DESCRILE

FIDTER MEDIUM FOR WATER TREATMENT ¢ILTER AND PRODUCTICON METHGD

THERROE

The present invention relates to a filter medium for &

water treatment filter, a water treatment fillter containing

Lhe

mediuam, a Creatment device containing the
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BECKGROUND
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Lt 18 1mportant o remeove inscoluble components 1n water
discnarge Irom an O

For the removal,
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so-called biofouling, adheres to

accumuliated due o the use of

20 refore necessary Lo
filter. However,

protecrion means of
20 avan to certalin kinds of Therefore, an
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water treatment filter.

.

wide range o

and removing

Shows an

a decdorilzation

function and even more 1s nhighiy water scluble, economical,
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v low foxic and noncombustible so that hypochlorite

has been used widely in food industries and water freatment
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Although hypochlorite is widely used for washing a water

treatment filter as described above, hypochlicrite causes a
problem that a damage and the life of

the filter 1is shortened due to the high effect. Specifically,

ith s

i
18

ien  {Cl7y;  and therefore, hypochlori! acts as a strong

oxidizing agent and attacks the hydrophilic groups and Lhe
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lter material, arncl
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polymer backbone of

o A T T Yoy oy o e d PN i ] } b o .
eventualliy cuts the polymer backbone. It has peen thereiore

studied 1o empioy a materi a5
a base material for a filter.
P O006]

As  a raw excellent 1In chemical resistance, &

fluororesin  such as PTFE  (pelytetrafluocrcethylene) can be

flucror 18 &
mat iail tor o a water Lreatment . ter; however, there 18 a
disadvantageous point that fluorore: is  dinferior  ir
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hyvdrophilicity. hecordingly, technologies for improving the

hydrophilicity of a filter of a {fluorocresin have Deecern

develcped.
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For example Patent Document 1 discloses a method of
r

impregnating & porous PTFE membrane  with a  hydropi

copolymer of a fluorine-containing vinyl monomer and a vinyl

~
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MOTome 7 Jroup. Patent Documents 2 and 3

disclose methods o0f ceating the surface of a porous PTEE

linked
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polyvinyi alcohol.

Further, as a technology for improving the chemical

‘face treatment ratner than Dy

Document 4 discloses a filter
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active specis causing an oxidation action on the

suriace of & filter baszss in order to improve the

durablility against the actlve specles such as a hydroxy
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for suppressing the decrease

of water permeabllity due to the repetitions between dry
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porous membrane coated withh a coross-linking ceating layver in

layer contains & DbDlocked

isocyanate or a urethane.
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SUMMARY OF THE

PROBLEMS TO BE INVENTION

As described above, various technologies for improving t

chemical resistand and hydrophilicity of a water treatment

& been developed.
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However, hypochleorite (o be used for washing a watezr
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Ll ter 183 an @X\..,.I.%Iﬂ@l_y' STLIOONG OXILOIZ:0Ng adgen T, and

tregtment

in the pr s no hydrophilic agent which

hypochlorite. Although polyvinyl alcohol  can

a strong acid and a strong base and 18 an excellent

hydrophilic agent, polyvinyl alcohel 1s not sufficient in tl

resistance against hypochlorite zand thus the filters of Patent

fail te solve the problem cof shortening the

the filter of Patent Document 4 reqgulres a

as gold, p
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Specificalily, cross—linking coating layver for coating
porous membrane has a chemical structure that a2 polyvinyl

nuclecphilic polymer 1s cross-iinked with a blocked isocvyanate

or & urethans. Since the urethane group or fThe isocyanate
layer has the high electron

Lz a result, there 1ls a problem that & orossg-

Ry

linking coating laver 1s dropped and hydrophilicity 1s

Lowered.

having
contradictory characteristics, that 1s, hyvdrophilicity and

chemical resistance, and a long life, and to provide the

productlion method thereoi.

MEANS FOR SOLVING THE PROBLEMS

[ 0016)
The inventors of the present invention made wvarious

investigaltions for solving the above-mentioned problems. As a
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result, inventors came  up with an  idea that
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lower nucleophili covalentiy-bonding & hi elaectron
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density part having w-eiectrons, which is highly reactive to an
electrophile, to a cross-linked hydrophilic polymer and making
hypochliorite preferentially attack the part. The inventors

5 experimentally proved the idea; and as a result, Tfinally
completed the invention.

[ 0017

Treatment

S zed in comprising a porous

nresant

T ry T e e ey e 4
L Dase mater:s

hvdrophi

a  high electron density part; a hydrophilic

= Crozs
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polymer  in cross—ilinked hvdropnilic poiymer

Linked

an aliphatic saturated hydrocarbon group which may
i5 contain one or more functional groups selected from a group

consisting of an ether group, & hydroxy group and arn amine

negity part is cova

polymer

part in the medium Lor a

albly has one or more selected
from a group consisting of an aliphatic unsaturated
hydrocarbon Group, an aromatic hvdrocarbon Jroup, B

.

Lo hydrocarbon group, a carbonyl group, & nitril
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group, a sulioxide bond, a sulfonvl bond and a sulfonic group.
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th electron density part preferally has

hydrophilic group. When the high electron density part is an

group and others, which have highlyv

active 7 electrons but are not hydrophilic, the hydrophilicity

of the filter medium may be decreased though the cxidation

inst hypochlorite is improv

m
(D

licity of the {ilter medium is maintained by

further introducing a hydrophilic group.

TroulE Cons b

carboxy group and an aminoe group can be

I In such a caze,

As the porous base material, a porous fluorocoresin membrane

can be usad, and a porous PTFE membrane is particularly

preferabie. A high performance 1s naturally
-2 U tment filter,

and is additional
reguired when a filter is used to treat a large amount of

water 1n a wastéewater tregtment plant and others Strength

chemical resistance against an acid or an altkali for a long

er madium for a water

time are also regquired for the fil

treatment fllter

ous PTFE membrans, 1is extremely

in chemical resistance and can withstand washing

with hypochlor

1s expanded.

