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Hypochlorite L1s effective against a wide range o

miCcroorganisn and capable
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bieaching action, a deodorization

s nighly water soluble, economical,

noncombustiblie 50 tnhat nypoohlorite

food industries and water traatment

is widely used for washing a water

riped above, hyr

the filter is shortened due o the high 2ffect. Specifically,

ion (C17y;  and  thereforse, hypochlorite acts as  a st

)]

ventualliy

studied fo

as compared with stable chloride

a base material for a filter,

luororesin  such as

1l resistance,

e JF L. O

:
o
=
<
]
et
-y
L<u
@
=
( U
~
w
3
ot
S

B P B o oo
oHEEMmm L LD iedd. I8 S8 5
& = - oo e - S . ~ o
for a water however, Thers 15 &
P L I Y ] - - . S A - " -
disadvantagecus polnt that the fluororesin i1s inferior in



ey
>

A~
o

hydrowphilicity. Eccordingly, technologies for idmproving the
hydrophilicity cf a filter made of a Iluorcresin have been
developead.
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For example, Patent Document 1 discloses a method of
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FE membrane with

s

copolymer of a fluorine-containing vinyl monomer and a vinyl
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disclose

merhrane &L CreEs—Lankaed

polyvinyl aloohol.

ay as & technology for iwmproving the chemic
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material innovabtion, Fatent Document 4 discloses a 2 filter

- PR - 4 £ o £
an antioxidant O a2 meTal Lor

eliminating active specles causing an oxidation action on the

durahility against the active species such as a n¢ydroxy

In n, as a technology oy suppressing the decrseass

ol water permeability duse fo the repetitions

condition and weit conaition,
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porous membrane coated with & cross—-linking coating laver in
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isocyanate or a urethane.
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Patent Document 5@

SUMMARY OF THE

PROBLEMES TO BE 3CLVED BY

INVENTION

As described above, various technologiss for improving 1

chemical resistance and hydrophilic

Howsver, hypochlorite to be used for washing a water

ilter is an E‘?_X‘tf&%l*ﬂéiy SLYONY OXKLOEIZING sgent, and

i

situation, there is no nvdrophilic agent which

SNCL

hydrophilic agent, polyvinyl alcohol is not sufficient in the
resistance against hypochlorite and thus the filters of Patent

Documents 1 to 3 fail to solve the preblem of shortening the

In additicon, the filter of Patrent Document 4 regulires a

T S P - n - . 1T . 1 o “ -
costly metar such as gold, um and sllve oobe
oy deposi on the and no cnly  Lhe

alac the meta
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porous membrane has a chemical structure that a polyvinyl

nucleophilic polymer 1s cross-iinked with a blocked isocyanate
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the urethane group or the isoccyanate
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coating layer has

density &and shows

& problew that & cross-

lirnking coating lave

is  dropped and hydrophi

lowered.

The problem to be solved by the inventlon is to provide a

filter me
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contradictory characteristics that 1s,
chemical resistance, and a long 1life, and to provide the

croduction method ther

The inventors of the present invention made wvarious
investigations for sclving the above-mentioned problems. As

wlthh an  idea That Tl

o T S L
from hypochlon:

cross-linking a hydrephilic polymer for coating tThe porous

@rial with a oross-l
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lower nucleophilicity, covalently-bonding a high electron
density part having n-electrons, which is highly reactive to an
electrophile, teo a cross-linked hydrophilic polymer and making
hypochlorite preferentially attack the part. The inventors
experimentally proved the idea; and as a result, finally
completed the invention.

[0027]

A filter medium for a water treatment filter according to the present invention is
characterized in comprising a porous base material having a hydrophilic coating layer;
wherein the hydrophilic coating layer has a cross-linked hydrophilic polymer and a high
electron density part; a hydrophilic polymer in the cross-linked hydrophilic polymer is cross-
linked with an aliphatic saturated hydrocarbon group which may contain cne or more
functional groups selected from a group consisting of an ether group, a hydroxy group and an
amino group; the high electron density part has « electrons; the high electron density part is
covalently bonded to the cross-linked hydrophilic polymer, the porous base material, the
main chain of the cross-linked hydrophilic polymer and the main chain of the cross-linking

chain of the cross-linked hydrophilic polymer do not have « electrons.
ioo1s]

The high electron density part in the filter medium for a
water treatment filter preferably has one or more selected
from a group consisting of an aliphatic unsaturated
hydrocarbon group, an arcmatic hydrocarbon group, a
heteroaromatic hydrocarbon group, a carbonyl group, a nitrile
group, a sulfoxide bond, a sulfonyl bond and a gulfeonic group.
[co12]

The high electron density part preferably has an amide
bond cr an aromatic hydrocarbon part.

[0oz20]
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hydrophilicit

oxidatlion

irophilic group, one or

ting of a nydroxy group,

YOoup AminG gQroup can

the porous bhase materieal, a porous flucrorssin membrane

ire]

usad, and a porous PTFE membrane is particularly

& water Lrsatment Tiiter,

marticular, the life for 5 te 10 vyears is additionally

a filter is used Lo treat a large amount o

1y

ilter. In terms cof the peints, a porous fluocroresi
partigularly a porous PTFE membrane, 1s extramely

chemical resistance and c¢an withstand washing

[

aleohol, ethyiene -

- vinyialcohol
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copolymer, polyalkylene glyool or & metal koxide can be
exempiified. These hydrophilic polymers can give appropriate

hydrophilicity t0 a porcous base material having hydrophoblicity.

In addition, it becomes difficult that bkiofouling having many

hydropheoblic sites adheres on the membrane due to

inventicn is

£ X emnp

smembrane pressure

difference is 1 mL/min/cn® or more. A decreasing rate of water

permeability s T0% or less after soaking in a 0.6 mas

for two weeks.

device according to the

in comprising the water

invention.

