15
pPE5 9IS mERERERARE Whiﬁﬁﬂiﬁ@ tgehlt, ndy i beprigf-grattd® through
for the hydrophilizing agent to be quickly renoved by
abhssifngthel iaqutilet&,hr oigh{lt he thedrbpdobplolpbe ogprous membrane
menbr ane, The hydrophilization of the hydrophobic
hyde ekl hbrbranddeneriay nee utRiepEedgbREorgR one or more of the

hydr.ophobi ¢_porous_ nmenbrane into .20.caontact w1 he
o2 nent FBfied AT op e ol Rt e Po10us" nenbrane
hi?%gﬁﬁ$liifh89a@¥ﬁy-m£@ S¥AP St r JBT RRLLGE Mheé remaining
ydrophobi ¢ porous nenbrane in a nenbrane nodudle w |
omolete, described. A hydrophilization treatnment using

the hydrophobic porous 25 nenbrane of the present L
i nvef) oihien athenthwslrephediice Perogsndissthadnsgy hydrophilizing

2 GEhr kho Ry BESART FREPRE agart O QA 1O SI8HP o 3Rfegas that has
cOYLEOPDEDLE B OYse TEED 83 A0 DOCERE BARLCHATAFded with

aving the ou here are two or nore outl'ets,

thdemi@letde 1y digd C byl6 ther OngdrepheBAe porous membrane
hydrophi li zi ng agent may be injected through all of

hydeophut 1 8t sngomgeht titdythephdlist poraniseneploaided with an

,Q%grophilizing agent. may be injected through one or - )

indgl- of the dutiasslt.andheny hydrpphebdcopResrEspomgiiprane  is

SERTGt ReT Tt rgd BoREEEL RYoRR phEfReE 9Btoe tovara the
£ WY& ophabh & PO{ Q&S nenbrane hydrophilizing agent is

injected through all of the outlets, any gas that has

col | @st etihem t tike Oliyldetophaibilchepsecusd remdirzare hydrophilizing
agéxgglggdi\rllmjtegted through one or more of the outlets, and any
extra hydrophokic porous membrane hydrophilizing agent is
discharged through the remaining outlets, any gas that has
collected in the outlets or the second chamber provided with
the outlets can be pushed from one outlet to another outlet by
the hydrophobic porous membrane hydrophilizing agent.

A hollow fiber membrane module is particularly prone to
the collection of bubbles because of its complex structure.

If all of the inlets and outlets of a membrane module
installed in a treatment water tank have a structure that is
less likely to create areas of collection of air or the like
above the water surface in the.above-mentioned water tank, then

any bubbles inside the membrane module can be allowed to escape,

and the entire membrane module filled with'hydrophilizing agent,
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10 the outlets is pushed by the hydrophobi c porous

menbrane hydrophilizing agent into the first chanber

provided with an inlet. As a result, the hydrophobic

porous nenbrane is gradually hydrophilized fromthe

second chanber side toward the first chanber side. 15
b&bﬁs¥h§natbambyakoﬁhﬁbuﬁk@o&@U?u@ﬁnﬁh@nﬁ drophilizing agent in

hydrophilizing agent is injected throug one or noré

fobmt hbeoatkées, atnd appcidicr priepsurehahidc flaxaus

menbr ane hydroph|I|Z|ng agent is discharged through

t he HeWBVRFng bt Bét sleapy g tharthaxf &bkl edelrri wollection

chBoBEbE'SF Db RS BRAR T F%r?svti%fﬁ%%‘ttgrz&é Ereatment

wQHEkeEaHX 1%h%eh¥QU9ﬂHQQk%F %S@ﬁ@@?&anﬁh it is preferable

hydr ophi I'i zi ng agen mehbrane
tbsempﬂbycalmbkMOGIQMEﬁﬂchfEEﬁﬁﬂﬁfﬁilﬁmboilbébbbe&sed to push

because of its conplex structure. If all of the inlets
thadhpdrophilotingnegenanénnddome theSwanetrakbédeictian component
treatnent water tank have a structure that is less =
bFﬁR@|mi%)Wﬁ%&ﬁ%ﬁ%r@8§Uéﬁrcaq%hn¢%m gPsaitienining inside the

r face t bove- nent i oned
TS, B S B IR e et
cﬂDﬂéE€1§ﬁnc3ﬁ?§hbﬁﬁﬁiohgtﬁﬁcQB%ve #pd hgﬁb§ﬁhbrﬁodule, replace
menbrane nodule filled with hydrophilizing agent 17

tb9 usibigl ess pwirphorhtdmophiKei 2imguabehhe f'aé'CHOﬂhleh:IebM’lgfill the
ent in fromthe outlet at a specific pressure and
elrl ke ppRayape m@duﬂ-m wash bHerpehiléoeinpeaggnsr
nodul.e install

|1 t f th ]
o B bbR. paTRRRE Tyl il AATIANS Mo e faFRia6 out witn
ef‘E’Hé‘J:e(as her ibyi suRReS enall effc%nefﬁ’éoé’ &ﬁﬁ&fﬁg b creating a

a punp or the 1iKe is use
shydtb@helmuau;fﬁﬁiﬂltitééoﬁbhhﬁmﬁﬂdﬂ ERt| @AYiOYy provided to
conmponent bel ow t he nenbrane nodul e, push any gas
thgnﬁﬁmbngnEngpd@lgh@utlet when hydrophlllzatlon is performed,

it is preferable to use method (a), in which the hydrophobic
porous membrane hydrophilizing agent is injected through all of
the outlets.

When the concentration of surfactant is 0.3 wt%, the flow
amount of the hydrophobic porous membrane hydrophilizing agent
of the present invention here is, for example, 0.5 to 5 liters,
and preferably 2 to 3 liters, per square meter of membrane
surface area. If the flow amount is at least 0.5 liter per
square meter of membrane surface area, the hydrophilization of
the membrane can be expected to have an adequate effect. Also,
if the flow amount is no more than 5 liters per square meter of
membrane surface area, the membrane separation will not be

subjected to excessive load.
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menbr ane nodul e and inside the piping out fromthe
wat er 10 col |l ecti on conponent | ocated above the
menbrane nodul e, replace the bubbles with
hydr ophi li zi ng agent, and thereby fill the entire
menbr ane nodul e with hydrophilizing agent. A good
hydr opBi | i Zékiok r Nty scapnhbe i '
Hé BN FCaphb }gﬁ%f%?g%%%%i \ﬁﬂtélgz%us membrane

either (a) or (b) above, but fromt

hygdeaphngiaing5aglentctis,e font ekampl el attesn’ QUIGORW ©F 3 m®/m?-D,

the piping provided to the menbrane nodul e outlet when
apGdriopBfeE2Bivon0i @l pefd ordwell, ®Ym’ iR, preger aflit t ®f membrane

net hod_(a) .. dn,whi,ch the hydrophobic porous

Sﬁ%ﬁ%‘ﬁ%ns‘-’ﬁﬁdr opfti 1525 r%g“ilfgcgrhor{ﬁ ot &P tTR%Righhan| 3 m'/m’+D,
tRE of u 0 he_gopcentt ati 0 I

BE ¢hBE LUK RbEan 20 RRRCL N ROBLCHbE 3kl fyaropnilized, and
ihydtopkohitc RIsAUD B RENR” hydr eRAI hiyarBphageakti8h treatment

the present invention here is, for exanple, 0.5 to 5
canteescarahgdpeetenabeyqlitcilg.liters, per square
netetggf nbrane surface area. If the flow anount is

at | €38t IFHFIQer PFOPOXY ioguapé rYdroRiiobipbibgIeus membrane
t yd iligation qf he rane . .
JUELORE,TE 00, (IRAVOSRRY IAGRLD O 10E LM sc porous
méSr&hOWi 3ERY kRaRP1ROr @ tharp ]’lh'ld ed}tﬁ)ﬁeénéqﬂﬁéferably 0.05
neter of menbrane surface area, the menbrane
teepabawtdn wihisnahbeiosupiepbedibn exaebsi ¥6uh@aBy measuring

18 The injection rate of the hydrophobic porous
thenvebalt Wer ofhi 195 Hee dyedrorhobiorpexewpl membrane prior to
0. 0._3. 08/ nkD nd preferably 0.01 to Q.3 nB/ nkD
té%rgﬁ%#?pg%Eﬁ%ﬁ%?gﬂe%rgﬁgpﬁeg'aP@Q Ghe iRt I eWilon(g) of the
h@t o no n 3,68 5 entir ane
%ur?gﬁgbggn b%sﬁéﬁgoranﬁﬁy E%phiﬁ&?%ﬁl aﬁ&? rﬁﬂ¥ isundergone
hydr dislesl i fa O06n B e@thed heahy db ook &t 78] OAnd T €RENBBAlculating

can be carried out nore quickly.
from the following equation.