As the hydrophi mer, volyvinyl alocohol, ethylene

hylene -

WA
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>r.  In terms of the points, a porous flucrores
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Groa metal alkKoxlae can be

exemplified. These hydrophilic polymers can give appropriate
nydrophilicity to a porous base material having hydrophobicitvy.
In additicn, it becomes difficult that kicfouling having many
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S hydrophobic sites adheres on the membrane due to
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philicity.

invent a
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permeability at 20kPa transmembrane pressure

AT

ml/min/cm’ or more. R

10% or less after socaking in a 0.6 massh

lon for Ltwo we

rite aguecus solu

In addition, a water fTreatment device according to the

present inven

g = gy g
IoYy a Water
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for producing a
treatment Iilter according te the present invention 1is

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

agent scolution, c¢ross-linking a hydrophilic polymer with an
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Lic saturated hydrocarbon group which

T

- “ o =) b iy e - A e - - n o - += -
groups selected from a group consisting of an

COMDOUTIC

g
DAY



1

covalently bond the high electron density part
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A method for Improving oxidation resistance property of a

o

g

filter medium for a water treatment filter according to the

na

present invention 1is
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high electron density part having a 7

base material having a hydrophilic

coating layer, thereby improving the oxidation resistance

10 proparty against an oxid ng agent used
t . lter, wher 5 hydrophilic polymer in a cross-—
linked nydrophilic polymer is s-linked with ar
saturated hydrocarbon group which may contain one or more
functional groups selected from a group con of an ether
L% group, a hydroxy group and an amino group.

EFFRCT OF THE INVENTION

life is required of the water treatment Tilter
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Lo be used for removing insoiuble components However, since

the  hydrophilic groups or the cross-linked  Thydrophililc

laver are

as hypochlior: £ 4 together

with the hydrophilicity thereof and it is actually obliged o

foot

exchange

b 5 oyears.

Crealhennt
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30 according to the

has a high electron density
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hydropnilic «coating layer, the

hydroph

scarcely affected at the fime of washing treatment and thus

y o 3 1 i
The I ey has a 1ong Liig.

the water Lreatment according to  the
invention is industrially very useful, since the

treguency of  exchange and maintenance ocan be  decre

- m 1 P for s my e oy e .
Crie wartey vreatment I¢

: T e PR v b i e g B
in Lardge L1esn wWherse a
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large guantity cof water has to Dbe treated and sxchanged and

DRAWINGSE

Figure 1 15 a photograph of The

crm e - 3 - P I T I R I A SR T N
WaS dd‘.ilpp@.(l Oonoa conventional Tiitey medium and the present

Lo £1 medivm was

Tryvent

with scdium hypochlorite.

MODE POR CARRYT T

A& Dilter medium Loy a water according Lo

the present “ion i in a porous

base material having a coating lavyer; whersin the

hydrophilic

Oroohl iic

and a high electron density part; a hydrophilic

polymer in  the coross-linked hydrophilic

saturated hvdrocarbon group which may

linked with an al
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contalin one or more functional groups selected from a group
consisting of an ether group, a hydroxy group and an aming
group; the high electron density part has n electrons; and the

is covalently bonded to the oross-

high eleciron density part
linked hydrophilic polymer.
[ 6033
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The water treatment filter according to the present

inventlion contalins a porousg bhase material having a hydrophil:

11 is not particularly

)

{

porous bhase materi

o —_ I T T
mhe material 1s OYQropnLlLlic anda poerous, and

rhus usab) as & filter for wastewater.
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Lhe Lor wne e

exempiified by, for example, ceilliulose and derivati

polyamide, polyacrylonitrile, polyvinyl alcohol and

polyimeth)acrylic acid and derivatives

1ich are hydreophilic pols
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layer according to the present invention, 1t is insufil
to have only closed pores ana 1t 18 necessary to have
£

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

the porocus base material 1s used as a

lter., The Guriey

0

number standardized in JIS P 211

is preferably not more than 1000 seconds. e pOorous base

N e Ta T I S
numoer of aoour LUl sS8condas oy

3 is g usable as

The lower limit of the Gurleyv number

The Gurley number means b
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6.45 cm® in a perpendicular dirvection under &

R, - g T LT . S, o+ R R . - o noo
pressure of 1./Y% kiPa. In terms of fthe mass per unint area U.5
b I r

T L 4.

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

guaranteed. The upper limit ¢f the mass per unit area is

preferably 500 g/m”.

The porous base materlal accoerding to the present

invention 1s coated with the hydrophilic coating layer. The

be hydrophobic. For

b
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ethylene -
Tetrallucroethylens copolymer (RTFE), fetrafluorocethylene -
rerfluocrcalkyl vinvyi ether copolymer (PFA),

ioroethyliene — hexatl

lucropropylens

e g Y S
rogtayiene

rial of the porous base material, an expanded porous

(¢PTFE) 1g preferable.

properly

accordance with the water pressure at use

or the like, and can be generally 15 um or more and about 1 mm

AE NON—-wovan Le

50 um or more and about 1 mm or

12
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The porous base material accoerding to the present
invention 1s coated with the hydrophilic ceating layer and the
hydrophilic ceoating layer has a cross-linked hydrophilic
polymer and a high electron density part.

exemplified by, for example,

o))

i

zlcohel copolymer,

=

copolymer, polyalkylene

In addition, in the case where there is a n olectron on
the poreous base material or the basic structure of the cross-
linked hydrophilic polymer, the m electron is attacked by the
oxidizing agent and the porous base material or the basic

structure of the c¢ross-linked hydrophilic polymer can be

| e

broken. Therefore, the porous base materd

electrons., In the present invention,

hydrophilic polymer and a main chain of a cross-linked chain

it

CCLIOn
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of a cross-linked hydrophilic polymer. Thus, the high e
dernsity part according Lo tLhe present invention does not
constitute 2 part of a porous base material or a main chain of
a cross-linked hydrophilic polymer and the high electron

density part covalently bhonded to a porous base material or

N B N - = - L b wilt el oA A e e

a functlional groun or a ranchecd-chailr Co WNIon & Mmainy Cndain
f

of a i polymer i1s bound In addiziocn,

. N - ot . - N
in Case a2 poXrous base oA
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oY an amino group having
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The hydrophilic polymer according to the present invention

Ls cross—-linked with an aliphatic saturated hydrocarbon group

which may cont one or more functional groups selected from

amino group have lone-pair electrons but

these groups have more lower

that of the high electron density part
having a = electron. Therefore, in the case where the filter
medium according to the present invenition is washed by the
cxidizing agent such as hypochlorite, since it is relatively

nard that

of the cross-1i
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The length of the cross—linked chain may be appropriately

"

adjusted, and for example, the carbon number of a main chain

of an aliphatic saturated hydrocarbon group cons

preferably 2 or more and 15 or less. In
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In the filter medium for a water treatment filter

according to the invent:

hvdrophilic polymer constituting € ¢ fir Ve,
[ 0G44]
Tn general, a water treaztment filter has to be

pericdically washed wi

N oan oxidizing agent such as

hypoo to remove bicfouling. A conventional water

treatment fild

iz susceptible to damage by the washing

19 F - % . - Y
Life 15 zng nec. On the

since the present invention
fitter has durability to the washing treatment with

hypeochlorite and others.

higher electron density part. The water

genera:ly hydrophilic and shows wettability Lo water, since

the wabter treatment filter is obtained by using a hydrophilic

pelymer.