2 filliter medium for a water

to the present lnvention 1s

k1

characterized in comprising the steps of scaking a porous base
material in a hydrophilic polymer solution and & cross-linking

agent solution, cross-linking a hydrophilic polymer wiith an

iphatic saturated hydrocarbon group which mavy contain one or

P

v A - oy 7 L - e ey S G K-
more functi groups selected from 3 group consisting of an
etner group, a hyvdroxy group and an group, and

- T e o vy de G = i, ~y N - v s omd
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covalently bond the high electron density part to the cross-
linked hydrophilic polymer.

[0627]

A method for improving oxidation resistance property of a filter medium for a water
treatment filter according to the present invention is characterized in comprising the step of
covalently bonding a high electron density part having a « electron to a porous base material
having a hydrophilic coating layer, thereby improving the oxidation resistance property
against an oxidizing agent used for washing the water treatment filter, wherein a hydrophilic
polymer in a cross-linked hydrophilic polymer is cross-linked with an aliphatic saturated
hydrocarbon group which may contain one or more functional groups selected from a group
cansisting of an ether group, a hydroxy group and an amino group, the porous base material,
the main chain of the cross-linked hydrophilic polymer and the main chain of the cross-

linking chain of the cross-linked hydrophilic polymer do not have = electrons.

BFFECT OF THE INVENTION
(6028

In a large scale wastewater treatment plant and others, 5
to 10 vyears of life is reguired of the water treatment filter
to be used for removing insoluble components. However, since
the hydrophilic groups or the cross-linked Thydrophilic
polymers constituting the Thydrophilic coating layer are
attacked by a washing treatment with an oxidizing agent such
as hypochlorite, the filter itself is deteriorated together
with the hydrophilicity thereof and it ig actually obliged to
exchange the filter at an interval about 1 to 5 years.
10029]

On  the other hand, since the water treatment filter

according te the present invention has a high electron density
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croass-linked chain of a  hydrophilic coating layver, the

hydrophilic group or the cress-linked hydrop

scarcely affected at the time of washing treatment and thus
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present  invention 1s industrially wvery sinoe the

freguency  of  exchange and maintenance can e decreas

i WA S SN .
Treatment ITaoililities where a

large ouantity of water has to be treated and sxchanged and
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DESCRIPTION OF THE DRAEAWING

#

3 - } & dor Yo e e ~
LOograprn orf that water

cer medium and & present

filter mediuom was

wlith sodium hypochlorits.

MODE FOR CARRYING OUT THE I
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Lo the present

invention contaings a porous base materlial having a hydrophil

o

P AR Te el o L e sy Dy e e o
Che material 18 hyvadrophillic ana porous, and

as & filter for wastewater.

T e oy S 1 NI - o
The raw material Lor the porous base

exemplifl

example, cellulosse and derivat:

Ln

polyamide, polyacrylonitrile, polyvinyl alcohol and

derivatives

20 laver according to the present invention,
to have only closed pores and it 1s necessary £o have

continuous pores from the front face to the rear face, since

- G 3 1
the porous Dase

. S 3. - o e e S
number standardized in JIS P 81l

[
L5
[
‘e
(53]

ferably not more than 1000 seconds. The porous bagse
material having the Gurley number of about 10080 seconds orx

Tnus usaple as

- " o ~ Ia} g ; Ty R . N I = - P S PR
igs preferably 0.1 second. The Gurley number means nhe Lime
- £ a oy g g - s O e Jon gy v g -
_aken Ior Dass; cm” oof air through s
11



&l of §.42 o in a perpendicular direction under a
pressure of 1.2% kPa. In terms of the maess per unit area, 0.5

g/m" or higher is preferable. 1If the mass per unit

less than 0.5 g/m", sufficient strength as a filter can be

&

guaranteed. The upper limit of the mass per unlt area is
creferably 300 g/m".
G036]

The peorous base materlial according o the press

e

invention is coated with the hydrophilic coating layer. The

10 . For example, & porous
the
durapbility 1l coated with the hydrophilic ceating la
that the life of a can be further prolonged.
flucroresin can be exemplified by, for example,
12 polytetrafluocroethyler (PTFE) , ene

(BCTFE), polyvinylidene fluocride (PVDF), ethylens -
tetraflucreethylens copolymey (ETFL), tetrailvorocethylene -
perfiluorcalkyl vinyl sther copolymer {(FFAL},

il

ropropylens

o

1§

-
-

rlene copolymer (ECTFE) . As

of the porous base material, an expanded porous
polytetrafluorgeinviens (ePTFE) is preferable.

[ 0037]

Lth the watsr pressure at use

1% pm oor meore and about 1 omm

Gr In 3T h=
viq e oo ‘ N S o N
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the porous base
linked hydrephilic

oxidizing agent and

hydrophilic polymer and a main

inked hydrophilic po

zccording to
a part of a porous
rnkad hydrophl
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& runcrliondi
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mat
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a cross—-linked chain
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Thus, the high sleciron

does not

main chain of

ai Or a

porous base material or
toe which a main chain
s bound Lon,
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The hydrophilic polymer according to the present invention

m

653
@
=
O
7]
r
i
IL ”
bt
js
ol
9
3
kN
I
-
fasl
)
Al
f,w..
'._4 .
S
&
et
ot
bl
n
jai}
lw
[
53]
iy
4
R
)
e
o3
L

ocarben group

have no m electirons, these groups have more lower

ilicity than that of the high electron density part
alectron. Therefore, in the case where the filter

madivm according to the present inventlon 1s washed

nxidizing agent such as hypochlorit
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hard that the cross-~linked chain is attacked by the oxidirzing

agent anc ot the
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invention

The length of the cross-linked chain may be appropriately
adjusted, and for example, the carbon number of 3 main chain

of an aliphatic saturated hydrocarbon group &

cross-linked chain is preferably 2 or more and 15 or less. In

e 1 [ [T Y e I Ry . P . 3 " P
crogg-linked Chain 0as & Dhranched struc

he Caylhon number GIooa
e - b T T dm ey o] = B
straight-ohain O anG The
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in the filter medium for a water treatment [ilfer
according to the invention, a high electron density part

having 7t electirons ls covalently bonded to the cross-linked

nydrophilic polymer constituting the hydrophilic coating

[
i

a

(]
(i)

in general, & water treatment filter has to be

pericdically washed idizing agent such as

OR
to remove bicfouling., A conventilonal water

filter has durability to the washing Lreatment with

hypochlorite and others.