Adhesion proportion (%) = {(W. (g) - Wo (g))/We (g)} x 100

The hydrophilicity will be good if the adhesion proportion
is at least 0.01 wt%, but the adhesion proportion is preferably
no more than 1.0 wt% so that no extra hyarophobic porous
membrane hydrophilizing agent will be included in the membrane
module.

The temperature of the hydrophobic .porous membrane
hydrophilizing agent of the preseht " invention during
hydrophilization is, for example, from 10 to 50°C, and
preferably 20 to 30°C. If the temperature is 10°C or higher,
there will be no decrease in the hydrophilization rate and
permeation performance will be enhanced because the

hydrophilization treatment is performed more thoroughly. If
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The adhesi on proportion of hydrophobi c porous nenbrane
hydr ophi l'i zi ng agent that adheres to the hydrophobic
porous 10 nenbrane is, for exanple, 0.01 to 1.0 wt %
and preferably 0.05 to 0.5 w% This adhesi on
proportion can be found by neasuring the weight (W)

tH@)t@ﬁﬂéBEtﬁ¥QrQEh@@P@ Ber QuseReThiane RFiar Eé’néhée rease in
hydrophi li zati on treatnent, and "t he wei ght (W) () ?

petmeea hijoln ophpebfcrpanoss deabr aae Bheenal t hagradatlon of the
under gone 15 hydrophilization treatnent and been
hm#%hlhh%jlwe@ﬁ@a cQH-‘a'tl*P ngeatrshrinkagel ¢uthg membrane. The

uat Adhe3|on ortlon 0
h%%s TRy oRREPVEFEY viliediatioba @fter the
@gﬂ§SI p t 0 b
adheS|on gﬁgpgﬁglgé§?€&% l?aﬁkéﬁé%;nggkg?%ékhaﬁ§?£gshlllZIDg
agdib S0 it ﬂ@eeXLmﬁebyﬂé@ph@Dhé pDﬁouﬁhenEﬂFaﬁﬁghobic porous
hydr ophi li zing agent will be included in the nmenbrane
memA e ﬂ}eince:hiériaatime aelgenite hgdraphdEastpoBdusseconds, and
nbr ane droph|I|2|ng agent of the present .
9 ont %% H?obﬂ???%%t|@ﬁmb§an¢ort%xaﬁ%ﬁE in the

| 30C. Lf
hi“%ﬁ%@ i 599011%6% ArGReR s PREidis pachy for 10 to 120
nidReease dny t E:%e@é@%%ﬂﬁﬁa' kgat{gon 4@t %ﬂlﬂeé?er N8t bOBn better

performance wll be enhanced because t
benedrophi theat hydropadtiiestt iics pesfll nede Momére complete and
thoroughly. If 19 the tenperature is 50C or |ower,
quﬂﬁ%¥%ﬁqIPQﬁiQﬁmﬁﬁQﬁéﬁﬁéwbﬁ ?ﬂh&ﬁﬁﬂ¢on per f or mance

agerteor Y8 TRBRPBIRT ISHARE: oferkE SRen PP A ing agent of

tﬂ%ycﬁﬁgléﬂt‘_ Z{ DPe ROES Eﬁ%ftbﬁer%‘agl Elg-_d qﬁﬁecyh%t Slhbrane module

after the 5 1njection o bi ¢ porous
carerds agei byl pphetbzepred ageet, tlhlét H)}lﬁdpﬁlﬁrlsz!éﬁh.dﬂ Ereatment

i n the hydrophobi c porous
by tilting the membrane module, for example, and thereby
discharging any extra hydrophilizing agent contained in the
module. The hydrophobic porous membrane hydrophilizing agent
can be pushed out by allowing water or the liquid to be treated
te flow from the first chamber side having the inlet to the
second chamber side having the outlet. This further improves
the efficiency of hydrophilizing the membrane, and also cuts
down on the work entailed by recovery. The water used for this
purpose is preferably pure water, refined water, or other such
water that is clean enough not to foul the second chamber side
having the outlet. It 1is even more favorable to use
bactericidal 1liquid such as a sodium hypochlorite aqueous
solution. This may also be water obtained by filtering

ordinary tap water or deionized water through a hollow fiber
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menbr ane hydrophilizing agent is at |east 30 seconds,
and allow ng the hydrophobi c porous nenbrane to soak
in the hydrophobic porous nenbrane hydrophilizing
agent for 10 to 120 10 m nutes, and preferably 30 to
90 mnutes, is even better Dbecause the

QMQ# .4 At I r nd per neation

mper %@%ﬁ%%gﬁmfoﬁoﬁg glﬁgnggdg @EWP% % ophobi ¢ porous
mﬁﬁm@@emﬁﬁﬂb@p@ﬂ|Eh@gpﬁégéhtOﬁnvthlbheiwﬂ droph11121ng a
invention that is contained in the nenbrane nodul e

hydiropizolsic t pdt gus emeneravle afi bi bhedhydrmbhdlmzafunhher detail
treatment by tilting_the nmenbrane nodul e, for exanple,
thiereherebgienrechar §ifg any extra hydroph|I|2|ng

age ontai.ned_in ul p [.C._poro

nengéa %yd?opﬁlﬁlbpﬁdfggg aa%%ﬁ? exg %h %ﬁﬁéﬁ%,géparatlon

é&éfﬂ%@@ “@h%&u&&nbheﬂHéﬂ“ﬁbﬁ5k£ﬁétrﬁéhﬁ@ezodef&ﬁwv present
romthe first chamber side having the inlet to the

isesonitohanbies sxgepbavhaget he aunbwbranbi separabeéon apparatus
improves the efficiency of hydrophilizing t he o
fomenbrankrearment sof cat élqldbdmt‘énbeh‘ér%tﬁ erhtaea’émebt} liquid),

The wat er , used

W ER vt 3 Be SEUADLY TR Er Phedt bt BRAMBES o HEFh sBifirgBes and 2
SUPLELE 08! huBhean enough ol o, auhethe 5EGANd 3 15 first

Si de aV|ng the outle 'S even ‘nore

1ﬁ’@ﬂ@d@@é@ 19tyse meabkaheCiséplaraitdwnd tSHh 18S #hSOogiedted with
hypochl orite aqueous solution. This may al so be water

nhtcheedibythe | henbngne osepanayicnptanketl . or Thei ongaeilc matter

wat er through a_hollow fiber 20 nenbrane with a pore
%F%eu%?ablhll?%lEd%ﬁ1p#%Eeh%§hoﬂmbP°tﬁ%16§es§Hgarsf lipids, or

oHErhhEsn Pt Blbeb Rt s alth et e R tlrer can e
s{ﬁﬁfff@&ﬁ?%%egggggégt?éﬁheml%rb%e% %dﬁﬂﬁﬂéfﬁbﬁkﬁ5ﬂéﬂhodule of
the present invention. These microbes can be those contained
in active sludge or the like, or those used in a bioreactor for
preducing useful substances. In this microbial treatment, air
is blown from a diffuser pipe 4 into the membrane separation
tank 1. This liquid treated with the microbes is treated as it
passes through a hydrophobic porous membrane (not shown) in a
membrane module 2, and this treated liquid is discharged
through a pipe 5.

