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WB150 121/34 1 DESCRI PTI ON APPARATUS FOR WATER
TREATMENT AND METHOD OF TREATI NG WATER TECHNI CAL
FI ELD [ 0001] The present invention relates to an
apparatus 5 for water treatnent and a nethod of
treating water for reducing%and renoving a specific
ion or all ions of 1ions contained in water such as

sewage, food factory efgdmentzrgfpen cal factory
effluent, tap water, sea water, river water, |ake

water and groeprhRtes FOrR LPneXk M eREAYMERY AND
concentration. BACKGROUND ART [0002] As a nethod of

treating organi cMeEfTHbDeoF TREATING @WnTEBWage and food
factory effluent, there have been known an active

sl udge nethod, a biofilmnmethod and a stabilization
pond nmet hod or the |ike. However, since excess sludge
is generated in large quantity in a treating
apparatus in these nethods, sludge treating 20

a

N sts Bl as a dehydrator, a drier and an

incigerator are required. Since high phosphor
co Yation in effluent causes probl enms such as
eutrophicatign in a closed water

h
Concontrati o erddal oiyert fon S T4st Fe P apRRBALYS

2 for water treatment and a method of treating water for

reducing and removing a specific ion or all ions of
ions contained in water such as sewage, food factory
effluent, chemical factory effluent, tap water, sea
water, river water, lake water and groundwater to

extremely-low concentration.

BACKGRQOUND ART
[0002]

As a method of treating organic effluent such
as sewage and food factory effluent, there have been
known an active sludge method, a biofilm method and a
stabilization pond methed or the like. However, since
excess sludge is generated in large quahtity in a
treating apparatus in these methods, sludge treating
apparatuses such as a dehydrator, a drier and an
incinerator are required. Since high phosphor
concentration in effluent causes problems such as
eutrophication in a closed water area, the

concentration of phosphor in the effluent is regulated

W3150
121/34
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with those of COD and nitrogen. [0003] In recent
years, many organic effluent treatnent nethods
generating little excess sludge have 5 been proposed,
and exanpl es thereof include a bacteriolysis-potentia
increasing nethod, a maintepance netabolizing nethod,
an uncoupl i ng netaboI|2|ng et hod, a mai ntenance

el phol digd 9 SELESS, an&@;@r@ﬁéﬁe“ a preying nethod
(Non Pat ent Docunent 1

bagd@s3pl ysi s- potentlal i ncreasi ng net hod di ssol ves
sludge to pronote latent multiplication, and exanpl es
for dissolving séeshge yestsdemanghboganeécneffibdena

bead m Il nethod, a high revolution disk nethod, a

s Upezstomerct et biookd s agényelr at heg nhi t hbehedceaadsaudge have
chem cal agent adding nethod in addition to an ozone
meveRm Riecresedd and Pexanpleyctheneof include a
(JP-A-07-116685), a thernophile pethod described in
Pagtepgetinehd - Ept?9¢i¢@1l398§5§899 FREAPfesaof the

mai nt enance netaboljzi ng nethods i ncl ude a nbr ane

bi T3 ERRRANSR) PRt Hatly | Bekhe hpa?eHFC?J}SE HeHt 3
(JP-A-.2005-. 46748 i ,

SRR PR @T%}z@ orSRalin hicn cReEEBRI ing method,
L ERE B B
Thﬂu@hﬂ¥@té¥£@¢&§l§i$$ﬂéﬂﬁl£ie@ﬁﬁf@&sﬂﬁ%hﬂgﬁhoaa&§s§81ves

advant age and di sadvant age respectively. However,

t hey weegdrogls i@ﬁﬁb@épIQ@éﬁﬁ“ﬁﬁﬁt1§b§c@ﬁ?§ﬂh°én§ examples
for dissolving sludge include a chlorine method, a bead
mill method, a high rewvolution disk method, a
supersonic method, a hydrothermal method, and a
chemical agent adding method in addition to an ozone
method described in Patent Document 1 (JP-A-07-116685),
a thermophile method described in Patent Document 2
(JP-A-11-235598). Examples of the maintenance
metabolizing methods include a membrane bioreactor
method described in Patent Document 3 (JP-A-2005-
46748). Examples of the uncoupling metabolizing
methods include a method using a chemistry uncoupling
agent. Examples of the bacteria preying methods
include a two-step system.

[0004]
The above organic effluent treatment methods

have an advantage and a disadvantage respectively.

However, the methods have a problem that the phosphor
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concentration in treatnment water is increased as
conpared wth the case where excess sludge is
generated in large quantity. (0005] 5 Therefore,
there has been required a nethod of treating organic
effluent capable of generatifg excess sludge in snall
guantity and efficiently reducing the phosphor

CONSEAES B4 Oloh Nih Ner& s EREAENa t WAL 5. 11]191'599@@] ?9‘

the other hand, there has been known a nethod

r aﬂa&@p@ge@nmﬂenmé Ngas@nNshepat akoedsi Bluabkl ignyeh¥rated
preci pital on-sedi nentai on treatnent or an ion

adsorpdroa quaamtibhept as a nmethod of treating 15
i norgani c effluent which hardly contains organic
i NPP@APbents such as COD of effluent in a ceramc
i ndustry factory. The precipitaion-sedi nentaion
tr eat ment caﬁhQr%EQr%ffthéhﬁ h@ﬁtbﬁﬁnngeth§edoab@eth0d

renpved in a conparativel Y h concentrati on.
Fb%%v%?ea%ﬁ%%éﬁ?%%?l%g%ﬁﬁ %%@ scﬁﬁaEéeaﬁﬁeaePﬁrﬁéﬂﬂg

uantit imn cal |l ed dvan [ eat
Orercesd ARGt L, SRl Gren bty rand; g S SbRE kg i 1
t he reatm%g S set to

e iEese R R Seﬁlfalag%w%e%g%@éaﬂe%gt K6E; frPafgent
25, guaptity. [0007] On the other hand, although the
ion adsorptlon treatment is excellent in the

adyedheed 4

On the other hand, there has been known a
method of reducing and removing ions contained in
effluent by a precipitaion—sedimentaion treatment or an
ion adsorption treatment as a method of treating
inorganic effluent which hardly contains organic
ingredients such as COD of effluent in a ceramic
industry factory. The precipitaion—sedimentaion
treatment can treat effluent containing ions to be
removed in a comparatively high concentration.
However, a chemical agent needs to be added in large
quantity in aiming a so-called advanced treatment where
the concentration of the ions to be removed in the
treatment water is set to 1 mg/L or less, and
unfortunately, the sludge is also generated in large
quantity.
{0007]

On the other hand, although the ion

adsorption treatment is excellent in the advanced



treatment of effluent, an adsorbent is required in
| arge quantity in adsorbing the effluent containing
ions to be renoved in a high concentration, and the
regeneration frequency of the adsorbent is also 5
i ncreased. Accordingly, unfogtunately, the chem ca
agent for the regeneration of the adsorbent is also

regrbsefleh bAr QEfHHéﬁE' tYnt dee%éﬁ%elgp%ahh%d‘? et -
[ 0008] Then, there been considered a nethod of 10

C oI ¢ Nguiei By ech paa%@ﬁlﬁgdtnené i 00ehteabheat ndng
the ion adsorptlon treatnent In series to treat

efidnento ase aramdhed Dfi sochvghgcbheeptohtesnef aadclhhef

t he precipitai on-sedi nentai on treatnent and ion

adsegenéovat ioraf negueidP- Af 10h814d98rbPatent Bdsonent

15 4) and JP-A-2001-276814 (Patent Docunment 5)). This
5 metHee2RGhl yreeppybsylvnsunbosbunatielyd, thaechenical

contained in the effluent in the precipitaion-

s HEht P Bnthe chedeReraGhen 395ptﬁ@sagfseébsntaﬂénalso

sedi ment a on t eatment water jn which the ions to be

zor?%%@ %%v%‘aa%lgx Oek’t“-%ﬁ?a?'% pRerating cost.

g |on adsorption treatnment. Since the
t used in the ion adsorption treatnent is

saturat ed byrtdie ﬁ‘?é?é pt}égg‘%g{e%fﬁéigéﬁgggﬁuﬁtmet?hod of

regeneratlon treat ren

10 I CUSRST R 4 @%%f@augy@&iw—@u&:@éz tiiStment and

regeneration treatnent produces reproduced dral nage
COfHél 1Y G d4CrpONén  Or DL HENBVENR, séPees0ps tH8aer bed

fromthe adsorbent. However, the treatnent returns
t hef finagmtages to Mdieh@d esf pééavm;;seﬂen@ﬁbawm &f each of
the precipitaion—sedimentaion treatment and ion
adsorption treatment (JP-A-10-314798 (Patent Document
15 4) and JP-A-2001-276814 (Patent Document 5)). This
method roughly removes icns to be removed, the ions
contained in the effluent in the precipitaion—
sedimentaion treatment, and supplies precipitaion—
sedimentaion treatment water in which the ions to be
20 removed are removed to some extent to the subsequent
ion adsorption treatment. Since the adsorbent used in
the ion adscrption treatment is saturated by the
adsorption of a fixed amount, a regeneraticn treatment
is performed using a regenerated solution even in this
25 case. This regeneration treatment produces reproduced
drainage containing the ions to be removed, the ions
descorbed from the adsorbent. However, the treatment

returns the drainage to the precipitaion—sedimentaion
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treatnment to retreat the drainage. [0009] However,
there has been required a nethod of nore efficiently
provi ding treatnment water containing 5 the ions to be
removed in | ow concentration for inorganic effluent.
[0010] Al so, there have beengknown treatnents using a
reverse osnosi s nenbrane apparatus, an electric 10

det pok ZRéhONtaPPatAbLS, tAedishihbakion apparatus and

an ion exchange apparatus using an ion exchange resin
or[oobe]li ke as a treating nethod of providing water
having high purity fromthe inorganic effluent.

[0011] 15 Hoeeseer,tbkheraskashbeeni peguadted aemeaéhond cf
type cannot be renpved to a desired | evel often occurs
f ropre heffecbendbhghppovidihg trkathentiewatehmecontaining
characteristic of each of the treating nethods and the
corkenienasi bn be remevedniai hed FancaRtwatépnpfevi ded
20 for the t%gginent. [0012] For exanple, treatnent

wat BT ESh ¥$0tprepared by treating sea water
usg§$ ]reverse osnosi s menbrane apparatus has water
qu }@ nostly satisfying 25 a WHO quality guideline

o eV o b S AL B bbb B s AR gt
a reverse osmesis membrane apparatus, an electric
deionization apparatus, a distillation apparatus and an
ion exchange apparatus using an ion exchange resin or
the like as a treating method of providing water having
high purity from the inorganic effluent.

[0011]

However, the case where idns of a certain
type cannot be removed to a desired level often occurs
from the relationship or the like between the
characteristic of each of the treating methods and the
concentration of ions contained in raw water provided
for the treatment.

[0012]

For example, treatment water (freshwater)
prepared by treating sea water using a reverse osmosis
membrane apparatus has water quality mostly satisfying
a WHO quality guideline value. Howevér, it is

difficult to set only boron to a WHO recommendation

value (0.5 ppm) or less.




Therefore, JP-A-10-85743 (Patent Docunent 6) has
proposed a nmethod of treating sea water concurrently
using a reverse osnosi s nmenbrane apparatus 5 and an
i on exchange apparatus using a boron selective ion
exchange resin to set the bogon concentration to a
VWHO r ecommendati on val ue or l'ess. [0014] However,
siP@@lgpe boron adsorbing capacity 10 of the bor on
ective ion exchange resin is not so large, the

boron sel ecttNgréodrexchange1nessn¢bagpaeeanofbeament 6)
probl ens such as the increase in the scale of the ion

eXithangeopppad ak usethddt b€ theantdng bBat heter
regeneration frequency and exchange frequency of the
15cémeuerehthgeus sgna fO045ieEFusmorhenmehbrehectpperatus
dei oni zati on apparatus treats tap water to produce

Sul anpdpaik el ot exchahge wapparatual ueynef auberapuseleatave
may be insufficiently 20 obtained without sufficiently
reh%%|%§0%®¥%ﬁ BepEAdFagsebnthaeboypr epPnEaRtkatépn to a
Ev ninthis c wat e treated by the electric

i TEEPBRE %5?%?u§a£§ep8§t ©fFeated using the ion

EQ@Q E apparatus using the boron selective ion
g resin (JP-A-8-89956 25 (Patent Docunent 7)).

e
However, t heH&wS@éPE ”élﬁéé LhE °§8?§§a%d96983ﬁ§§ Séﬂ‘égity

as the increase 1 n the s¢ on exc

R R e oL 0818
EXCAHEE 1881 Poron selective ion exchange resin has
economical problems such as the increase in the scale
of the ion exchange apparatus and the increase in the
regeneration frequency and exchange frequency of the
15 ion exchange resin. |
[0015]

Even when the electric deionization apparatus
treats tap water to produce ultrapure water, the water
quality of ultrapure water may be insufficiently

20 obtained without sufficiently removing boron depending
on the type of raw water. Even in this case, water
treated by the electric deionization apparatus is post-
treated using the ion exchange apparatus using the
boron selective ion exchange resin (JP-A-8-89956

25 (Patent Document 7)). However, the treatment has
economical problems such as the increase in the scale

of the ion exchange apparatus and the increase in the

regeneration frequency and exchange frequency of the



[0016] As described above, there is need for an
appar atus and net hod capabl e of efficiently reducing
5 and renoving ions contained in water to a | ow
concentration in various water treatnent fields.
[0017] Patent Docunent 1: JP5A-07-116685 Patent
Docunent 2: JP-A-11-235598 0 Patent Docunent 3:

JF&&hZ@Q@héﬁgé8rg§iﬁnt Docunent 4: JP-A-10-314798

Pat ent Document 5: JP-A-2001-276814 Patent Docunent
6: [9Ftéy 10-85743 Patent Docunent 7: JP-A-08-89956 15
Non- Pat ent Docunent 1: Y. Wei et al., "M nimzation

of excess sladggeprotbeti abotray theokogscakedasbewaher
treatnment”, Water Research, 37 (18), 4453-4467 (2003)
Dl &6 OSUREs Cend Hee tNVENTA QAL 28 PELOobEENTt enbéysokdadiby
the Invention [0018] It is an object of the present
3| nakGt FeMOYong prows decnabadppdr anuwater Gat ar Loweat nent
and nethod of treating water which can efficiently
r CERRECRNEE FEpRvEn 2¥akigpacyaFeri breaEmant foRddst the
'OP$ Cﬁ tained in water such as sewage, food factory
Qe chenical factory effluent, tap water, sea

water, river ﬁc%ﬂ??% gnfatsﬁ ﬁn87gi9geggater to

extrerrel y- 1 05\?
Patent Document 2: JP-A-11-235598

10 Patent Document 3: JP-A-2005-46748
Patent Document 4: JP-A~10-314798
Patent Document 5: JP-A-2001-276814
Patent Document 6: JP-A-10-85743
Patent Document 7: JP-A-08-89956
15 Non-Patent Document 1: Y. Wei et al.,
"Minimization of excess sludge production for
biological wastewater treatment", Water Research, 37

(18), 4453-4467 (2003)

DISCLOSURE OF THE INVENTION
20 Problem to be solved by the Invention
[0018]

It is an object of the present invention to
provide an apparatus for water treatment and method of
treating water which can efficiently reduce and remove

25 a specific ion or all ions of the ions contained in
water such as sewage, food factory effluent, chemical

factory effluent, tap water, sea water, river water,



Means for Solving the Problem [0019] 5 As a result of
havi ng made an extensive investigation for solving

t he above descri bed problens, the present inventors
have found that a porous forned article having a
speci fic structure shows extgenely high adsorbing
performance to various ions contained in 10 water. The

| nveld ot bavend ogpduhBrbrbherabayerenbhl ey can be
attained by contacting the porous forned article with

wat@ticemtitla€bsii ni ng i ons-adsorbi ng neans for

adsor bing and renoving ions contained in water wth

atedmes Peansolvingetbei Bgobbgmedi ents 15 contained in

wat er, and have acconplished the present invention on

thEO®B8l s of the finding. [0020] That is, the present

invention is as follows. 1. An apparatus for water
Streatnent 20PohpFeERhE: ofehAYiRgr npdapenngxtensive

n edlents pont ined in, water; and neans for
dgb ¢h SOpBiBAstRer #REVe afeFEFébad pRoblems,

o P%eﬁés%flv??%ﬁﬁn €3 Bnff nﬁoaﬂé"fg%ﬁ & befotis, fornea
f?%fﬁcl?%?’h%p%% 8 ‘?%%%8”%?@@ EBERIABYS" LRt Lehlty
U85 L 00 8 LDRESFhLGLE P§oﬁ§”f&ns°é¥h£é§ﬁed in

each of cavities opens a e surface
10 water. The inventors have found that the above

problems can be attained by contacting the porous
formed article with water, and combining ions-adsorbing
means for adsorbing and removing ions contained in
water with another means for removing ingredients
15 contained in water, and have accomplished the present
invention on the basis of the finding.
[0020]
That is, the present invention is as follows.
1. An apparatus for water treatment
20 comprising:
means for removing ingredients contained in
water; and
means for adsorbing ions with a porous formed
article as an adsorbent, wherein
25 the porous formed article comprises a fibril
containing an organic polymer resin, and an inorganic
ion adsorbing material;

the fibril forms communicating pores opening



of the fibril through at |east a part of the each
cavity; and 5 the inorganic ion adsorbing material is
supported on the outer surface of the fibril and on
the surface of inner cavities of the fibril. 2. The
apparatus for water treatnmeny according to item 1,
wherein the porous fornmed article 10 has a | ayer

hayt ngn aoiB&F NYr pAEE dEagREehrefi cdeCafHURRGAtnR@ POr e
in the vicinity of the surface of the forned article.
3. cdhet hepar ehun HOr wwatRr chregti genbpenscatdicthg sarface
item1 or 2, wherein the organic polyner 15 resin
conprikbesfiabritashronghsaeteteedtf nopetrheodr the each
consi sting of an ethyl ene-vinyl al cohol copol yner

(B typokydcrylonitrile (PAN), pol ysul phone (PS) and
pol yvinylidene difluoride (PVDF). 4. The apparatus for

Swat er treatnBRe 1DOrgeréediag eesarpipaematerpali déns
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1 to 3, wherein the inorganic¢c ion adsorbing naterial
C PeEkeqiOR el OBRBLoFURERSEPI P EQ?déégFggré§QnP@dthe

WETEFRCE o8 bfer SaRi ey b RRETEIEES L, 6 2na w
and N are d|§fer§$%0%§§%%ggﬁg ggpe&gtggsﬁgaa mgﬁ%alllc

el enent sel ect ed group consi's 0 Zr

woreirathy e, SRy Merol, Hg, Mooty s et lerkone

Nbha@ng @yer having a maximum pore diameter of a
communicating pore in the vicinity of the surface of
the formed article.

3. The apparatus for water treatment
according to item 1 or 2, wherein the organic polymer
resin comprises at least one selected from the group
consisting of an ethylene-vinylalcohol copoclymer
(EVOH) , polyacrylonitrile (PAN), polysulphone (PS) and
polyvinylidene difluoride (PVDF).

4. The apparatus for water treatment
according to any one of the items 1 to 3, wherein
the incorganic ion adsorbing material comprises at least
one of metallic oxides represented by the following
formula (I):

MNyOn-mH»0 (I)
wherein x is 0 to 3; n is 1 to 4; m is 0 to 6; and M
and N are different from each other, and is a metallic
element selected from the group consisting of Ti, Z2r,

Sn, S¢, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
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5. The apparatus for water treatnent according to
item4, wherein the netallic oxide 5 represented by
the formula (1) is one or a mxture of two or nore
sel ected fromthe follow ng groups (a) to (c) : (a)
hydrated titani um oxi de, hydrated zirconi um oxi de,
hydrated tin oxide, hydrated cerium 10 oxide,

hvehhAted, | 3t hanus oxi de, and, Mgy aed MhLT M voxXiade: wp
(b)Y a muftTple netallic oxide of "a netallic™ “el enent
seiegteg fromthe group consisting of titanium
zirconium tin, cerium |anthanumand yttriumand a 15
metal | ic el efent Tsel appedatusntbbewgtenpteensmehitng of
alum num silicon and iron; and (c) activated al um na.
6. adberdjmpar ad ust émr 4wavkereipathenneta¢tocdprgdeo any
one of the itens 1 to 5 wherein the 20 fibri
congpiresented bygbhecfponyher (fesia, onheornar@éﬁt@reoﬁf
adsorbing material and a water-sol uble polyne
Th@w%p%%r@@ﬁg $%leﬁ5?€rfFP@thﬁn?°1é@UéF§|Egoﬁésaﬁ?) to
of the itens 1 to 6, wherein the 25 neans for
re ing ingredients contained in water is a

e

o eaf&&ﬁ{&h”&xi&efhﬁyaE %moﬁﬂeﬁﬁkﬁeﬁhﬁyﬁkgggglgﬁ ium
oxide, hydrated lanthanum oxide and hydrated yttrium
oxide;

(b) a multiple metallic oxide of a metallic
element selected from the group consisting of titanium,
zirconium, tin, cerium, lanthanum and yttrium and a
metallic element selected from the group consisting of
aluminum, silicon and iron; and

{c) activated alumina.

6. The apparatus for water treatment
according to any one of the items 1 to 5, wherein the
fibril comprises the organic polymer resin, the
inorganic ion adsorbing material and a water-soluble
polymer.

7. The apparatus for water treatment
according to any one of the items 1 to 6, wherein the
means for removing ingredients contained in water is a
combination of bioclogical treatment means and sludge
separating means.

8. The apparatus for water treatment



9. The apparatus for water treatnent according to the
item7 or 8, wherein the biological 5 treatnent neans
conprises an aeration tank in which a biofilmcarrier
is imersed. 10. The apparatus for water treatnent
according to the item9, wh%rein the biofilmcarrier
conprises a core materi al an& a fiber-like material 10

PaittStdyngi X60-he §PEmCYr eyABLEL hatheaBdolBgibhLher -
like material thickly grows around the core material.

11t rdhenenpanei s é@mpﬂﬂééé tweabpepbracgardinent @ahike .
item 10, wherein the core material has a helica

shape. 15 129, Thehapgppatsasugoforaivetekr eabaenknt
according to the item 10 or 11, wherein the fiber-1like
naeroading pol fhe nytedeheorhBprwdereifi. thbebappagatasd
for water treatment according to any one of the itens
37 feeairenhanedns t pempphses udgeasephiani hgnkeanswhich a
menbrane separation apparatus having a sedi mentation
t e BhHr FaBrigeph? ai WAL #@Abr ane. 14. The appar at us
for water treﬁtne t according %o the item 13, wherein
the separatibi 25T R nBPRAE2 BES ¢ %rnﬂﬁE?EnErﬁéﬁﬁﬁﬁFion
ap argi%s co r'ses.tat east one sEbec ed fion1the.
QrETT EOHAY oE o L EEBI JactPERTE, 16 PEARJ LR cariier
p°+<¥x§¢’%f$é)é‘ea( e mé’é’%i’éfy%ﬁéegefﬁbéky ik em%é’P%i
pol'y yl ene ( and pol'ypr opylene . . €

10 QNP AL 4151 § OF i Wk ef o LERET BBPE material, and the fiber-
like material thickly grows around the core material.

11. The apparatus for water treatment |
according to the item 10, wherein the core material has
a helical shape.

15 12. The apparatus for water treatment
according to the item 10 or 11, wherein the fiber-like
material is polyvinylidene chloride.