13 a strong oxidis

higher electryon denslity part.
generally hydrophilic and shows wettabllity to water, since

7

the water tUreatment filter is obtained by using & hydrophilic

polymer as a raw material or being ccated with & hydrophillic

Howeveyr, the hydrophilic groups are attacked by hypochlori

due to the high electron dens

i1
fr-
i

hilic groups

themsslives may be decomposed or the basic ructure to whicgh

den Sy o [P N [ P o
the hydrophlllc groups pbe broken. In the
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v, & high electron density part having n-

which 1s highly rsactive to an electrophilic agent
18 intreduced toe & cress-linked hydrophilic polymer of &

so that hypochlorite preferentially attacks on the part at the
zime of washing treatment, and thus the hvdrophilic group or
the main chain of the cross-linked hydrophilic polymer
constituting the hydrophilic coating layer or the cross-linked

chain having a specilfic structure 1s selectively protected and

gdacomposition and breakage of the hydrophilic groups and basico

structures of the cross-linked hvdrophilic polvyvmer

suppressed o of .

r :"' A

[ 0046
PP T~ A G ] o w e PR S K . E i~ " e, -
I'me high electron density part having wn-slechrons may have,

£ o vy I oy R e e e e 1o o i g ~

LOT eXambie, One O SeElsCiuad Irom a

L

an aliphati

[
Iy

> ungaturated hydrocarbon group, an aromatlic

5

¥

hydrocarbon group, a hetsrcaromatic hydrocarbon group, a

carbonyl group, a nitrile group, a sulfexide bond, a

o

pond and a2 sulfonic group.
[ 0047]
The aliphatic unsaturated hydrocarbon group can be

exemplifled by a monovalent or divalent C.,.¢ aliphatic

group having one or more double bonds

- 1 - . il 5 - N T oa ~
a!rQ/Of wflp.i..‘\ bonds. phe c’Xcmthl‘ Neresl Can inciudge & oo

alkenyl group such as a vinyl greoup, an

methyl-~l-propenyl group, & Z-methyl-Z-propenyvi group, &

group, a t-methyi-~2-butenyl group, a l-methyl-i-

[ gt R T T U | g o M .
outenyl group, & Z-methyl-3-buteny] group, a pentenyl group

and a hexenvl group; a monovalent C,.. alkynyl group such as an

s
LAY
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ethynyl group, & propynyl group, a l-methyl-Z-propynyl group,
a Z-methyl-Z-propynyl group, a butynyl group, a l-methyl-2-

butynyl group, a Z2-maethyl-Z2-putynyl group, a l-methyi-3-

it

butynyl group, a Z-methyl-3-butyoyl group, a pentynyvl group, a
I-methyi-Z-pentynyl group, a 2-methyvl-2- peﬂ+'ny group, a L1-
methyl-3-pentynyl group, a4 2-methyl-3-pentynyl group, a 1-
methyl-d-pentynyl group, & 2-methyvl-i-pentynvl group and a

hexynyl greup; and a divaelent unsaturated hydrocarbon group

such as ~-CH=CH- and

group having ong bond number 15
monovaiant and grous having two bond with
is referred to as divalent group.
[ Go4s
a

as a phenyl

z five-menbered heteroaryl group, a slix-membered heteroaryl

qroup, & condensed hetercarvl group, a five-membered
heteroarylene group, a six-membered heterocaryliene group and a

condensed hetercaryliene group, which contain one or more

arcatoms selected from a nitrogen aton, an oxygen atom and

include a

imidazolyl group, a pyrazolvl group, & thienyl group, & furyl
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group, an oxazolyl group, an isoxazolyl group, a thiazolyl

18]
[

roup, an iscthiazolyl greoup and a thiadiazole group; a
monovalant six-membared heterocaryl group such as & pyridinyl
group, a pyrazinyl group, a pyrimidinyl group and a
pyvridazinvl group; a monovalent condenged heterocaryl group
such as an indolidinyl group, an indolyl group, an iscindolyl
olyl

group, an indazolyl greoup, & quinolyl

e

£

TGUY

i8]
81
g
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group, a chromenyl group, a benzoxazolyl group and 2
benzothiazolyl group; and a divalent hetercarviens group

The above-mentioned aliphatic unsaturated hydrocarbhon
group, arcmatic hydrocarbon group and hetercaromatic

hydrocarbon group may have a general substituent group.