When the hydrophobic porous membrane of the present
invention is hydrophilized, first a hydrophobic porous membrane
hydrophilizing agent is introduced from the pipe 5 side into
the hydrophobic porous membrane (not shown) in the membrane

module 2. If there are a plurality of outlets in the membrane

medule 2, excess hydrophobic porous membrane hydrophilizing
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A,
!

apparatus including the nmenbrane nodul e of the present
i nvention. The exanple here is a nenbrane separation
apparatus for the treatnment of a liquid to be treated
(treatment liquid), which contains organic natter,
for exanple, with mcrobes and a 10 separati on

ad®br ang, hHhe 41satABHEd! 1A 3nkS ShfSEt 'fﬂﬁd’d%%d membrane
Into a nenbrane separation tank 1, and treated wit

separabbsn | tatikel menhf ese skpay athenhyaﬂ&pﬂobibeporous nenbrane
organic nmatter here usually includes proteins, am no

hydrehibighrg, abeptdds dreldtfer 8i épegnidabll@ngth of time in
subst ances,. and this o%%a ic nmatter_can

tlg? CPYRFCRRCPYCr BREVES MEPRTARE b tatd G iR dhs elepsed,
2 Sudler 1% PASRIBMIAC LB, HES HIRET WESIAR into the

t hose Contal In active s

hﬂrcﬂ%é@?@ pOraubi pepdehae f@bt W' Nich Used Uhembrane module
substances. In this mcrobial treatnent, air is blown

zfrmm;xeplémsethplmwdkophmbimepnrnbsam&mhx&mmlhpdraﬁhllizing
tank 1. This liquid treated with the mcrobes is
aq%*at‘eathswatterpassfét thipugRPAameEeBphoBilE PeYode blown from

not . sho menbr.ane nodul e and this
o o2t BRTR PR P4BRe A0hnipa g M i SeRARA i (gl T s
réé‘@l@}’%%?@ﬁh?é 26 PHSn T ARe @ (et P Nihe Zéoncentration
I nvention Is ophi 1 ze first a hydrophobi c porous
ofrenpaanehoby dr qnmdugl mgmlagsﬂé hgrdlr@bmducze@hgf ragenthecontained
pipe 5 side into the hydrophobic porous nmenbrane (not
ighowde i niti&imdnbr fdew nodlll e Xedtmander e ldiigd after the
XCess

ny ur%ﬁh@ﬁ%%’fzb%ﬁgﬁgé%%%?éﬂgaﬂyﬁgoﬁmwgﬁngio‘ﬁrggent

f
Sopar S on Tank Thon TEaPPRRLiAFRcBhy AotR T Ehe present
irreaE ade, hydnophiddizdmng agent hlyaragh@bfl@r a sasid | ¢ membrane

| engt h of time in the hydrophoblc por ous nenbr ane.
hyftephibhizingneabestel &fhsdd, is an aqueous solution of a
surfactant with low frothing is injected from a treatment
liquid side, even if at least a part of the hydrophobic porous
membrane should dry out have diminished permeation performance
(membrane flux), restoring the membrane flux will entail less
hydrophilizing agent, labor, time, and expense. Also, since a
surfactant with low frothing is used, even 1if some of the
surfactant should flow into the membrane separation tank 1 as a
result of the hydrophilization treatment, and gas 1is
subsequently bubbled from the diffuser pipe 4, foaming by the
surfactant can be kept to a minimum, and no bubbles or

treatment liquid 3 will leak out from the membrane separation

tank 1. Furthermore, since the hydrophobic porous membrane

hydrophilizing agent can be replaced by flushing with a small
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5 fresh water is introduced fromthe pipe 5 side into
the hydrophobi c porous nenbrane (not shown) in the
menbrane nodule 2, to replace the hydrophobi c porous
menbr ane hydrophilizing agent with water. In this
repl acenent, air may be blown from the diffuser pipe

ﬁ?%ﬁ%g%fhﬁa@@fbéﬁﬂgrS@Hérﬁ§398?ﬁ§ é&théﬁ BrdQch€al! tadmixture

[1zation Is carried o econcentratlon
oBf thgdropholihlcopns 0ps reeebh mistdo 1attk oORhHrbphRgiagagt agent into
contained in the initial flow of treatnment liquid
the t efredoremydr bpffiridzatann beecasuppresaadbe sai tabEy membrane

| onered. Thus, with the hydrophjlization method of th
S?ﬁ%@%ﬁon 1@?%%%‘91‘30%&“ ]ﬁev\H‘F hb%cﬁybl?oiaﬂ%%l%r’ﬁ%e SmOOthly-

d%.r?:q.o hyd{lggﬁl lé 4 Bgvgg%?%n%riat1?¥%Jt’%fﬂ¥§§)yfon method in

soI ron O6F” & sur factant W
whit8CEHahb Mot (18R MBRE ilsi Gy, ST €ige S‘tﬁﬁnbﬁ #lay flow into
| east a part of the hydrophobic porous nenbrane
t]s@omledlbdayxeoweﬂswaetﬂmm niatkedl pandeatd e pehtorswnaeility COD
é;enbrane flux), restoring the nmenbrane flux wll

|uh@ssmemna@9h|semn@tlagbntankabb¢ whileh mBakes it more
. Al so in a actant _wt ow frothi
d+€ foife Sebnbf Coie” meiitinate PrRAFARLOBnGNRA I back in
i sepat at,l t ul
°¢§%£%j§$ 1|I|?g?|on treg?ggnttﬂﬂ£< éygagBnggg ﬁofggs membrane
hﬁdii@cﬁ;ﬁﬂilﬁmirygbd@bhedoffr emet he-cdidiftusietvaiton, flaningrease in
by the surfactant can be kept to a mninmum and no
theibdd Beo brity r@eP nensidleé qUhe Bembranéeakpanationntahk 1 can be
nenbrane separation tank 1. Furthernore, since the

RRFIPIRMI ¢ PokBAYRNEREPSRe C%é}%mﬂqqz hgreRRNEe GeD, but an
e:?ﬁ}qgfé’ egottiﬁeé%]&f@ P "‘41159 ﬁ%%?”?%l:h {m JIS K 0102.

ydr op Tl |on ea adm xtur
FOf EREmPYE! ORMRRI Gy AU OUSSs nsabéaaetw%%hlﬂﬂezus&ous membrane
agent into the treatnent |iquid can be "suppressed, so
at hennénbeabhéon rate of 0.01 m®/m®:-D per unit of surface area,

it is favorable if the COD value becomes the wvalue prior to
hydrophilization treatment within 5 days, and preferably within
4 days.
(4) Method for Testing and Hydrophilizing Membrane Module
(4-1) Method for Testing Membrane Module

As mentioned above, a membrane module usually has a main
body, an inlet, an outlet, and a porous membrane, and the
porous membrane is linked to the inside of the main body so as
to divide the main body into to a first chamber having an inlet
and a second chamber having an outlet. Howeveyr, 1if there
should be any defects (such as holes, cracks, incomplete
linkage, or clogging of the porous membrane}) in the 1linked

portion between the porous membrane and the main body interior,
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separation apparatus can be put back in operation nore

snmoothly. 5 In addition, with a conventiona

hydrophi li zati on method in which ethanol or the |ike

is used, the ethanol may flow into the nenbrane

separation tank 1 and raise the solubility COD inside

okN& TerRL AR rPRRA! aﬁﬁgxﬂn%f‘@gsl (£ Gha PRKES GV ”Pr‘ifet, outlet,

difficult to put the nenbrane separation apparatus

pbaclksi hiethBrapel, akiten SNy ymendtttarvd tiiodillPe will not function

hydrophobi ¢ porous membrane hydrophilizing agent of

ashegrasdad. | nvBrerefiprehe d nteeésefon thesesotl@bectsy must be
i nsi.de the nenbrane separation tank 1 can be

cérgﬁFEgged A known nethod can be used to measure COD,

but e??mkﬁéfgztt%fge% 8 d %ﬁ?g%@é@&&- af‘ssgt typical way

fort exa en wat er

t@a%%@%tiwﬁﬁgﬂuéhe POFHORS ﬂ@ﬂpéén%asa%fﬁhﬂﬂﬁf¥¥'G@Weloped for
rate of 0.01 nB/n2D per unit of surface area, it

thavopabpesef ¢ohe &G watirg bgumes ditme,valouwe pﬂdemraus@ of its
hydrophilization treatnent wthin 5 days, and .
s prel &EdbYy %Ftﬁﬁn0f¢e@aW§e@Hﬁquthmh ef@@mwégtengss testing

d d ilizi Ve Modu h
o8 U AP A EL 00, M AN AR 31 B MR A o embranes
THPdULR tedipl b ¥ &P iRO%rs ag 14Y et aﬂuﬂﬂﬁ.leetPOJ.nt Test

and a porous nembrané, and the porous nenbrane

Méthsedree uberbnsideaei ohhBeBiranbodYefeonas 3hdt Hodules. "
divide the main body into to a first chanmber having an
i nI ein gpdcifsecvadmeshatber mhihpdgofintbat beesenbweneention for
there shoul d be aniﬁdefect s (such as hol es,

t%?Ebﬂg 2j REBRPABE MOAN AR 2GETPEL SEF 0§BENSLBPSt AE : por ous
nenbr elmhg %Eﬁgl'n %%&ﬁﬂﬂ{tEﬁﬂﬂf@tWﬁbntﬁgehgg%ﬁéﬁoblc pOToOUS

ean e nmal n ylnterlor
maﬁnbgﬁé hpersphyesz{h eaaaha B@dyhelﬁksgeneuaheéntlon,

por ous nenbrane, etc. this nmenbrane nodule will not

func{2bnintreducing a 'test gas through an inlet, passing it
through the hydrophobic porous membrane, and discharging it
through an outlet; and

(3)observing bubbles discharged from the membrane module.