13. The apparatus for water treatment
according to any one of the items 7 to 12, wherein the

20 sludge separating means is a membrane separation
apparatus having a sedimentation tank and/or a
separation membrane.

14, The apparatus for water treatment
according to the item 13, wherein the separation

25 membrane of the membrane separation apparatus comprises
at least one selected from the group consisting of

polyacrylonitrile (PAN), polysulphone (PS),

polyvinylidene difluoride (PVDF), polyethylene (PE) and



10

15

20

25

according to the item 13 or 14, wherein a formof the
separation nenbrane is a hollow fiber form 5 16. The
apparatus for water treatnent according to any one of
the itenms 13 to 15, wherein the separation nmenbrane
is a menbrane cartridge pregared by adhering and
fixing both ends of a plurality of hollow fibers

\“iélﬁﬁ ﬁ@ngﬁﬁ and has a cartridge head 10
lirqui t y adhered and fixed to an outer

ci rcunf erencesof Phéi sharhtuparbrandtarskirebthiened to
an outer circunference of a second end part; the

caadadxifendietd tlse stpamal 8dofr dd) t heeskint 3 Sormndf the
part of the hollow fiber of the side of the cartridge
hesepd5a  somw peerbrane hbds | avhphttwofikaerefAdrpart of the
hollow fiber of the side of the skirt is seal ed; and

a pluralityl®f tPreugpraoressaferfvahed tﬁegﬁment
adhesive fixing layer of the side of the skirt,
TTEF%ﬁkﬁ&QﬂLEPf%ﬁYw@%%r°¥r%%?n%ﬁ?m52@3a560iérnUhFEEéﬁythe
one of the itens 7 to 16, further i si.ng sl ud

S TIRATI SR rﬁ%t&haganaslsTﬂem%rﬁlasea?ugg?%rl%?eprepgred by

erein t he

g{%e%ggpé%l%ﬁgo#&xwggr@% “phaSIof P IERE Beb ofe o 2ow
(T 6b & 25, SEENAR 7/ a£EL ggstsgﬁ (448 9EEH00 806 eao

rasoni c an OZ ne ne

Oxlfﬁgi&“tl fﬁda%ﬁefggnéﬁ§|fﬁﬁ@&ttédgh”QuHEEhOd and

ermophi | e et apparatus for water
t rept ARt e P6ROE dbNJat Pit e &h@MpdrtVWAgHCANskhetMeaRsd to

for renoving
an outer circumference of a second end part; the
cartridge head is separated from the skirt; an end part
of the hollow fiber of the side of the cartridge head
is opened; a hollow part of an end part of the heollow
fiber of the side of the skirt is sealed; and a
plurality of through holes are formed in an adhesive
fixing layer of the side of the skirt,

17. The apparatus for water treatment
according to any one of the items 7 to 16, further
comprising sludge solubilizing means.

18. The apparatus for water treatment
according to the item 17, wherein the sludge
solubilizing means is at least one selected from a
mechanical cell destructive method, an ultrasonic
method, an ozone method, a hydrothermal oxidation
method, a chemical agent adding method and a

thermophile method.



i ngredients contained in water is precipitation-

sedi nentation treatnent neans. 5 20. The apparatus for
water treatnent according to the item 19, further
conprising nmeans for returning desorption drainage
containing ions, to be remwed, the ions generated in
regenerating the porous forned article used in the

nmeans for adggr bifgei arhPudOrbbeyater treatment
preci pitation-sedi nentation treatnent neans. 21. The

appeE@t dbnd Of o Vel &1 i t&Ral 'eRher@ehOtHeNflebfst BBxi Fefbving
1, wherein the neans for renoving ingredients

canigiedtents adetalsedeih neatéirzhsi precipéabiéoh—

nmeans. 15 22. The apparatus for water treatnent

acced thentabicohet regbmant whearsén t he neans for

renmoving ingredients contained in water is direct
Spurifying Gns. Thg, agperappar feusweberwareatment

treatnment 20 according to any one of the itenms 1 to

2 2GR B tPethapbhemt L2 f BRriWBeEr CPOTREL ARRE REZDS for

nmeans for sg&gratigg and rennving Eusgended soligs Ln

wat RrUIRLRY FRSPEPtifRtAFPLRAFR GOpFaLLEY PBJe 5P Pe

tr¥%£@an fqé adsorbin% ignﬁ..zs 24. Thetaggaﬁgtus us

f or oY RT e HERE IRREE? uf Ayt ot GRFSRBC6F It hB®i PRAR

1 . e e bi L ons i

o Sy AERICLE AL 1008 AOPnBTEOE hAMoLOTAY' Tols, to

10 SSERESo AN b St 8 1 Sn TRIdH micch t A0 SrP WL SUM BN means The
apparatus for water treatnent
21. The apparatus for water treatment
according to the item 1, wherein the means for removing
ingredients contained in water is demineralization
treatment means.

15 22. The apparatus for water treatment
according to the item 1, wherein the means for removing
ingredients contained in water is direct purifying
means.

23. The apparatus for water treatment

20 according to any one of the items 1 to 22, wherein the
apparatus for water treatment has means for separating
and removing suspended solids in water, said means
installed in a previous stage of the means for
adsorbing iocons,

25 24, The apparatus for water treatment
according to any one of the items 1 to 23, wherein said
means for adsorbing ions is a plurality of means for

adsorbing ions connected in series and is of a merry-




according to the item 24, wherein ion detecting neans
for nonitoring a concentration of ions in treatnent 5
water is installed in the neans for adsorbing ions of
the initial stage. 26. The apparatus for water
treatnment according to any ,gne of the itens 1 to 25,
wherein the apparatus for water treatnent has neans

fQ§OJ£b§ﬁaS§9§£éﬁ[ng desorbed ions froma desorption
solution brought in contact with the porous forned

article usedzsin the appasatQs 8gsowhtBY teBStmand
solid-liquid separation neans for a crystallized

suisé@ndeng 2o The apgar 24 uswhoreyat eont gegeaethglhbeans
according to the item 26, further conprising neans for
cobb i ngonheodiisgr at concentuatbon @8. idnseihotrektment
treating water conprising: a step of renoving

Si ripreelf ehs sizohabieddinntheareansafidr2edanrbéng ions of
adsorption treatnment step of using a porous forned
arthe| P hkiah 88832 bent, wherein the porous forned
article conprises _a fibril con%ainin an organic

pol yner resi ?'anﬁ?%n??ﬂ%F@EH?c °F of@ ﬂgpFSP jment
ToLELLhing LA Sal LBRE| oF OLEE FERIUTICRI 20, PSRt cne
R e T R T A
10ﬁg§2¥%§?l?€¥iﬁd;d@§gr$§§ 1 ORE9RPLR hOBe898PERLAIso1ution
brought in contact with the porous formed article used
in the means for adsorbing ions, and solid-liquid
separation means for a crystallized substance.
27. The apparatus for water treatment
15 according to the item 26, further comprising means for
cooling the desorption solution.
28. A method of treating water comprising:
a step of removing ingredients contained in
water; and
20 an ion adsorption treatment step of using a
porous formed article as an adsorbent, wherein
the porous formed article comprises a fibril
containing an organic polymer resin, and an inorganic
ion adsorbing material;
25 the fibril forms communicating pores opening
at an outer surface of the article and has inner

cavities, each of which cavities opens at the surface

of the fibril through at least a part of the each




supported on the outer surface of the fibril and on
the surface of inner cavities of the fibril. 5 29.
The nethod of treating water according to the item
28, wherein the step of renoving ingredients
contained in water is a conq%pation of a biologica
treatnent step and a sl udge separating step. 30. The
met ﬁt?f trgating water according 10 to the item 29,
further” conprising a sludge solubilizing step. 31.

The nethod ofnér eRblganYEt £6naga8EELNEy hatbRealt €8
28, wherein the step of renoving ingréedients

contigbdetled NoMatee betérdeurngeal bzathentibeillr @atinent the

step. 32. The nethod of treating water according to

t heur fece 28f Mweeri patvbeissepfotheefbibrtddy. i ngredients

contained in water is a precipitaion - sedinentaion
S5treatment st2®, 20h83metthednefhbdestingewtiny weterding

according to the item32, further conprising the step

of Lo rehgrhiemy desovperehndihenaercofit AEBPMENPons to

be, renmpved, the ions generated in regenerating the

poteRisediertedcartriredusRdvrhet hésSi BncaBborptien of a

treatyent 25 ste to, the precipitaion - sedinenta io

t rRLo et c4T pF SR Ement BC R, RBY Bf StHA4EI REPRARERAT Step.

sceording S0 hehd e e e s e iBeg grragaing

10 PUEL T 005 18y 86 EPeuEPREE] comprising a sludge
solubilizing step.

31. The method of treating water according
to the item 28, wherein the step of remcving
ingredients contained in water is a demineralization

15 treatment step.

32, The method of treating water according
to the item 28, wherein the step of removing
ingredients contained in water is a precipitaion-—
sedimentaion treatment step.

20 33. The method of treating water according
to the item 32, further comprising the step of
returning desorption drainage containing ions to be
removed, the ions generated in regenerating the porocous
formed article used in the ion adsorption treatment

25 step, to the precipitaion—sedimentaion treatment step.

34. The method of treating water according
to the item 28, wherein the step of removing

ingredients contained in water is a direct purifying
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The present invention can efficiently reduce and
renove a specific ion or all ions of the ions 5
contained in water such as sewage, food factory
effluent, chem cal factory effluent, tap water, sea
water, river water, |ake wat,er and groundwater to
extrenel y-1 ow concentration™at | ow cost. BRI EF

PTION OF THE DRAWNGS 10 [0279] Fig. 1 is a
schematic view of a hollow fiber cartridge used for
thegpgepent invention;, Fig. 2 is a schematic view of a
merry-go- round system 15 Fig. 3 is a schematic view

of an apparathé pfeseMBt ehvéfiedbAeAhnOEfEXamBhesylrafdce
2; Fig. 4 is a schematic view of an apparatus for

wedred temataeatspécERhopies Sraatlldiohsgof5the aons
schematic view of an apparatus 20 for water treatnent
of cExianphed bnawatér High 8si sewagehefmvdc factoryf
flow of an apparatus for water treatnent of Exanples
7 ehblgenanochemnical fackosghehfituenyi etiapf wakew. obean
apparatus for water treatnent of Exanple 9. 25 BEST
MOBEE F0R AR WeE 0T ke | we/eRer end gopppfiwager to

Herei nafter, the present jpventjon will pe described.
[ USST S EHLOY GF R CRBUT AL P RGP AL eHt SO8bnt ai ned in

BRIEF DESCRIPTION CF THE DRAWINGS
[0279]

Fig. 1 is a schematic view of a hollow fiber
cartridge used for the present invention;

Fig. 2 is a schematic view of a merry-go-
round system;

Fig. 3 is a schematic view of an apparatus
for water treatment of Examples 1 and 2;

Fig. 4 is a schematic view of an apparatus
for water treatment of Examples 3 and 4;

Fig. 5 is a schematic view of an apparatus
for water treatment of Examples 5 and 6;

"Fig. 6 is a schematic view of flow of an
apparatus for water treatment of Examples 7 and 8; and

Fig. 7 is a schematic view of flow of an

apparatus for water treatment of Example 9.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022]



5 water" used in the present invention renoves sol uble
i ngredi ents such as BOD, COD and inorganic ions
contained in water, and exanples thereof include a
conbi nation of biological treatnment neans and sl udge
separati ng neans, preC|p|tatLpn sedi nent ai on treat nment
10 neans, den1nerallzat|on treatnent means, and direct
purifying neﬂ@felﬁg%é} Thﬁebbelegeheahn%ﬁﬁ&wwﬁﬁqnﬁe
is not particular [T nited. However, specific
exaePteshed d thereof i ncl ude active sludge nethods
such as a standard active sludge nethod, a standard
aef@t2®n nethod, a long tine aeration nmethod, an
oxidation ditch nethod, a batch nmethod and a nenbrane
bi oreact or TMé¢émws, fbrofehovimrghbdgredibnas aontatiaetl in
OX|dat|on 20 method, a trickling filter nethod, an

Si meterbrusedt bn thetmelseatrmnaenhgom skmaweRodolable
fluid bed nmethod and a biological filtering nmethod,
antRGEPGHPRES r B heas SBOBucROHsaadsi BpEURRAET dANFON

met hods, such,as a hig peed oxi datjon tank nethod
ArtPRER STt B | AL BRI d%@éoﬁwa%ﬁdtnéfﬁea ing Thdeqed,

araePebtic oo it dal "Eheethanfoipedd"aa ofase
e@%@%%@mo% SUeky 85 B0oANGEKORLE: 0L LELPlent

oon ke econp03|
10r“ﬁéﬁﬁgzﬂﬁk %%foﬁ #f@étﬁ@ﬁ@oﬁﬁaﬁsgrﬁﬁﬁ"ﬁ@?ect
using a spec ogi cal " such as photosynthesi's

m¥ﬂﬁ&f§hHQQﬁ§én§nd chlorella; a treatnent of a
nutrient such as biological nitrogen renoval and
[0024]
The biological treating means is not
particularly limited. However, specific examples
15 thereof include active sludge methods such as a
standard active sludge method, a standard aeration
method, a long time aeration method, an oxidation ditch
method, a batch method and a membrane bioreactor
method, biofilm methods such as a contact oxidation
20 method, a trickling filter method, an immersion filter
method, a rotating disk method, a fluid bed method and
a biclogical filtering method, ahd aerobic treatments
such as a stabilization pond methods such as a high
speed oxidation tank method and a facultative oxidation
25 pond method. As needed, there can be concurrently used
at least one of: an anaerobic treatment such as an

anaerobic decomposition method such as an anaerobic

nitrifying method, a lagoon method, a decomposition
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5 bi ol ogi cal phosphorus renoval and a treatnent
utilizing a natural purification function such as a

| ake, a waterway and soil. [0025] Although it is
recommended that at |east an 10 aeration tank exists
as the biological treatnment,geans of the present
invention, two or nore tanks are preferable since the

ta@&@krﬁ%%ﬁ&ﬁtiﬁdgﬁﬁe£§$é9@b96 £ eXEEESMELHEEE. aAL8Batment
since excessive tanks increase the productlon cost,

t Ri£tnd G Sépe @BF BE lk@:[bl@@i_.(@aﬂf§uc1'l5a§0pﬁo@b§§*ﬁtﬁélses
[ 0026] The contact oxidation nethod is preferable as

t Neadoti et )i CRbadt eamtdrecli l oe@bhba pfat beepteseht of a
i nvention since nmethod decreases the generation of
exuissi el tudgech 28s Thiobogi cel wiktdagennremovisll and
imerses a biofilmecarrier as a carrier nultiplyin .
znﬁﬂQ#Q91¢ﬁ#|9ﬂ¢ﬁph¢ﬁ@$o@@@%ﬁ@%n@ndnaahraétﬁﬁnﬁnutanglng
to aerate the biofilmcarrier, A though the_bjofilm
cat riddrugal r@%rl%la%%%qla?‘lﬂﬁlcﬂcﬂﬁlt%‘élChe%ﬁnﬁl £3kgf ehe
shape thereof 25 jpclude a honeyconb, spiral, holl ow,
rﬁ#ﬁﬁfw%%t%ﬁﬁk$°1 od and |ine shapes. The spiral
Sheﬂﬁz%ﬁ preferabl e since many m croorgani sns can
[ and the flow of the aeration tank is enhanced.

meteri ol and e HIRET e PerdhERaLBILhEE S, FOLSe, an
trH%féﬁfbﬂ“ﬂéKKEQXLQQQ 4d tH@'EﬂoigﬁlééPefréhkﬁent means
material is thickly grown around e core material is
pref efradlfre SO, inPenshaPe Bfo or more tanks are
preferable since the tanks reduce the generation of
excess sludge. Also, since exXcessive tanks increase
the production cost, three to six aeration tanks are
more preferable.
[0026]

The contact oxidation method is preferable as
the biological treatment means of the present invention
since method decreases the generation of excess sludge.
The contact oxidation method immerses a biofilm carrier
as a carrier multiplying and acclimatizing
microorganisms in an aeration tank to aerate the
biofilm carrier. Although the biofilm carrier is not
particularly limited, examples of the shape therecf
include a honeycomb, spiral, hollow, sponge, network,
rod and line shapes. The spiral shape is preferable

since many microorganisms can live and the flow of the

aeration tank is enhanced. Also, the biofilm carrier



5 the core material is not limted, and the biofilm
carrier in which the core material has a helical shape
is preferable. [0027] Metals such as soft iron,

al um num and copper 10 or plastics such as flexible
vinyl chloride can be used fgor the core naterial.

Wat er proofing coating and plastic coating can be

apphied ﬂﬂhi@&eéreaaéof@rﬁatgﬁisuahdsg ashbP-34RAr €ss
the corrosion. The diameter of the core naterial,

WhhCthe 1 5a Ui p4d £ £4A1 1 ACEDX EH NBot Bhd ScoBbkehbBkBial$ and in
preferably 1 mmor nore and 7 nmor | ess.
Fuvh et e, £ i1iberglibke tiyabérial et sathbéklhegtohar akoked
material is not particularty limted. However,
exEnp| esrofmater hal ek é apsefarsblle. pohgzeohytheeshape of
pol ypropyl ene, polyester, polyam de, polyvin

5 cHike i eREe geateT byl i Heneothl i tied, péﬂ?véﬁ?l ga@ﬁélm
fluorine and pol yuret hane. Pol yvinylidene chloride is
prE} et sF el%l‘i’kbc}boﬂ}‘?n‘ﬁ%‘?d%%%h%rbﬂ% fasedéefl shape
adherabliét¥ Pf m croorgani snms. [0028] 25 A biofilm

Ptepared by holding a plurality of
bi % carrier on a frame nmade of a suitable
corro n-resistant material can be imersed and used

|n the aeraljon,iankycil é%f’é‘gﬁt'irbﬁ ZleﬁfﬁGﬁmiﬂaegopper

that the bi mcarri er hav

10S“Bffﬂﬁé%éfﬁstf@bﬂﬁé§rfﬁéﬁi@l@fviﬂﬁlaéﬁﬁékﬂae Egﬂkbésused
used, the height is preferably 0.5 mor nore and in
Orféﬁsﬁhea@ﬂr@ﬁﬁ@t@fﬁéEfahﬁdt@rﬁ}@éfﬂﬁ@ecéﬂﬂlﬂg and
plastic coating can be applied on the metal core
material so as to suppress the corrosion. The diameter
of the core material, which is different according to
15 materials, is preferably 1 mm or more and 7 mm or less.
Furthermore, the quality of material of the fiber-like
material is not particularly limited. However,
examples of the materials include polyethylene,
polypropylene, polyester, polyamide, polyvinyl
20 chloride, polyvinylidene chloride, polyvinylidene
fluorine and polyurethane. Polyvinylidene chleoride is
preferable since polyvinylidene chloride has good
adherability of microorganisms.
[0628]
25 A biofilm carrier block prepared by holding a
plurality of biofilm carrier on a frame made of a
suitable corrosion-resistant material can be immersed

and used in the aeration tank. Although it is
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5 mor less. [0029] As for the anmobunt of the biofilm
carrier to be used, the surface area of the biofilm
carrier per 1 nR of the projected floor area of the
biofilmcarrier 10 block is preferably 100 n2 or nore
and 3000 n2 or less. The syiface area, when being 100
nm2 or nore, provides the excellent efficiency of the

| NSt @drheddh @84 2802t Ofhe LHEC APPRT BhHE i o FNB18EKS BEG1AECE,
when being 3000 n2 or Iless, exhibits an airlift

efHerghitlusut ©aloes atbPNthe IRLHF OdePEhacENther Beration
revolution style and an environnent where

m tedrolor DR nLses, tetel hoighiowispprdhersblfaceSamear msre
nore preferably 250 n2 or nore and 350 mi 2 or | ess.

[ C08D] 6 Theos| lelge, sapdrmdragerefesabdbybl nedowi mhrehend 4
20 biological treatnent neans is not particularly

| imieedless. the present invention. However, a menbrane
seﬁﬁgation apparatus such as a sludge sedi nentation

t aHk02%) screen, a nmicrofiltration menbrane and an

ultrafiltratjon_nenbrane can be_used.. These can be 25
al so concurr%%tf?rgg%%.a@ﬁﬁ%E ?ﬁeth%nﬁfﬁgéerﬁﬁFSFFBnto

| ' S S ded Solid
RO A e PR EA oA e ot oS Bt DT P ERASpeber 1
fﬁ%f%&a@ﬂ% ﬁgafggf%? Fbod Wi 4#(#ﬁ%!g¥5¥fiﬁﬁégf¥4éE
that “the merbrane bl oreact or frethod Using an
| RS Sk Of s 'ﬁ@f@f@o?ﬁ?g‘? Efdcre‘}tfof@té”dcpejjoay m’ or less.

concurrentl’y using ol ogi ca
The surface area, when being 100 m’ or more, provides
the excellent efficiency of the installation area of
the apparatus. The surface area, when being 3000 m® or
less, exhibits an airlift effect due to aeration to
provide a uniform reveolution style and an environment
where microorganisms tend to grow up. The surface area
is more preferably 250 m’ or more and 350 m/% or less.
(0030]

The sludge separating means combined with the
biological treatment means is not particularly limited
in the present invention. However, a membrane
separation apparatus such as a sludge sedimentation
tank, a screen, a microfiltration membrane and an
ultrafiltration membrane can be used. These can be
also concurrently used. Since the membrane separation
apparatus can also remove minute SS (Suspended Solid),
the clogging of the means for adsorbing ions can be

preferably prevented.



5 treatnment neans and the sludge separating neans.