A carbonyl group may be contalined in other functional
group. he functional group containing a carbonyl group Can e

exemplified by, for example, a carbamoyl group, a Ccarboxy

group, & formvl group, a T, acyl group, a C..; alkoxycarbonyl
group, & urea group, an acrylate group, a methacrylate groug,

an amide bond and a urethane bond. Among the groups, a
carbamoy]l group, a carboxy group, z C;ov alkexycarbonyl group,
an amido bond and a urethane bond are more preferable, sincs
the groups have a higher electron density than that of a
carponyl group itself and are easy Lo be attacked by
hypochlorite and the like. When the hydrophilic group ¢f the

hydrophilic polymer is a hydroxy group and an isoccyanatle

group, the reachtlon part forms &

- Yy s w 3 el ey -1 — 2 = S - P .
urethane bond. The ether oxygen atom (-0-) in fthe urethans
1 3 : R 3 flag 3 RS S < R, . = . T h . Ymo4 T4
bond is derived from a hydroxy group of the hydrophilic
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properly in accordance with the k

polymer, and therefore, the "group having n-elecirons” here

The high eleciron density part is preferably A grocup, more

ably B agroup, and seven more preferably T group as

A group: the part containing a nitrogen atom, an oxygen atom
or a sulfuy atom having lone-palr electrons in addition to #-
=lecty

B group: the part having f~-slectrons neighboring to a
nitrogen atom, an oxygen atem or a sulfur atom having lone-
paLr elechtrons

O group: the part having mutually conjugated Two or more A-

electrons in addition to a niltrogen atom, an oxvygen atom or a

sulfur atom having lone-pair electrons nelghboring to

conjugated nt-electrons
0053

The kind of the high slectron density part may be selected
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nd o

iq.

a porous base material

and the hydrophilic polymer contained in the hydrophilic
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bhonds are conjugated, 7 electrons contalined in thesse groups

are very highly active. Therefore, the aromatic hydrocarbon

group ©Or hetercarcmatic hydrocarboen group in the high elactron

L1y and easily attacked b
¥

hypochlorite so that the porous base material or the

hydrophilic groups and haslc structure of the hydreophilic

polymer can be effectively protected,
[ 0055]
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rophilic polvmer™ may

irnclude cases that the high electron density part, mors

group or & bond naving n-elecitrons, may bse
covalently bonded to the cross-linkad hydrophilic polymer
contalned in the hydrophilic coating laver in a mannsary of

directly kbending or indirectly konding thereto through 2

finkexr group; and

a compound centaining a group or & bond

addition, the

To the invention
3 -, . . G ey A - e oy £ e e 3 - -
dogs not constitute a2 part of & porous bkase material or a main
b o MAE g meemmee Ty e rmed e royrde g Ty e o L o P R T
cChain Y a Qross-ilnged nyvarophlrilc po iyvmer, and i1s covalen LY

bonded to a porous base materiel or a Ifunctional group or a

hranched chain which is bonded to a mailn chain of a cros

w

Y .
inked

Lic polymer. Further, in the case where the

POrous zrial or the cross-linked hydrophilic polymer

has the hydrophilic gro

a2 hydroxy group or an anm

[ OO0k
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4 P i . - 1 e
i1 group. In the case where a group or a bond having
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nt-electrons of the high electron density part is hydrophobic
part such as the arcmatic hydrocarbon and such & high electron
density part is borded to the hydroephilic group of the cross-
linked hydrophilic polymer, the hydrophilicity of the whele

filter medium according to the present invention may be

[

lowered. In such & case, when the high electren density part
has a hydrophilic group, the hydrophilicity of the filter
medliuom can be maintalined.
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The filter medium for a water Ureatment filter according

invention can be produced Ly a method

comprising the steps of socaking a porous base material in &

group which may contain one or

from a group consisting of an

- . 13 o A -~ Yo N e o ~ oo b - I 3 g e o
& precursor compound of a high electron density part having a

v e g e A et . o R [ AL VU A | . L P R S ~
necsessary, the porous ase material may be previously

in & solvent of the oy the
cross-linking agent solution. Fox in the caszs where a




material of the porous base material 1s a fluororesin having

hydrophobicity, the porous base material cannol be

5 sufficiently coated in some cases. In such a case, Lhe porous

base materlial bhe sufficiently coated by previously wetiing
in the scivent. For example, In the case where [he porous bhas
material is praviocusly wetted in water, Lthe porous base
material may be first waited in alcohol such as ethanol, and

10 in turn may be wetted in water.

The order for socaking the porous base material
pr! I

hydrephilic polymer sclution and the cross-linking agent

N

solution is For examplie, 1t is preferable that the

1% porous base is first socaked in the hydrophilic

polymer solutlcon since the malin component of the hyvdrophilic
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Trhe soivent of the hydrophilic polymer solution 15

s

ihly water, water-soluble organic scolvent, and the

mixture of walter and water-soluble organic solvent due to
hydrophilicity of the polymer. Examples of water-soluble

organic scolveant can include alcohol selvents such as methancl

s @ther soivents such as disthyvl ether and

acerone; and amide
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SGivents A%

and dimethylacet

[ 0062
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be appropriately adiusted, and [or example,

30 therect can bhe (0.1
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The cross-linking agent is not particularly limited as
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ent has one or more selected from
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a group consisting of an ether group, a hydroxy group and an

amine group in a functicnal group remaining on the cross-—

N

Linked chain after reactions or the cross-linking agent has no

e
¥

ramaining functional groups. For example, a diepoxy compound

such as ethylene glycel diglyeildyl ether, (polyjethylene

IS
L.

athey, propylene glycol diglyeidyl ether, diglycerol

col diglyeidyl ether, (polylpropyviene glyeol diglycidyl

S =

‘e i1 oo N R o T
nTane diai, octaneg Gial, nonanes

} 1 4 } o B R I - ~ - o P
tetramethoxysilane, tetraethoxysllans, tetraiscpropoxysilane,

methoxyvethoxyethyl vinyl ether, and fTetrahydro furfuryl vinyl
ether; an allylic compound such as ethylene giyceol monoallyl

ether, trimethyvliclipropans allyl ether, diethylene

glycolmoncallylether, pentaerythritel trialliyl ether, and

gl ;oand an alkens compound such as

» e PR SRR P R - ay e ey o T S
ene, and Lscobutyliens can be uzed. In the

ion, the cross-linking agents such as Thoses
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111G a 7w oelectron remalning on the cross-linked chailn

after cross-linked reactlons cannot ke used.