Preferably, step (2) is conducted by:

(1) introducing the test gas through the inlet of the
membrane module while everything beyond the outlet is closed
off;

(ii) gradually pressurizing the test gas;

(1ii) using the pressurized test gas to push water out of
the pores in the hydrophobic porous membrane; and

(iv) discharging the test gas out through the hydrophobic
porous membrane.

If the membrane is damaged or has a large hole in it, air
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as intended. Therefore, a test for these defects nust
be conducted. 5 What is called the "bubbl e point
nmethod” is a typical way to test a product. This

nmet hod was originally devel oped for the purpose of
eval uating pore size, but because of its sinmplicity,

will ise@iheRoUgRdnicRddy dth 4heagonphatrenfssdifsd | tian Obxpected,
mcrofiltration nmenbranes and ultrafiltration
ambnbr anesfrd) ihis tkedboa defeescinbtleimerbfake 3882detected.
"Bubbl e Point Test Method for Mcrofiltration , _
Ve bk e hNFHERPReRign do MRS e Slembranep chydrephat 4ginghagent in
nventi.on for . testin

et h f th ' ,
W e ST EPEORBFLEs ond TheAeh Mo Chrfaing nhe above-
m&ﬂ‘ﬁ&?@é@”ﬁo&mﬁﬂ%}@hiﬁgtQ&rPXQEQBPOQECtHQrBPéseﬁé invention, any
drophiliz t

menbr ane hy ng agent o e present
désnvedd | 91l vérY, | Bhaoducifagth .t eThedae g m&p be introduced
inlet, passing it through the hydrophobic porous
asrerdpeine, aaindtkié schemigr aige | tmodwioughs animwetrsed, angut it is
p(3 ohservi ng. bubbl es di scharged fromthe nmenbrane

able 7Bo plepEeabhy, nembpane) Madulshfirakedhytoyig specific

' ducd ng .t he S rou iRl f. the.
LRI o ol B ien Ry e iBRs ot [ Bi 1 be more
cdPS8e . Of fhe (irne £ PEWat 1 e PEESEHE | #EMTrdNE ©E8G18a85 from 30

25 (iii) using the pressurized test gas to push water
samindd tdé 20 poirestes, t Her hyxamphepi engopoefenaibby afieom 5 to 20

and (iv) discharging the test gas out through the
BHPHFSHhobi ¢ porous nenbrane. |f the nembrane is

ed or.has a_l e hole in_it
r

da ar [ alr 24 will_beqgin

Lo e oaPd Epofnr arHaslir F ceBREBSEh M BpUETEl. Jas, or the
like can be used as the test gas. According to JIS K 3832,
"Bubble Point Test Method for Microfiltration Membrane Elements
and Modules," the test is conducted by gradually introducing
the test gas up to the target pressure, ranging between 5 kPa
and 1 MPa. If a large area is being sought, such as a defect
in a potted portion, for example, it can be found at a
relatively low pressure, so the pressurization range may be
about 10 to 100 kPa.

The test gas introduced into the membrane module is
discharged from the outlet, but the end of the ocutlet may be
closed to conduct a defect test of the connected portions of
the inlet, outlet, main body, and so forth. The test gas is
introduced into the membrane module, and the module is visually
observed to look for bubbles released from the membrane module
as a whole or from its inlet, outlet, or main body, bubbles

released from the connected portions between the various
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and it is fromthis that a defect in the nenbrane is
detected. The hydrophobi c porous nenbrane
hydrophi li zi ng agent in which the nenbrane nodule is
i mrer sed here contains the above- 5 nentioned

| ow-frothing surfactant of the present invention, any

clnﬁbﬁggt§°|%ﬂa b1 89 R seMeri&R! ¢ @S y&hobic porous

roduced as soon as the nenbrane nodu

menPEas€dan8Uthet pbstiphelpeabl ett osl @@Mﬁebh@dméﬁbtﬁ@emain body.
nodul e soaking for a specific length of tinme because
t he hydeophl guidt Wathwildw beunbaeelGCegmipiret &s Tsed, the same
innersion tinme of the nenmbrane nodule js from 30

d%E%EdéoFBtSGaniﬁGF%mF’or‘”lé%aﬁﬂ é’osaﬁwld:’]ﬁ etleraplgwer measured
p,f:ég%n%?et Qrazlh e ner }leslﬂlé!lr tu%'et rﬁggé;r aronyy 9%d also improves

ano gas, e us

1hBEatRBAH1 U8E £ AEEOLAR] atso iR K 2832 to Idon cﬁi@@lﬁhe test in a
Poi nt Test Method for Mcrofiltrati on Menbr ane

fetenmthihs drebhWMEiuhes preisiaricesioad honteeeedsbyin the membrane
gradual ly introducing the test gas up to the target
mpdes8ure, ranging between 5 kPa and 1 MPa. If .a large

oo ot atarare ¥ Laf 3o Ehithugtel 3P LS nyarophobic
: | e

L g, o3 R v

phBi8géheo frentanecd@mulgad s wﬂllscmryged;hfer ORyHBBphobic porous
outlet, but the end of the outlet may be closed to

menhdace dedef ent resdeaf itthe emnriepdmeblparidonanadf tRE decrease

the inlet, outlet, naln body, and so forth. The test )
1%as Hesrmqaﬁ%lr%ucé’&rl REZSDGE nefBRine YR e, 2559™MPReY  higher

h?@?@é oﬁf? i??%&y b%gggﬁé%%sg%lhooggkgrm£d$b£8§aPse when the

tbss gL isOUbhBEed OrEHBIYIPOGdYe bﬂ@ﬁb§§nere|c?&§l%jct with the

fromthe connected portions between the various
hydrophobic porous membrane hydrophilizing agent of the present

invention results in the hydrophobic porous membrane being
spontaneously wetted with water. Also, because the low-
frothing surfactant of the present invention is used, any
bubbles produced from defect portions will collect on the water
surface, so there will be no difficulty in locating the defects.
In other words, when a low-frothing surfactant is used, even if
a test gas is introduced from inside the membrane module, there
will be no foaming of the solution in which the membrane module
is immersed, and even if there should be a tiny amount of
foaming, the bubbles will burst right away, so the test can be
carried out continuously.

Furthermore, this configuration avoids the problems such

as solvent storage encountered when a hydrophilizing agent such
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conponents, and bubbl es rel eased fromthe hydrophobic
porous nenbrane and the portion where it i s connected
to the main body. If aliquid with | ow surface tension
is used, the same defect |ocation detection wll be
possible at a |ower neasured 5 pressure value than

GEEEL BYetBP1ERESqRLEQ1LFPERMES ., | Nci dent al
ﬁg%ts sum%6 e e?ng ab?ebto conduct the test in a

4fﬁrnM@ﬁhodeENESTastpngssudeHydadphySEeiﬁglEembrhhe Module

menbrane nodule. Thus, if the defect test is _
condiEted ithe hbumyélﬁ@prmmcobfsrﬁ@do@nqlmrhbﬁan@efect test is