Jroups
themselves may be decomposed or the basic structure to which

the hydrophilic groups ars bonc e proken. In the
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electron density part having n-

le

e

reactive Lo an

@

trophllic agent
is introduced to a cross-—linked hydrophilic polymer of a
hydrophilic coating layer for coating a porous base material

so that hypochlorite preferentially attacks on the part at the

hus the hydrophilic group or

time of washing tTreatment, and t

M

£ cross—linked hydrophiiic polymer

—
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constituting the hydrophilic coating layer c¢r the crogs-iinked

chain having a specific structure is selectively protected and

[0}

cectron density part having n-electrons may have,

Lo o e - e T B e - .
Tar exXampie, one Or mMore sereciao Trom a group

H{

an aliphatic unsaturated hydrocarbon greoup, an

hydrocarbon group, a hetercaromatic hydrocarbon group, a

carpbonyl group, a nitrile group, a sulfoxide bond, a sul
bond and a sulfonic group.
[ 0047}

The aliphatic unsaturated hydrocarcon group can be
exenpliifilied by a monovalent or divalent C..; aliphatic

unsaturated hydrocarbon group having one or more double bonds

and/or triple bonds. The exampl

lkenyl cgroup such as a vinyl group, an

Qb

methyl-1-propenyl group, a Z-methvyl-Z2-propenyl group, a
Y propenyl g P b propeny.s g I

a l-methyl-Z-butenyl group, a l-methyl-

group, a 1
group, a pentenyl group

alkynyl group such as an

l&
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aethynyl group, a propynyl group, a i-methyl-Z-propynyl group,
a Z-methyl-Z-propynyl group, a butynyl group, a l-methyl-2-
butynyl group, a Z-methyi-2-butynyl group, a l-methyl-3-

itynyl group, a Z-methyl-3-butynyl group, a pentynyl group

)

L-methyl-Z2-pentynyl group, a Z-methyl-Z-pentynyl group, a 1-
methyl-3-pentynyl group, a Z-methyl-3-pentynyl group, a 1-
methyl-d-pentynyl group, a Z2-methyl-4d-~pentynyl group and a

hexynyl group; and a divalent unsaturated hydrocarbon group

such as -CH=CH- and -C=C-~. In the present application, the

group nhaving one pond number with other part is referred to as

MO group having two bond numb

to ag divalent group.

hydrocarbon group can bdDe exemplified

moncovalent O > aromatic hydrocarbon group and a divalsnt Caoi:

The example thereo! can include a
monovalent Cyoypy aromatic hydrocarbon group such as a phenyl
group, an indenyl group, a naphthyl group and a2 biphenyl
group; and a divalent Cq.yy, arcmatic hydrocarbon group such as

phenyiene group,

[$Hl

naphthylene grou

e
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ohenyiens group.
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The het
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roarcmatlic hydrocarbon group can be exemplified b

five-membered hetero
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hetercaryiene group, a group and &

condansed hetercarviens group, which contain one or mora

~oatoms selected ogen atom, an oxygen atom and

roatom.  The example thereol can include & monowves
five-membered hetercaryl group such as a pyrrolyl group, an

3

imidarzolyl group, a pyrazolyl group, a thienyl group, a furyl

17
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group, an oxazolyl group, an isoxazolyl group, a thiazolyil
group, an isothiazolyl group and a thiadiazole group; a

1

monovalent six-membeared heteroaryl group such as

93]

pyridinyl
group, a pyrazinyl group, & pyrimidinyl agroup and a
pyridazinyl group; & monovalent condensed hetercaryl group
such as an indolidinyl group, an indolyl group, an isoindolyl
group, an indazolyl group, a guinolyl group, an isoguincliyl

group, a chromenyl group, a benzoxazolyl group and a

benzothiazelyl group; and a divalent hetercarylens group
corrasponding To the above groups.

7 fag e

L LUUHyl

[

The above-mentioned aliphatic unsaturated hydrocarbon
group, aromatic hydrocarbon group and hetercarcmatic

hydrocarbon group may have a general substituent group.

A carbonyl group may pe contained in other functional

3

group. The functional group containing a carbonyl group can be

by, for example, & carbamoyl group, a carboxy

greup, & formyl group, a Uy acyl group, a C;.p alkoxvyecarbonyl

group, & urea group, an acrylate group, a methacrylate group,

+

an amide bond and a urethane bond. Among the groups, a
carpamoyl group, a carboxy group, a C;.p alkoxycarbonyl group,
an amido bond and a urethane bond are meore preferable, since
the groups have a higher electron density than that of a
carbonyi group itself and are easy to be attacked b
hypochlcorite and the like. Wnen the hydrophiiic group of the
hydrephilic polymer s a hydroxy group and an isocyanate

compound 15 reacted with The group, the reaction part forms &
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having n-slectrons

mealls alr amido Jroup
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A group: the part containing a nitrogen atom, an oxygen atom
or a sulfur atem having lone-pair electrons in addition to n-
electrons

B group: the part having n-electrons neighboring to a
nitrogen atom, an oxygen atoem or a sulfur atom having lone-
palr electrons

O group: the part having matually conjugated two or more T

electrons in addition to a nitrogsen atom, an oxygen atom or a

ilfur atom having lone-palr electrons neighboring to the
conjugated n-electrons

[ 0053)

kind of the high electron density part may be selected
properly in accordance with the kind of a porous base material
and the hydrephilic polymer contalined in the hydrophilic

coating laver. In the o

that the hydrophilic polymer

contained in the hydrophilic coating laver is polyvinyl
alcohol or polyvinyl alcohol copolymer, 1t is experimentally
proved that a carbonyl group 1s preferapble as a group having a-
electrons in the electron density part.
[ G054

The group having n-electrons in the high electron density
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wherein n 1s integer of U or more, and two or more doublse
bonds are conjugated, =n electyons contained in these groups
are very highly active. Therefore, the aromatic hydrocarbon
group or heteroarcmatic hydrocarbon group in the high slectron
density part I1s preferentially and =asily attacked by

hypochlorite so that the porous base material or the

hydrophilic groups and basic structure of the hydrophi

polymer can be effectively protected.