Az the solvent of the cress-linking agent solution, the
5 sams solvents as the sclvents of the hydrophilic polymer
selution can be used.
[ 006D]

The concantration of the cross-linking agent soclution may

e appropriately adijusted, and fcor example, the concentration

Y can be 0.1 mass? or more and 10 mass% or less.
[ G0eR)

For acc reactions, a base or an acid may added
one or both of the hydrophilic polymer sclution and the Cross-—
linking esgent soluticon. Examples of such a base &l

1% alkall metal hydroxide such as sodiam hydroxide or potassium

oooaniad.

e

polymer solution and the cross-linking

i, Lhe porous base material is scaksed in the

b

b
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other solution. These soaking Lreatments may Consseda

n
7
¢
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;
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carried out. Alternatively, the porous base material may be

- eyt o 3 - Loym o pmped e -~ - ] -
Falie] materlal may e Gried 1o S30me eXient, and the porous

material may be soaked in tThe other solution.

T e 4 e ~ - 3 e b 4= Y g
ic polymer is cross-linked with the

;
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marterial by means in accordance with & used oross-
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linking agent, to form a solid hydrophilic coating layer
comprising the cross-~linked hydrephilic polymer on the porous

ferial.

e
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cr exampls, in the case where s diepoxy compound, a

The condition of

may be
adijusted &3 long a2s the hvdrophilic polymar is

cross-linked. Tor example, the temperaturse of the

ent can be 20°C or mors and 200°C or less. The

rime of the heating treatment can be 5 minutes or morse and 10

For example, in the case where the hydrophilic polyvmer has
a nydroxy groun &3 the hydrophlllc group and the diepoxy
compound 185 used as the cross-linking
-3 and a hydrowy group are contained in the cross-linked

chain. In the case where the hydrophilic polymsr hag an amino

group as the hydrephilic group and the diepoxy compound is

used as the cress-linking agent, an amino greup {-NH-) and a
hydroxy group are contained in the cross-linked chain. In the
case where the hydrophilic polymer has a hydroxy group as the

hydrophilic group and the dialdehwvde compound is used as the

ntained in the cross-

3
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O
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compound 1s used as the cross-linking agent, an imino group (-

ig formed. In such a casa, it

N=C<} containing a n electron
ig preferable that an imino group is reduced into an

group {~NH-} by the action of the reducing agent.

—
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In the case whers the gsilicon a

Joert

koxide compound is used as

the cross-linkin

£

r agent, the hydrophilic polymer can be

icon aikoxide

py the addition of boron ion and halogen ion as a

o 5

the adiustment of pH of B or more and 14

or less.,
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Tn the case where the alkene compound
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ltraviolet

i

nm oor more and 400 nm or more gcan be usad.

ctron density part bonding step

faam w4 b o - 5 —_ n P 3 3 - S
Further, the precursory compound of the high electron

Lo covalently

bond the high slectron density part Lo a cross—linked

hydrophllic polymer.
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The precurscor compound of The high
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lectron density part

13 a Comp for covelently bonding the group or bend which
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nag Lectrons UG tne -

a compound having a group re

and basic struchture of the hydre
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reaction site which is the group having
le of the latter compound, when an isocyanats compound
reacted on a hydroxy group of the hydreophilic polymer, the

reaction site hecomes a urethane bond ha

hydrophilic pelymer, the amidoe bond is regerded as the bond
having m-eslectrons in the present invention.
L6077

The reactive group for forming the covalent bond to the

can be exemplified by, for sxample, an
imocyanate group; an lsothiocyanate group; an acid hallde
group such as acid chloride and acid bromide; an active imide
such as succinimide, phthalic imide, N-hydroxysuccinimide and
He-porbornene~2, 3-dicarboximide; an active ester such as p-
nitrophenyl ester; and an aldehyde group

[ 4078]
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roup in the precursor compound

may be 2 or more. In this

hyadrophi

may bhe
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3

et

there are 2 ov morve high electron density parts for the
hydrophilic group, the remaining hydrophilic group can be

efficiently protected, and therefore, deteriocration of the

hydrophilicity of the filter can be suppressead even through a

in

More specific reaction condition may be detsrmined

the reactive group of

h

properly in accordance with the tvpe o

the precursor compound of the high electron density

the like., For example, when The main hydr

Iymer iz a hydroxy group and the reac

wf the praecursor compound of high electron densit

an active ester group, the precursor compound may be

e

1 3 T I P el T R
nydrophliliically coated porous base material may be
with the solution or the sclutlon may be applied to the

- R £, .o
necessary Lo Iorm &

hydrophilic polymer of the hydrophilic coating layer and

introduce the high electron density parit. ¥hen the maln

precursor compound of the high eslectron density

18 prereradbile Lo acd & p

[
3
e
)
[t

aclid catalyst to the solution.
cogll
g e e " md Ay . oy -~ = e £ . ey . -
filter medium for & water treatment I acocydin )

to the present invenbion has to be permesable Lo

zwater ¢

~
b

e trested., Tf the

LT ng precursol

Bt

compound oF
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the high electron density part 1s too high at the time of the
reaction, the continucus pores of the porous base material may

~

possibly pe plugged. The proper concentration of the precursor

rﬁ

compound of the high electron density part in the reaction
solution depends on the porosity of the porcus base material

and the type of the compound for improving the durability and

the like; and the concentration is, in

legs than U.01 mass% and not more than 5 massk The

is more preferably not less than 0.02 mass%

R P U S m - AT ooon "
aven more preferably not less than (.02 massh

. o P s - o .
net less than G.1 massk

even nore preferably not more than 2 massh

riy preferably not more than

ey the above-w

iike, and for example, heating treatment mavy be carried ocut at
e e A -} - T ne 1y e . [ o) S T - T R [,
not less than about 100°C and net more than about 250°C for not

less than about 10 minutes and not more than about 5 hours.