?égg%.glg%é{n ept@gg %£F|8é$§§Etg¥§;gggﬁhﬁ)Q@mbrane module
m&ﬂﬁ d@é'sfugEHEEaEth %%e@”d dreld8le 4 Aﬁé&@yﬂéﬁ@fé’bé&mected to

t he crease 1In pe meat 1 on per ormance that wou

a A6¢QPPPRY1 N ghebn Ryda@plRoR Ci tBh LA PEerSpPI £558€0on treatment
This is because when the 15 test gas 1s passed through

ig heageihr waducdetadiy witder beng hyleopleobirangormmdile from the
menbr ane hydr op h|||2|ng agent of the present
aboNRTReRhLIPREE| o (Ré e r Gbﬁobﬁikdw}é@kl‘ﬁemrm menmbrane

ny e PP R P b b Erp b St Branadf; BEETHEarving is
péSE&SRed amy 2Qth b' &5 Proguged thom defipet &S{fddﬁ\? can be

will collect ont water surface, so there wll
diotibited! tini m | Q:txﬁgtl g dthe def eahdch | mhet heurface of the
words, when a lowfrothing surfactant is used, even if
h%dlf%hiolga@ |§omtmodure@dalfartﬂn |h€$debﬁl¢é§l merzorhilized, the

nndule ttﬁiﬁ%ﬁ%ﬁ no f oam of the soluti
L O the ng Pro e PS5 H%?gg’a %daei}éhgpf level of
ﬂ'ﬁ% shpul drplé%f%rhl'ag% U‘i”] tﬁéutfoa%ggh 'i:he q%(}bﬂ(ﬁﬁning a
ur st ght so the test can carried out
hWﬁplﬂﬂDﬂﬁéNlofurﬂﬂiﬁ’ﬁﬁﬁrﬁ; i steenfi iy abifonua¥pi dst will be
the problens such as solvent storage encountered when
peshikllophpl iprawidegeat memblrane module product with which the
initial flow of treatment liquid recovered as waste is kept to
a minimum. Also, since the hydrophobic porous membrane
hydrophilizing agent of the present invention has a low-
frothing property, the above-mentioned defect test and the
hydrophilization treatment can be carried out simultaneously.
The drying temperature after the defect test is, for
example, from 20 to 120°C, and preferably 30 to 60°C,.
Sufficiently high permeation performance can be imparted as
long as the drying temperature is at least 20°C, and the heat
shrinkage of the hydrophobic porous membrane and a decrease in
permeation performance due to thermal degradation of the
hydrophobic porous membrane hydrophilizing agent of the present

invention can be suppressed as long as the temperature is 120°C
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26 as glycerol -pol yethyl ene glycol -al cohol. (4-2)
Met hod for Testing and Hydrophilizing Menbrane Modul e
After the bubbles are observed and the defect test is
conducted as above, a step (4) of drying the nenbrane
nodul e 5 may be further conducted, and the nenbrane
orMeuke subjected to a hydrophilization treatnent.
Thi s hydrophilization treatnment is nmainly conducted
Wolnk ingnExaimpd eishe nmenbr ane nodul e fromthe
above-nentioned step (1) in the hydrophobic porous
WorkibdaR&ammidr dphi | i zi ng agent of the present

D R e R T
su%gﬁg%é'%‘Mﬁfﬁ}ﬁ@eE§P55§@? efadeh 8y itds 9PhoPIhemR@HEAUSIndustry)

rane has been hydrophilized, the treatnent |liquid

(tear heqpessed sbhueugh dad Bi Htdevel sakfaper neatsion of 25.8
performance w thout further performng a 15 )
mNydr ophi2l7i.Zamdom wheat monvestadhda ithe oftalsies gurfiggg tension

£l e DI RL . SR S5 EA PS5 oo
t M . - . ) I
oo R AR Rl s RS il goveneion.

C RSN Edaman ijon has a [ ow 20 frothing property,
t he above-nentioned defect test and the

hydrophdl| iviak | ol vicegratineatiueansbeschrri®d daepntaining 15 wtd
si mul taneously. The dryiqgﬁtenperature after the
Etgdf east asteqd @ts faoh yaamhid 1 Fitgmageito 120C, and

ref erabl Q.ta 6QC. Sufficiently high perneation
C%&@Pﬁ@Fﬁﬁﬁ%ggfgﬁﬂﬁé% mparted as 25 long as the drying
tenperptyr g4 S agheb8dsts A¥ei AN £ "B e4én SRELAKBIE, Ofa higher

t he hydrophobi ¢ "porous nenbrane and a decrease in
alpehmabaae Pekitteratgpeduaohdohntier malrdagtadat i ¢madé by Kao;

the hydrophobi c porous nenbrane hydrophilizing agent

suwffadee pemséan of 29.5 mN/m) was used as a hydrophilizing
agent.
Comparative Example 3

A 30% aqueous solution of ethanol (Wako Pure Chemicals,
extra pure reagent, 99.5%) was used as a hydrophilizing agent.
Porous Membrane 1

A membrane composed of a hollow fiber membrane (made by
Mitsubishi Rayon) made of a vinylidene fluoride resin and
having an outside diameter of 2.4 mm, a pore size of 0.4 um,
and a pure water permeation coefficient of 100 m®/m’/hr/MPa was
prepared as a hydrophobic porous membrane.
Porous Membrane 2

A membrane composed of a hollow fiber membrane (made by

Mitsubishi Rayon) made of a polyethylene resin and having an
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i nvention can be suppressed as |long as the tenperature
is 120C 27 or lower. Working Exanples Wrking
Exanmple 1 A 0.3 w % aqueous solution of an acetyl ene
gl ycol -based 5 surfactant (A fine EXP4036, nade by
Ni ssin Chem cal Industry) (this aqueous solution had
out Sl | i SMEAC o £ €HSEQ ] 85pBreMY¥iBe @ 274l Y Mnd a pure
when converted to the static surface tension for a

wedkelr vidtmepteDors soéfif i obdéntas fusedmdsmt e il ophwhbcepared as
porous nenbrane hydrophilizing agent of the present
a ihwdaphabic Womphparenbrangxanple 1 A 40 wt % gl ycer ol

aqueous _sol ution (containing 15 wt% EtOH was used as
M%ﬁhﬁﬂﬂ?nﬂ94¢¥?ng agent. Conparative Example 2 A 1.0

wt % j PRI = et < : iﬂggg

al cgﬁg#'- aseiéa}e%%ﬁ}%%pae non%g%%i?%%%?aé?gﬁfg(na er%r};és 1 were

bufaDied Sti fBE8dEE8SE ORefbrdfed nouDe WS/ itset dferbrane surface
hydrophi lizing agent. Conparative Exanmple 3 A 30%

ampuedls! sbimft.i on of ethanol (Wako Pure Chenmicals, 20
extra pure reagent, 99.5% was used as a
(hydrsphangiTRFtagent.  Porous Menmbrane 1 A nenbrane

compqsed. of. _a holl.ow fiber nenbrane (nmade by ...._.

15 SRR CEApBRP e B, HERGEPREn Y TR Lkl F g p agent of
WA n @l b B Ptj&a?‘é dg 5 SEL 8 £ Ofa Zr Ao tind € 5V Z€he Ross-

of 0.4 pm 25 and a pure water perneation coefflicient
MidfeslORe BOHR / IMKinPacawts whsepahadcaeda dy dsophebreh in JIS K

por ous nenbrane. Porous Menbrane 2
3362. Water was added to the agqueous solution of the
hydrophobic porous membrane hydrophilizing agent in Working
Example 1 to produce a 0.1 wt% aqueous solution. After this,
the bubble height was measured at 25°C, both immediately after

frothing and 5 minutes after frothing.

Also, the surfactant of Comparative Example 2 was

subjected to the same frothing test by the Ross-Miles method.

The results are given in Table 1 below,.

Table 1
Bubble height Bubble height 5
immediately after minutes after
frothing frothing
Working Example 1 27 mm < 10 mm
Compar. Example 2 | 87 mm 48 mm

(2) Defect Test
Test 1
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A menbrane conposed of a hollow fiber nenbrane (nmade
by M tsubishi Rayon) nmade of a pol yethylene resin and
having an 28 outside dianmeter of 0.54 mm a pore size
of 0.4 pm and a pure water perneation coefficient of
30 nB/ nR2/ hr/ MPa was prepared as a hydrophobi c porous

mﬁbﬁéf@usw%méwqu'x@ﬁg Arhd¥add t o 1B€ minutes in the

above-nmenti oned porous nmenbranes 1 were bundled to

hpd oshiteh Bc Npdrane medbrankavhpdropnebbeang sagdmice of Working
area of 4.4 n2. (1) Frothing Test The hydrophobic

Exririple henbfaas Whdcbppirieissurg zege sl rof (S0 0kE®Y kvag introduced
Exanpl e was suybjected to a_frothing test by th

t%%‘ggh _I\/F%‘@s Wét%o‘?&ﬁ% NP LRANE ikt edahd §§"te outlet and

irﬁf {h.der}e‘]l§%.ﬁck§§6gjfé/\agg\ﬁ V@éafgcgj.ed Lgrégﬁil"i‘&u%%rred from
sol uti on of € hydrophobrc porous’ nenbrane

déwei ©phb -t ZbRY afethe | ReMOFKh8Umo&X 2EP! But H8cB9EUERe bubbles
a 0.1 wm % aqueous solution. After this, 15 the bubble

thes ghtodwsedelasus edr aghR58yappt bhi smdildatet yhafiler finding the
frothing and 5 mnutes after frothing. A so, the
defpeackantesl dperativeimgafpeedofogt tegb) waseaasy-
Ttheu?‘ama frothing test by the Ross-MIles nmethod. The
% ts are given in Table 1 below 20 Table 1 Bubble