.o g o L o vk R
CaBE i e nigr LartT 1LEZ

covalently & nked hydrophilic polymaer" may

include cases that the high electron density part, more

a group or a bond having n-electrons, may be
covalently bonded to the coross-linked hydrophilic polymer
contained in the hydrophilic coating layer in a manner of

rectly bonding cr indirectly bonding thereto through a

[

linker group; and that a compound containing a group or a bond

tectrons vy De covairent s snde In adoition, the

invention

hydrophilic polymer, and is covalently
bonded to a porous base material or a functional group cor a

branched chain which 1s bonded to a main chain of a cross-—

polymer. Further, in the case where the

linked hydrophilic
porous base material or the cross—linked hydrophilic polymer

has the hydrophilic group, the hydrophilic group is preferably

a hydroxy group ©r an amino group having no a = ectron.
L 0056]
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n-electrons of the high electron density part is hydrophobic
part such as the aromatic hydrocarbeon and such a high electron
density part is bonded to the hydrophilic group of the cross-
Linked hydrophilic polymer, the hydrophilicity of the whole
filter medium according to the present invention may be
lowered. In such a case, when the high electron density part
has a hydrophllic group, the hydrophilicity of the filter
medium can be maintalned.

medium for a water treatment filter according

to the invention can be produced by a method
comprising the steps of soaking a porous base material in a

hydrophlilic polymer zsolution and a Ccross—-iinking agent
- 3 ]

solution, cross-iinking a hydrophilic polyvmer with an

4

saturated hydrocarbon group which may contaln one or

e

more functional groups selected from a group consisting of an

group, a nydroxy group and an amino group, and reaciting

a precursor compound ©of a high electron density part having a
7 with a cross-linked hydrophilic polymer, o
covalently bond the high electron density part to the cross-

Fach step of the method of fhe

present invention is exemplified as follows.

(1) Soaking sterp

1“5

cross—linking agent solu For example, in the case where a
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solvent of the hydrophilic polymer solution or the cross-—
linking agent sclution is water or alcohol and the base
materzal cf the porous base materiail is a flucroresin having

hydrophokbicity, the porous base materzal cannct be

sufficlently ceated in some cases. In such a case, the porous

W
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The corder for scaking The porous base materi the

hvdrophilic poiymer scliution and the cross—-linking agent

golution is opticnal. For example, it is preferable that the

porous base material is first soaked in the hydrophilic

polymer solutlon since the main component of the hydrophilic

i3 the hydrophilic polymer.

The solvent of the hydrophilic polymey solution is

erzbly water, water-soluble organic sclvent, and the
mixture of water and water-soluble organic solvent due to
hydrophilicity cf the polymer. Examples of water-scluble
organic solvent can include aicohol scolvents such as methancol

and ethanol; ether solvents such as diethvl ether and

tetrahydrofuran; ketone solvents

such as acetone; and amide

dimethylformamide and dimethyviacetamide.

—t

o
O

H 34 i ot o — e SR -
e ARiusted, ana Lox coencentration

therec!f can be 0.1 massi:t or more and 10 masst or less,
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The cross-linking agent 1s not particularly limited as

+

long as The cross-linking agent has one or more selected from
a group consisting of an ether group, a hydroxy group and an
amine group in a functicnal group remaining on the cross-—
Linkead chain after reactions cor the cross-linking agent has no
remaining functional groups. For example, a diepoxy compound

such as ethylene glyccl diglycidyl ether, (polylethylene

glycel diglycidyl ether, (poly)propylene glycol diglycidyl

sther, propylene glycoel diglyoldyl ether, diglycerol

triglyeidyl ether, tetraglycerol tetraglycidyl ather, and

i‘

: a dialdehvyde compound

such as glyoxal, maiondialdehyde, succinicdialdehyde
e iy [ r r

taraldehyde, hexane dial, heptane dial,

dimethyldimethoxysilane, and tetrapropoxysilane; a vinyl

H

Yy Z2-ethylhexyl vinyl ether,

vinyl ether, t-butyl vinyl ethe
7lvinyl ether, methoxyethyil vinyl s2ther,

nd tetrahvdro furfuryl wvinyl

45

methoxyethoxyethyl vinyl ether,

r; an allylic such as ethyliene glycol morng

trimethyviclproy 311yl ether, ciethylene

glyeolmoncallylether, pentaerythritoel triallyl ether, and

b

anc an alkene compound such as

propylene, and isobutyviene can be used. In the

invention, the cross-linking agents such as those

[
Las
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containing a 7w electron remalning on the cross-linked chain

after cross-linked reactions cannot be used.

As the solvent of the cross-linking agent solution, the
same soivents as the solvents of the hydrophilic polymer
solution can be used,.

[ D065]

fas!

The concentratlion of the cross-linking agent solution may

e appropriately adjusted, and for exampl the concenfration

masst or more and 10 mas or less.