T - &L g £ FI P ey e s 4o Frad
The filter medium for the watey treatment filte

the filter is to be emploved after being processsed, or may be

formed previously into a desired form and then processad.

and adhesion to
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to the present invention 1s excellent in water permeability.
For example, water permeability at 20kPa transmembrane

pressure difference is 1 ml/min/on’ or more.

In addition, the filter medium for a water Lreaiment

ording to the present invention shows high

) o G S X - ~ g ) - k™ R e R Lo
Tesln OXRQ&ZLQQ éq@ﬁl Such as nvypocr.iorite o
% § Eny 5 Pp— 1 - v . vm e e, FE— N Ty Er e »

e used fTor washaing & walter Treatment filter FOY o eXamol &

i o fon g PR TSy S s : Py N - S Fa TN -
decreasing rate of water permeabllity i1s preferably 70% or
b a4 e o
LeESE ailner

solubion fo

v 60% or less, even more pre
more preferably 50% or less, even more preferably 40% or less,
1

y preferably 30% or less. The decreasing rate

of water permeability iz calculated with the following for

=

i decreasing rate of water permeabllity by

a4

{2y = [ l~{water permeapbility at 20kPa transmenbrane pressur

[

erence after scaking in a 0.6 mass% sodium hypochlorite
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agueous soluti o weeks)/{water permeability at 20
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tranamenbrane pressure difference before scakingyl =100
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Tt as ny apparatus

uslng the Lilter example, a

filrer of the present

pleated, and the resulting filter may be pul in & cylindrical

30



invention and both sides and one end in the
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sealed so as to form an envelope-iike shape, and

the resulting body is rolled around a core material for

The water treatment filter and the wabter treatment

10 the present ois}
W and a sclution cont 30
solvent, since the filter medium its hvdrophilic For
example, the water Lreatment filter and the water Lyeatment
apparatus can be appiied for filtering a solution and a
15 suspension containing & chemical or X 1, clean water,

Incdustirial wastaewater, Iawags

and others.
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he filter medium of the present invention i1s sufficiently
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hypochlorite. The filter medium is therelfore particularly

vseful for especially large scale {filtratiorn of wastewater and
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Az described above, a conventional Tiid

2 madium for a
water treatment filter is not sufficient in the oxidavion

registance to an oxidizing agent used for removing biolouling
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30 density part contain
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erentially attack the w-electron part in

base material; and as a resuli, the
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covalently bonded, The part scarcely drops coif unlike the case

that an oxidation resistance agent 1s supporied,
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waitay treartment filtery against an

oxidizing agent to be used for washing and prolong the life of
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The present C the bpene of priority Lo
Japanese Patent Appllcation Number 2011-053854 filed on March
14, 2011. 7The entire contents of the specification of Japanese
P 2011-05%854 filed on March 14, 2011
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Hereinafter, "%" represents "mass %" uniess otherwise

[ 00324)
5 Exampie 1
{1y Production of a hydrophilic expanded

MEmDyanes
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10 diameter: 0.2 um

1

non-woven fabric) was impregnated

advance, and the ethanol was substituted for pure water. Then

the membrane was lmpregnated with a 1.0 mass% polyvinyl

alcoohol aquecus solution (product name: PVR-107 manufactured

on

by KURARAY Co., Ltd.). Subseguently, ethylene

{£

Lyool

diglyeidyl ether as a cross-linking agent was added to a

potassium nydroxide agueous solut to obtain & 2.0 mass?h

ylution,

A

[

above membrane was impregnated
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on. Anneal tTreatment was carried oub undey atmespneric

P
e
by
M
i
N
jud
[
®
&
i~
Ln
[
I

for 10 minutes. Then, the membrane was
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ilic expande

polyvtetraflucrcethylane porous mambrane (herzinafter, referrved
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the total amount became 30 ¢, to obtain a 0.1% agqueocus

solution. The aguecus sciution was applied on the above

hvdrophilic ePTFE membrane in a thin layer and excess solution
5  was removed using & barcoater (manufactured by DAIICHIRIKAG .

= I Ferey ., . ¥ -— e g A [ N R e
v, bthie membrane was heated at 17070 for 30 minutes so that

medlum.

10 The hasle structure of RBLS335 has been announced as the

P y

detalisd smical structure has not

found by the measurement with XKRF and

s 4 T [ A R TR . . e e o
IK the compound had & hydroxy group as & manor

hydrophilic group.
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Chemical Formu

above described reaction, -0-C(=0)-WH- group
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was Lormed by reacting the terminal

igocyanate group of BLLI35 with the hydroxy group cof polyvinyl

L filter medium was prepared according Lo a

ro the above Example 1 except that 0.42% g of BLHE3IZD was

and the sclution concentration was adjusted to 0.5%

S
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Example 2
A filter medium was prepared according to a similar method
ro the above Example 1 except that 0.696 g of BL5335 was used

and the solution concentratlion was adjusted to (0.8%.

Fxample 4
A filter medium was prepared accerding to a similar method
to the above Example 1 except that 0.858 g of BLH335 was used

and the sclutlon concentration was adiusted fo 1%.