[0032] In order to enhance the concentration of

sl udge, the sludge separating neans and a

concentration apparatus such as centrifuga

concentration, surfacing 10 ﬁoncentratlon evaporation

concentratlon or menbrane concentratlon can be al so

{gntly used. [0033] A nenbrane bi oreactor

roduces raw water into an aeration tank where the

raw wat er istsupsended prerépap1bi ohedi €Ak hERBLHERBL,
i ntroduces a biological treatnent solution containing

t Nei stewlogeot mé fitod aes hd oant ket Bl OnansebasAki hAs an
menbrane immersed in the tank, and takes out

pez fibatit eolwad fmedfby heonsepaeatipnuaknygr the hiological
treatnment water. 20 [0034] The separation nenbrane
5 uskeredrenhaneandrame the osbadger separatipgeneans.
invention is not particularly Ilimted. However, as
t hel&&phrati on menbrane, an MF (nicrofiltration)
menbrane and_a UF _(ultrafiltration) 25 nenbrane are
preferabl e |¥P\ﬁ”é‘9\¢’6ft?h%n]é§<%%?l'%ﬁ? CRafaREEabion of
filtration accu and abl e wat er .
GBS met i &l fde TSR REMTERS Hrdth rond dBot R AErat ton
' I u u .
o T RE R a8 R EE L OB P Pho Thbh e sur facing
10 c@&{a&@tmy&?! e PRYPLEILR POhYIRErapEbY! QP hEhbBane

concentration can be also concurrently used.
[0033]
A membrane bioreactor introduces raw water
into an aeration tank where the raw water is subjected
13 to a biclogical treatment, introduces a biological
treatment solution containing the sludge in the
aeration tank into a separation membrane immersed in
the tank, and takes out permeable water of the
separation membrane as treatment water.
20 [0034]

The separation membrane used for the membrane
bioreactor of the present invention is not particularly
limited. However, as the separation membrane, an MF
(microfiltration) membrane and a UF (ultrafiltration)

25 membrane are preferable in view of the excellent
balance of filtration accuracy and permeable water

amount,




pol ymer, poly(nmethyl nethacrylate) polynmer, polyam de
pol yner, polyimde polyner, cellulosic polyner and
et hyl ene-vi nyl al cohol - copol ynmer polyner. It is
particularly preferable that the nenbrane includes at
10 | east one kind selected fHromthe group consisting
of polyacrylonitrile (PAN), pol ysul phone (PS),
potyysmyl i dene difluoride (PVDF), polyethylene (PE)
and pol ypropyl ene (PP) fromthe viewpoint of an
unswel i ng THepRityrpall Hf ofreradabrener eatitidseembny
wat er, and 15 productionability. [0036] A formof the
melindsmenf spabymérsi secdh asdpoinstlflese polymeapple, a
flat menbrane, a hollow fiber, a pleat, a spiral and
a pebyvinphiedene Hlhotine pobenerp pelpviéhgladenei n
poi nt of the wi de nenbrane area. [0037] Since a

S biHRFide rebwmeentPebyetebinhaoivgera Argklenssrile

(M xed Liquor Su ended Solid concentration is
f iBRLYRRE 4 PR+l W%rﬂé%%?%&%%?’ ZBO?‘rié’E‘ﬁBd PPF\Eamlde

oL é@gr@ofﬁrgf%%cﬁé’ RS AEACR
o P D AL
T
10a'Iea§%[6KE“&lnd selected from the group consisting of
polyacrylonitrile (PAN), polysulphone (PS),
polyvinylidene difluoride (PVDF), polyethylene (PE} and
polypropylene (PP) from the viewpoint of an unswelling
property and biodegradation resistance in water, and
15 productionability.
[0036]
A form of the membrane is not limited, and
includes, for example, a flat membrane, a hollow fiber,
a pleat, a spiral and a tube. However, a hollow fiber
20 1is preferable in point of the wide membrane area.
[0037]
Since a biological treatment solution having
a high MLSS (Mixed Liquor Suspended Solid)
concentration is filtered in the membrane bioreactor
25 method, the biclogical treatment solution is easily
clogged. It is necessary to effectively clean the
membrane surface using air in order to cobtain stable

permeable water.
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An enbodi nent of a hollow fiber cartridge according
to the present invention will be described wth
reference to Fig. 1. [0040] 10 In Fig. 1, a holl ow
fiber cartridge 201 includes a plurality of hollow
fibers 202, an upper adhesi;we fixing |ayer 206, a
Iomer adhesi ve fi xing Iayer 207, a cartridge head 205
E?@g@#lrt 204. One end parts of the bundl ed holl ow
ers 202 are 15 integrally conbined by an adhesi ve,

and are i nt egriéhiyrac®nbiredi dget heveagt thdgeoheadirgs
to constitute the wupper adhesive fixing |ayer 206.
Thet anckyee tiofpaieiclhbat by préfer20Pe oint bedsirdecof
the cartridge head 205 is opened. The other end parts
ofeffrctiore by ¢1émn st2e Rambuarei suefrat| ystogbahed by
the adhesive, and are integrally conbined in the
ski®43204 to constitute the |ower adhesive fixing

| ayer 207. However, the end_parts.of the holl ow

fibers 202 &% %I@éq’%ﬂne%t pq)Gr%I R dLogs f%h?%u@ﬁrﬁ’éllége

203 f t r.od t d, 25 cl
ueecqp.‘?qul%re?aif%i% reedh hefCion it S chaadenyped

ngﬁfgég C|rcqgaere tial face of the hollow

er are 1 iver adhesive fixing |ayer
2%@0&@] [0041] The biological treatnent solution in
the aeration tank is filtered fromthe outer surface

of the hollgyFiberi, is Raps&H fDBQHg@aftPQHJ;QV‘Q@@”

in the 5 hollow fiber; i1s passed through a treatnent

WeiirRfludes a plurality of hollow fibers 202, an upper
adhesive fixing layer 206, a lower adhesive fixing
layer 207, a cartridge head 205 and a skirt 204. One
end parts of the bundled hollow fibers 202 are
integrally combined by an adhesive, and are integrally
combined in the cartridge head 205 to constitute the
upper adhesive fixing layer 206, The end part of the
hollow fiber 202 of the side of the cartridge head 205
is opened. The other end parts of the hollow fibers
202 are integrally combined by the adhesive, and are
integrally combined in the skirt 204 to constitute the
lower adhesive fixing layer 207. However, the end
parts of the hollow fibers 202 are sealed. A plurality
of through holes 203 for introducing raw water and
cleaning gas into the hollow fiber bundle and
effectively contacting with the outer circumferential

face of the hollow fiber are formed in the lower

adhesive fixing layer 207.
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outlet 208; and is sent to the nmeans for adsorbing
ions as the following step. [0042] The quality of

mat eri al of the adhesive is 10 preferably a pol yner

mat eri al such as an epoxy resin, a urethane resin, an
epoxy acrylate resin and a sijicon resin. [0043]

Al t hough the quality of material of the 15 cartridge
hepdp20p and skirt 204 is not particularly |imted,
the quality of material is preferably a thernoplastic
resin or starnkessosbgeball Q044tmBhef epalltyont A& the

t hrough hole has a dianmeter 20 of 2 to 35 mm [0045]
Theesation20dnksidoimbbedby fropethedofitem sultfaerdcf the
face of the hollow fiber and is fixed. Although the
priop bteedfileayt hidepangdedohhrhughi anbpélo@spetrtt Aa the
cartridge and the anmount of air, the length is
priapeteml fiberp BooPaRFethEhkerpbwaf theptmept water

pr ef er apl as an inner diameter of 50 to 3000 m and
O?EL%F/%ﬁgéraﬂﬁahété?ngaFPotBF peanpofgrgadsgrbing ions
[0046#EVM§n ;he.conbtnation of the biol ogica

t r2at waht ﬂ% RE1BG g5 ?Bdge separating nmeans as the
neg@§4épr renmovi ng i ngredients contained in water is 5
used in"the present invention, the order of the

The quality of material of the adhesive is
preferably a polymer material such as an epoxy resin, a
urethane resin, an epoxy acrylate resin and a silicon
resin.

[0043]

Although the quality of material of the
cartridge head 205 and skirt 204 is not particularly
limited, the quality of material is preferably a
thermoplastic resin or stainless steel.

[0044]

Preferably, the through hole has a diameter
of 2 to 35 mm.

[0045]

The skirt 204 is downwardly projected from
the end face of the hollow fiber and is fixed.
Although the projected length depends on the diameter
of the cartridge and the amount of air, the length is
preferably 5 to 500 mm. The hollow fiber 202
preferably has an inner diameter of 50 to 3000 um and

an inner/outer diameter ratio of 0.3 to 0.8.




conbi nation of them and the nmeans for adsorbing ions
using the porous fornmed article as the adsorbent is
not particularly limted. However, it is preferable
to install the nmeans for adsorbing ions in the
subsequent 10 stage of the thlogical treat ment neans
and sludge separating neans'Troma viewpoint of the
efibgthcy of ion adsorption. [0047] Wen the
conmbi nation of the biological 15 treatnent neans and
sl udge separghbAgtHBABSNbINHELEnaSr the BRBNSHia]
removing ingredients contained in water, it i's also
preteasheatt Regnpbbng shudge sebubblinignéeaf®ans. the
[0048] 20 The sludge solubilizing nmeans used in the
presens farventmonmingl vegradpentsococalthinkdslindgater is
mai nly containing m croorgani sns generated in the

Shivsedi tal therpaeaent fpsrptopnt hehel oddersefarthei ng
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means in water so as to be suitable for destroying
t heomeinaphpnsodnghes paenihromsass fhe adsorbing lons
m cr por gani sns, depql ynerizing a high polyner, and
suBFERE| hget RRTSMEdFRITEdt AELhFOP0gSche pPearkent is not
ToRaE BURLECPY, RuRER e poblath ek ke DOkRBuBEk 4o,
L9250 U0b) KELRY BRENIALERRh g, REEL) SH! LY subsequent
TEERAeak EELIbUBRLMERLABLA: AERHRSLAY tuaae
separating means from a viewpoint of the efficiency of
ion adsorptiocn.
[0047]

When the combination of the biological
treatment means and sludge separating means is used as
the means for removing ingredients contained in water,
it is also preferable to combine sludge solubilizing
means.

[0048]

The sludge solubilizing means used in the
present invention solves a part or all of sludge mainly
containing microorganisms generated in the biological
treatment means or the sludge separating means in water
S0 as to be suitable for destroying the cell walls and
formations of the microorganisms, depolymerizing a high
polymer, and subjecting the sludge to the biological
treatment means again by a physical, chemical or

biological technique, or the combined use thereof.



oxi dation nethod, a nmedi cal agent addi ng nethod and a
t her nophi |l e net hod. Exanpl es of the nechanical cel
destructive methods include a bead m Il nethod and a
10 high revolution disk nmethod. The bead m | nethod
i ntroduces sludge into a mlé chanber filled wth
beads, stirs the sludge at hlgh speed, and destroys
t he sludge using a shearing friction force generated
bet ween the beads. The high revol ution di sk nethod 15
passesothe sludge through a space between disks
rotated at high speed, and destroys the sludge using
a shearing fhecelgagerabedbhetiveasg meandi sksnamd
mashi ng. The supersonic nethod introduces sludge to
anpattiasdarty famktednd Hewkweys thampledgéhesiend
pressure waves and 20 cavitations ultrasonically
Sgeheehudd. aThechenhodlhaslladeativantiye meihopower
required for the destruction is small. [0050] The
0zPRRCHEPRSE FAERBHucEB §zgagemﬁﬁh@dana ydgeshiezaailon
t ank, annlhllates the sludge_using the  oxidizin

oWt %Fz?aoaﬁtPa de§LW69lﬁaéeﬁgeﬁEnﬁﬂﬁﬁég m?ﬁEO%e?ﬁ@da
{ﬁ%ﬁ%'ar%%‘%mﬁ PEhfS 'ﬁﬁar‘ﬂazast a%e%%%‘ér’&%png?é%al cell
@ét?@cg§$$qgetﬁ$§sh¥ﬂég rgabe 'ﬁ?& ?Eg Qnd a

roduces S herna trea

1otfﬁﬁéﬁ f@@o%ﬁﬂ?&ﬁ aishi ﬁgthSHper%hHrﬁéaénﬂlﬁieﬁ§358&

(under a su crltlca condr'tion), and co
d'ﬁ@@%d&@c@sc§iud§8 cRpyeptmine éhaﬂgerIB&91@d|9%&h

nol ecul ar conpound. The net hod has an advant age t hat
beads, stirs the sludge at high speed, and destroys the
sludge using a shearing friction force generated
between the beads. The high revolution disk method
15 passes the sludge through a space between disks rotated
at high speed, and destroys the sludge using a shearing
force generated between the disks and mashing. The
supersonic method introduces sludge to an ultrasonic
tank, and destroys the sludge using pressure waves and
20 cavitations ultrasonically generated. The method has
an advantage that power required for the destruction is
small. |
[0050]
The ozone method introduces sludge into an
25 ozonization tank, annihilates the sludge using the
oxidizing power of ozone to destroy a cell membrane.

The method is suitable when the biclogical treatment

‘means is the oxidation ditch method and the long time




the reaction tinme can be reduced and the hydrot her mal
treatnment tank can be mniaturized. The chem cal agent
addi ng net hod adds a chem cal agent such as an 10
oxi di zi ng agent such as hydrogen peroxide, alkali such
as sodi um hydr oxi de, and aci4g such as sulfuric acid to
sl udge, and particularly heat the sludge. The nethod

hage pgt 8gMantageqdt hatnkhgy H%B%hb?ﬁahsgﬁﬁ§hkion method
controlled wusing a chem Cal agent and electric power

coshtitedhews sibafB084] al nytikethBernaADPRirkd tiehtodanthe
sludge is heated and is solubilized by thernophile

sutheass Baei kludgéet eqr hibar tepbekrasurks addi bressures
enzyme generated and secreted fromthe thernophile
pr éwndes @0subersbiobll cerntibnond,t badskougdetEiy
thernmophile method is preferable since the

St hétaephves aechdd tisesondestnphe appdost dstend low
requires_no chem cal agent or the |ike particularly.
Asrn%?cxslh@r c6ABPPTBfAs ofhenhmethpdr hashaneaﬁlmaﬁéagei that

ferable that the 25 t t 50.t0
{Ehe | HRGRELoRC ﬁwsea?ganb?s?”@%%dﬁéﬁe gPenBr‘fElroﬂihng‘al

hoﬁ%a“f%?z}* 5 ¥ BE ghfnigt éiﬂéﬁﬁ? o TRE shimjgel adent
SoL 014t 28t B! VIBReRELD! Ligleo[Eanscagd the

unso I1Tze , a SO separatl

10aﬂﬂ§{§$9§nﬁug$eﬂ§ §ucﬂEQPrﬁ Qrgbkﬁe?eEeﬂlﬁé kgll such

concurrently used. As for t ration henbr
usgsl é@ﬁlﬁﬁehfﬁﬁ@kﬁﬁé,fhh89561§nsu€hté@fbhﬁfakhena01d to

menbr ane and mcrofiltrati on nenbrane
sludge, and partlcularly heat the sludge. The method
has an advantage that the reaction is easily controlled
using a chemical agent and electric power cost is low.
15 [0051]

In the thermophile method, the sludge is
heated and is solubilized by thermophile such as
Bacillus stearcthermophilus. In addition, enzyme
generated and secreted from the thermcphile promotes

20 the solubilization of the sludge. The thermophile
method is preferable since the thermophile method uses
a simple apparatus and requires no chemical agent or
the like particularly. As for the conditions of the
thermophile method, it is preferable that the

25 temperature is 50 to 80°C; the sludge concentration is
1000 mg/L or more; pH is 7 to 9; and BRT (Hydraulic
Retention Time) is 3 to 24 hours.

[0052]
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or the Iike can be used as the nenbrane material. A
hol | ow fi ber shape and a flat nenbrane shape can be
used as the shape. A polyethyl ene-based resin, a 10
pol yacrylonitril e-based resin, a polysul phone-based
resin, a polyvinylidene flucrd ne-based resin and an
acetyl cel l ul ose-based resin can be used as the quality

of material.rfhs-rgetyey! pbgneabaseter 8311AgaNAoL G 1ized
pol yvi nyl i dene fluorine-based resin are preferable in

1%yiene os1iggé s63uBt angengndeghentaal thesuabanedilAzed
spiral type and hollow fiber type, tubular type, and

pl sl eddgypea neobi dneigotd| esparathrgl aspacanubesushdas a
[0053] As for the order in which the biological 20

t reeitipeane nBhbhkert ban sbedgensepaeatipgueedns, Ashéor the
sludge sol ubil'izing neans and the neans for adsorbing

i obsl brat tonbremorane use@dr 60kr bheemenbranfefipsns, f an
adsorbing ions is installed in the subsequent stage of

t Hetbraf byt kaller caeReRENAeaRs, ashiggelsbpaphipRghenbrane

25 and sl ud L ubi|izj : 0054] . t,
S0 TS CHRRDreR o WREY GeriHer AFROREReIRF ki Runt B
: f 9 ' ' di
e i ok R RS R
8 (R A AREL O PSRV TERY1 BRSSP 880
reverse osnosl s nbr an apparatus, an electric

IBONy 2y i PPPAT ALibSsed FLain] | A1 pOTy 2y EPRBRAL HE 5801

an ion exchange apparatus using an ion- exchange

r esddlin Fag p®f y¥ hey B At H5@Sr {BY-B8sed resin and an
acetylcellulose-based resin can be used as the quality
of material. The polysulphone-based resin and the
polyvinylidene fluorine-based resin are preferable in
view of heat resistance and chemical resistance. A
spiral type and hollow fiber type, tubular type, and
plate type membrane modules or the like can be used.
[0053]

As for the order in which the biological
treatment means, the sludge separating means, the
sludge solubilizing means and the means for adsorbing
ions are combined, it is preferable that the means for
adscrbing ions is installed in the subsequent stage of
the biological treatment means, sludge separating means
and sludge solubilizing means.

[0054]
Next, specific examples of the

demineralization treatment means used as the means for
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i ndependently used for the dem neralization treatnent
nmeans, and the plurality of reverse osnobsis nmenbrane
apparatuses of the sane type nay be installed in nulti
10 stage in series. A plurality of types of
apparatuses may be conbinedg The plurality of
apparatuses can be conbined in an optional order in

ﬂg%t SPPEE B4 Usest ADded Eﬁtvkﬁgei: henstHE98resent
[0055] 1 The order for conbining the

deriv@ited diz ain @Tudé Nesd i NdeBReBa M £ 8t i8R TREAEMEAE
adsorbing ions using the porous fornmed article as the

adsoarherdudts awta pegdecskd avinos s hedotané heppaesens, an
invention. It is recommended that the order is
detlerati nied deiseui atidre apPasitest i andif0dbbat &xanpl es
of the precipitaion-sedinentaion treatnment neans used
aRNAr afEih 2idran ehpvi exchange caprarstednuaingdannion-

water in the present invention 25 include a
(ﬁrﬁ/@rﬁf}% a ‘%%flrkn ov@ﬁ‘ﬁﬁ‘ ot p’r’—lf-%r %PPaE%%I‘F%ﬁtI&T’% nPe

ea nent c ed o n industr ef f
1§§ﬁ£g@°¥rg%?ﬁ@ﬁ¥l%ﬁ¥§%gz? k%n t;gatment

exa I hor,is an.ion to be renoved

RS a&idﬂi b B e %%V%Jasa RHTEi SarEEeRR
asﬂl@a um num c g%ﬁ%é%ﬁc‘;bﬂan [ L%ég%l ?E%%J%:ﬁd ip multi
‘;esrﬂa%@ sildat fand ieﬁiﬁﬁaﬁ‘%fréﬁ%yﬁé‘g P & éﬁé‘ﬂtSes
preci pitating agent represented by ‘cal ci um'hydroxid
t Gnayf IRC il Enad Prieei Pl P4 Bi PPOsSPhoppSratuses can be
combined in an optional order in combining the
apparatuses and treating the sludge.
[0055]

The order for combining the demineralization
treatment means with the means for adsorbing ions using
the peorous formed article as the adsorbent is not
particularly limited in the present invention. It is
recommended that the order is determined based on the
situation,

[0056]

Examples of the precipitaion—sedimentaion
treatment means used as the means for removing
ingredients contained in water in the present invention
include a conventionally known precipitaion—
sedimentaion treatment carried ocut in an industry

effluent treatment and a sewage treatment or the like.

For example, when phosphor is an ion to be removed,



5

10

15

20

25

[ 0057] When boron is an ion to be renoved, there is
used a nethod of adding an alum numsalt, an iron
salt, 10 a nagnesiumsalt and a calciumsalt to
floccul ate and precipitate boron, and a nethod of
concurrently using an aIu Laum salt and a cal ci um
hydr oxi de to fl occul ate preci pitate boron. (0058]

15 Mhen 4 %%écﬁ‘ea'zﬁeﬂﬂoa%‘ft @fnéjeéfHVgﬁumiﬂﬁﬁesalﬁ such
used a nethod of adding a calciumsalt to.

Preagi Pi dred reur@ gl Seslt e pd 1 fuh Lol hies@srgee £i apaif | uori ne,
and a nethod of adding an alum num salt or a nmagnesi um

Sabdlyal ymatupi dleleridedi( PRl , amd fesnvealtusucheas

usi ng 20 al um ni um hydr oxi de or magnesi um hydr oxi de
defosidwes] swhiletre scandl ket ricochlior bde, [ 8889%n\Wheorganic
arsenic is an ion to be renoved, there is used a
metrsdl of t aldth hpgent respeesented ppecepl cavd hydrargde to
sedi ment_ arsenic. [0060] Although the order for

c ORGP EhAnPrRES PIR BF R EE s@*ﬂ?mﬁﬁl%n tr eat nent
ﬁgﬁ% th the 31 neans for adsorbing ions using the

orned article as the adsorbent is not
partlcularly limted in, the

Pans for adlihinatebnts i &F BETER che YERRY SR ke ts
SYhaRaue o A0S £ *ad @AY ad PEL hIAGh DHIL!VERY1FBANS AL,

a magnesium salt and a calcium salt to flocculate and
precipitate boron, and a method of concurrently using
an aluminum salt and a calcium hydroxide to flocculate
and precipitate boron.

{0058]

When fluorine is an ion to be removed, there
is used a method of adding a calcium salt to.
precipitate and sediment fluorine as calcium fluorine,
and a method of adding an aluminum salt or a magnesium
salt to precipitate, sediment and remowve fluorine using
aluminium hydroxide or magnesium hydroxide deposited
under an alkali condition.

[0059]

When arsenic is an ion to be removed, there
is used a method of adding an iron salt to precipitate
and sediment arsenic.