Josd

can be 0.

reactions, a base or an acid may added Lo

one or hoth of the hydrophilic pelymer soluticn and tl

|3

3

a8

solution. Examples of such a2 b

hydroxide such as sodium hydroxide or potassium

Examples of such an acid include hydrochloric acid.

itc polymer scluticn and the cross-linking

the perous base material is socaked in
other solution., These soaking

carried out. Alternatively, the p

may be o some extent, and the porous hase

y I, - T -3
polyvmey 1s cross-linked

porous pase material by means in accordance with a used cro

b
fFas
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iinking agent, to form & solld nydrophilic coating layer
comprising the cross-linked hydroph:ilic polyvmer on the porous

pase material.

o

or example, in the case where a diepoxy compound, a

dialdehvyde compound and the like are used as the oross-1

},«J -

nking

agent, the heating treatment may be carried out.

of treatment may be
appropriately adjusted as long as the hydrophilic polymer is

~iently cross—linked. For example, the temperature of the
heating treatment can be 90°C or more and 200°C or less. The

time cf the heating treatment can be 5 minutes or more and 10

hours or less.

case whers the hydrophilic polymer has
a hydroxy group as the hydreophllic group and the diepony
compound 1s used as Lhe cross-linking agent, an ether group (-
G-} and a hydroxy group are conbtained in the cross-linked

chain. In the case where the hydrophilic polymer has an amino

group as the hydreophilic group and the diepoxy compound 1s
used as the cross-linking agent, an amino group (-NH~-) and a
hydroxy group are contained in the crosgss-linked chain. In the
case where the hydrophilic polymer has a hydroxy group as the

hydrophilic group and the dialdehyde compound is used as the

sg—-linking agent, an sther group 18 contained in the cross-

0
-
O
5
0

polymer has an

AMIiNG groups group and the dialdehyvde



[

[y

30

compeound 1s used as the cross-linking agent, an imino group (-

N=C<} containing a m electron is formed. In such a case, it
is preferable that an imino group 1s reduced into an amino

group (-NH-) by the action of the reducing agent.

—

00733

[

In the case where the zilicon a

koxide compound is used as

icen alkoxide
by the addition of boron ion and halogen ion as a catalyst and
the adjustment of pH of 8 or more and 10 or less.
{0074
In the case where the alkene compcound and the like are

used as the cross-linking agent, the functioconal

e

main chain of the hydrophilic polymer or the ma

can bhe cros tinked by occurrence of radical with

an ulbtraviolet. As an ult a light of wavelength of 10

]

am or more and 400 nm or more can be used.

tron density

Further, the precursor compound of the high electron
having a 7 electron 1s reacted with the

ly coated porous base material, to covalently

bond the hicgh electren density part to a cross-linked

hydropnilic polymer.
007 6]

-

The precurscr compound of

is a compound

v covalently bonding the group or bond

Lo bhe dropghilic poiymer and

a compound having s group reactive to the hydrophllic group

and basic stru of the hydrophilic polymer in addition to
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the group or bond which has n-el and forming the

reaction site which is the group having n-electrons. As an
examzle of the latter compound, when an isocyana
reacted on & hydroxy group of the nydrophilic polymer, the
reaction site becomes a urethane pond having -0- and -NH(C=0)-.
In this case, since -0- is derived from a hvydroxy group of th

hydrophilic polymer, the amido bond is regarded as the bond

Oon .

[N

having n-elecirons in the present invent

The reactive group for forming the covalent bond Lo the

nydrozy group can be exemplified by, for example, an

isocyanate group; an isothiocyanate group; an acid halide
group such as acid chloride and acid bromide; an active imide
such as succlnimide, phthalic imide, N-hydroxysuccinimide and
h-porbornene-2, 3-dicarboximide; an active ester such as p-

nitrophenyl ester; and an aldehyde group.

| 078]

the reactive group In ths pregursor compound

1
it
—
e
]
oy
it
|~.J
iy
@]
ot

ron density part may be ?2 or more. In this

case, when the porous bhase material has the reactive

I

3

functional group, the porous base material iltself or the
hydrophilic pelymer constituting the hydrophilic coating laver

so that the strength and durability of the

rossibly improved

T T
Lo




there are 2 or more 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 suppressed even through a
washing with hypochliorite.
[ 0080]
More specific reaction condition may be determined

properly in accordance with the type of the reactive group of

the precurscor compound of the high electron density pa

the

ke, For example, when the main hydroph

compound may be

be applied Lo the

necessary Lo Lorm a

introduce the high electron density part. When the

hydrephilic group of the hydrophilic polymer of the

hydrophilic coating layer is & hydroxy group and the reactive

group of the precursor compound of the high =lectron density
d

TE o adda g proper

fiiter according

to the present invention has o e permeable 10

he

I1f the concentre

of the precurscr compceund of
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the high electron density part is too high at the time of the
reaction, the continuous pores of the porous base material may
pessibly be plugged. The proper concentration of the precursor
compounid of the high electron density part in the reaction
solution depends on the porosity of the porous base material
anda the type of the compound for improving the durabllity and
the like; and the ccncentration is, in general, preferably not
less than 0.01 mass% and not more than 5 mass%. The
concentraticon is more preferably not less than §.02 massh,

ever more praferably not

and more preferably not

not more than 2 massh
r

cdetermined property bkased on preliminary

for example, treatment may bhe carried out at

U S, R TR Sotert T g e . J A e IR YO £ e
not less than about 100°C and not more than about 250°C for nof

the

present invention is made to be a water treatment filter by a

common method. For example, the filter medium may be cut into
s form corresponding to 3 for which

the filter ig to be employed after being processed, or may be

i

formed pre

i

vy into a desired form and then processed. The

VLU

{

not particularly limited and can be exempll

by pleating processing, proce for oyvlindrical forming,

processing for spirval forming, mination and adhesion to

\

i
e
WA



10

o
[

[
N

ﬁh

The filter medium for water treatment

1lter 2CCordlng

¥

Lo the present inventlion 1s excellent in wabter permeabl

For example, water permeabllity at 20kPa transmenbrane

pressure difference 1s 1 mL/min/om® or more,

In addition, the filter medium for a water fLreatment

filter according to the present invention shows high

istance agalnst the oxidizi: such as hypochlori

filter. For

water permeability 1s preferably 70% or

after socaking in a 0.6 mas: sodium hypochlorite agqueous

Tor two weeks. The decreasing rate of water

ity is more preferabl

rua

sly 0% oy less, even more or less, even
r [

preferably or less, even more preferably 40% or less,

and particularly preferably 30% or less. The decreasing rate

of water permeakility is calculated with the following formula.

”

A decresasing rate of wa

o~

ey permeabllity by the oxidizing agent

(%) = [ l-(water permeability at 20kPa transmembrane pressure

erence after soaking in a U.6 masss sodium hypochlorite

agquecus solution for two weeks)/({water per

f'}
]
oy
E_.I
i
-

lity at 20kPa

transmembrane pressure difference before y1 =100

[§4]
0
(1
o
[
o]

Tt 1s also poessible to produce a water trealbment apparatus

using the filter of the present

e arrvangsd in

DOIGas Cr B 7 L3 & 1
o a o o by gy PN - !‘”W oy e o v
LA Cen T T S The Ppresent

pizated, and the resulting filter mayv be put in a oviindri

30
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case, and both ends are sealed to give a cartridge filter.