2 medium was prepared according to a
to the above Dxample 1 except that 1.716 g of was ussad

and the solution concentration was adjusted to

&
A fiiter medium was prepared according to a lar mathaod
o above Example 1 except i was used
and the sclution concentratlion
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Chemical

N Y o i om0 o
amount becams 30 g, Lo obtain a U0.15%% aguecus sol

-y « o e e e - o - a3 2 r T
The agueous solutlion was applied on the nydrophilic ePTFE
5 e - P SR Ty oy % - [ B .
iy Lo the above Example 1, and then the
» - e - et & . o U e
mambrans was neated at 160 C for 5 minutes, &




Thne chemical structure of MEIKANATE is as follows, ang ~0O-

Ci=0)~NH- group inciuding m-electrons was formed by reacting
the terminal isocyanate group with the hydroxy group of

clyvinyl alcohol. In additicn, benzene ring has also n-

5 electrons,

Chemical Formul 21
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GN NQ-
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D a107]
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148 Example &

To a commerala hydrophilic bhlocked

Bayhydur'™ BL-XP-

Lo
[53]

the toral amcunt became 30 g, to obitaln a 0.5% agueocus

ePTFE membrane similarly to the above Example 1, and then the

ilter
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membrane was heated at 8070 for 5 minutes, to obtain

medium.
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of XPZ666

grouvr is introducesd in

above described reaction, -0-C{=0}-NH- group including mn-

rmed by reacting the terminal lsccvanate group

electrons was

25  of XPZ66% with the hvdroxy group polyvinyl alcohol,
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The hydrophilic &PTFE membrane obbtained in

T
o
ey
i

above

Example 1(1) was used as 1t was.

Comparative Example I

The hydrophilic ePTFE membrane obtained in the above

cr 30 minut
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Bxample 1(1) was

heated membrane was used.

E odron of water {about 0.1 mi}
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and within 1 minute;

31 a2 filter medium over 1 minute
an
21 A water drop did not permeate inte & fllter medium

42 minutes and the filter medium slightly got wet;

11 a water drop did

o
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fomt

10T ter madium &t

AN filtey medium did not get wel

mach filter medium was soaked in a 0.6
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sodium hypochloritse agueous solutnion for 2 weeks, and then
washed wilith water and dried at room temperature overnight.
Jubsegquently, wettability was examined by similer conditlon as
the above, The results are shown in Table 1. In addition, the
photograph o©f the case that water was dropped on the filter

media of Examples 1 to 2 and Comparative Examples 1 to 2 after
- il

3

scaking in the sodium hypochlorite agueous solution 1s  zhown

-

s

in Figure 1.

Before After
} NallO treatment|Wallo treatment
Comparative Untreated hydrophilic - .
Example 1 ePTFE membrane N -
Comparative|Heat-treated hydrophilic . X
Bxample 2 ePTFE membrane . )
Hydrophilic ePTFE
Example 1 |membrane treated by 0.1% 5 5
BLE33S
Hydrophilic ePTFE
Erample 2 |membrane treated by 0.5% 5 5
BLS335
Bydrophilic ePTFE
Example 3 |membrane treated by (.8% 4 4
RL5335
Hydrophilic ePTFE
Example 4 membrane treated by 1% 4 4
BL5335
Hydrophilic ePTER
Example 5 membrane treatad by 2% 3 3
BLSH335
Hydrophilic ePTFE
Fxample 6 maembrane treated by 3% 2 2
BL5335
Hydrophilic ePTFE
Example 7 membrane treated by 2 2
0.15% MEIKANATE
Hydrophilic ePTFE
Example B imenbranes treated by 0.5% 5 5
XP26as
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Az  shown in The results in Table 1 and Figure 1, the

wdrophillicit of the untreated hydrophili aPTFE membrane

{(Comparative Example 1) and of the hydrophilic

that  was only heat-treated {Comparative Example 2} wa
decreased after the membranes were scaked in the sodium
hypochlorite agueous soluticon for 2 weeks. The cause 13

thought to be that +the number of hydroxyl groups of PVA

g porcus PTFE was decresased and the baslc structure of
PVR was  broken due be  gsodium hypochlorite 30 the
hydrophilicity cof the membranes was decreased. When such a
mensran is repeatedly washed using 2t regular
intervals, differential pressure will pe raised and flow rate
hecome decreased,

[ 0116}
On the other hand, the nydrophilicity of The media
zocording to the present invention was  hardly decreased
esg of the treatment using nypochlorite., The reason is

=] and nigh s&lectron
by hypochlorite, and as a vesult, PVA iz from the

o
[
B

medium of Che present inventlon is applied fto a water

treatment for waste water treastment and the like, the
performance of the filter medium ls difficult to be lowered
ricd the 1ife thereci Ls longer than that of & conventional
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Pt

A%

30

filter medium even when the filter medium is eifficiently

washed using hypochlorite.
[ 0118]

In the above expariment, a drop of weaier was added
dropwise for examining the degree of detericoration of
hydrophilicity; however, a large amount of water is introduced

o q

tual water breatment, and therefore the level

I o
el

of the above "27 is sufficient as the hvdrophilicity of a

regenlt LNDIVenTLon Was

the above

mamnbrang having

A filter mediuam according Lo the present invantion was

xcept that a microporous polyietral
haeving 0.5 um of pore diameter (product name: SM3-540850

1oknesa: 200 jm;

vith polyester non-wovan fabric) was ussd in

Orous POyt
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Example 11

A filter medium according to the present inventicon was
prepared according te a similar method to the above Example 7
gxcept that a microporous polytetrailuorzoethyiene membrane
having 0.5 um of pore diameter (product name: SMS-54050
manufactured by Japan Gore-Tex Inc. ; thickness: 200 pw;
lavered product with polyester non-woven fabric) was used 1in
place of a microporous polvtetrafluoroethyvlens membrans having

0.2 um of pore diameter.