[0060]
Although the order for combining the

precipitaion—sedimentaion treatment means with the
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for renmoving ingredients contained in water in the
present invention is not particularly limted. The
direct purifying nmeans is roughly divided into a
direct 10 nethod of extenporarily purifying polluted
water in river or pond and 33 separati on net hod of
punpi ng polluted water and purlfylng t he punped

p%ééﬂ§df tﬁsofﬂlﬁg CP&%érﬁ sifg Eﬁ?‘?bb?{}uﬁ?é?hed

Exanples o rect net ds”include an aeration

med etk 1@ PYrthey i AdsdPpart efs dhotit papt MBh DAl yalimited in
underfl ow purifying nmethod, a thin |amnar flow

purhd ybies ekt hitlverat 5ol NElné ahéans pondadebhbingaibaw is
mud dredgi ng net hod, a seaweed/water plant recovering
mgieierabby cindttalbedi 21 41 subsgquent eshagepuri fyi ng
nmet hod, a activated carbon purifying 20 nethod and an
wat @63l ant planting nmethod. [0062] Exanples of the
separation nethods include an inter-gravel contact
OX|dat|onlnihﬁxﬁl%ﬁ%%dﬂu¥1fo@gﬁ@eaﬂét%éﬂdaﬁﬁ Ehe means
floccul ati on-sedi nent ati on net hod. nce 25 th

sk ATV TRE HRETLLLPR e %PR’/B%%“%‘?t ?snl ‘ﬁ@IEBEn&I%nFP?

or an advanced jnstitution,

Sty IRt I8 ¢ 8o S e lee e, TEheRg  ®
pa&*ﬁ&a& ko Ay BLETABLE. ST 008 LB JeANodLEan: 320 o g1rect

mai it ai n ogeocen03|s a GCe BRI T onnen
Ifégkh£¥loatlnf%%é#ﬁky@%gae ﬁgi ?3ﬁ§i§ﬁ§e?rgé??ﬁg?n
e Mo 18 gt 0 secore st plap oo
fasdiluterd wdOSeda@gelial feingl thél punbest poBlavdd water
in a constructed reaction vessel. Examples of the
direct methods include an aeration method, a purifying
water dilution method, an underflow purifying method, a
thin laminar flow purifying method, a sedimentation
pond method, a low mud dredging method, a seaweed/water
plant recovering method, a biofilm carrier filling
waterway purifying method, a activated carbon purifying
method and an water plant planting method.
(008271
Examples of the separation methods include an
inter-gravel contacf oxidation method, a sand filtering
method and a flocculation—sedimentation method. Since
the separation method requires a vast site
independently or an advanced institution, the direct

method is preferable. The water plant planting method

is particularly preferable since the method can



reusability. Exanples of the emerging plants include
rush, rice, watercress, cattail, narrow | eaved
cattail, iponoea aquatica, papyrus, Indian rice, and
conmon reed 10 grass. Common reed grass is
particularly preferable singe conmon reed grass can
forma swanp where a bionmass conversi on operation

acrﬁaglﬂtf‘aﬁ?V§rf‘icl§t§P§geo<EQIQ§§lsAﬂaﬁﬁ‘oﬂgau&geeﬁfrﬂﬁbnfn@htai
combining the direct ~15 purifying means with

MERGHE] f OIE24IROT &% NYE | OIS Wst g plé]ﬁt@oiﬁ©§uﬁ@r€ﬁérglng
article as the adsorbent in the present invention is

natlayetr t i £l iryg | phatied, stiheergednslént addofbbaging-
ions is preferably installed in a subsequent stage.
204084 p Nextt , "Teansnéngingsplanngls opseferabde since
porous fornmed article as an adsorbent” used in the

5 pridsemue s FiRatPban i hes bedvestrgeedsvah des al ntenfRans
for adsorbing ions with a porous forned article as an

25f%@okbfew --clce%d i \ﬁeweaa@%en%ltménweﬁtvgené{ld
REREL RTINS, (R R T T O
L LB aé%%é%f%%‘?éh”%@a%ﬁé RIS R
A0S, o4 IRl Pyl e PAAVER LR ohISLRTR cen
10 aGEA gL Ng dGnddie Jpé@ée&‘fass is particularly preferable
since common reed grass can form a swamp where a
biomass conversion operation acts in several steps.
[0063]
Although the order for combining the direct
15 purifying means with the means for adsorbing ions using
the porous formed article as the adsorbent in the
present invention is not particularly limited, the
means for adsorbing ions is preferably installed in a
subsequent stage.
20 [0064)

Next, "means for adsorbing ions with a porous
formed article as an adsorbent" used in the present
invention will be described in detail. "Means for
adsorbing ions with a porous formed article as an

25 adsorbent" used in the present invention is not
included in "means for removing ingredients contained
in water” used in the present invention.

[0065]



i nvention has conmuni cating pores formed of a fibri
and a porous structure. Furthernore, the forned
article has no-skin layer on the outer surface and a
10 high opening ratio at the surface. In the forned
article of the present invegtion, the fibril formng
the comuni cating pores has Cavities in the inside,

andat least gopdis pbrhde sﬁt\é%is%gpmgns 8bekhgl

surface of the fibril. 15 [00 The opening ratio at

t hee utteirs Ui f agee@f tdhean f pbeddasthel SnaccohehBatLt On
the present invention refers to the ratio of the

tatied Epesemtg oiwentofoml | FpogsesoM 4hlf eshecsttacaure of
area of a visual field showm 20 when the surface is
ohbtser viBokrmed hart schamnwhbl eébecdesoribedr oscope. In the
present invention, the opening ratio at the outer
5 surd®e%l was measured by observing the surface of the
formed article with a magnification of 10,000 tines.
A range of tHee oed 2akiolata¢peradtngykp abhejgresent
pref er ab) 0 to 90% and particular referably is
1514‘@%)% FHEGHETR h ‘?aﬁ’%e?s%g}’%gé Phaft ié’%ll
ions,to be adsorbed such as @h@@ghor di{fusgs inéo
t S G R AT i TG ow sPRetRSTEREC ont39 TPRBSSt her
hand, ; peni ng ] O.LS r n %, .t
forned ar {1"1% chglcsg]%]jié]elséfén%u éi%}:j%n(?u{é%?eﬁlé?ﬁ?/&eaaﬁdi?
101 i (il ing 0 ACh) ey @nd oLaPe gLl ot Phintormea
exgé_le§%ﬂhég%anica é?rg%gt%. A?g%aneter o% t%gm%
OpaRi A Alot hehOW e s St f PRt idhe £0E MBHoAL L1 £68ming

according to the present invention is determ ned by
the communicating pores has cavities in the inside, and
at least a part of the cavities opening at the surface
of the fibril.
15 [0067]

The opening ratic at the outer surface cof the
formed article according to the present invention
refers to the ratio of the total opening area of all
pores with respect to an area of a visual field shown

20 when the surface is observed with a scanning electron
microscope. In the present invention, the opening
ratio at the outer surface was measured by observing
the surface of the formed article with a magnification
of 10,000 times. A range of the opening ratic at the

25 surface is preferably 10 to 90%,'and particularly
preferably is 15 to 80%. When the opening ratio is
less than 10%, ions to be adsorbed such as phosphor

diffuses into the formed article at low speeds, and on
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observing the surface with the scanning el ectron

m cr oscope. Wien the pore has a circul ar shape, the

di aneter of the opening is used as the pore di aneter,
10 and when the pore has other shape than the circul ar
shape, the circle-equival ent,di aneter of a circle
havi ng the sane area is used as the pore dianeter. The

r g Ofnd Penshh @MBledn Ofhé NSpORERG NFaBiot NS RYEE aEﬁ%'hS
preferably 0.005 to 100 m and particularly preferably

120%, GKE tordéd part WiEe dbgudiageigsudfithenepsoiatigth,
is smaller than 0. 005 pm a substance to be adsorbed

suxid Bs jdadphidrcull £ fuseschidoe t hefdomardaatictéewath
| ow speeds, and on the other hand, when the dianeter
ofexdwel lapemexhasi¢al gerremabh 1008 ngdishetéor aBdthe
article tends 20 to acquire insufficient strength.

[ CUBBILnY fafk nidie avuter esuetarei 9§ thet ferpedsanticle
invention has also cavities in a fibril which forns

c AT Y e pehrePresrpeatdvertioe tavietesmopedsho:
25 the surfate of the fibrjl through at Ieait art

of PR T R R&VTHEE 296G THOR Bt ST LS of ?ﬁgr n
naHggial I S s%ﬂgort d on the outer surffce of _the th

£ IO T he AT e RITT AT R THES A% T3P Re the
fidbri s fibril im its ' I
prset gk S iehe Vpelring P deed 40 fhe b5 Shrmseer

a [ r h in n
LRISHEA! 1190 PO S oggggf%ggpé ﬁ%’é St}gﬁo%g &Qlar

contact wth lons to be _ or us
angh £, @H@%iﬂ@id—e’i}&mié&@ @BarRdt &8SOF bengirSi8ce

the porous formed article according to the present

| Meanfrireiy dmiesarea is used as the pore diameter. The
range of the diameter of the opening at the surface is
preferably 0.005 to 100 um, and particularly preferably
is 0.01 to 50 um. When the diameter of the opening is
smaller than 0.005 pm, a substance to be adsorbed such
as phosphor diffuses into the formed article at low
speeds, and on the other hand, when the diameter of the
opening is larger than 100 pum, the formed article tends
to acquire insufficient strength.
[0068]

A formed article according to the present
invention has also cavities in a fibril which forms
communicating pores, and each of the cavities opens at
the surface of the fibril through at least a part of
the each cavity. An inorganic ion adsorbing material
is supported on the outer surface of the fibril and the

surface of the cavities inside the fibril. Because the



porosity also at a portion supporting the adsorption
substrate as descri bed above, the porous forned
article seldomshows a phenonenon that a binder plugs
a fine 10 adsorption site of the adsorption substrate,
whi ch has been a defect of 3 conventional nethod of
producing a porous fornmed article after having

. . . . and
kneadeh the bgﬁ?f PLs °§1§82§ét£ﬁ{1§, apflet DRoBHAASE, 18R

can effectively make use « e adsorption’substrate.
15499089 ndanstéridhevhibhi isrghes8sbpPpaibhbs@Bstrate

structure which contains an organic polyner resin and
f canitpe ddéddr elige e e NSavNal §y eontasboustneivnskto be
structure on the outer surface and the inside of the
2dsorreed astick| @ ghesplwrtsesndncéheefifectlivahg t he
openi ngs of the fibril surface are determ ned by

5 obBErst iep tdhe anradserbere. of Siheef theaeponeuscfermedh
a scanning electron mcroscope. It is observed that

t Heflel ke 2GRPTEERT | Bo t Hee cPBR8eRECiNBANBLORNRL PV BHERE
25 and the surface of the fibril is opened. ,
FUIRTRFHo¥ 215¢ tat% @ JpREr ey %WOFFég%om%r aggogrtion
i nor.gani ¢, i on dsorhi n teria% is sug or%ed og thg. 1
caH IS 22, oA Hird ot @Y e s UHFRCBOERES | AOFREd article
v ¢ i . . h Cori |
SR g 4 ldgoeod GLAEE D ghel MEIALDTE) el e
i | f j 5

10 PSRRI (B0 808 ALCIBEINA) o018, Sulcn nas

ags i N Ge ket NEF P4 €8 eh FVERA L ORe PRSC 20 F ay b dlidYhgJa

a maxi mum
porous formed article after having kneaded the
adsorption substrate and the binder, and can
effectively make use of the adsorption substrate.

15 [0069]

Herein, the fibril refers to a fibrous
structure which contains an organic polymer resin and
forms a three-dimensionally continuous network
structure on the outer surface and the inside of the

20 formed article. The cavities in the fibril and the
openings of the fibril surface are determined by
observing the torn surface of the formed article with a
scanning electron microscope. It is observed that
there are cavities in the cross section of the fibril

25 and the surface of the fibril is opened. Furthermore,
it is observed that the powder of an inorganic ion
adsorbing material is supported on the cavity surface,

on the outer surface and in the inside of the fibril.



pore dianmeter in a comunicating pore in the vicinity
of the surface of the forned article. Herein, the

| ayer having a maxi mum pore dianeter refers to a part
10 having the | argest pore dianeter in a pore

di stribution of the connunl%atlng pores reaching to
the inside from the surfacg of the forned article.
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pore dianmeter refers to a layer in which the void

exbsd Serdibey VO cO0OI tio 0F juhe surface nmeans a part

inward fromthe outer surface to the center of the

forEoarticle, by 25%of a torn surface dianeter.

Because the | ayer having the maxi num 20 pore di aneter
S5exists in thereferaibly, od poeotsr fievmedr értielsuataceding

the formed article has an effect of pronptly .
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Accordingly, the formed article, can quickly  take the
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pore has a shape other than the circular shape, the
Citid esieathval entrilh afPiméd Odrei €1 6¢! ewhen the formed
article has a large cavity with & c¢ircular form or an
ellipse form (finger form) referred to as a void, the
15 layer having the maximum pore diameter refers to a
layer in which the void exists. The vicinity of the
surface means a part inward from the outer surface to
the center of the formed article, by 25% of a torn
surface diameter. Because the layer having the maximum
20 pore diameter exists in the vicinity of the formed
article surface, the formed article has an effect of
promptly diffusing a substance to be adsorbed into the
inside. Accordingly, the formed article can quickly
take the ions to be adsorbed such as phosphorus inside,
25 and remove it from treatment water.
[0071]
The maximum pore diameter and a position of

the layer having the maximum pore diameter are
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havi ng the sanme area is used as the pore dianeter. The
formof the forned article can be an arbitrary form
such as a particul ate shape, a thready form a sheet

10 form a hollow fiber form a columar formand a
holl ow cylindrical form AQ ve all, when the forned
article 1is used as an adsofbent in the field of water
U eAldBhed tbw%ﬁﬁfﬁ{é‘kﬁﬂﬁ S PRF 4 &€ UhiRd eu?ﬁa@@rﬁr om
the viewpoi nt "'of a pressure |oss occurring en the 15
f U td€ltehd St th it @ £ QR ANskavad Blig i Slectron
passed therethrough, an effectivity of a contact area
amd drasicgabi | iWhen airk pRodd MAarad yepreiranbdlyaps, athe
spherical particle (which may be not only a spherica
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average particle dianeter of a spherical forned

araric Wheae ddvalipayr ¢ diashe harmtothmenthan the aclnodbar
di ameter (nodal particle dianeter) of a sphere-
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di aneter is larger than 2,500 m the surface area

is used as an adsorbent in the field of water

treatment, it has preferably a particulate shape from
the viewpoint of a pressure loss occﬁrring when the
formed article is packed in a column and water is
passed therethrough, an effectivity of a contact area
and handleability, and particularly preferably is a
spherical particle (which may be not only a spherical
form but also an ellipse spherical form).
[0072]

An average particle diameter of a spherical
formed article according to the present invention is a
mode diameter (modal particle diameter) of a sphere-
equivalent diameter determined from an angle
distribution of scattered light intensity in
diffraction with the use of a laser beam, while
considering the particle as a spherical shape. The

average particle diameter is preferably in a range of



becones small when the fornmed article is packed in a
colum or a tank, which tends to decrease treatnent

efficiency. 10 [0073] A porosity Pr (%9 of the forned
article according to the present invention refers to
a value expressed by the fgll owi ng expression, when
W (g) is defined as a weight of the forned article

I M@0 stAte, 9o %C%@dﬁ fl&&\@i&flyl\/@éséraﬁl vei ght 5

after belng dried, p as a specific graV| of the
f ofavege a5t i Zd®. t&Fr2 /0 GMym, \ﬁmﬁéﬂ\lthevmrérw@épﬁ:axti@@e
[0074] It is recomended to neasure the weight in 20
t hitl stetter of s cand bl e nghawat 200 oy, spreadssgra loss tends
sufficiently-water-wet fornmed article on dry filter
pdperinoreasdwhenxcelss fHwtred aadtivwlighl sagpabkedt iraged
fornmed article. As a drying nethod, a vacuumdrying is

5 r cxoHh Ol Atk draed Wihen { Bhereaveredel Barhigleacuum

25_at nosphere under roonwtengerature SO as to renove
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%gcontact frequency of ions to be adsorbed

suc as 6h phor with an inorganic ion adsorbing

10 Mf@ii®) of an adsorption substrate tends to be
insufficient. Wen

A porosity Pr (%) of the formed article
according to the present invention refers to a value
expressed by the following expression, when W1 (g) is
defined as a weight of the formed article in a state of

15 containing water, W0 (g) as a weight after being dried,
and p as a specific gravity of the formed article.

Pr = (Wl - WO)/ (W1l - WO + WO/p) x 100
[0074]

It is recommended toc measure the weight in

20 the state of containing water, by spreading a
sufficiently-water-wet formed article on dry filter
paper to remove excess water and weighing thus treated
formed article. As a drying method, a vacuum drying is
recommended which dries the formed article in a vacuum

25 atmosphere under room temperature so as to remove
moisture. The specific gravity of the formed article

can be easily measured with the use of a pycnometer.
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the porosity is nore than 90% the fornmed article
tends to acquire insufficient strength. 10 [0076] An
anmount of a supported inorganic ion adsorbing
material in a formed article according to the present
invention refers to a valueaﬁxpressed by the
foll ow ng expression, when (g) is defined as a 15
wef@inspf the formed article in a state of being
dried, and Wa (g) is defined as the weight of an ash

content in The pors@dt@rpicie) ASOPPefélBbdy in a range
supported inorganic ion adsorbing material = WA/ Wl X
108E 280 [ 100 790 % Heaimed rpatbicakartpnpeaferebbysisoin a range
retained material after the forned article according

t ok 0 o %ht iWhvemt bt perésied as 8e9€ thant po%, the
hours. [0078] 25 The anount of the supported

i AYete Forduersorof ntepateeile adspreedr 8uFD) RA a
range of 30 to 95% further preferably.is in a rapge

o PRPRRPH 394 Ll rp J&é?%fa%%lr%rf?np@fé?%ﬁgbw patepigl of an

f, 65 t 90% 40 @ W th t f th
S (TR R O TR A F o eBR o7 i Py AT BFF P PRt} osEhen

(1B, 005 e, O gole LAQUSACY el S05LR DECic1e cenas
aoﬁgra{&cﬂ_gi tﬂé@ff%i%qt agdspLpLiRn 5 substrate tends

to be Insufficient, and when 1t"Is nore than 95% the
f(WGUﬁ%irticle tends to acquire insufficient
strength.

An amount of a supported inorganic ion
adsorbing material in a formed article according to the
present invention refers to a value expressed by the
following expression, when Wd (g) is defined as a
weight of the formed article in a state of being dried,
and Wa (g} is defined as the weight of an ash content
in the formed article.

Amount (%) of supported inorganic ion
adsorbing material = Wa/Wd x 100
[0077] |

Herein, the ash content refers to a retained
material after the formed article according to the
present invention is fired at 800°C for-two hours.
[0078]

The amount of the supported inorganic ion
adsorbing material is preferably in a range of 30 to
95%, further preferably is in a range of 40 toc 920%, and

particularly preferably is in a range of 65 to 90%.




[0079] Since a nmethod according to the present 10

i nvention kneads an adsorption substrate and an
organic polymer resin and produces a forned article,
in contrast to an inpregnation nethod of a
conventional technol ogy, the nethod can provide a
formed article which supports a |arge anount of the
2GRN0 dmo s f atRe L H8550PL 8401 R88 BAER sbhengt h.
[0080] A specific surface area of a f I

ACLHE SHBO G Qnd Her PAESEHt 14 HY ephaRN3 08, dehenedntActhe
foll ow ng expression. 20 Specific surface area
(nHepBiney SBETidndut K bepedsdibedr authyaggphoBphor with
[0081] Herein, SBET is the specific surface area

(e gingeganid t iowi ghsovbinhembbenbal aofi shead@8rption
[0082] The specific surface area is neasured with the

orimed article
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roomtenperature. 41 [0083] The bul k specific gravity
ofthare $o¥nekhe afermed aBhidLe atendst tehapausteh as a
;xn#%é#%ate shape, a col umar shape and a hol | ow

cyt

tareRhaper &9 det er mi ned by neasuring an
pﬁg?ﬁ?t volune of the formed article in a wet
0 n, wwth the use of a neasuring cylinder or

the Tike. Subsequent}¥rnd@Cccording to the present

invention kneads an adsorption substrate and an organic
polymer resin and produces a formed article, in
contrast to an impregnation method of a conventional
technology, the method can provide a formed article
which supports a large amount of the adsorption
substrate thereon and has high strength.

[0080]

A specific surface area of a formed article
according to the present invention is defined in the
foillowing expression.

Specific surface area (m®/cn®) = Seer x bulk
specific gravity {(g/cm’)

[0081]

Herein, Spgr is the specific surface area
(m?/g) per unit weight of the formed article.

[oosz]

The specific surface area is measured with
the BET method after vacuum-drying the formed article

at room temperature,.
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formed article is vacuumdried at roomtenperature to
neasure the weight. 10 [0084] The bul k specific
gravity of the forned article having a | ong shape
such as a thready shape, a hollow fiber shape and a
sheet shape is determnm ned bﬁ measuring a cross
section and a length in a meg state, 15 and
‘*166@§¥in9 the volume fromthe product of both

val ues.” Subsequently, the formed article is vacuum

dried at roofad efpek aipéei £ Oc NGBSV eyt e ¥BE 9hbrmed
[ 0085] The specific surface area is preferably in a

2Gartaingee Hawin® H0hdPY caiBapd\hench hes spesatttcsbatace
area is less than 5 n2/cnB, the anmount of the

suipapd,ech cubmupdr aghapsdndte laollew avibngrioal shape
performance tend to be insufficient. Wen the
spexidetemuried dovrrea $r impran t #ppa 580t nPptwee ofiethe
strength of the fornmed article 25 tends to be

i fsumediamicloogs]a |velgererdl tieme Withrpheonse of a
performance (adsorption capacity) of an inorganic ion

r

adSABHIP B LY T AT ofhanl BéRor pPiRFeUBREH 4t eThE

D BB FLS SR e Rt PaTERY o
SI}P%ASHIIQ%@QSVQé{)éﬂPP capacity and the adsorption

per

orrance of an’inhorganic 5 ion adsorbing nateri al
arﬁbd%?q when the formed body is packed in a columm or
a tank,” so that the colum or the tank hardly

achi eves hi gfySRAEOk &S B¢ - gravity of the formed
article having a long shape such as a thready shape, a
hollow fiber shape and a sheet shape is determined by
measuring a cross section and a length in a wet state,
and calculating the volume from the product of both
values. Subsequently, the formed article is wvacuum-
dried at room temperature tc measure the weight.
[CC85]

The specific surface area is preferably in a
range of 5 to 500 m?/cm®. When the specific surface
area is less than 5 m?’/cm®, the amount of the supported
adsorption substrate and an adsorption performance tend
to be insufficient. When the specific surface area is
more than 500 m?/cm®, the strength of the formed article
tends to be insufficient.

[008B6]
In general, the adsorption performance

(adsorption capacity) of an inorganic ion adsorbing
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[0087] A porous formed article used as the adsorbent
10 in the neans for adsorbing ions of the present
invention is porous and has a three-di nensi ona
network structure in which fibrils are conplicatedly
entangl ed. Furthernore, thg-formed article has a
feature of having a large surface area, because the

figtdridl idsedd AdSodSt Loy s08StrSLBCEst PRop8EIREnate to
article further supports an adsorption substrate

(ivros gRe el £ 0N aaSPEdE Ngré@f efh ahdny hayssg. a Waegethe
specific surface area thereon, the fornmed article has

a fwafare dihed pde wuif avelaneal pesmalibj t thel adsorption

| arge. 20 [0088] Next, a nethod of producing a porous

f orarearity tand ethe eadssrphiordser bermanpet hé apabgofganic
adsorbing ions of the present_invention wll be .
dels¥t | FIPrYNG JuBDIT kb e hbew ofher otlvei figrred body is
por ous fornmed rticle used as the adsorbent in the

MRS FDrin RIsH ¢ord tAnkheSPreldht thavept iR pE the
4 h ized in that th hod ] DomXi
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inﬁj i c ion adsorbing material and a water-sol uble
pol ynmer; formng the mxture into the form and 5

So:idifyingﬂitpéféfﬁF%E%ﬁé@lgfgicle[Qggg]aﬁmtﬂégéﬁggrbent

pol ymer resin‘used 1n the
in the means for adsorbing ions of the present
invention is porous and has a three-dimensional network
structure in which fibrils are complicatedly entangled.
Furthermore, the formed article has a feature of having
a large surface area, because the fibril in itself has
cavities. Since the formed article further supports an
adsorption substrate (inorganic ion adsorbing material)
having a larger specific surface area thereon, the
formed article has a feature that the surfacé area per
unit volume is large.
[0088]

Next, a method of producing a porous formed
article used as the adsorbent in the means for
adsorbing ions of the present invention will be
described.