Aiternatively, a porous material for forming flcow channels may

ot

rranged similarly in both faces of the filter of the

invention and both sides and one end in the longitudinal

direction are sealed so as to form an envelope-like shape, and

the resulting boedy is rolled arcund & core material Tor
forming a fiow channel fTo give a spiral type filter,

The water treatment filter and the water Ureatment

the present invention are

according to

JUs organic

sSCiutlion

is hydrophilic. For

meaium i

filter and the water treatment

SUSPENsSion COnTELINING a Chemical agent or protein, clean

and filthyv water, beverages such
¥ ' -

as juice and others,

[ 0088]
The filter medium of the present invention 1s sufficlently

.

durable to washing with an oxidizing agent such as

~

hypochlorite. The filter medium is therefore particularly

~
F

useful for especially large scale filtration of wastewater and

(o]
feu
‘\2

medium for a

As described above, a conventional £i11

i -

water Lreatment filter is not sufficient in the oxidavion

regsistance Lo an oxidizing agent used for removing biofouling
t L thereof is by . On
i present invention, & high electron

density part containing n-electrons having remarkably high




on

:

LN
L

18 covalently bonded to a

order to make the

£

oxidizing agent preferentially attack the m-electron part in
the hydrophilic porous base material; and as a result, the
hydrophilic porous base material can be pretected from the

oxldizing agent. Further, since the m-electr

Is!

a4
O
e
fo]
Ay
ot
=
ir,

covalently bonded, the part scarcely drops off uniike the case
that an oxidation resistance agenit is suppcrted.

[ 0020

accord

g to the present invention, it

S A VR A B N I o
COSs1hie TO Improve the oxicallion resistance or &

r treatment

oxidizing agent to be used for washing and prolong the life of

the water tr

(00

The present application benefit of priority to

Japanese Patent Application Number 2011-055854 filed on Marah

=

The =« tfion of

Japanese

po]
3]
n
!WJ
¢
-
n
o,

Aoplic on March 14, Z011

are hereby Incorporated by reference.

EXAMPLES

[ 06092]

Hereinalter, Lhe preésent Ve

by examples; however, The present invention is not

et

limited by the examples, and the examples can be carried ocut

ot

with appropria fication in the range met

¢

a modification are included in technlical

resent inventlon.

v

[
)

:
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Hereinafter, mass %", unless otherwlse
[ 0094]
5 Example 1

(1) Production c¢f &

ic expanded

polytetralilucreethviene porous membrane

10
acgvance, and the ethanol was subs for pure water. Then,
the membrane was impregnated with a 1.0 mass% polyvinyl
alcohol aquecus solution (product name: PVA-107 manufactured
15 by KURARAY Co., Litd.). Subsequently, ethylene glvycocol

£

0

i
)

5]
5

diglycidyl ether

a2 croszs-linking agent was added to

potassium hydroxide agueous solution to obtain a 2.0 mass%

and the above membhrane Was Lhne
solution. Anneal treatment was carried cut under atmospheric

20 pressure at 1507°C for 10 minutes. Then, the membrane was

washed by immersing in boiled water for 30 minutes and

subseguently dried, to obtain a hydrophilic expanded
olvtetraflucroethyvlene porous membrane (hereinafter, referred
< o hie r
to as "hydrophilic ePTEFE membrane ") .

25 [ Gt

ton of filter medium according to the present

isolvyanate a

Lt
3

R Ty trem v
manuracoured DYy sDayer
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AQUecus

solution. The agueous solution was applied on

excaess solution

hydreophilic ePTFE membrane in

was removed using a

a thin layer and
barcoater {manufactured by DAIICHIRIEA) .

minutes

Thern, the membrane was

“ilter medium.

announced

The baslc structure

4 2 g . e
following straucture,

heen opened; hut it

[ 00

[k

g1

The detail chemical structure has

found by the measurement

53]

nydroxy Jdro

~0=C (=0) ~NH~

In the above descriped

including m—electrons was

igocyanate group of

alcohol.

er maedl

=

wove Example

formed by reacting the terminal

BL5335 with the hydroxy group of polyvinyl

ed according to a similar

ot

s

0,429 g of

and the solution concent

[ 0100]

ion was adiusted to 0.5%.

Ll
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..... Example 3
A filter medium was prepared according to a similar method
to the above Example 1 except that 0.696 g of BL5335 was used
and the solution concentration was adjusted to 0.8%.
[ 0D101]
Example 4

A filter media

m owas prepared according to a similar method

Lo the above Example 1 axcept that 0.858 o of BL5335 was used

=

and the solution concentration was adiusted to 1%.

01021
Lxample o

A Iilter medium was prepared according similar method

t
O
Al

to apove bxample 1 axcept that 1.716 g of BL53322 was used

was adiusted to 2%.

Fuxample &

FU SR SR, I mr oy or v e \ ] e e ey
A fliter medium was prepared accord

ot
]
-
-
L
a
0
=3
,.ﬁ
=
]
I
o
(
Q.

(L
-]

to the above Example 1 except that 2.

%]
Q
-

lzocyanate agueous

scolurion

Chemical

To

The aguecus solutlion was applied on the hydroephilic ePTFE

membhrane similar.

the above Examp

TETNE at C for 5 minutes, et filter

mecLum.
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The chemical structure of MEIKANATE iz as follows, and -0-
C(=0)-NH- group including zm-electrons was formed by reacting
the terminal isocyanabte group wiith the hydroxy group of
polyvinyl alcohol. In addition, benzene ring has also n-

electrons.

[ Chemical Formula 2

[

To a commercially avallable 39% hydrophilic blocked

cyanate agueous soluticn (product name: RBavhydur'™ BL-XP-

3

266% manufactured by Bayer MaterlalScience AG; hereinafter,

abbreviated to as "XPZ6oUG") (0.38% g), water was added so that

h

4]

total amount became 30 g, to obtain a 0.5% ¢

w

ct

queous

solution. The agueous solution was applied on the hydrop

ePTih membrane similarly to the above BExample 1, and then ine

The hasic structure of XP2688% is as follows, and

lic group i8 inftreduced in the basic structure., In
above described reaction, -0-C{=0)-NH- group including n-
electrons was formed by reacting the terminal isocvanate group

of XKPZ66% with the nydroxy group of polyvinyl alcohol.