L 0in b i oL ALY 0 ha Mg g i Tt
1 mexCepparthdxappkeug SenBrab®E N was used instead of porous
membrane 1. Frothing occurred from defect portions of the
membrane module, but because the bubbles thus produced burst
right away, this did not hinder finding the defect points, and
continuing the defect test was easy.
Comparative Test 1

A membrane module was tested in the same manner as in Test
1, except that it was immersed for 30 minutes in the surfactant
of Comparative Example 2 instead of being immersed for 10
minutes in the hydrophobic porous membrane hydrophilizing agent
of Working Example 1. The bubbles produced from defect
portions of the membrane module foamed on the water surface,
and these bubbles tended to remain without bursting on the
water surface. This made the defect test difficult.
{3) Hydrophilicity and COD Test
Test 1

A porous membrane 1 that was free of defects was immersed
for 10 minutes in the hydrophobic porous membrane

hydrophilizing agent of Working Example 1 and subjected to a
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(2) Defect Test Test 1 29 Porous nenbrane 1 was
imrersed for 10 m.nutes in the hydrophobic porous
menbr ane hydrophilizing agent of Wrking Exanple 1,
after which pressurized air (50 kPa) was introduced
through the inlet of the nenbrane nodule, and the

%BF%lF%%éﬂidﬂﬂﬁ¥eé¥ﬂéh@l°QK§9e9f£h§Qd tgal edrous membrane 1
hing occurred from defect portions of the

waendyiss® fodulde hduts betad9eCct hankduhii £sputéusater permeation
produced burst right away, this did not hinder finding
coeid icdemdctipovater wad deRSUnEchg t'ﬁbedel@@t wader \eermeation

Cogg,% Test rwaé?é%aﬁ rrbrzgje m)dg:d} test ed |n theoéh'e

gccurred ron1&%#%§g ?%ﬁ%ngQFEQQe_légﬁéﬁé%ho mﬁﬁre water

pelitie aREGRUS emt e bub#%@ﬁfé&@s aRic@dused Jitosls hé@btane (m?)} /
away, this did not hinder finding the defect points,

{ peche a5 coortimeui (hg )tihe' defredsumsto fivgaimasyater (MPa) )
Conparative Test 1 A nenbrane nodul e was tested in _the
san@lfgnndio Reasirresthe 1arenpbpptt gAvtionnes itheehseirophobic

for. 30 m utes nt ur.f.act ant _ of .Co rative
POERXPpI & a&lyéJT} WA 4 R sae“uer%tor r%? ‘%YH & utfpgdrophobic
é@gg ob r ?%g% e SRhthEZiagh dul
%ﬂ%ﬁﬁgﬂ W%ﬂglngggggnggg 'TéH]tﬁﬁﬁgs pFoguced fﬁ&% modu-e
atdef estesparéi ofs 0afl tNEa reahd anRenadye fobuedian thike membrane

water surface, and these bubbles tended to renain
fiditredudorbuwateng 36n mimntagt aftenr thee stpils ahdwatledy passage

W&%:; th:tggft 1%I E:f-nl Cyilats m2e5a égectwq.rn()pphtlal 4 teygeaq: invention by

using an absorbancy type of CODy measurement set (made by
Central Kagaku) accbrding to JIS method (JIS K 0102).
Test 2

A porous membrane 2 that was free of defects was immersed
for 10 minutes in the hydrophobic porous membrane
hydrophilizing agent of Working Example 1 and subjected tc a
hydrophilization treatment. After this, the porous membrane 2
was dried for 4 hours at 50°C and its pure water permeation
coefficient in water was measured in the same manner as in Test
1.
Comparative Test 1

A porous membrane 1 that was free of defects and that had
not undergone hydrophilization treatment was dried for 4 hours
at 50°C. After this, pure water permeation coefficient in

water was measured.

Comparative Test 2
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A porous nenbrane 1 that was free of defects was
imrersed for 10 mnutes in the hydrophobi c porous
menbrane hydrophilizing agent of Working Exanple 1
. and subjected to a 30 hydrophilization treatnent.
After this, the porous nmenbrane 1 was dried for 4
hours Bbro§ méRBrbehe RAURBWALRSs DEFdEALF Ofefects was immersed
coefficient in water was neasured. The pure water
feer nkat | sacocdef f theentOwastgal glyyatedlf r aquebas solution of
follow ng equation. 5 Pure water perneation

waaa‘éﬁt qwﬁa@ntl ofarplr sukdiesitedhetoeati ohvgrsphilization

urf ea of_.poro menbr ane
cheafenf T onhteas (WY /utsf{epr%%gm Bibhrbe g aps dried for 4
5 (]gll}f?) t°‘|§@9ct%n@3a§‘d§e Li"l_f‘ea%g Oﬁ%ﬁhé’éﬁ?&l‘)fcc}%ﬁlm.ent in
ydr op Shobi' ¢ por ous” nenbrane rophi T1zing agent
wi ber hyals Oﬁbabhﬁedeanh@U%a&éﬁﬁfaaﬂfér e ein WBsstPaBsedwater was
t hrough the menbrane nodul e at a pressure of 0.1 MPa,
rassed heh€oDyh \Gleuanémbtimee npondee atf i &4t paesenreatcdy 0.1 MPa,
30 mnutes after the start of water passa
apduhige QQEWh“®é¥QH§£nﬁ¥&PF?§t#ﬁi?ﬁe%%%tsgﬁVEn?foﬂaB9r passage
w §I rggsorbancy type of CODVh neasurenent set
5 Central Kagaku) according to JI'S nethod
10 C&ﬁé;&é{p&QZQe5{e§t 2 A porous nmenbrane 2 that was free
of defects was inmersed for 10 mnutes in the
hydrmpboebbas ponenbganentir ahat wady diddd iaf ndefgetd whs immersed
Wor ki ng Exanple 1 and subjected to a 20
f‘PﬂydréBhl mizattiem tiBat e . FuxEactams, emuepysoussolution  of

R EFfe AT S 1 ANEnEUt e e RealifBPRALization
08N, MRARRE AL TaSle or GOUPREADLYRE 185Wak 2 b for 4

por ous nenbrane 1 that was ects and
15 hd@ts at 50°C and its pure water permeation coefficient in
water was measured in the same manner as in Test 1.

The results are given in Table 2 below.

Table 2
Porous Hydro- Pure water CODun
membrane philizing permeation value
agent coefficient (mg/liter)
(m°/m®/hr/MPa)
Before After
drying drying
Test 1 porous Working 100 86 <10
membrane 1 | Example 1
Test 2 porous Working 30 28 <10
membrane 2 | Example 1
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pure water

perneati o

n

31 a A porous nmenbrane 1 that was free of defects was
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dalfatrve txanpl g2 and SUD] ectred
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menbrane 1 was dried for 4 15 hours at 50C and its

pur &agdt et @@Mm%@mmr%%w diesht 7 ninfdcategaspbout the same

d h
Pu%fefé‘s‘«éﬁ”ieﬁern'ﬁ%rmfig% SerBhLofinh ! ads Hhsh, Sl 1k tion ana

Rune yab r§0e- fhidd g1 RG HRET BBAkheN Vebye u
waagent coe%f|0|ent ?@H?Ilter) (nmB/ m2/ hr/ MPa) Bef o?e adueots
sAAfdtdion) . However, the amount of glycerol elution was larger

in Comparative Test 2.
(4) Hydrophilization Test of Hydrophobic Porous Membrane in
Membrane Separation Apparatus
Test 3

The membrane separation tank 1 of a membrane separation
apparatus having a 0.7 m’ membrane separation tank 1 was filled
with ordinary household wastewater, before and after treatment

such as condensation settling, as the treatment liquid 3.
Active sludge was added as microbes to the membrane separation
tank 1.