[0089]
The method of producing the porous formed

article used as the adsorbent in the means for

adsorbing ions of the present invention is



production is not particularly limted, but is
preferably a resin which can be nmade porous by a wet
10 type phase-separation process. The resin includes
many ki nds of polyners such as pol ysul f one-based
pol ymer, pol yvinylidene flﬁgrine-based pol ymer,

pol yvi nyl i dene chl ori de-baséd pol yner,

P yl1dene i ! o
IRV Ol %ltie%cgg%ggug% PBE me PRLY (FBADYL ses: mixing an

nmet hacry yner, polyam de 15 base

PRl c R Wl derdased HoyYPRIsoLeehtl OBéEef O] YARS

and et hyl ene-vi nyl al cohol copol yner-based polyner. A
pairrid e raird Vidgi eddsd sk i@ shant ¢ 51 £1 hah@ng-wat eyl adbtabde
copol ynmer (EVOH), polyacrylonitrile (PAN)
p@olsmidonefqREn@ncheatiximye | debe thé | formdeagd®VDF) ,
20 fromthe viewoint of an unswelling property and
5 bissdeighiaftisinidri b et sa areer | soleert, and

productionability; and ethyl ene-vinylal cohol copol yner
(BEMS90) s further preferable, in point of having both
of hydrophiljicity and chem cal resjstance.,K 25 [0091]

I'n additionA% Xl %‘ée’éeﬂf’-t‘ﬁ%_egpi‘%dﬁ £ion
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polymer resinin the good solvent is not particularly

| igs tyaein ylitddrse PRIl Ybased polymer, polyvinylidene
chloride-based polymer, acrylonitrile-based polymer,
poly{methyl methacrylate)-based peolymer, polyamide-

15 based polymer, polyimide-based polymer, cellulosic
polymer and ethylene-vinylalcohol copolymer-based
polymer. A particularly preferred resin is ethylene-
vinylalcochol copolymer (EVOH), polyécrylonitrile (PAN) ,
polysulfone (PS) and polyvinylidene diflucride (PVDF),

20 from the viewpoint of an unswelling property and
biodegradation resistance in water, and
productionability; and ethylene-vinylalcohcl copolymer
(EVOH) is further preferable, in point of having both
of hydrophilicity and chemical resistance.

25 [0091}

In addition, a good solvent used in the
production can be any solvent as long as it can

dissolve both an organic polymer resin and a water-



5 to 40% by weight, and nore preferably is 7 to 30% by
wei ght. Wien the content is |less than 5% by weight, it
10 is difficult to obtain a formed article with
strength. Wen the content is nore than 40% by
weight, it is difficult toégbtain t he porous forned
article with high porosity.” The water-sol ubl e pol yner

ussh i & Ko 1 RROAUSKL P81 4 S ”@iaﬁﬁié%‘?&kaﬁw LhiyLResas

long as it 15 has conpatibility wth the organic
polpdRidd @$ine th{ O9P4cdNge Wateso 0| bhet RelL yper

i ncludes a natural polyner such as guar gum | ocust
besyrr g daved I APEENANG i m@tley Biedt ami dé ageMA0) hand
pectin, starch, dextrin, 20 gelatine, casein and

c aliregehy 1 Sormmamisyent HEMYT . hi Tihespolgorr ssleénbs meyhpe
cellul ose, ethyl cellulose, hydroxyethyl cellul ose,

S etusad Bidroy etthyd serdle oferm enrdoryxed hforst arBh

and nethyl starch; further a synthetic.high pol ymer
s RN H R ViR | oxgahel bobEngh| 1S Hy | BYrEaei ded,

pol yvi nyl nethyl ether, _carboxyvjnyl polyner, sodium
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wat er - ol yner, because 1t has an excellent

efWiRGl e dRUA AR N5 SnoSd MUCANT L0DY NP £GWE] | 6 is
inside a fibril formng
difficult to obtain the porous formed article with high
poresity. The water-soluble polymer used in the
production is not particularly limited as long as it
has compatibility with the organic polymer resin.
[0092]

The water-soluble polymer includes a natural
polymer such as guar gum, locust bean gum, carrageenan,
gum arabic, tragacanth, pectin, starch, dextrin,
gelatine, casein and collagen; a semisynthetic high
polymer such as methyl cellulose, ethyl cellulose,
hydroxyethyl cellulose, ethyl hydroxyethyl cellulose,
carboxymethyl starch and methyl starch; further a
synthetic high polymer such as polyvinyl alcohol,
prolyvinylpyrrolidone, polyvinyl methyl ether,
carboxyvinyl polymer, sodium polyacrylate; and further
a polyethylene glyceol such as tetraethylene glycel and

triethylene glycol. Among these water-soluble



communi cating pores, like a fornmed article used in the
present invention in particular. A weight average 10
nol ecul ar wei ght of polyvinylpyrrolidone is preferably
in a range of 2,000 to 2,000,000, nore preferably is
in a range of 2 000 to 1 Og% 000, and still nore
preferably is in a range of 000 to 100, 000. Wen the

VE ke ”Qi/ﬁﬂ%’é‘{c"\ﬁi Htpbﬁyﬂgéx?sﬂshé?e%egggle

the 15 pol yvi nyl pyrrol i done ends decrease an

efd@sdudd oflewev DRy NYiddsyragitienhaykngtgavketlies in a
fibril. Wen the weight average nol ecul ar weight is

nof@2dhpn 2, 000, 000, the polyvinyl pyrrolidone tends
to increase the viscosity of the solution used for
form ng, andi0isgpaltyiowkarinepsefeatabhef bomedei nto
an article. [0094] A content of a water-soluble

S pAGHEFin N RY Epot bdene orsretharvater-aebdbie papdymer,
present invention refers to a value represented by
tfRﬁ@%W$%mﬁ%gh@% %&p?%%%lbﬁntmﬁéﬁeV@ ?§) de¥eqePiRgdaas

ht of the orned article, in a state hayi n
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a range of 2,000 to 1,000,000, and still more
preferably is in a range of 2,000 to 100,000. When the
weight average molecular weight is less than 2,000, the
15 polyvinylpyrrolidone tends to decrease an effect of
developing a structure having cavities in a fibril.
When the weight average molecular weight is more than
2,000,000, the polyvinylpyrrolidone tends to increase
the viscosity of the solution used for forming, and
20 hardly make the solution formed into an article.
[0094]

A content of a water-soluble polymer in a
porous formed article used in the present invention
refers to a value represented by the following

25 expression, when Wd (g) is defined as a weight of the
formed article in a state of having been dried, and Ws
(g) is defined as the weight of the water-soluble

polymer extracted from the formed article.



sufficiently show the effect of opening the surface of
the fornmed article, and when the content is nore than
10% pol yner concentration is relatively decreased, 10
whi ch occasionally makes the strength insufficient.

[ 0096] Herein, the weight of the water-soluble
polynmer in the forned articl'e i s neasured as descri bed

bel ow. At fiéiéteg@t§%p1newghﬁdm§|g@@ of the extracted
15 wat er-sol ubl e polyner by the steps of: pulverizing

a dried forned article in a nortar or the |ike;
extracting the water-sol uble polynmer fromthe

pulvessged substance with the use of a good sol vent

for the water-soluble polyner; and subsequently
evapor ati ng TE® ¢dmrtextraftthe Wayertsol@Bd&])polymer is
Furthernore, an infrared absorption spectrum (IR) or

t Ierefamalen § dedt ity 10%, exndasore pveperabdy-is 0.01 to
and-dri ed substance, and confirm whether the water 25
so"f%ybl@wlyn%?P?%%ﬁl%so%n@xtm%t@@dl henhwoipguipr weight
When the water-sol ubl e poly remai ns, unextracted,in

5473ft¢Q§fW?ﬁ¢¥ S?}%b%%P?%EYm%¥ th%hﬁﬁtEFe?SPgB?@t is less
B ol or et Wt tTeo o e Trdl HB8 R aap S cREC! BLRdys
p %&@cx%@%&h@&'é’ﬁ@reff&ﬁ 3R Lbe U8 PEaSoLUbLEe of

YIET ving an i norgani c i I Ag

r?é'?ér cﬁhaﬁtl«ffiét én&%ﬂ%ﬁpﬁ@ éoﬁtéﬁfa%E nged fhan

sequen analyzing the Tiltrate wt e use o

C*E@%U ﬁJE&ﬂé%fbon&éﬁ%éﬂtlon is relatively decreased,
10 which occasionally makes the strength insufficient.
[0096]

Herein, the weight Ws of the water-soluble
polymer in the formed article is measured as described
below. At first, determine the weight of the extracted

15 water-soluble polymer by the steps of: pulverizing a
dried formed article in a mortar or the like;
extracting the water-soluble polymer from the
pulverized substance with the use of a good solvent for
the water-soluble polymer; and subsequently evaporating

20 the extract to dry it.

[0097]

Furthermore, an infrared absorption spectrum
{IR} or the like can identify the extracted evaporated-
and-dried substance, and confirm whether the water-

25 soluble polymer remains unextracted in the fibril.

When the water-soluble polymer remains unextracted in



The content of the water-soluble polyner can 10 be
appropriately adjusted by changi ng a conbi nati on of

t he nol ecul ar wei ght of the water-sol uble polyner, an
organi c polyner resin and a good sol vent therefor. For
exanpl e, the use of the watgr-sol uble polymer with the
hi gh nol ecul ar wei ght can i ncrease the content,
begaeiseidpi L het nat €5ncehtibbe PREYWBtekSsELUBNE! Yolymer
entangled wth the organic polyner resin through

t hedart Wl Qoathei £ TdAi Ivg, thadsbapdl gy giatesvingatheor
sol vent side when the solution will be fornmed into

t porrw s cferm¢d090t icR® Wwhthnbhgagoodi snludsbr fongboth an
material contained in a porous formed article used in
t rergarberivol yipeentedihnrandr she owahernsefabie polymer;
subst ance showi ng an ion-adsorption phenonmenon.

5[ REMAVInG FpriRQEGaric 1ok PASPHARNE PaherdasrBikh a

al product such as zeolite,
Lﬁgaﬁ? he?BH §H‘B§?§H%’é§$3’and a

mag erial includes a natu

ot TR T | FORTOaFE Faft

synthetic terial.such as. tallic oxi In e 48
R ot B EHE 0 FBa T ERd e PhaBEe a8 FRE Thee.
m §§]mhich is alumnosilicate and has a nonol ayer

| attice, nuscovite wth a two-1layer lattice structure,

gl auconi te, JaOUIBLEOhE oPYERRNWALLE oG Ee ﬁ@%gﬁ@?rcan

y
5wth a three-dlnen3|ona? ?ran1ng structure an

10 zesd ié;ep?opmiaﬂf@l;l( a%&ﬂst@d pzlsizngﬁne jéllagnméaﬂbhﬂatygﬁsof

15

20

25

asalt o a pol yval ent netal’ ic oxide, an
| NSod Ui PecliBd erepdiyaco £l st twatigr agoLas e UpbBymer, an

hexacyanof err at e.
organic polymer resin and a good solvent therefor. For
example, the use of the water-soluble polymer with the
high molecular weight can increase the content, because
the water-soluble polymer is strongly entangled with
the organic polymer resin through their molecule
chains, and hardly migrates to a poor solvent side when
the solution will be formed into the article.
[G099]

An inorganic ion adsorbing material contained
in a porous formed article used in the present
invention refers to an inorganic substance showing an
ion-adsorption phenomenon.

[0100]

For example, the inorganic ion adsorbing

material includes a natural product such as zeolite,

montmorillonite and various mineral substances; and a

synthetic material such as a metallic oxide. In the



[0101] 10 The salt of the polyvalent netal includes a
hydr ot al ci t e-based conpound shown in the follow ng
formula (I11): M2+(1-x)M3+x (OH ) (2+x-y) (A) yin (1)
[0102] wherein M2+ represents at |east one bival ent
metal ion 15 selected fromgshe group consisting of
Myt +, Nit+, Zn2+, Fe 2+ CaZ+ and Cue+; M3+

'*ﬁ%ﬁﬁ@%tSaafeﬁ§@§én@ﬂ€1€é'¥§$§E£nc83iﬂblh@@ssﬁhgﬁﬁﬁd
fromthe group consisting of Al3+ and Fe3+; and

I eI eSeAll Switlc- V&l 4PuRDhe8il Xca 88l 868NEEsaa M@h@@ayer
satisfying 0.1 5 x < 0.5; y represents a value 20

satatstyceg Mudchvitd Wibh antwo-laydroitallice[ 8103kture,
The netal lic oxide can be represented by the
f of laowongt feor nkdzua ) so Mk Qpyneiiy 11} tdp tidep4Fehbeper
XxisO0Oto3 nislto4 mis O0to6, and Mand N
5 arvel et 13 cilerrefdoneratonal hErambng strectenef aneh epelite.
5 group conS|st|ng of Ti Zr Sn, Sc, Y. La, Ce, Pr
n dhe gatiegr, @, p@yncma EFomfpyngpingiudes agpalt of
Cr, Co and Ta. 010 he
e ATl TR natlh%tiﬁg%nfexaféef nd&n Jﬂaﬂﬂﬂe@
ed ( rou net al OX Ln
bR Gt TR AR s Brah a8 %@xacyaﬂa*ﬁ&g]ce-
be[@lﬁyprated (hydrous) netallic oxide in
10 The salt of the polyvalent metal includes a
hydrotalcite~based compound shown in the following

formula (II):
M* 1My (OH™) (24x-y) (A7) y/n (II)

[0102]
wherein M* represents at least one bivalent metal ion
15 selected from the group consisting of Mg®*, Ni?*, zZn**,
Fe**, ca® and Cu®'; M* represents at least one trivalent
netal ion selected from the group consisting of Al*" and
Fe**; and A™ represents an n-value anion; x represents a
value satisfying 0.1 £ x £ 0.5; y represents a value
20 satisfying 0.1 £ y € 0.5; and n is 1 or 2).
[0103]

The metallic oxide can be represented by the

following formula (I).

men'InHzo ( I )
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whi ch m can be represented by a nunerical val ue other
than zero. 15 [0106] The netallic oxide in which x in
the formula (1) is a nunerical value other than zero

is anmltiple mnetallic oxide represented by the
chemcal formula in which gge contained netallic

el ements are regularly and uni formy distributed

over the whole oxide to form for exanple, a

perovskite structure and a spinel structure or the
lijkE,04end the conposition ratio of each netallic

el ement contained in a netallic oxide such as nicke

f ethratee X NFe20h) Bndr aidhylriad edl; axi e ¢ A de@p4ah? QI and
and 25 mis 0.5 to 6) of iron of zirconiumis

ur¥ fagrerl di £ fef énie df £ $10 1€95¢h Tdehénor gadi selentadsbromnnghe
material to be 50 supported on the porous forned

ardi QR Girorelh g tof the Pres@ntc $eweht i bdr pFef ePabl Yd,
is anetallic oxide or_a mxture of two or_nore

et 15 dddePr dp¥ esitn et byT ™t hEPf okl Al (1 FLantitr Co-
sel ected fromany of groups of .5 followng itens (a)
tcegia(’c)}ie%e@é-trseb?]the‘?ﬂ NSt gt c2F9dnt2 adsor bi ng materi al
Iuﬁ?fgbfxcellent adsorption performance for P, B, F

and ‘As®” (a) hydrated titani um oxide, hydrated

i AT (a) hy: ani um oxi de, |
10 oxtde, hydiar S L Rt b e e yarargaee

?’rtei:rgi}efi'imcid}i(in‘l’@y Bd)ard Whth§dPh Lol ANGARPFEP RELtAILicC
oxide in which m in the formula (I) can be represented
by 0, and may be a hydrated (hydrous) metallic oxide in
which m can be represented by a numerical value other
than zero.

[0106]

The metallic oxide in which x in the formula
(I) is a nuﬁerical value other than zero is a multiple
metallic oxide represented by the chemical formula in
which the contained metallic elements are regularly and
uniformly distributed over the whole cxide to form, for
example, a perovskite structure and a spinel structure
or the like, and the composition ratic of each metallic
element contained in a metallic oxide such as nickel
ferrite (NiFe;Q4) and a hydrated oxide (Zr-Fe,0;mH,0, and
mis 0.5 to 6) of iron of zirconium is uniformly
defined.
[0107]

The inorganic ion adsorbing material to be




el enent selected fromthe group consisting of
titanium zirconium tin, cerium | anthanum and
yttriumand a 15 netallic el ement selected fromthe
group consisting of alumnum silicon and iron; and
(c) activated al um na. [Olg@] Activated al um na

i npregnated with al um num sul fate and activated

C j i | g4 e i
R (B SR PO R a SO Calbol Beng | K6 the

I @RSt ethvh tith f¥dtd@ab iy )igiSetnétal hec | G EAE I O a

may have di ssolved netallic 25 elenents other than M
amci Nureoro e xarplcxr itk aleith 71 i€ amtidesli pxptesented by
represented by the formula: ZrQ2mH20 according to the
f ditreul oy laredl haarel dSslkat tvesdl fram.ady of 0dddOhpThef
i norgani c ion adsorbing material used in the present

5 i ricdnitawoimareiyt eront &8 n taw( o becausetbhe | thopgarbe 1on
whi ch can be represented by the formula (1). 5
Aadesudhinhaatietia b haoran e bierackiep rphon
netal%ic oxi des is not £articularly limted, it is
p AT &GS TGk rEn PmiktdRd AT ucture where a
specific nmetalli.c .oxide s covered wth the other
motallic oxi @ TVHRRRSS torabrar no’é%%‘?hofi‘fé‘gﬁ?‘&e?on
a iy er.j ' f t] i k] t :
et D el Ghe DTt SRR ey e m

errstics es an

10 D850 (SARIIL ERn e LPLSTIGE: FYAIRLED PLrL e
oxddeid;s covered with
(b) a multiple metallic oxide of a metallic
element selected from the group consisting of titanium,
zirconium, tin, cerium, lanthanum and yttrium and a
15 metallic element selected from the group consisting of
aluminum, silicon and iron; and
(c) activated alumina.
[0108]
Activated aiumina impregnated with aluminum
20 sulfate and activated carbon impregnated with aluminum
sulfate or the like are also preferable.
[0109]
The metallic oxide represented by the formula
{I) used in the invention may have dissolved metallic
25 elements other than M and N. For example, hydrated
Zirconium dioxide represented by the formula: Zr0O,mH:0

according to the formula (I) may have dissclved iron.
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hydrat ed zirconi um di oxi de. 15 [0111] The netallic
oxi des used in the present invention include also a
netal li c oxide having the dissolved other el enent,
and accordingly, preferable exanples include a
structure where ferrosoferrgg oxi de 20 havi ng

di ssol ved zirconiumis covered with hydrated
ziﬁgﬁyﬂﬁun di oxi de havi ng dissolved iron. [0112] In
above exanpl e, the hydrated zirconium oxide has high

adsor bi ng pef{Or it & | NS SUSHrBEng ARa PEPSHNORYEED in
boron, fluorine and arsenic, and hi gh durable

peiHe g it Ol iwdet idn Qila pS€ontioievieweo dhemotydnatetlic
zirconi um oxi de is expensive. On the other hand,

f entiohed evlrich coandddaseposeen oeld dopi tige S5Pormula (I).
performance to ions such as phosphorus, boron,

f IAldthionagh drtee atissint butnion ovleatewwfibtaciperf ot hangetadlic
repetition use than those of hydrated zirconium

diadiars Howmslerpartigilapkerkinibsddel t sigagpyeferable to
i nexpensive. 5 [0113] Therefore, when ferrosoferric

0l & Mg B W HFEHRRIr R A r TRkt ¢ BRF ekt LC

PTGl PSP o erT ARG PLL o HEr pip pgeder
ﬁtyaior{ ! e:i.nlorfa%ifgcfoﬁfaéao?% S%grﬁ‘%lﬁgrig which

Vi.Ci ni
adsorbi ng et ert al I'nvol ving rptron of 10nSs.

Pheas e Nt et e 3L 80 BitARoESene
Whiehhh 1d08S diglad Vil Ghas more excellent cost
performance. Examples of the structures include a
structure where ferrosoferric oxide is covered with
hydrated zirconium dioxide.
[0111]

The metallic oxides used in the present
invention include also a metallic oxide having the
dissolved other element, and accordingly, preferable
examples include a structure where ferroscferric oxide
having dissclved zirconium is covered with hydrated
zirconium dioxide having dissclved iron.

(0112]

In above example, the hydrated zirconium
oxide has high adsorbing performance to ions such as
phosphorus, boron, fluorine and arsenic, and high
durable performance to repetition use. However, the
hydrated zirconium oxide is exXpensive. On the other

hand, ferrosoferric oxide has lower adsorbing



the adsorption. Thereby, there is obtained a porous 15
formed article which can be used as an adsor bent
havi ng hi gh adsorbi ng performance and durabl e
performance, being inexpensive, that is, extrenely
excel l ent cost performance.,[0114] 20 Froma
viempoint of obtaining an aasorbent havi ng excel | ent

R N f 3%&9{ héﬁﬁ@v'w bRNSfluorine
WhICh ar 559Larm‘ulltos enV|ronnent or heafth such

A%l QS IUS , arRPI e # | U d BB Sh6k B SfdhEe tdtréSetition
preferable that the inorganic ion adsorbing 25

mai=y itlarlstbden dhehypdestesd ziweniian dosxide. However,
followi ng structure. In the structure, a netallic
oXiederdgv i ilc aixidasis orerpfindarendive. t he fornul a
(I') is anetallic elenent selected fromthe group 53
5 cdidlilstling of aluminum silicon and iron is covered

wth a netallic oxide in which at |east one of Mand N
in the formiheyafione han aferroPEaERiC seXEdeetiSfrom
the rou conS|st| of titanium zjrconiu in,

Vg e‘f %ﬂ%&%%#‘iﬁﬁlm[‘ 613103‘}:‘%@ Séér%?‘?t he

nmetal l.ic sel ect

f ‘%Qltrg‘f B 4%3160‘1*% i A ST 28 S ES DRI ana
I
e, 100, 56@&@% DI 9901 T S Ao 1 04 A5 §8SEne

the'to

10 ‘%ﬁ%aﬁ%a‘; ﬁ%%%ﬁm%gﬁét%%%lg :&é%%ed{%rom
t Re 1M E A Hdr X idd teiiRs. On the other hand,
inexpensive ferrosoferric oxide is formed inside the
inorganic ion adsorbing material which does not involve
the adsorption. Thereby, there is obtained a porous

15 formed article which can be used as an adsocorbent having
high adsorbing performance and durable performance,
being inexpensive, that is, extremely excellent cost
performance.