Pl SRR | w oo 2T
Chemical Formula 3

i
H
i

(ad
[wp
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Comparative Example 1
The hydrephilic ePTFE membrane obtained in  the above

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

Comparative Example 2

The hydrophilic membrane  obtained in ¢

e v 1o ek T & o PRV - .
Examp.e 1LY was b 1T0°C for 3 miziutes, and  Lhe

was used,

10112

4]

& drop of water {about (0.1 ml) was added dropwise using

above Examples 1 to 8 and

ok

N o
0 ¢m, and

into a filter medium within 1

second;

4: a water drop permeated into a filter medium over 1 second

and within 1 minute;

Lliter medium wi

Z: a water drop did not permeate into a

J ominutes and the filter medium slightly got wet;

Jout

il
[

11 a water drop did not permeate into a filter medium at

medium did not get wet.

medinm was soaked in oa 0.6




sodium hypochlorite aguecus solution for 2w

washed with water and dried at room temperature

Subisequently, wetiability was examined by simil

the abpove. The results are shown in Table 1. I

photograph ¢f the case that water was dropped

eeks, and then

overnight.

ar condition as

n addition, the

on  the

filter

NaClO treatment

NaCld treatment

media of Examples 1 to 2 and Comparative Examples 1 to 2 after
scaking in the sodium hypochlorite agueous solution 15 shown
in Figure 1.
[ 0114]
[ Table 1j

Before After

Comparative Untreated hydrophilic

XP2669

Example 1 ePTFE membrane +
Comparative |Heat-treated hydrophilic . .
Example Z ePTFE membrane 2 +
Hydrophilic ePTFRE
Example 1 |membrane treated by 0.1% 5 5
BLL335
Hydrophilic ePTFE
Example 2 |lmembrane treated by 0.5% 5 5
BL5335
Hydrophilic ePTFE
Example 3 imembrane treated by (0.8% 4 4
RL5335
Hydrophilic ePTFE
Example 4 membrane treated by 1% 4 4
BL5335
Hydrophilic ePTFE
Example 5 membrane treated by 2% 3 3
BL5335
Hydrophilic ePTFR
Example & membrane treated by 3% 2 2
BL5335
Hydrophilic ePTFE
Example 7 membrane treated by 2 2
0.15% MEIKANATE
Hydrephilic ePTFE
Example 8 imembrane treated by 0.5% 5 5
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0115;

As shown 1in the results in Table 1 and Figure 1, the
hydrophilicity of the untreated hydreophilic PTFE membrane
(Comparative Example 1) and of the hydrophilic ePTFE membrane
that was only heat-treated {Comparative Lxample 2) Was
decreased atfter the membranes were soaked in  the sodium

hvpochlorit lation for 2 weeks, The cause 1=

=

thought Lo be that the number of hydroxyl groups of PVA

PTFE was decreased and the basic ure ot
PV A Was Droken Jdue (IR®’ sedium hypeochlorite S0 thnat the
mempranes was decreased When such a

washad using hypochlorite at regular

sure will be raised and flow rate

4 - J P £ Ea e ~ e
on cther hand she hydropnilicity of Lhe iter media
according o the DY ESant i tion  was hardls decreagad

by hypochlorite, and as a result, FPVA is protected from the

CAn e

1

By the above experiment, 1t was demonstrated that when a

_r1
T
—

Filter medium of la appiied toe & wat
ol

treatmer for waste wabter treatment and the Like, the

the filter mediunm 1s difficult Lo be lowesred

Longer than that of a conventlonal

35
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o

-

filter medium even when the filter medium is efficiently
washed using nypochlorite.

18

(WS

[ D

[}

£

In the above experiment, a drop of water was added

-

dropwise for examining the degree of deterioration of

hydrophilicity; however, & large amount of water is introduced

o a filter in actual water freatment, and therefore the level

ALY TS
£

of the above 2 is sufficient as the hvdrophilicit af a
Y P ¥

filter,

filter medium for a water tTre

medium according to the present inventlon was
prepared according to a similar method to the above Example

exCcept that a microporous polvietrafluorcethylens mambrane

by v o £ o R R R SR, - Y oA E
naving 0.5 um of pore diameter (product name: SME-54050

HEY

lavered product with polyester non-woven fabric) was used in

place of a microporous polytetraflucroethylene membrane having

A filter medium according to the present invention was

method to the above Example 72

traflucroethylense membrane

O.5 pum of pore diametery (product name: SMS-54050

Inc., ; thickness: 200 um;

non-woven fabric) was used in

layvered product

place of a microporo: brane having

orocethylene m

0.2 pm of pore diameter.

0121
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Example 11
A filter medium according to the present invention was
prepared according to a similar method to the above Example 7

4

except that a microporous polytetraflucroethylene membrane

having 0.5 um of pore diameter (product name: SME-54050
manufactured by Japan Gore-Tex Inc. ; thickness: Z00 um;
layered product with polysster non-woven fapric) was nsed in

place of a2 microporcus polytetraflucreethylene membrane having

0.2 um of pore diamets

stive Dxample 3

Folyvinyl alcohol (product name: PVA-107 manufactured by

FEURARAY Co., Ltd.; 1 g and water (4% g) were placed in a

-

mi, BErlenmeyer f

iask. The mixture wasg at about 80°C, to

dissolve polyvinyl alcchol. After the so

room temperature, lsopropyl alcchol (about 45 o) and &

{product name: MEIKAN ME manufactured by Meisel Chemical
Works, Lid.; an amount eguivalent to 0.05 g of hlaocked
added stirring. The

ad o

name
Tes ; pore diameter: 0.5 pm; thickness: 200 pm; layvered
product with polyester non-woven fabric), and the sprayed

:n the soluation. The membrane

- . . . . L I
5 minutes, and then heated at 110°C

a fiiter medium coated w:

85l

which polyvinyl alcchol was cross-

linked with a diisocyanate compound,

A :
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Comparatlive Example 4

A filter medium coated with 2z hydrophilic polymer in which
polyvinyl alcohol was cross-~iinked with a diisocyanate
compound was prepared according to a similar method to
Comparative Example 3 except that an amount of hlocked

isocyanate used was 0.1 g.