Comparative Example 3

Polyvinyl aloochol {product name: PVA-107 manufactured by

mi Erienmeyer [lask. The mixture was stirred at about 90°C, to

rpom temperature, lsopropyl alcchol (about 45 g and &

O ially avallable isocyanate aguecus solution
{product name: MEIKANATE ME manufactured by Meisel Chemical
Works, Lbd.; an amount eguivalent to 0.05 g of blocked

sraved

mEmorans

110°0

dNd e

&l

in which polyvy

a dilsocyanale compound,

=N
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Comparative Example 4
A filter medium coated with & hydrophilic polymer in
polyvinyl alcohoel was cross-linked with & diisocyanate

compound was prepared

o+
O
fu
431
F_:.
=3
[
¥

method to
Comparative Example 3 except that an amount of blocked

isocyanate used was O

ook
ot
L

Bilivy of the filter media in Examplss 9 to 11
and Examples 3 to 4 was ured at 20 kPa

transmembrane pressure difference per 1 minute &

]
j
o]

assuming actual wastewalter filtravion.

In addition, each filter medium was soaked in a 0.6 mas

sodium hypochlorite agueous sclution for 2

and then

washed with water and drie at room Lemperature overnlght.

Subseguantly, waler permeabllity of each

measured under
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excellent

Wataer

Lity and high resis
10129

~ance against the
Test Example 3 |

L}
z

1
-]
4

: Mass change tCest
To verify the considsratior
each §

filter

mediun was tested
aach filter

mm
mediamn

Lty
e

of the above Test Example 2,
for ma

5% change.

s
-
a3

2, =2ach filter medium was
sodism hypochlarite agquecus solution for two weeks
in the same Mannser as 2 2, and e
was welghed, results are
o130

iter medium
Tabl

Paampia %

3

et

the case where polyvinyl
wWas ] ~linked with a
sooyanats decrease of mass was clearly
a Lreatment yosodium hypoohlio . OUn the
o other hand, the decrease of mass 1in the
treatment filter &accord

ding

4o

44
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not cleariy confirmed sven after the tCreatment with sodiam
hypochlorite. By the above results, 1L was verified that the
filter media for a water treatment filter according to the
prasent invention had excellent water permeability and high

resistance against the oxidizing agent
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CLAIMS

1. A filter medium for a water treatment filter,

compriging a porous Dbase material having a hydrophilic
coating layver;

wherein the hydrophilic coating layer has a crosg-linked
hydrophilic polymer and a high electron density part;

a hydrophilic polymer in the cross-linked hydrophilic
polymer is cross-linked with an aliphatic saturated
hydrocarbon group which may ceontain one or more functional
groups selected from a group consigting of an ether group, a
hydroxy group and an amino group;

the high electron density part has n electrons;

the high electron dengity part is covalently bonded te the
croses~linked hydrophilic polymer; and

the porous base materlal, the main chain of the cross-
linked nydrophilic polymer and the main chain of the cross-
linking chain of the c¢ross-linked hydrophilic polvmer do not

have © electrons.

2. The filter medium for a water treatment filter according to
claim 1, wherein the high electron density part has one or
more selected from a group consisting of an  aliphatic
unsaturated hydrocarbon group, an arcmatic hydrocarbon group,
a hetercaromatic hydrocarbon group, a carbonyl group, a
nitrile group, a sulfoxide bond, a sulfonyl bond and a

sulfonic group.

46



3. The filter medium for a water treatment filter according to
claim 1 or 2, wherein the high electron density part has an

amide bond.

46A
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4. The a water treatment filter according o

any one of claims 1 to 3, whearein the high electron density
part an
5 The filter medium for a to

any one of claims 1 to 4, wherein the high electron density

1

part further has a hydrophilic group.

[

The filter medium for a water treatment filter according o

claim %, wherein the hydrophilic group is one oY more seledy

1

from a group consisting of a hydroxry group, a sulfonic group,

=

A carboxy group and an anino group.

T, The

medivm for a water treatment filter according Lo
any one of claims 1 to &, wherein The porous base materlal is

a porous fluororeslin menprane.

9. The filter medium for a water treatment filter accoerding Lo

-

claim 7, wherein the porous fluororesin membrane i3 & ROYrous

PTFE membraneg.

9. The filter medium for a water frestment filter according to
any cne of claims @ toe B, wherein the hydrophi

polyvinyl alocohol, sthylene - wvinyvialoohol copolvmer,

nylens - vinylalcohol copolyner,

=




[WeY

-y

Al

[

L0

o

<3

Y P R o ~ L3 e " -~ iy i A I ] v pe +
il. The water treatment filter according fto claim 10, whersin

water permeabllity at 20 kPa transmembrane pressure diffsrence

is 1 ml/min/om® or more.

k] -

12, The water treatment filter according to clalim 11, whersin

a decreasin 0% or less after

1

agqueous seiuvtion

oo T 3 ey < A g A e — s R [
13, A water trszatment apparatus, comprising A water
- = T o s Y A e
any one on Clainms Ly o

14. & methed for producing z A water

treatment filter according to anv one
comprising the ateps of

soaking a porous base material in a hydrophilic peolymer

froie & group consisting of an ether
group, a hydroxy group and an aminc group, and

reacting a cross-linked hydrophilic pelymer with a precursor
compound of a high electron density part having a n electron,

to covalently bond the high elsctron density part to the
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coating layer, thereby improving the oxidation resistance
property against an oxidizing agent used for washing the water
treatment filter, wherein a hydrophilic polymer in a crossg-
linked hydrophilic polymer is cross-linked with an aliphatic
gaturated hydrocarbkon group which may contain one or more
functional groups selected from a group consisting of an ether
group, a hydroxy group and an aminc group, and the porous bage
material, the wmain chain of the c¢ross-linked hydrophilic
polymer and the main chain of the cross-linking chain of the

crogs-linked hydrophilic polymer do not have w electrons.

49