(0114}

20 From a viewpoint of obtaining an adsorbent
having excellent cost performance for adsorbing and
removing ions which are harmful to the environment or
health such as phosphorus, boron, fluorine and arsenic,
it is preferable that the inorganic ion adsorbing

25 material used in the present invention has the
fellowing structure. In the structure, a metallic
oxide in which at least one of M and N in the formula

(I}) is a metallic element selected from the group
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zirconium tin, cerium |anthanumand yttriumis set
to 15 T, and the nunber of noles of a netallic

el enent sel ected fromthe group consisting of

alumnum silicon and iron is set to F, F/T (nolar
ratio) is preferably in a %?nge of 0.01 to 0.95, nore
preferably in a range of O to 0.90, still nore

Presred 0 I @ 2F (91 8 BRum ANEH POHRT EhGUL Abh Y1 BT &Bﬁéf@ﬁy

0.3 to 0.80. The excessive increase in the value of

Fiuli il afiettatl 0 deids 19 wh BehiCet aUlsgsbidBe of M and N
performance and durabl e performance, and the decrease

i nirf hehey afaremu Esluces b ffiecal bi/erelément selected from
price-reduction. 25 [0116] Sone netal s incl ude

methed | g mowpxi clss oft ng pbfirtal tayiwh, f i neonbhumhi thnt he
oxi di zation nunber of the netallic elenent is
dideeiamt . lapvieaaem ard | phgrEeme4 the netal lic oxides
can exist stably in the inorganic ion adsorbing

met®riAl , the formthereof is not limited. For

exanpl e, the netallic oxide is iron ide, it i ,
pre?grable t nt?ﬁa atpe € ?&?%%tlga%lﬂyﬂ?aF%ﬁ metallic
ferric ax drated rrosofer

o e )fs%%raqifg PG At F AT eST G iBipum,

Stabi | d oe#rﬂ.? ﬁiefori [ 3 1Ale T of@en " &n ! Qs £h I ng

mat er | a presen Ion may con

' Wéﬁi’af'ﬁﬂ%ﬁ.ﬁs re:a@ e 1HGL 21 OdlmbEY HEtIHQﬁeQ'rof a

the Iike in the range where fhe attainnent of
ohjertd1 Of c tdIEenres &4k L d AWWedt £ 0din t19e n@io@ﬁ%@ﬁ&dstlng of

Exanpl es of the inpurity el enents

aluminum, silicon and ircn and metallic element
selected from the group consisting of titanium,
zirconium, tin, cerium, lanthanum and yttrium is set to
T, and the number of moles of a metallic element
selected from the group consisting of aluminum, silicon
and iron is set to F, F/T (molar ratio) is preferably
in a range of 0.01 to 0.95, more preferably in a range
of 0.1 to 0.90, still more preferably 0.2 to 0.85, and
particularly preferably 0.3 té 0.80, The excessive
increase in the value of F/T (molar ratio) tends to
reduce adsorbing performance and durable performance,
and the decrease in the value reduces an effect over
the price-reduction.
[O0l116]

Some metals include metallic oxides of a
plurality of forms in which the oxidization number of

the metallic element is different. However, as long as
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whi ch may be m xed include nitrogen (nitrate, nitrite
15 and ammoni a), sodium magnesium sulfur, chlorine,
pot assi um cal cium copper, zinc, brom ne, barium and
haf nium [0118] The specific surface area of the
inorganic 20 ion adsorbingcepaterial influences
adsorption performance and durabl e performance, and

acis dhdA V11 ctbei goscthhCertsfageapioaihstneetighabhtic
within the fixed range. Specifically; the BET

spesh fags St {196 ema B L2 ULt ERET BEEMbYhar8LEr 9g€fot
adsorption nethod is 25 preferably 20 to 1000 n2/g,
nolianpred er abdy S0atpl 800wheR/ gheshethlibeeopridiéedabliyon
50 to 600 nk/g, and particularly preferably 60 to 500
nxldghei extesproferalete ebbat i hhehmeBETl$peckifle is
surface area reduces 55 adsorbing perfornmance, and

t Hevdsateedi fRrrierentdei hFePhenBEd) spechitlsasadf ace

area increases solubility to acid or alkali, and as a .
r eSETEOSQ FRUBLF apF kde pbFEQr.mEeO )t PeehEte t9hreRsksFee in

reduced.. 5 [0119 nmet hod, of producing a netallic
ot aF%ﬂ?e%%%?th%¥ the?tbrnula (1) used in the
pr éfiq invention is not particularly limted, but it
i s" produced, for exanple, by the nmethod described

bel ow 10 A rec] pitale: Obf ahnedsByy g Ag: 81 31 KB DR

solution int0 an aqueous soO Fon o such as a

P Sl R BB AT BB T Sl ebRta g
M Pothe 3bFodliyiiy method or the like in the range where
the attainment of the object of the present invention
is not deviated. Examples of the impurity elements
which may be mixed include nitrogen (nitrate, nitrite

and ammonia), sodium, magnesium, sulfur, chlorine,
potassium, calcium, copper, zinc, bromine, barium and
hafnium.

[0118]

The specific surface area of the inorganic
ion adsorbing material influences adsorption
performance and durable performance, and accordingly,
the specific surface area is preferably within the
fixed range. Specifically, the BET specific surface
area determined by a nitrogen adsorption method is
preferably 20 to 1000 m?’/g, more preferably 30 to 800
m’/g, still more preferably 50 to 600 m?/g, and
particularly preferably 60 to 500 m?/g. The excessive

decrease in the BET specific surface area reduces



or drying at about 150C or |ess, preferably about 90C
15 or less for about 1 to 20 hours is enployed. (0120]
Next, there will be described a nmethod of producing
an inorganic ion adsorbing naterial having a

structure where a netallic 8 ide in which at | east one
20 of Mor Nin the fornula FI) is anetallic el enment

gﬁcﬁﬁﬂr{& A ACIHOUD, CONST Sild NGk Ods &l %" MY ease in

lcon andiron i1s covered wth a neta c oxide in

WHIHD BT dRasts anes of rdOraMbd Niddeed 9esUsa1ahi1isyato

nmetallic elenent selected fromthe group consisting
ofadiid ¥ Wlka25i Zidgwdmsina fddul€ertiun dhagbhanum and
yttriumusing the case of producing an inorganic ion
agsorfin Mo dro atepdiavi ivgn aiséd rist eduadar e
ferrosoferric oxide is covered wth zirconium
5dil®ddldd. 56 [0121] First, there is produced a salt
aqueous solution prepared by mxing a salt such _as
the chloridenehhgdief @repdicing e dretattbni e¥idand a
salt 5 such as the chloride, nitrate, and sulfate of

| PSS enRd R hd iRrmrE (o) disedtiB)the REeSeRt,
R s A L AR St 28 L
e e il BRES By e ol "Gl Bejow.
10 S g i cotd Wb fled 1P Sidin | & SPRLY1E: bed LyPion
Phag® ish SHPiAILEdNBbn B¢ datd oN: tEeak "Bt a Wah] 8ride,

the ferrous ion can be

a sulfate and a nitrate of metal is filtrated, cleaned,

and then dried. As for the drying method, air-drying,

or drying at about 150°C or less, preferably about 20°C
15 or less for about 1 to 20 hours is employed.

f0120]

Next, there will be described a method of

producing an inorganic ion adsorbing material having a

structure where a metallic oxide in which at least one
20 of M or N in the formula (I} is a metallic element

selected from the group consisting of aluminum, silicon

and iron is covered with a metallic oxide in which at

leasf one of M or N in the formula (I) is a metallic

element selected from the group consisting of titanium,
25 zirconium, tin, cerium, lanthanum and yttrium using the

case of producing an inorganic ion adsorbing material

having a structure where ferrosoferric oxide is covered

Wwith zirconium dioxide.
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detected. The produced precipitate is filtrated, 15
washed with water and then dried. As for the drying
nmet hod, air-drying, or drying at about 150C or |ess,
preferably about 90C or less for about 1 to 20 hours
is enployed. A water conte & of the dried precipitate
after having been dried is %referably in a range of 20
abqito, 6 to 30% by weight. The water content after
havi ng ‘been dried is a weight reducing rate in heating

the dried pregifi! anore fioprodRdenPesal tr £gtifous
1000C. [0122] Exanples of the salts of zirconium used

| 5012t idve plspeergd aspaningi et dosh i cswcke & reioai um
oxychl oride (ZrQC12), zirconiumtetrachloride (Zrd4),
zigtdam ide ninitatecd AnfdS) Ufatted Zi z Loooniusul @hdt 2 salt
(Zr(S04)2). These netal salts nmay be hydrate salts
suiclb s dherqtstp KielH20. t ke neard sl fateref iron so
normal Iy used in a formof a solution of about 0.05

t Fhmtp the ghave 1/T {mabsy ki) ebs ofet heo sa ggsbred
the iron used in the 5 above roducigf met hod ingluge

f FAR saltehss h askakine RRAUWS FIFEy)S added to

U, % 0 e 15 S

"SRR Ao AAZI L0 L e EolBEPELLYe o2

f%ﬁ@hs%ﬁ%old%]imlﬁé 96°Ct %%dal’éf@ IoH is kept
at 8 to 9.5, preferably 8.5 to 9, air is blown intec the
aqueous solution. The liquid phase is subjected to an
oxidation treatment while the ferrcus ion can be
detected. The produced precipitate is filtrated,
washed with water and then dried. As for the drying
method, air-drying, or drying at about 150°C or less,
preferably about 90°C or less for about 1 to 20 hours is
employed. A water content of the dried precipitate
after having been dried is preferably in a range of
about 6 to 30% by weight. The water content after
having been dried is a weight reducing rate in heating
the dried precipitation from room temperature to 1000°C.
[0122]

Examples of the salts of zirconium used in
the above producing method include zirconium
oxychloride (Zr0OCl:), zirconium tetrachloride (ZrCl,),
zirconium nitrate (Zr(NQO3;)4} and zirconium sulphate

(Zr (S04)2). These metal salts may be hydrate salts such
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hydr oxi de, potassi um hydroxi de, cal ci um hydroxi de, 15
amoni a and sodi um carbonate. These al kalis are used
i n an aqueous sol ution containing preferably about 5
to 20% by wei ght of each. Wen an oxidizing gas is
bl own, the blowing time isghormally about 1 to 10
hours, though depending on a type of the oxidizing

gas z210<s@s@gnh@é of ThBen@xhdli ébmgsag%t ﬁoﬁrﬂa@‘iyu%%@d in a
i ncl ude ydrogen peroxi de, sodi um hypochlorité and

PaEHASS idMa gt ot id €. addIR26] . dh tHO0Z g€l i®er 1 L.
adsorbing material according 25 to the present

i mergtijlon is preferably a fine particle as nuch as
possi bl e, and has a particle dianmeter in a range of

0.01 to 100 Branwlefereab|the rsal tange die 0l0dn wsed0im the
and nore preferably in a range of 0.01 to 30 58 Nm

[ GkoRe wmdttcr@qbamtrmé nckderferrenal salkts h%‘ﬁCh as

O 01l m slurry used in the production tends to

| faTes i3l AatR o6fe3Pdnd I}%Sdlrvtfr@rtr?ed“-‘"%t@qo&ﬁz) and
i %ccfe,g ok Cool 1o AP poe e Hlhke

spe flé: urfa and tends to decrease the
a&?‘ﬁbl %b 2N [0128] The particle dianeter
her ]refers to the partlcle di anmeter of both or a

n1xture of a primary particle and a secondary

particle whinmgly i £ A PIHL08 Gare normally added in a
form of a solid but may be added in a solution state.
[0125]

Examples of the alkalis include sodium
hydroxide, potassium hydroxide, calcium hydroxide,
ammonia and sodium carbonate. These alkalis are used
in an aqueous solution containing preferably about 5 to
20% by weight of each. When an oxidizing gas is blown,
the blowing time is normally about 1 toe 10 hours,
though depending on a type of the oxidizing gas.
Examples of the oxidizing agents to be used include
hydrogen peroxide, sodium hypochlorite and potassium
hypochlorite.

[0126]

An inorganic ion adsorbing material according
to the present invention is preferably a fine particle
as much as possible, and has a particle diameter in a
range of 0.01 to 100 um, preferably in a range of 0.01

to 50 um, and more preferably in a range of 0.01 to 30



of the primary particles. The particle dianmeter of an
15 inorganic ion adsorbing nmaterial contained in a
porous forned article used in the present invention
is a node dianeter (nodal particle dianmeter) of a
sphere- equi val ent dianeter5getern1ned froman angle
distribution of scattered lirght intensity in 20
dhﬁ{jaction with the use of a |laser beam [0129]
Exanpl es of the poor solvents to be used in the
metdugdyjaccording to the present invention include
wat er; al cohol s such as nethanol and et hanol; ethers;
25 and al i phitidre thyermost hons Slte Bsr Ni Hexmarl @ndthan
hept ane; each of which is such a liquid as not to
ditsddl yen,arslormaniws | ymerthe gerodudiet en ntenibsvever, it
is preferable to use water. In addition, it is 59

5 pdguitfase o hmistositwutandfbedraxityi ferned brganae
pol yner_ resin by adding a small amount of the good

sl g.or Whan dibfariar potlendianeter i ke olapgepobhan 100

solvent. A mxture ratio er cent age of  good .
s e YS9 ¢ HPy RRFSTP RN MR T 13k 5%5@,%% its

resin.to water.is preferably 0 to 40% ,and nore
PrEBIS T TR B, S TR T (JECTSRTD Fae
higﬂﬁ( . 400 te of the solidification is
decre&géggpéggﬁﬁgéﬂﬁﬁégéhape of a formed article tends
10 10 d1@dye distorted, because when a pol ymer sol ution
formed " into a droplet or the like enters into the

poor sol ventrhangh Ml d Ko |di AFAEST LREF 1M, ré Fer § OF §BEhe
article receives frictional force occurring between
| i diend¥ of both or a mixture of a primary
particle and a secondary particle which is an aggregate
of the primary particles. The particle diameter of an
15 inorganic ion adsorbing material contained in a porous
formed article used in the present invention is a mode
diameter (modal particle diameter) of a sphere-
equivalent diameter determined from an angle
distribution of scattered light intensity in
20 diffraction with the use of a laser beam.
[0129]

Examples of the poor solvents to be used in
the method according to the present invention include
water; alcohols such as methanol and ethanol; ethers;

25 and aliphatic hydrocarbons such as n-hexane and n-
heptane; each of which is such a ligquid as not to

dissolve an organic polymer resin therein. However, it

is preferable to use water. In addition, it is



1G

15

20

25

solvent. 15 [0130] A tenperature of the poor solvent
is not particularly limted, but is preferably -30C
to 90C., nore preferably 0OC to 90C, and still nore
preferably O0C to 80C. Wen the tenperature of the
poor solvent 20 is higher tggn 90C or |ess than -30C
it is difficult to stabilize a condition of the

S BIdYed NediderdP04 r&0d Vet sol Pd3EYi NeXthe aargaﬂlc

a sorption treatnment by using a 25 porous forned
arga Iojmee MOees Th Ny taodd ey pi eseall dfyent i 60 Bheagood

adsorbent will be described. [0132] The porous forned

argo lctentusisk | the her garsenpobfner nvesinoints thet pbbe

for use as the adsorbent which is contacted with
wet e vent adgo bl zifldre enavio i (percentagecrf §oad3] 5

An ion to be adsorbed by the porous forned article

uslventifiatres i the efeednsokvent foartheupatyyer

a TER TTorES N e?a@?ﬁ%r%%bé frcsBhe narmogs

HASEATS FAO e R R

R 0 :’12#@% £ Epd BhpaL B ERT

anfL AGEI A E  so that the shape of a formed article tends
to be distorted, because when a polymer solution formed
inte a droplet or the like enters into the poor solvent
and while it moves therein, the formed article receives
frictional force occurring between itself and the poor
sclvent. |
[0130]

A temperature of the poor soclvent is not
particularly limited, but is preferably -30°C to 90°C.,
more preferably 0°C to 90°C, and still more preferably
0°C to 80°C. When the temperature of the poor solvent
is higher than 90°C or less than -30°C, it is difficult
to stabilize a condition of the formed body in the poor
solvent.

[0131]

Next, an ion adsorption treatment by using a

porous formed article according to the present

invention as an adsorbent will be described.

[0132]

The porous formed article used in the present
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[0134] 15 In addition, exanples of the cations

i nclude sodium potassium calcium cadmum | ead,
chromium cobalt, strontiumand cesium [0135]
Particularly, an inorganic ion adsorbing 20 materi al
has characteristics of show.ng specific selectivity
to a specific ion, and accopglngly is suitable for

rej{FR%ér{‘Qldr? S&Eﬂ&?lé’“@éf’“@éé‘saé’“{hﬁfa&s&]:ﬂéﬁ@ lAich is

m scel [ aneous | ons coexl st

el it Btk d netist rw@&eleftté U&@éorQSarﬁglgé}LO\?@eQbﬁs cahly,

in order to renove the P. B, F and As ions, the

i Retgan) ¢ 1 on adsorbing material is preferably a
metallic oxide or a mxture of two or nore 61

mef@Gl 33 oxi des selected fromany of the groups of the
followwng itens (a) to (c): (a) hydrated titani um

oxi de, hydr d&redionitedr uamisxiiied hydrae epborons okpuwed
hydrated cerium 5 oxide, hydrated |anthanum oxi de and
hyartaee wiged v 2h@cﬁ¢e¥%nta@®ﬂ¢¥tb¢@ hetaPFic oxide

of a netallic elenent selected fromthe group

cd%%ﬁ"é%qw#galblmﬂ%tw aWr%%ﬁ%ﬁlmﬂ%f I&%Yula?n any of an

| ant hanum ttriumand 10 netalljc el epent sel ected

{ FBH ey G Eorel ot | HEPBF o8I G Fin S8 PREoRGHATe

I {Hhs W x;a&)loahst Ic_)alragt’aerglcal alt’lc’Enlcﬁ]s'sué 137]phosphorus
{phosphate ion), fluorine (fluorine ion), arsenic
{arsenate ion and arsenite ion), boron (borate ion),
iodine ion, chlorine ion, sulfate ion, nitrate ion,
nitrite ion and acetate.
[0134]

In addition, examples of the cations include
sodium, potassium, calcium, cadmium, lead, chromium,
cobalt, strontium and cesium.

[0135]

Particularly, an inorganic ion adsorbing
material has characteristics of showing specific
selectivity to a specific¢ ion, and accordingly is
suitable for removing ions such as phosphorus out of a
liquid in which miscellaneous ions coexist, such as
sewage water and industrial effluent.

[0136]

Specifically, in order to remove the P, B, F

and As ions, the inorganic ion adsorbing material is

preferably a metallic oxide or a mixture of two or more



When the porous forned article according to 15 the
present invention is used as an adsorbent for water
treatment, the porous formed article is used in a form
of being packed in a container. The shapes of the
container and filling layer of the porous forned
article are particularly limted as | ong as the porous

- 2Qdogeds acs;&icfése %%&% t&@y%fhﬂf@t&fo@gs bgf the

treated. Exanples t include a cylindrica
cadmaitapehend!| {4 ples cakyumar and boxy containers.
Preferably, the nethod of packing the porous forned
article in the cojdrated £iheamdisnretids, tioyerated 25
passing water to be treated through it and contacting
weetdarcom itum tdvel gy dugdf oreddt an toxlde canmydodtedi eariym
devel op high contact efficiency that is a feature of

5t mxipby,odwydorted anthinum ex1d9188) Mydsetednyhtniéus
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are preferably provided with a solid-liquid
sépPerdadi on mechani sm for exanple, a perforated plate
and a nesh or the like so that the 5 forned_article, .
does not floWlo MyhiRife R4 ieroxige13h)a metallic
mat.eri al, of the container is not articularl . .
ATt RIS T ) wear Sns1 Ry df titanium,
(T8 UGRE AAR! Cot il O B5eh dBF T dng S P81 30 %add
various prdstics. Tn corfsideration of acid resistance,
t B d I S ﬁé}%%@&é& Nefbnv {ile FYRDGS Qn&isting of
fluororeéﬁn. 0140] g
aluminum, silicon and iron; and
(c) activated alumina.
[0137]

When the porous formed article according to
the present invention is used as an adsorbent for water
treatment, the porous formed article is used in a form
of being packed in a container. The shapes of the
container and filling layer of the porous formed
article are particularly limited as long as the porous
formed article can be contacted with water to be
treated. Examples thereof include a cylindrical,
column-shaped, multiple columnar and boxy containers.
Preferably, the method of packing the porous formed
article in the column or the adsorption tower and
passing water to be treated through it and contacting
water with the porous formed article can sufficiently

develop high contact efficiency that is a feature of

the porous formed article.



The contact nethod of the porous formed 15 article
and water to be treated is not also particularly
limted as long as the porous forned article can be
contacted wth the water to be treated. Wen the
filling layer of the porous %orned article is wused as
a fixed bed, exanples thereof include a nethod 20 of
paggi 4w Wwater in a rising or declining flow through
the filling layers of a cylindrical, multiple
columar,  bmsdESiSa{0e B da B t hEd £oralBlly EPESTDEEd with
pressure nethod of passing water through the inner
pipescafidieiqiid | seygatatyesn afechayl smdr feal epanpls, a
fornmed article 25 fromthe outside of the

cipfimtErt oitecdndn meshior etlnal 1 pkessar thakt hiod
of passing water to the opposite direction, and a

5 metchatk: bfamovs e s ynopassow gowiat Erom hele ghont R .
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filling layer. Also, the 63 filling |ayer of the
Qﬁ%é&orned article may be used as a fluid bed

p
hod. [0141] The | ' h
oresent 5 i fcRSH ’%ﬁiﬁ%ﬁ&%ﬁ%ﬂ%é@% ot ﬁn
t { t d ct t t t to b
Piiiadititiifer e T U TR S R
st TIEC e@hﬁ?e ERERLs Frast s on

| S/ oM NG, lte{hetffc s 1, é#%&éfé@f&n f‘eaéPdef&é‘f‘f‘S&nce,

t he contalner pac ed Wi t e porous orned artic
t k€ OHrad MefupBEke haMdd L heedosDtls FbHEE @Ftacle

can be renoved fromthe apparatus to exchange the
chRimefesirih a new
[0140]

The contact method of the porous formed
article and water to be treated is not also
particularly limited as long as the pcrous formed
article can be contacted with the water to be treated.
When the filling layer of the porous formed article is
used as a fixed bed, examples thereof include a method
of passing water in a rising or declining flow through
the filling layers of a cylindrical, multiple columnar,
boxy porous formed articles, an external pressure
method of passing water through the»inner pipe of the
filling layer of a cylindrical porous formed article
from the outside of the circumference direction, an
internal pressure method of passing water to the
opposite direction, and a method of horizontally

passing water through a boxy filling layer. Also, the



cont ai ner packed with the porous forned article having
15 adsorption capability. The porous forned article in
the renoved contai ner can be separately treated and
regenerated in the factory or the |ike having
facilities for the desorpt|%§ treatnment and the
activation treatnent. 20 [0IZ2] In the present

| et 4,001, 1 der CORSLL %69(911sf9c55¥1@<§ éP@lEEé”ﬁa§°5e sed

adsor |ng I Ohs usl ng t he porous ormed article as the
adsorbentyi® wed mawpsgul arly limted. However, the
formis preferably a nerry-go- 25 round system [0143]
Theo1wry y- go-round systemrefers to a system which
flows water using a plurality of adsorption 64
treat nent nedns tamneddedbtivsetrestmehbpsnwabherptésant
to the nmeans for adsorbing ions when the adsorption

5 capatint ign ofenéma hibwnsef bormesarde ngrpbhen cbnaetnedt and
in the previous stage is reduced, and passes water to
RO y oA TSR, ForbaddorBh Hoed obaten LRnthe same

di fference se uentially fromthe precedin stag 0 as
toSJsfe% ff%?om%%.hﬁeam%nv oi:%.tgar#ﬂ ’Pﬁé
uent e to the i n|t|a£ st age ass mag
rcorh’ o‘i&?@eob%g?%. £ b e nErRat o nEOP gL te
(f 'ﬁﬁ%j fydeéé%ééi Ehfsnfgﬂs ﬁgrthere is
a sor ng i'ohs havi n or 0 QP med arti e

10 hayd %fﬂ%f&g@%@d@@r&éﬂ%ge the container packed
with the porous formed article, the container packed
with the porous formed article can be removed from the
apparatus to exchange the container with a new
container packed with the porous formed article having

15 adsorption capability. The porous formed article in
the removed container can be separately treated and
regenerated in the factory or the like having
facilities for the desorption treatment and the
activation treatment.