)

Test Example 2: Water permeabiliity test

Water permeabilid I the filter media in Examples 2 tfo 11
and  Comparative Examples 3 to 4 was measured at 20 kPa

transmembrane pressure difference per 1 minute and 1 o’
assumling actual wastewater f[iltration.
0125]

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

for 2 weeks, and then

sodiam  hypochlorite aqueous 50l

washed with water and dri room  femperature overnight.

Subsecguantly walter ermealil Medilln  was
=z xrr

measured under the =ame  condi ye-mentioned
conditions. in addition, of water

[ Takhle 27
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Table o

Water Permeshil

Befors Nalll treatment

Exarnple 4 5,35 158 i3
14 .07 1,64 27
HH [ L O8 53
.28 anmensurable 100
o o Dirgetr cress-link of
COMpATALIvVe . B e . -
_):::; \ n 10% MEIKANATE with .14 unmeasurable 100
X ALY £ 3 .
n PVA of coating layer

oo
-
]
o
g
~3
=

9
=
Ty
O
w
0]
|
I
:(
S
o
Y
.
%
o
ot
-
-
)

alcohol of the coating laver was directly

dilsocyanate compound, water permeability before the sodium

hypochlorite

ohwvious. 1

]

limit of

with the sodium hypochlorite agueocus solution. The cause 1s

thought to be that the

s-iinked chain of the coating laver

was cut by the attack of sodium hypochlorites, and the coating

e
-
&
h
"
ni
o
=

laver was aropped =so that the hydrophi

media was decreased.

cating laver was cross~Llinked and the hi

o ~
| —

ik

L

dengity vart having a o

was bound therete, water

permeability bel the sodium hypochlorite treatment was high

ently maintained even after

and water permeabllity was

odium hypochloy bove

that

treatment filter according to the present inventlon had

Wi
I
L
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excellent water perme:
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oxidizing agent.
F0129]
Test Lxample 3: Mass change test
To verify the consideration of the above Test Example 2,

each filter medium was tested for mass change. Spet

iecally,

each filter medium in Examples 9 to 11 and Comparative

Examples 3 to 4 was weighed. Then, each filter medium was

soaked in a sodium hypochleorite aguecus solution for two weeks

in e Same manner as

and each filter medium

was welighed.

GLrat o

i 5 I

GLiAl G.14%
Lan 0.138

As  shown in the resuits, in the case where polyvinyl

alcohol of the coating layer was directly cross-linked with a

dilsocyanate  compound, the decrease of mass was Cclearly

other hand, the decrease of mass in the {ilter media for a

walter treatment f{ilter according to the present
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with sodium

not clearly confirmed even after the 7
Bv the above results, it was verified that the
treatment filter according to the

ancd high

hypochlorite.
water permeabllity

for a water

had excellent

present invention
resistance agalnst the oxidizing agent.
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itter medium L0y a water treatment filter,

comprising a porous pase material having a hydrophilic

coating layer;

wherein the hydrophilic coating laver has & oross-linked

a hydrephilic polymer in  the cross-linked hydrophiliic

polymer is crogs-linked with AT aliphatic saturated

hydrocazrbon group which may contain one or more functional

ng of an

g Gf group, a

|-

& group consist
nydroxy aroup and an aming group;

the high electron density part has n electrons; and

the high electron density part is covalently bonded to the

T8 poLymer

-

cross-linked hydrophi.

The filter medium for & water treatment filter according to

N

E

ciaim 1, wherein the high electron density part has ons or
more selected from & greup consisting  of  an  alipha
unsaturated hydrocarbon group, an arcmatic hydrocarbon group,

a hetercaromatic hydrocarbon  grou 2 carbonyl group, a

e
ol

nitrile group, a sulfoxide bond, a sulfonyl bond and a

sulfonic groun,

aoecording Lo

density part has an

clalim 1 or 2, wherein

amide bond.
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4 The filter medium for a water treatment filter according to
any one of claims 1 to 3, wnerein the high electron density

Larc has an aromatic J“\,fClJ”hz(_ra}“b ogroup.

5. The filter medium for a water treatment filter according Lo
any one of claims 1 toe £, wherein the high slectron density

part further has a hydrophilic group.

iter medium for a water treatment

oy

ftor accorddir Lo

claim

5, wherein the hydrophilic group is one or

-

from & group consisting of a hydroxy group, & su.

fonlic group,

a carboxy group and an amino group.

Ater medium for a water treatment filter according Lo
claims 1 to &, wherein the porous base materlial is

a porous flucroresin membrane.

tter medium for a water treatment filter according to

claim 7, wherein the porous fluororesin membrane 15 a porous

9. The fiiter medium for a water fTreatment filter according to

any one of claims 1 toe 8, whereiln the hydrophilic nolymer is

polyvinyl alcohol, ethyiene - vinylalcohol copolymer,
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11. The water treatment filter according to claim 10, whnerein
£

water permeability at 20 kPa transmembrane pressure difference

is 1 mL/min/cm® or more.

12. The water treatment filter according to claim 11, wherein
a cecreasing rate of water permeability is 70% or less after

soaking in a 0.0 mass% sodium hypochlorite agueous solution

14. A method for preducing a filter medium for a water
treatment filter according to any one of claims 1 to 9,
comprising the steps of

SOaKing a porous bpase material in a hydrophilic polymer

vt osolutlion,

i
0
i
ju
)
),&l
o
]
W
o]
Q
]
1§
}—S'
O
0]
n
1
—
}“1.
]
F\T
1
LY
v
i
o)
i
oot

io polymer with an aliphatic

3]

.
o
b=

saturated hydrocarbon group which may contaln one or more

functional groups selected from a group consisting of an ether

reacting a cross-linked hydrophili
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O
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=
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s
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compound of a high electron density part having a n electron,

to covalently bpond the high electron density part to the

15 & method for improving oxidation rezlistance property of =&

et Py oY
ii LY

<l




coating layer, thereby improving the oxidation resistance

properiy agalnst 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 cor more

@]

functicnal groups selected from a group consisting of an ether

grovp, a hydroxy group and an amino group
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