The membrane module 2 was immersed and installed in the
membrane separation tank 1, and the hydrophobic porous membrane
hydrophilizing agent of Working Example 1 was injected from the
pipe 5 into the membrane module 2 in an amount of 2 liters per
square nmeter of membrane surface area and at an injection rate
of 0.01 m*/m?:D per unit of surface area. Upon completion of
the injection, the membrane module was allowed to stand for 60

minutes and hydrophilization treatment was performed. Water
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drying drying Test 1 porous Working 100 96 5 10
menbrane 1 Exanple 1 Test 2 porous Wrking 30 28 10
menbrane 2 Exanple 1 32 Conp. porous none 100 5 O
Test 1 menbrane 1 Conp. porous Conp. 100 93 2200 Test
2 menbrane 1 Exanple 1 Conp. porous Conp. 100 85 50
tH#st hddmyeerangi 1t &xagphterdul@sta 1hahlofomdedt iW@nbrane (pore
Test. 2 indicated about the sane pure water perneation
stoeféfcPeht tms waen imydradsd [fixcat ithe gride wat énto the membrane
repl acenent were performed w th ethanol (30% aqueous 5
mediiRi dnjr PBweteNnt: R dmiifie st RN cTIWATR| BeFeR Rédsmembrane

er _in_Comparative Test 2. (4 dr aphi L.i.zatsi,on .
SUEESES 2 EBar BhHoBt: AHbr SIASTRHE! AR Y notfiafe/ o D per unit
ofEPRNAELLE ARPALatYS TEEEN3 {fe ThRyAEBBRENE-SEBBEBLEOMmembrane
tank 1 of a nenbrane separation apparatus having a

h@dropiBi reabr@nageear afi Wodkdnkg 1Ex&spiel lledintbt the membrane
ordi nary househol d wastewater, before and after

sepakbabiben tsnéh las chhtlensaheohyshophidg zadsiathetreatment, air
treat nen

. Liquid, 3. ctive s|udge, was, added_as .
Wit cr - H%P%esdepﬁkgf’ gh E’Betdi‘ewkfg‘%s%eplpe 4 to
I ' . and-.instakl ed. ji.n th
TEAERGE T SRR AT BEORA TS, ana che
oPEFrRE B oy HHePhhéhzt e adephrat i ¥Ar it 26| wad commenced.
was injected fromthe

One week later the pure water permeation coefficient of the
hydrophobic porous membrane and the CODy, value of the treated
liquid were measured.

These results are given in Table 3 below.

Takle 3
Test 3 Pure water permeation CODvn, value
coefficient {mg/liter)
(m*/m?/hr/MPa)
before 100 12.0
hydrophilization
treatment
after 0 minutes o8 | 89.3
after 1 hour 100 16.3
after 24 hours 89 13.6
after 2 days 100 13.5
after 3 days 97 12.3
after 4 days 100 11.8
after 5 days 100 _ 11.8
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pipe 5 into the nenbrane nodule 2 in an anmount of 2
liters per 20 square neter of nenbrane surface area
and at an injection rate of 0.01 nB/ nm2D per unit of
surface area. Upon conpletion of the injection, the

—aH-owetd—to—stanrd—for—66—mnutes
anq;ﬂﬁgirmoraa[)}szation treatnment y@s perfornmed.| Watenz .o
33 tiat—tad beenm [Tt tered through—a hot tow fToer
meitare A playes sizp of 0.1 pn) ¥&s injected [from tlhe 3

pipe 5 into the nenbrane nodule 2 1 n an anount of 2
liters per square neter of nenbrane surface area and

t i Nj ti . t f 0.01 nB/ D it f
i oo o RPiERed Phatl O Bo i COBEERUS frdnifegle after the
ny AN e b AL in 07D HATILS SuddlR ddrease in the

pubdr gRlteli zgbieaati6At NI f B Tent@S sn@edhat 8hydrophilization
i ntroduced through the diffuser pipe 4 to discharge
trndadmtardat weat Heing dstfbhcibetpypeadiriamd ohe. 10 Also, it was
operation, of the nenbrane separation apparatus was . ) :
edOr CRBOQEBK IRREALIFR ift e CRBLARYSer AEET| omediately

b
oefficient of the..hydrophabic porous nenbrane d
4 ceien buRteblrLt AEEPBar e B G WAHE oo BPq treatment
1iEHA%E resuldamidie dic¥enthl TabeidsbehAw. tleaf@bhe 31iquid 3
est 3 Pure water perneation CODWn val ue coefficient

ovengldwierg Ao/t hidnigne hedmaratiidih Warkk 1 due to aeration
£ron the diffuser pipe 4.

The CODw, value of the treated liquid was seen to rise
about 4 mg/liter in the initial flow after 15 minutes, as
compared to before the hydrophilization treatment, but 24 hours
after operation had commenced, the CODw, value had decreased to
the same level as that prior to the hydrophilization treatment.
Comparative Test 4

The pure water permeation coefficient of the hydrophobic
pocrous membrane and the CODy, value of the treated liquid were
measured in the same manner as in Test 3, except that the 40
wt?% glycerol aqueous solution of Comparative Example 1 was

injected from the pipe 5 into the membrane module 2.

These results are given in Table 4 below.

Table 4

Comparative Test 4 Pure water permeation CODy, value
coefficient (mg/liter)
(m*/m?/hr/MPa)

KL
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after O mnutes 98 89.3 after 1 hour 100 16.3 after

24 hours 99 13.6 after 2 days 100 13.5 after 3 days
97 12.3 after 4 days 100 11.8 after 5 days 100 11.8
34 after 6 days 100 12.0 after 7 days 97 11.3 It was

£ 3 A + ot Ariak + ooty oo of 1 o f it x + o
CUITT 1 11eyu tirat UVl LTTC " COUT ST U1 L VECT\ arlr t 1 CIrc

hydr opjdfidrzat i on trpatnent, therggwas no sudden 11
decrease in the pure water perneation coeffilcient,
dvydindpd ilyidradpiliinl | zAtion 5 treatnent was bei ng
sufficiently carried out. Also, it was possi|ble for
snDoFﬁeéB@?%EJon tol continue frominmediately] after

t he, hydrophiljzation treatnment, 'thout the tlre
33 o Tao

ofr_the bubbles nd treatnme

| f h nk 4
a%\t%rrf 10‘Mon1&n r9(r\r t he rrenbranfoosepar ati 02 t ’hii(y@

to—aeratt+oh +0—fromthe—difFFuser | SAM ~AS 4—The vh
V%Jflt%rofqu' l}fbdﬂseat ed |i qU| d was ggen to rise | aboutgdp
ng/ i rer g llle AL W dl T OW dl ter—15 III ot ey, doS

corfaread 2t aayef ore fhe hydrophildati on treatinent, 120

24 hours after opeyation had comrenced, the |[CODVh
valafd efad ddiseased| to 15 the sdtk | evel as tlhat pri®

to the hydrophilizafion treatnment. Conparatilve Test_4
Thé fngte 4uslays perneation coef 498 ent of the 35

hydr. ohi por ous| nenbr ane a he CODWh vgl ue of
t h%f?:r%ro}ni%o mlli dlrvere reasured—i-n-t-he Qam_;mnng,;l__s,___"

-

as Jdetcles cfaysexcept that the 4@00_0 wt%gl ycdr ol 12.5

ayucous bUI ut 1 uilr Ul wllpal dll VA I:}\allpl T J. WA S

after 7 days 97 11.0

The CODw, value o¢f the treated liquid was seen to rise
about 2189 mg/liter in the initial flow after 1 hour, as
compared to before the hydrophilization treatment. The treated
liquid at the start of operation, including the initial flow,
had to be considered waste. Even 24 hours after the start of
operation, the concentration was higher than before the
hydrophilization treatment, and after 5 days the CODw, value
decreased toc the level prior to addition.

Comparative Test 5

The pure water permeation coefficient of the hydrophobic
porous membrane and the CODw, value of the treated liquid were
measured in the same mnmanner as in Test 3, except that the
ethanol aqueous solution of Comparative Example 3 was injected
from the pipe 5 into the membrane module 2.

These results are given in Table 5 below.
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injected fromthe pipe 5 into the nenbrane nodul e 2.
These results are given in Table 4 below. Table 4
Conparative Test 4 Pure water perneati on CODWh val ue
coefficient (nmg/liter) (nB/n2/ hr/MPa) 35 before 100
11 hydrophilization treatnent after O m nutes 98
Thle0® after 1 hour 100 2,200 after 24 hours 99 450

after 2 days 100 1Zp arter 3 days 97 /U altpr &4 days
Cowmmtire cFest days 1P@rd gwaber epesmeayton0| 1200w, value
after 7 days 97 11.0 The CODm_val ue of the treated .
liquid was seen to fise ab®R®fbigBeRE/liter | n @@ liter)

initial flowafter 1 hour,v§?ﬁ§98?2@§§g to before the

boasdr Aanmhi 13 ont 1 AN+ r nat et E liaid ot
mrr CTACTTOTIC 7 T 1 T o TXTC

My ur—upy ZaACT Ut 1

g
the stigdgoed operation, includipggthe initialiflow 15 g
had to be considered waste. Even 24 hours after the
stwiromwtii l peet adh on)] t he concentrati on was higher than
before the hydrophilization treatnent, and after 5
daystEpatmen®n val u¢ decreased to the level prior to

addi tion. 10 npar ati ve Test 5 The pure watey
néghEEanﬂlpH

icigent of the hy%?ophobic 1942.0
after 1 hour 100 105.8
after 24 hours a9 20.5
after 2 days 99 14.5
after 3 days 97 13.8
after 4 days 96.5 12.0
after 5 days 94.8 11.8
after 6 days 95.3 12,0
after 7 days | 94.8 ' 12.3

It was confirmed that over the course of 1 week after the
hydrophilization treatment, there was no sudden decrease in the
pure water permeation cocefficient, and the hydrophilization
treatment was being sufficiently carried out. Also, although
there was slight foaming of the treatment liquid 3, it was
possible for smooth operation to continue from immediately
after the hydrophilization treatment, without bubbles and
treatment liquid 3 overflowing from the membrane separation
tank 1 due to aeration from the diffuser pipe 4.