20 [0142]

In the present invention, the constituting
form of the means for adsorbing ions using the porous
formed article as the adsorbent is not particularly
limited. However, the form is preferably a merry-go-

25 round system.

[0143]
The merry-go~-round system refers to a system

which flows water using a plurality of adsocrption



capability is sequentially subjected to a back

washi ng, 15 desorption and activation treatnents or
the like to regenerate the adsorption capability of
the used porous forned article and nmake the nmeans for
adsorbing ions stand by tilg, the turn of the next
adsorption treatnent. Wen the frequency of

desid Dt i e APy ehtnLOsdf fhCciepiel| NBLopsUngletOFlow
exchangi ng the nmeans for adsorbing ions even in this

case, tidnedne fEANsSd$eorbingsiohs n@heﬂnsh@aadberptlon

renmoved fromthe apparatus for water treatnent, and

t hapeanki f yrofdsioe mean s ofisr cadsobeiny sborschangedted in

with the nmeans for adsorbing ions 25 having adsorption

cdpgmbinteyiovs wiesge i bedredeved, téed posses Wotapdto a

article in the renoved neans for adsorbing ions can
5kx?¥#¥§&%§yeﬁﬁim%ﬁﬁﬁe$%¥e@d$®r$h%g ieRf oty BiMEhe |ike

hayi facilities for he 5 desorption treatnent and
i Bt S5 e Toens YOt 45he Rrecpding, sFagpedC as

RO Bogs o %Kaed%%g%fg%dw%? b ot befe
(s taner i soseloctied A5 Lhe) wans. oo pdserblpg,

I ons eeasorptlon resin - towers ar I NSt a

W g%€§&§% t o

Iléﬁtf§F€heret Pbl 1 (f%%ﬁ i€P@§ghgﬁg %%Eggnﬁav1ng
10 stﬁ@ﬁpfzé&]aua\/@éye@aﬁ[@yrespectIvel y V1-open,

V2-cl ose, V3-close, V4-close, V5-open, V6-close,

V7raipery, V8-cl ose and V9-cl ose. Raw water is passed
in the order of the V1, an adsorption
The means for adsorbing ions having the

porous formed articlie having the reduced adsorption
capability is sequentially subjected to a back washing,

15 desorption and activation treatments or the like to
regenerate the adsorption capability of the used porous
formed article and make the means for adsorbing ions
stand by till the turn of the next adsorption
treatment. When the frequency of desorption is low and

20 sufficient time is used for exchanging the means for
adsorbing ions even in this case, only the means for
adsorbing ions can be removed from the apparatus for
water treatment, and the means for adsorbing ions can
be also exchanged with the means for adsorbing ions

25 having adsorption capability. As described above, the
porous formed article in the removed means for
adsorbing ions can be treated and regenerated in the

factory or the like having facilities for the




tower A the V7, a detector 1, an adsorption tower B
15 and the V5. [0147] At present, the detector 1,
which is installed between an adsorption tower A of
the previous stage and an adsorption tower B of the
subsequent 20 stage, almays %Dnltors the water quality
of the treatnent wat er of the adsorption tower A
Supdht Y
speC|f|eJ' va d% |tﬁ§sa%%t%$§1%ggfgﬁg%o%hgfggggégﬁng
capdcdty of the adsorption tower Ais filled. The
states of the 25 valves are respectively set to
V1-cl ose, VZa®pesr dprefested VémicbasienVSot! oRe, merry-
V6- open, V7-close, V8-open and V9-close. The raw
wadetrowmp aspeitenn wheh orefereficet be VagueZ)V2thehease
adsorption tower B, the value V8, a 66 detector 2, an

5 ad¥w e ion adserbenantiil hinyatoeew6is Fhhected aat the

Is passed in the adsorption tower B as_the previous
:ﬂ@ﬁﬁﬂ%ﬂﬁpﬁrﬁﬁ%ﬁﬁ@#%ﬁl%ﬁﬂﬁoﬁ%¢ thé%etﬁ€5°§ﬂﬁéﬁauéﬁﬁln
sta A detector 3 is installed betywen 5 the val ue

v T R atRetabled vikb)be nd?ﬁ?glg?%te Hewgver, the

t d bi t
f .err?%%@é‘%?ﬁ%%“@mte%&a 35 dosor pt L on and

t f% on steps. The 10 adsorptlon tower A stands by
% e adsorbing capacity of the adsorption tower

0 B is filled ﬂ‘i‘gfé (? 2""3E1‘?é ;\Efééé%’?@ ks §é§réﬁdth5 {h8ves
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order of the a ptTon e previ ous stage

f”HEé*E%éEE%EfﬁéIy'¢Iwﬁﬁen, V2—close, V3-close, Vd-close,
V5-open, V6-close, V7-open, V8-close and V9-close. Raw
water is passed in the order of the V1, an adsorption
tower A, the V7, a detector 1, an adsorption tower B
and the V5.
(0147]

At present, the detector 1, which is
installed between an adsorption tower A of the previous
stage and an adsorption tower B of the subsequent
stage, always monitors the water quality of the
treatment water of the adsorption tower A. When the
water quality of the detector 1 exceeds a specified
value, it is determined that the adsorbing capacity of
the adsorption tower A is filled. The states of the
valves are respectively set to V1-close, VZ-open, V3-
close, Vé4-close, V5-close, Vé-open, Vi-close, VB-open
and V9-close. The raw water is passed in the order of

the value V2, the adsorption tower B, the value VB,'a



A as the subsequent stage. 15 [0149] The detector can
be suitably selected according to the ion types to be
treated. Specific exanples include a diagoneter, a
phosphate ion concentration neter, a fluorine ion
concentration neter 20 and gg. The water quality of
the treatnent water sanpled off-line can be also
rnﬁgﬁgg% i 91G, 444 O : e 0 p ry
or the #ié?aﬁ%ho%?sgﬁégggﬁlF%ﬁ?ﬁdel%ﬁgn?P?nggiﬁgn?%'
MorM4©rifNg. wa€dp0is ghssedt Der ARE cadtbeptebRCEORekSB as
preferably installed for detecting the adsorption
capteeipyevioclidest aghs ospd | te t aesrptidhetpweri Ouss the
stage. However, in the present invention, this

detEzd quean deagei t tRddeébebfornBnageinhbeasedchehgeoh
the adsorption tower at the passing tine. [0151]

S AlthwughlueeVhurmdrtlod vabueeds for 5 adsorbing ions

10

15

20

25

arranged in series is not particularly Ilimted, the
nuH%%ésls usual |y selected ina range of 2 to 5. The
nunber of the nmeans for adsorbin& i ons, arranged, when

exceedi ng 5,1% eHRfsS 133 HRr eBR® 2BBOLPRIPRAFOY §tA vhere

[R2Ia A0 e SRRar 2L eey 01 B1S1 L sBkIBAL Bl Chee

" Qha SRR A0 AN §,E RS "I PHERENGR IS SQLL IS hfle VAt er
adsorption tower A stands by until the adsorbing
capacity of the adsorption tower B is filled and the
water passing is started in the order of the adsorption
tower C as the previous stage and the adscrption tower
A as the subsequent stage.
[0149]

The detector can be suitably selected
according teo the ion types to be treated. Specific
examples include a diagometer, a phosphate ion
concentration meter, a fluorine ion concentration meter
and pH. The water quality of the treatment water
sampled off-line can be also managed using, for
example, ICP emission spectrometry or the like without
being limited to on-line monitoring.

[0150]

Furthermore, the detector is preferably
installed for detecting the adsorption capacity of the
adsorption tower of the previous stage. However, in

the present invention, this detector can be omitted to



in a previous stage of the neans for adsorbing ions.
15 The previous renoval of the suspended solid in the
wat er can prevent the clogging of the surface of the
porous formed article, and can sufficiently nake the
porous forned article used i the present invention .
devel op its adsorbi ng performance. Preferable exanples

20, 2 K. f 1 SERARGE b POt AR 5 85PME DNt PEwaysReNdRd

sol1ds™ I ncl ude a coagul ati ng-sedi nentai on treatnent, a

sesh s @tt Dfle Separation treatnent, a sand filtration

treatnent and a nmenbrane separation treatnent.

Paraisu] arly, a nmenbrane separation treatment is 25

pref erabl e because of requiring a small installation

area and prvithouggla cheamufbétrafeth®rméanabfer

exanpl es of the nenbrane separation treatnents include
S a ads@ringshors saneabyedeit REprian Lstnatipartirohasdy

menbrane (UF) and a microfiltration menbrane (MF). A

f or ¥ bFed et nimper | 55 nesuat byt 28l eghadi #el adeangeopt 2

exanpl e, flat menbrane, a hollow fiber, a pleat, a

sph? a"% anﬂ"%\ RYRRET 50 O’:’L%%]m?ﬁn%m%v%ﬂs%SWFI%E‘Fr 3P Aent

according,to .t he resent ipvention, it.is preferable

L RIRARISy YRR R ESRONS adsof PG hat PFEPSRebhE

i . Lo e noved after having adjusted pH of

tﬁiﬁhgl%é)%%léf to 10 a preferred pH depending on the
10 cofpigation of the ions to be renpved and inorganic

i on adsorbing material contained in the porous forned

article. [0lbflthe apparatus for water treatment of the
present invention, it is preferable to provide means
for separating and removing suspended solids in water
in a previous stage of the means for adsorbing ions.

15 The previous removal of the suspended solid in the
water can prevent the clogging of the surface of the
porous formed article, and can sufficiently make the
porous formed article used in the present invention
develop its adsorbing performance. Preferable examples

20 of means for separating and removing the suspended
solids include a coagulating—sedimentaion treatment, a
sedimentation separation treatment, a sand filtration
treatment and a membrane separation treatment.
Particularly, a membrane separation treatment is

25 preferable because of requiring a small installation
area and providing a clean filtrate. Preferable
eXamples of the membrane separation treatments include

a reverse osmosis membrane (RO), an ultrafiltration
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When phosphorus in water is a substance to be 15
renoved and hydrated zirconi um oxide or an inorganic

i on adsorbing material having a structure where
ferrosoferric oxide is covered with hydrated zirconi um
oxide is used, the range of .pH to be adjusted is pH of
1.5 to 10, and nore preferagﬁy is pHof 2 to 7. 20

[ Qéeﬁlﬁirémenug%%a Ny %i@fofﬂ@réyp&a afSRpEfnbe (MF). A

renoved and rated cerium oxide or an iInorganic ion

adsbi g Hred Qﬁér@)ril‘_i’é”{@ RoStI Ufl té&, Wk eincludes, for
ferrosoferric oxide is covered with hydrated cerium 25

oxdxdenp I usedldthendmingen®©f PrthéDlde Blipest ed piept] ok
3 to 10, and nore preferably is pHof 5 to 8. (0156]
Werifd uamnide itubvat er is a substance to be 69

renmoved and hydrated cerium oxide or an inorganic ion
addbridIng material having a structure where
ferrosoferric oxide is covered with hydrated zirconi um
di oxide is Jﬁaﬁnt#ﬁﬁQ%ﬁﬁkﬁ%ft%@#¥@ﬁ% BT BRI i Ko pthe
5 o0of 1 to 7, and, nore, prefe rab% Fiof 2 to 5.

[ PEAST %Hfﬁft Infr vientSir %’f '{-%rmi'”%eaan

subst ance, to, be6ﬁfnoved and h draied cerlun1OX|ge or

art 5N AT npPRS O be
S I I T L
gﬁi = g.xseci %g{eﬁéﬁd}iﬂ@or@%é‘o&&nﬂiﬂ’@{&m J£i th@Hions
to be removed and inorganic ion adsorbing materiail
contained in the porous formed article.
[0154]

When phosphorus in water is a substance to be
removed and hydrated zirconium oxide or an inorganic
ion adsorbing material having a structure where
ferrosoferric oxide is covered with hydrated zirconium
oxide is used, the range of pH to be adjusted is pH of
1.5 to 10, and more preferably is pH of 2 to 7.

[0155]

When boron in water is a substance to be
removed and hydrated cerium oxide or an inorganic ion
adsorbing material having a structure where
ferrosoferric oxide is covered with hydrated cerium
oxide is used, the range of pH to be adjusted is pH of
3 to 10, and more preferably is pH of 5 to 8.

[0156]

When fluorine in water is a substance to be
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The porous fornmed article used in the present 15
i nvention can again adsorb negative ions after having
desor bed adsorbed anions by contacting itself with an
al kal i ne aqueous sol ution, and subsequently having
treated the adsorbent with gg acidic aqueous sol ution
(regeneration treatnent). The porous forned article is

2C-dridifed SR th Pr ST Sdr Blihe6ki @6 £LduEI DHoPQANn P8Il Yon
a cost but also waste. Particularly, the porous

f crdeeskrbiaid imd e ACLD A VPN G Ca t Kerpeeseatwhayention is
superior in durability for repeated use. [0159] 25
Thiee atded ferer sol artide {slesovetednwsthubydnytedanirconium
desorb the anions as long as the pHis in a range of
16113 ¥R el s bigedhethed yangre ¢5 pieterb®l ydivsted is pH
nore, and nore preferably is 13 or nore. The 70

ccﬁwfce]ntqf%ﬂrorﬁ nre BRafeFRLLY L iR 95 #nta Pange

%%to 30% by weight, and nore preferably is in a
r%ﬁﬁ? f 0.5 to 20% by meight When t he concentration
is lower than ht, the al kaline_sol uti

tends 5 to rae%ci P TR T E (T BRSE BeS
t he gé}:}encéz an aI %eeazalg%%f n%%{;%geégﬁ[g% ég?i%@tor an
nigad o dRlionslsieniasg o
R T D TRt
desafiin gk ideatsaided £ntlse t Larigkeo A pONGo Pise | diQéted is
pH of 3 to 12, and more preferably is pH of 5 to 9.
[0158] |
The porous formed article used in the present
inventicon can again adsorb negative ions after having
desorbed adsorbed anions by contacting itself with an
alkaline aquecus solution, and subsequently having
treated the adsorbent with an acidic aqueous solution
(regeneration treatment). The porous formed article is
thus reused to show an effect of reducing not only a
cost but also waste. Particularly, the porous formed
article according to the present invention is superior
in durability for repeated use.
[0159]
The alkaline solution (desorption solution)
can desorb the anions as long as the pH is in a range
of 10 or more, but the pH range is preferably 12 or

more, and more preferably is 13 or more. The



desorption time and make the operation inefficient.

15 Wien the space velocity (SV) is higher than 15, the
period of time in which the porous forned article
contacts with the al kaline aqueous solution tends to
be shortened, which decreagﬁs t he desorption
efficiency. A type of the al'kaline aqueous sol ution

useth @t 20 98 oFd | O SOI A | 9P 81 59t s Pathi SULBRLY of

limted, but 1norganic alkalis such as aqueous

sql ut i+h 3 9O e gHty dr Dxd dfor &Np AEIEE4IS1$ 0L Yt 1 ONa Ofange
pot assi um hydroxi de and ammoni um hydr oxi de, and

orcgfrd (5 as ek e weigtiial | ywhise dthdnomge éhenat soni i
hydr oxi de and 25 potassi um hydroxi de are particularly
priefverabitgn bechuse wéightow tige ha bha Hoserpoiohion tends
efficiency. [0161] Although the desorption sol ution

S afterdansienp ey litusiebdrpticr eeSbrpenoy, tardt ween the
contains the ions to be renoved desorbed fromthe
poTA e tgiafekPrks dtighes than p3es dpwupreighbe the cost of
apparatus for water treatnent of the present
i RERAL NG 3G pHRSK$FREFreans for 5 preci pitating
a rdl.y soluble salt of the ions to be renoved in
th orption solution and solid-liquid separation

nmeans for sepafgll ;pa@é%%lﬁqgf@r@%‘%%%f{%i g%%@{foﬁri)@ not

an al kal i ne "aqueous * F'on. ore,
1o S5SerpLion, o8 WiEd3 SARL1Y: LRUSER LI ARy 1n &
[ Hfdde ROF EXNR) €15 a(pFeei Byt 8bhes YeeakbAeRt (899 .2 When
the space velocity (SV) is lower than 0.5, the
desorption treatment tends to take a long period of
desorption time and make the operation inefficient.

15 When the space wvelocity (SV) is higher than 15, the
period of time in which the porous formed article
contacts with the alkaline aqueous soclution tends to be
shortened, which decreases the descrption efficiency.
A type of the alkaline aqueous solution used as the

20 desorption solution is not particularly limited, but
inorganic alkalis such as aqueous solution of sodium
hydroxide, an aqueous solution of potassium hydroxide
and ammonium hydroxide, and organic amines are
generally used. Among them, sodium hydroxide and

25 potassium hydroxide are particularly preferable,
because of showing high desorption efficiency.

[0161]

Although the desorption solution after being



solid-liquid separating treatnment for the precipitate
15 can be carried out as follows. [0163] The
desorption solution is contacted with the porous
fornmed article of the present invention adsorbing the
ions to be renoved, and the7aons to be 20 renoved are
desorbed in the desorption sGlution. A precipitating

agely i fi ¥ 9aed efe Wb 14 ’EPé‘étrBé’n@ecoﬁﬁgPﬂngBQ_ ions to

produce a precipitation is added into t ol ution,

arkk e GRNE I dd SEh- 1@ CF Porh 2t e | So BERS! fdefledBbticle, it
recovered fromthe al kali ne agqueous sol ution by the 25
sald dbitd fridb Sepeiat | tige tampdrEtis foD1v4teExarphesent of
the precipitating agents include a netal hydroxide.
Thihehpireserde oiveret adn piasl yoescBp72at pngcneanat fodue
to the bonding of a netal salt with anions such as

S phustiaridsa t oy on, hatdiby | selapbe asakbhnief tisentensheo be
hydr oxi de becones an al kali source of an alkaline |
adistized oyt il devorrEeni sel v hondaed beel tdahignsd
a cl osing systemcan be produced b%%recoveringd and

t

r ARRHF TR AM9aHE nP R SOt HRe 99ReT?bF9t he
desorption treatnent. ecjfic exanples o he
oA S 1 R | SRS AR GRS P oRPHLoR -
SR AR Y o0 UL 2 800, oL LU,
10 ﬁg‘ir%y ;ﬂ/&%f%%{@g@éd'fo& iSR! FeSG8YSErOTed Q1IN 2
recovered.
[0162]

For example, a precipitation treatment and a

solid-liquid separating treatment for the precipitate
15 can be carried out as follows.
[0163]

The desorption solution is contacted with the
porous formed article of the present invention
adsorbing the ions to be removed, and the ions to be

20 removed are desorbed in the desorption solution. A
precipitating agent is reacted with the ions to be
removed to produce a precipitation is added into the
solution, and the generated precipitate is separated
and recovered from the alkaline aqueous solution by the

25 solid-liquid separating treatment.

[0164]
Examples of the precipitating agents include

a metal hydroxide. The hydroxide of metal produces a
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precipitate, that is, a precipitate with |ow 15
solubility. Specifically, alum num hydroxide,
magnesi um hydr oxi de and cal ci um hydr oxi de are
particularly preferable. Particularly, calcium
hydroxi de is preferable from,the viewoint of a cost.
(0166] 20 For exanpl e, when phosphorus which is an ion

R sVl axd sts a%?&ﬁ&m&h%pg%&aﬁ e8I RiLRN

solutlon can be separate d recovered according to

t hh fld QM dY 4 £qedHhd PETH | Bordhl) t PELEPIRe RRQUYESENic.
cal ci um phosphate can be reused as a fertilizer or the

2% iridee. t HoeNaB3RGo x1 d 0ok €D Es - an 18Na&H! +s&atce (&E) aR
(PO4) 6~ 73 [0167] An anmpunt of the hydroxide of
metldtatimdeaquenies sclubiopafdr cddsotlying nthedadbotbed
1to 4 tinmes weight equivalent to objective ions.
WesrLallie anotinsBng s hetemdean i ke cepoduted by reseveping
the objective ions, the efficiency of producin
mﬁﬂﬁ;ﬁQQﬁ¥?QEﬁh% 4%#3%%%?e%%%e°%meﬂ°%% 1anpefedt fopethe
added is nore than 4 tines eq glvalent oth

ee‘scﬁﬁ'%?rbn"sream%e%‘?murftp?%l e oA af P y° of the
d dvant.a b t 0 eff
NI G, SHR e DI T s €460 on

fr rem)vedtﬁgd pre erabrﬁag%@@fuﬂh@&%?f%gvﬁﬁap&;éf‘[;flqm

c {deridly, to recover a desorption 15 solution and

reuse 1t, the pHis kept 12 or nore and
[0165]

Among them, the hydroxide of a polyvalent
metal is preferable because of forming a hardly scluble
precipitate, that is, a precipitate with low
solubility. Specifically, aluminum hydroxide,
magnesium hydroxide and calcium hydroxide are
particularly preferable. Particularly, calcium
hydreoxide is preferable from the viewpocint of a cost.
(0166]

For example, when phosphorus which is an ion
to be removed exists as socdium phosphate, a desorption
solution can be separated and recovered according to
the following reaction formula. Furthermcre, produced
calcium phosphate can be reused as a fertilizer or the

like.