The CODwy, value of the treated liquid was seen to rise
about 1830 mg/liter in the initial flow after 0 minutes, as

compared to before the hydrophilization treatment, so the
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porous nenbrane and the CODVh val ue of the treated

¢ [iquid were neasured in the sane manner as in Test 3,
' except that the ethanol aqueous sol ution of
. Conparative Exanple 3 was injected 15 fromthe pipe 5

into the menbrane nodul e 2. These results are given in
tred & 3 el WV-ha B Jahd eco%@:ﬁ@?é@tibé@té—esh‘é E&éﬁ about 1 day
wat er perrmeati on CODVh value coefficient (ng/liter)
Bt/ drthafda) tbeber biddegtaded, hwilidopihd iagmddmitus could not
treatment after O mnutes 98 1942.0 after 1 hour 100
bel G5 a8 tfd arp X ihtky DO, the giydrophifhizapoon 4t seatment.
after 3 days 97 13.8 after 4 days 96.5 12.0 after 5
days 94.8 11.8 after 6 days 95.3 12.0 after 7 days
94.8 12.3 It was confirmed that over the course of 1
week after the hydrophilization treatnent, there was
no sudden decrease in the 5 pure water permeation
coefficient, and the hydrophilization treatnent was
being sufficiently carried out. Al so, although there
was slight foam ng of the treatnent liquid 3, it was
possi bl e for snooth operation to continue from
i mredi ately after the hydrophilization treatnent,
wi t hout bubbl es and
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10 treatnment liquid 3 overflow ng fromthe nmenbrane

separation tank 1 due to aeration fromthe diffuser

pi pe 4. The CORM value of the treated |liquid was seen

to rise about 1830 ng/liter inthe initial flow after

O mnutes, as conpared to before the hydrophilization

treatnment, so the 37 treatedAiMpuid had to be

consi dered waste. It took about 1 day for the ethanol

to bk bi Rlegrydieebhihizing appenht u§oroukd hpdrophobic porous

started up.quickly after the hydrophilization
IR RNt ."”h%éfeéLnAl e 1a99nty Iszj gg Hehctpta and the

ophopi rQus e, wherein the agent .

SR et 4T CRPERERIE R LR M IREle oupble metgnt
inmedad 1§t yreephebBahihge RUbRlR i taccdrding to the Ross-

i mredi ately after frothing, as neasured according to

MiYes Rosthddl| ¢3IaeKh336Q) 1, SUsiAZ62) ,0 Usivik cadudows %solution of
aqueous solution of the surfactant at 25C, is 40 mm

thy swsSactantryet &iGphis i4d MR fgerktesor a hydr ophobi c
porous 10 nmenbrane according to Claim1l, wherein the
surfactant has a frothability such that the bubble

hei ght fiMgs MR wafitiefind ILeg, a -
according to t@%%ss-l\’%lélsgf m%?%gg (Sﬁ %e gg@%?PhOblc porous

nmebreEhd Actowdingquepuslaghutl,onwRerehf LML aghaphcBint has a
25C, is 20 mmor less. 15 3. The hydrophilizi ng agent

frafthabhlidiwplsobhc Poabushendpivlhe hedahdi nfive @imunes after
fl r.2, wherein the surfactant has _a static, surface
%ﬁ&f&ﬁf S FPITFTRIrAFERLAPREN R ha FpssMilepygethod (JIS K

3?’@)“} i 19911% taheo_slur‘fgggt g%eioﬁsuss%cﬁ:utzioon of the surfactant at

25°C, is 20 mm or less.

3. The hydrophilizing agent for a hydrophobic porous
membrane according to Claim 1 or 2, wherein the surfactant has
a static surface tension of 30 mN/m or less when a 0.1 wt$

aqueous sclution of the surfactant is used.

4. The hydrophilizing agent for a hydrophobic porous
membrane according to any of Claims 1 to 3, wherein the
surfactant 1is acetylene glycol, ethoxylated acetylene glycol,

Oor a mixture of these.

5. A method for hydrophilizing a hydrophobic porous
menbrane, comprising a step of bringing a hydrophobic porous
membrane into contact with the hydrophilizing .agent for a

hydrophobic porous membrane according to any of Claims 1 to 4.
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4. The hydrophilizing agent for a hydrophobi c porous

menbrane according to any of Clains 1 to 3, wherein

the surfactant is acetylene glycol, ethoxyl ated

acetylene glycol, or a mxture of these. 25 5. A

met hod for hydrophilizing a hydrophobic porous

menbrane, conprising a step of bringing a hydrophobic

porous rmenbrane into contact with the hydrophilizing

agen®- f orThe mvdﬂmphoﬁbc pordnephidnitriaye acdyrdifaphdlmic porous
any of O ains 4. 39 .6. The nethod for

?f%m. IaFE‘Pﬁ(jlnghy%?oﬁllré‘BF“c ?yoréu§thﬁ§mcamnsmq a step of

68 R, * Bl oRioha d UELRELSCORBRARLAD, ASLEP 8fs come  into

céﬁﬁéb@ ﬁﬁﬁﬁaﬁhewhyﬁrbﬁﬁlhiéﬁ%@h@déﬁﬂKE§BQ§th§9fo§hob1c pOrous

hydr ophobi ¢ porous nenbrane according to any
mehtar ame lacoodding #o nehpodffOlaimst i ngoad trerrbr ane

nodul e having a main body, an inlet and outl et

provi ded to the nain body, and a 10 hydrophobic

ded de th bo
het hbd ¢ Em@ Ph Eeahitnr = meptiang Fofiladiaving a main
t t
hydropﬂoblc porgbg %ranggggggp Hn%? ogﬁﬁ ’I%olr %%ody, and a

hdpigmorid Oopdiodd hehbiBhEOBuAded tle@tlo&ascﬁéﬁﬁ&m body, the
the inlet, allowing the gas to pass through the

m¢§hnduﬂﬂmpm1®mm®ughmembepmleand di schargi ng the gas
through the outlet; and (3 obserV|n bubbl es
di sc rgéamﬁréﬁPShet%n{ﬁ? Eaﬁﬁdlﬂoéi 2018, tRegh¥drorhilizing

w00 158 1, BN g SuRORLERC RS co any of

cldigns MRigy bpdy, and a hydrophoblc por ous nenbrane
provi ded inside
(2) introducing a test gas through the inlet, allowing the

gas to pass through the hydrophobic porous membrane, and
discharging the gas through the ocutlet; and

{3) observing bubbles discharged from the membrane module.

8. A method for testing and hydrophilizing a membrane
module having a main body, an inlet and outlet provided to the
main body, and a hydrophobic porous membrane provided inside
the main body, the method comprising the steps of:

(1) immersing the membrane module in the hydrophilizing
agent for a hydrophobic porous membrane according to any of
Claims 1 to 4;

{2) introducing a test gas through the inlet, allowing the
gas to pass through the hydrophobic porous membrane, and

discharging the gas through the outlet;
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the main body, the nethod conprising the steps of: (1)

s i mrer si ng the nmenbrane nodul e in the hydrophilizing
> 25 agent for a hydrophobi c porous nenbrane according
. to any of Cdains 1 to 4; (2) introducing a test gas

through the inlet, allowng the gas to pass through
t he 03)draipdetyr in g dsuibis] e ndi sclear gad . £ ol ctiae ghagbt &8e module;
gas through the outlet; 40 s.(3) observing bubbl es

anfi scharged fromthe menbrane nodule; and (4) drying

h n le. 41
the (T)nbcixayfngrmt ue emembrane module,
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