6NasPOy + 10Ca(CH), — 18NaOH + Cajo(OH) (POs) et



5

10

15

20

25

preferably is kept 13 or nore. Wen the pH of the
sol ution fromwhich the objective ions are to be
preci pitated and renoved is | ower than 6, the

'solubility of a precipitate increases to decrease 20

preci pitation efficiency. 59169] When precipitating

and renoving the objective ‘ions, it is also possible
tojgoggurrently use an inorganic precipitating agent
such as al um num sul fate 25 and pol yal um num chl ori de

and a high mﬁ)’ifﬁ‘éunﬂ@ﬁctlﬂnéﬂhgﬂréﬂﬁﬂé ,of'magdit tgnpko
t he hydroxi de of netal 170] Furthernore, in a

SUdddd el Prest Qbaﬂﬁi@@laﬂy&alimnteaprbﬂheiis onstbodbeimes
renoved in the present invention, the desorption
sofaeliglon equni vel eetisies dy:&ctbeei hgns he Weenr pheoamount
solution which is used for the desorption treatnent

arieb dontadded the ¢gubnebabeorrbapyetiot bherebiprtive ions,
and separate the precipitate, and the ions to be
r&%@ﬁ%’ﬁ#%%é@%r%@@uﬁw Pé%‘é#@%‘é@lt‘ast?hés to

prec itate. 10 [0171] Thereforge,
i t"ﬂ%ﬁnttﬁée At R ?%ra%‘?@rl%r%afﬁeﬁba%f 4

t e resent, vention . .has cool %ﬁ?%nea S

TR o PRI SEENTactahs i Ehet ABounE s
DS L, 1L e ke
efficiency does not almost change.
[0168]

The pH of a scolution from which the objective
ions are to be precipitated and removed is preferably 6
or more, and when considering to recover a desorption
solution and reuse it, the pH is kept 12 or more and
preferably is kept 13 or more. When the pH ¢f the
solution from which the okjective ions are to be
precipitated and removed is lower than 6, the
sclubility of a precipitate increases to decrease
precipitation efficiency.

[0169]

When precipitating and removing the objective
ions, it is also possible to concurrently use an
inorganic precipitating agent such as aluminum sulfate
and polyaluminum chloride and a high polymer
flocculating agent, in addition to the hydroxide of

metal.



[0172] The precipitating treatnent for the desorbed
ions in the cooling can be particularly and suitably
20 applied when phosphate ions adsorbed in the porous
formed article are desorbed using the sodi um hydroxi de
solution as the desorption sglution. [0173] The
cooling neans and nethod are particularly 25 |imted.
Ho the desorption solution can be cool ed using
a usual chiller and heat exchanger or the like. 75
[0174] The cootimerhEr@Lr 8h Ul eshsta0le Pprébepiaatyng
limted as | ong as the desorbed ions can be
priecepineiedfat tihe ienmperatbis eremovedein the present
tenperature is preferably in a range of 5 to 25C, and
norrey g ief e abtlye | de sorpbpen ofobutbol0€anThe reused by
tenperature of less than 5C tends to require nore

3 comtd Fighentheydescirtoom sebabhdtzavhiycli sadvaadagebushe
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and the tenperature exceeding 25C tends to have a | ow
ﬂﬂQﬁQQﬂﬁiQth¥ﬁ§@m%@¢i%m@gc@%%abﬁécthﬁt&@és tpoles]
In order to effectiyvel itate sodj um hos hat e
| (PR GhEC SRR GHR Hyth xRS g%ﬂaﬁ%tﬁeﬁh“? PEAGLRLEELS!
TP IR S Al 2ot 1 0
Sexpea(fc%éloé]d '?@n‘fhé)fpfgglpltate .

[0171]

Therefore, it is more preferable that the
apparatus for water treatment of the present invention
has cooling means for the desorption solution which is
contacted with the porous formed article used in the
means for adsorbing ions and contains the ions to be
removed,

(0172}

The precipitating treatment for the desorbed
ions in the cooling can be particularly and suitably
applied when phosphate ions adsorbed in the porous
formed article are desorbed using the sodium hydroxide
soclution as the desorption solution.

[0173]

The cooling means and method are particularly
limited. However, the desorption sclution can be
cooled using a usual chiller and heat exchanger or the

like.
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precipitate fromthe desorption solution is not
particularly limted. However, a filter press, 20
sedi nent ati on separation, centrifugal separation, a
bel t - press machi ne, a screw press machi ne and a
menbr ane separation mnet hod the like can be usually
used Particularly preferably is the nenbrane

re4j on nethod because of saving an installation 25
area and providing a clean filtrate. [0177] The

nenbrane sepgHatd UL ivef hashp Srawire Pog thetl at¥icularly
limted, but includes an ultrafiltration 76 nenbrane

(URni teednay dfdrid rad | the nbddseed (M) s atiah abe per neabl e
menbrane. A formof the nenbrane is not Ilimted, and

i rdaddgs tdtord eedangiie, temgd ez tumeebr diieywewer hothew

fiber, a pleat, a spiral and a tube. Anpbng 5 then1 t he
ultemEfeatiune ore mereferab AN andramge of cbotd | 29U and
menbrane (MF) or the like are preferred menbrane

s @HatR T srathiot st |5h TRRIR a §911¢Cng Thepeed and
flltratlon acc 178]__..10 On the other, hand, in

t He& Cb‘{ajt%%s Hent (R iTh g e more

preC|p|ta|on sed| q%alon t r eat nent

PGS i ST STBTTERHY vt SFEHGEageous,
cqhi g éé;g;@fa%a&pét Dsa 5651 S8R U NSBWIERL o 1o

nmeans ans 1or a SOF I ng esor pti on

SQlafd an MY ol sed 1 1he g&?%éﬂsi@i‘t Jreatnment and

contalns Il ons to be renoved e refurned to the
pregi73 t ai on- sedi ment ai on

In order to effectively precipitate sodium
phosphate in cocling, sodium hydroxide can be newly
added to increase the concentration of the sodium
hydroxide in the desorption solution.

[0176]

The sclid-liquid separation means of the
precipitate from the desorption solution is not
particularly limited. However, a filter press,
sedimentation separation, centrifugal separation, a
belt-press machine, a screw press machine and a
membrane separation method or the like can be usually
used. Particularly preferably is the membrane
separation method because of saving an installation
area and providing a clean filtrate.

101771
The membrane separation method is not

particularly limited, but includes an ultrafiltration
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treatnment as desorption drainage as it is wthout

subj ecting the desorption solution to a precipitating
20 treatnment to subject the desorption solution to the
preci pi taion-sedi nentaion treatnent again. [0179] A
porous formed article in a ggntainer after a
desorption step has been finished is alkaline, and in

25ty st @IFNASs and OV £8PERAE {4 REmIBESRL DiMP) | Qﬁé a
in raw water again. For this reason, an operation of

I et 410 D hdnib Partd) UM torm cSﬂeﬁtélzﬁéinWﬁéM@_ b thot he
use of an acid aqueous solution, that is, activation

77 intirtesd ,meartd | ingaundes refbr [ &M 1éAn acf Haaquerbsane, a
solution is not particularly |imted, but an aqueous
sdlaiticomn Siledr as lldaiti ca aspidrab amd aydelbehl okheng

acid is used. The concentration of the acid aqueous
sdihem ortteas 0rT 3L & - pret ey unergonane t (UF 1 09adythei ght .
When the concentration is lower than 0,001% by

vvé‘Pg?ﬁo Pitlter a&'c*t?@d%@@?xr%ﬁ%p“‘ﬁ@eo%r ather yeke \aFainer gferred

wat er before it be finished, and whe
eS| SR G e Ve 1 GO BS0 Hat of & ¢ bl Eepi g
ueou cause a problemw th danger in
%ﬁaﬁe R AT G Ry the. aci di ¢ aqueous
qﬁ 15 is not particularly limted, but is
nornal y preferably in arange of 0.5 to 30 (hr-1) by

space vel OC'dry tﬂr%/)otﬁ’&erhéﬂl? SPRACEnY A+ ¥t h PO | Ehne

| ower than O.
present 1nvent10n using precipitaion—sedimentaion
treatment means as means for removing ingredients
contained in water and combining the precipitaion—
sedimentaion treatment means with means for adsorbing
ions, & desorption solution which is used for a
desorption treatment and contains ions to be removed
can be returned to the precipitaion—sedimentaion
treatment as desorption drainage as it is without
subjecting the desorption solution to a precipitating
treatment to subject the desorption solution to the
precipitaion—sedimentaion treatment again.
[0179]

A porous formed article in a container after

a desorption step has been finished is alkaline, and in
the state, has a low capability of adsorbing ions in
raw water again. For this reason, an operation of
returning pH in a column to a specified value with the

use of an acid aqueocus solution, that is, activation
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activation treatnent tends to take a | ong period of
activation tine and make the operation inefficient. 20
When the space velocity (SV) is higher than 30, the
period of time in which the porous formed article
contacts with the acidic aqygous solution is
shortened, which decreases the desorption efficiency.

[ A4 tmedr Ad Wdhesriugf erabl e activation treatment

is to activate the porous fornmed article while
cipcndeting a solution for activation between the
colum and a pH adjusting tank. 78 [0183] By

adopti ng thearcadiduqieans $élbetomess possphdreitolarly
mldly return the pH of a porous forned article in a
cdlivmit,edyhilpit ian et tso ant bbikasuck &s ssdbfduicngecid
a desorption treatnent, to predetermned pH in

c@isl derdntddniafiaceid ekt sisgrde ofhencomeebntioonof
adsorbing material. [0184] For exanple, it is

k

t Hdte a0 BauROUD FehbriebI B s aRbY vER b9 %*Pplag?@?%ol to
| ut i ith pH of 3 | ess. vent j onal

O ik S Sl Ve Sor YR Pl gehan

SIS RS, e RRONE. SESETI OS] 1180 v

digrolid 1 e df Qe A0 ACGOIH NGl Ve dids SRUG D 10 DRLR
realngt € porous orned artrcle w a Wwea acCl

Sgtlr{jér;'e &g&eﬁ%id&?‘é\@%’?{i&%@ﬁ tRihoths NeHULE £En B, | BRE
acid aqueous solution may cause a problem with danger
in handling.

[0181]

A flow rate for the acidic agqueous solution
is not particularly limited, but is normally preferably
in a range of 0.5 to 30 (hr™) by space velocity (5V).
When the space velocity (8V) is lower than 0.5, the
activation treatment tends to take a long period of
activation time and make the operation inefficient.
When the space velocity (SV) is higher than 30, the
period of time in which the porous formed article
contacts with the acidic aqueous sclution iS'Shortened,
which decreases the desorption efficiency.

[0182]

A further preferable activation treatment is
to activate the porous formed article while circulating
a solution for activation between the column and a pH-

adjusting tank.
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economcally perm ssible. [0185] 20 In contrast to
such a conventional nmethod, an activation nethod
according to the present invention includes arranging
a colum and pH adjusting tank, <circulating a
solution for activation betwgen them Accordingly,
the nethod can activate the porous formed 25 article
whidigsvoi ding the pH range in which iron oxide

di ssolves in acid, further can reduce the vol une of

wat er used fmy adtg:@pﬁq Vigthé Ofon 86 £801 SQ)NSL ZBetbRes
apparatus. 79 [0186] A flowrate in circulating

sqaddidni & dro ractd Matreturs isied goll edf f 4 oporonanfermédl

to 200 (hr-1) by space velocity (SV), and is nore
presftercls yirf rorral Burangeloi 19 shi 10ed byo spacalkaline
veLociay (SV). Wen the space velocity (SV) is |ower

t el dutiagd diesorptinn orreaimento takeredebaguined pH
period of activation tine and nake the operation

P HaT R AT AR (e ATk e STET GRRES QEVAD| LnPFgRREC lon

than 2 the activation step 10 requires a |arge punp
&ﬁ%oéhﬁf MLt P esult in inefficiency. [0187] A

seﬁ Pf t hese operations of desorption and
ac |vé%|on can be perforned in a state that an 15

adsorbent i sz hﬁ'f col %wghﬁﬁaﬁ Sy de

adsorption per orna ce 'of orous forne artlcT

CabmRAS) | ¥i  KIBRSS afl‘?darpyaéftﬂi'@nééﬁ%i’oﬂ%§tﬂgpﬁ of 3
or less. A conventional activation method of
activating the porous formed article supporting the
above described iron oxide thereon had a problem of the
above described dissolution of iron, and accordingly
could not help treating the poroﬁs formed article with
a weak acid of pH 3 or more. However, the method
requires a large volume of water, and is not
economically permissible.
[0185]

In contrast to such a conventional method, an
activation method according to the present invention
includes arranging a column and pH-adjusting tank,
circulating a scolution for activation between them.
Accordingly, the method can activate the porous formed
article while avoiding the pH range in which iron oxide
dissolves in acid, further can reduce the volume of
water used for the activation, and can downsize the

apparatus.
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desorption solution and an activation solution to the
contai ner packed with an adsorbent, for which the 20
adsorption treatnent has been finished. In this case,
a flow direction may be an upward direction or a
downward direction. [0188] Agporous forned article
according to the 25 present invention has superior
chanigal resistance and nechanical strength.
Accordingly, the porous formed article does not

al most | overa tfleswdsot Pt inci PO K IBGCeof 9t ibRNSoLVEN
when the regeneration process 80 has been repeated
sexsriatattions if delmstéd feseral ramgedods ob 2ooeshr™)
EXAMPLES [0189] 5 The present invention will be
déscrigeesre Walocief ef$ce amd ekanpbes. pfoieodbly fhem a
exanpl es, various physical properties or the |like on

a Tagrdredarkd die yeragedveoeily E¥hod When the
descri bed bel ow. 0191] . Qoservation of Forned

AHEGR YR Beanithy 16 wreontimerbscpe arkdier med
SIS AR SRE e ML o 500, 35 LIPEEPRINLOD Lo
Sca%@inpagxeelt%et rc?&ernétgfgﬁc’cﬁ?eeffls&\gnt. (Oﬁa}?ézl]x the space
velocity (SV) is higher than 200, the activation step
requires a large pump power and tends to result in
inefficiency.
[0187]
| A series of these operations of desorption
and activation can be performed in a state that an
adsorbent is packed in the column. That is, the
adsorption performance of the porous formed article can
be easily regenerated by sequentially passing a
desorption solution and an activation soluticn to the
container packed with an adsorbent, for which the
adsorption treatment has been finished. 1In this case,
a flow direction may be an upward direction or a
downward direction.
[0188]

A porous formed article according to the
present invention has superior chemical resistance and
mechanical strength. Accordingly, the porous formed
article does not almost lower the adsorption

performance for ions even when the regeneration process
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Cutting of Forned Article The formed article was
vacuumdried at a room 20 tenperature, and the dried
formed article was added w th isopropyl alcohol (IPA)
to be inpregnated with [|PA Then, the forned article
was sealed in a gelatin cagéule with a diameter of 5
mm t oget her with | PA and e sealed forned article

Was, of er:_?é?r[‘ rdbdd it ds@@ef‘éi MO8eS - oﬂ_h€11£é§z€<5‘ éé’i’r@?gl
article was cut wth a chisel, together with t

CapsiddsTher autmdHr med artlcle was sel ect ed, and
sui tabl e one was used as a 81 specinen for

m croscopy. [0193] Opening Ratio at Surface An inage
of the surface of the forned article 5 was obtained
b\EXPMHLEE a phot ograph of the surface with the
scanni ng el ectron m croscope, and anal yzing the
phidtldfftlaph with the use of an i mage- analy2|ng softmare
(WnROOF (trade nane) made by Mtani_ Corp.)
detail, the HrePTeRent wekvVret &mi wkhl bwetq%@sg%lagdomth
10 klng the software recogni ze the obtained SEM
LRAC] % \A%regﬁt i mages; nmanual |y adjusting a
ﬁﬁﬁﬂﬂ | evel so that a dark part can be recogni zed
openi ng part and a Ilght part can be recogni zed

fib I
?ﬁtg 15|tLg openlng pdﬁa %ﬁgﬂ%ﬁ¥¥i9ar:£§bﬁngfes
[ Q494 O %T NG P é"FJﬁﬁe@taMéP& GwéYe oﬂ@é‘éﬁ‘ﬂec@' Aireg er

at the surface was

method described below.
[0191]

+ Observation of Formed Article with Scanning
Electron Microscope

The formed article was observed with an S-800
type scanning electron microscope made by Hitachi,
Ltd., which is a scanning electron microscope (SEM).
[0192]

« Cutting of Formed Article

The formed article was vacuum-dried at a room
temperature, and the dried formed article was added
with isopropyl alcohol (IPA) to be impregnated with
IPA. Then, the formed article was sealed in a gelatin
capsule with a diameter of 5 mm together with IPA, and
the sealed formed article was frozen in liquid
nitrogen. The frozen formed article was cut with a

chisel, together with the capsule. The cut formed

article was selected, and suitable one was used as a
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determ ned by measuring it actually fromthe inmage of
20 the surface of the forned article photographed with
the use of the scanning el ectron m croscope. Wen the
pore has a circular shape, the dianeter of the
openi ng was used as the popﬁ di ameter, and when the
pore has other shape than e circul ar shape, the

C - i it ' ter of a circle having the
s{%&nﬁé}y e %cﬁé’é@ﬂg g9

[
sa area was use pore dianmeter. [0195]

Pardligde D ameter 82 Particle dianeters of a forned
article and an inorganic ion adsorbing material were
measured w t-hogenhageradibf nacBuefaseatteri ng-type
particle size distribution measuring apparatus

(LA-910 (trade ivegy) &f neoke doyr £45% B Cone. Jormedeaeticle
when the particle dianmeter was 1,000 pmor nore, the
pavas cihtafirmrbthy takingeriphategraphtde tlversgefaae ueith
of the maxi mum dianeter and the m ni num di aneter of
t & Egrning (8l T¢Iy WGBS GIRE « nd| et ¥7ing the
the use of the 10 SEMinmage. (0196] Porosity The
WERRFHOEADD ofith fiieraifardt A% 1Mede- iRtk ¥F BT s3af ware

I D S S DY LY. o more
S X ML S L B LAG) VELARL o

t ?I{m@fr?g} LEl’Fe fﬁf&%f@%écé&fpé a&l‘l‘e tc‘f@tﬁiﬂ@@ SEM image as

dark and light images; manually adjusting a threshcld
level so that a dark part can be recognized as an
opening part and a light part can be recognized as a
fibril; and making the software divide the image intoc
the opening part and the a fibril part.
[0194]

- Opening Diameter at Surface

An opening diameter at the surface was
determined by measuring it actually from the image of
the surface of the formed article photographed with the
use of the scanning electron microscope. When the pore
has a circular shape, the diameter of the opening was
used as the pore diameter; and when the pore has other
shape than the circular shape, the circle-equivalent
diameter of a circle having the same area was used as
the pcre diameter.
[0195]

- Particle Diameter
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formed article. The weight of the dried forned article
20 was neasured and was deci ded to be the wei ght (WO
of the formed article in a dried state. [0197]
Subsequent |y, a pycnoneter (Gay Lussac type wth
capacity of 10 m) was prep?% and the weight of 25
t he pycnoneter packed wth e pure wat er (25C) was

measur ed, 'égtﬂﬁﬁk(ﬁﬁgﬁg¥% hfoﬁfé@héré¥%ﬁ 'Qné an

state that e pycnoneter 1s pa ed wth water

t hevJrefdreid: @rdﬂ cel@sdfbﬁ@t:@d@eﬂagabéré@nwéuwdtJaft183a
pure water was charged in the pycnoneter, the pure

Weltefye masi f fifd dieifomasdett ampi i - eyp@r ket 1 ¢ e, sbad t he
wei ght was neasured and deci ded as (V).

Subissepidntt jon tries it oy fappedatus | C(lLA-9B8 (bt adecdaby)
5 taking out the forned article fromthe pycnoneter,
amckdey duyu HARWBA. rliipdp . unddiowerornr + ewipen atlue epdotiQhe
hours. The weight of the dried forned article was

nEHARLE MRS War Yo dHYeF dROYM) . tff@]lwfthbe AMiameter

specific gravity (p) .and a poros of the
f &%?edi%ﬁltq%i i tha CIAL RN a%%‘n‘%il ® %etfh%"lmum

ol 0, RS A aRls BRI G e
| S ET L ed ) A LAY (@ Chye 1964 ene
\M§Eﬂﬂlﬂé8efﬁ t he forned article after having been

(0196]

- Porosity

The weight (Wl1) of a formed article in a
hydrated state was determined by spreading a
sufficiently moistened formed article on dry filter
paper to remove excessive moisture, and measuring the
weight, Next, the formed article was vacuum—dried
under room temperature for 24 hours to obtain the dried
formed article. The weight of the dried formed article
was measured and was decided to be the weight (W0) of
the formed article in a dried state.

[0197]

Subsequently, a pycnometer (Gay—Lussac type
with capacity of 10 ml) was prepared, and the weight of
the pycnometer packed with the pure water ({(25°C) was
measured, which was decided to be the weight (Ww) in a
state that the pycnometer is packed with water. Then,

the formed article in a state of getting wet in the



dried; pis the specific gravity (g/cnB8) of the forned
article; Mis the weight (g) of the fornmed article
after having been dried; Wvis the weight (g) of the
20 pycnoneter which is packed with water; and Wun i s
the weight (g) of the pycngmeter which contains the
formed article in the hydrated state and pure water.

[ Q2004 SpPRred ARHRLI8An fhdrphodnbREred, aphicharwas

obt ai ned by vacuumdrying a tforned article under” room

t eipeEAtwd € rlhiPthdd PaYESd Jpetyehonbrrédt hendyi gd the
forned article was neasured, and was decided to be

t hee It ightasVind g3ubedf ahdiedéoided asti(whm)in a dried
state. Subsequently, the dried fornmed article was
bakdus eviuént b, uslze ofir had Ebemedi grtichaceaat oBoatnedr by
two hours, and the weight of the ash was neasured and

5 welsa lfieeg dewt teheeferred verght loairgn bhet p¥caemetar, and
supported anmpunt, was 10 determned in the follow ng
exXfHEYF T Yimgiphorikde anport FopPerghiye %oyosd hours.

[Q201] wherein is.the i ght ( of the ash in th

{ oS LT . s s Lo PBC A BRECES) Wt PReSured and
fqﬁned artficle 15.in a dried state. [0202] Specific
Sur?sac%e% £ (%/ ) A specific surface area SBET

(Eﬁﬁgg f the porous forned article was determ ned by

B rnﬁ od with 20 the use of Coulter SA3100 (trade

1gnane) nede by HeCkIB{\ gravity (p) and a porosity (Pr) of
the formed article were determined according to the

following computation expressions:

P =M (Ww + M - Wwmn)

Pr = (Wi - WO}/ (W1l - WO + WO/p) x 100

[0199]

wherein Pr is the porosity (%); W1l is the weight (g) of
15 the formed article in the hydrated state; W0 is the

weight (g) of the formed article after having been

dried; p is the specific gravity (g/cm®) of the formed

article; M is the weight (g) of the formed article

after having been dried; Ww is the weight (g) of the
20 pycnometer which is packed with water; and Wwm is the

weight {g) of the pycnometer which contains the formed

article in the hydrated state and pure water.

[0200]

- Supported Amount
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Coulter, Inc., after the fornmed article was vacuum
dried at roomtenperature. (0203) Next, an apparent
volunme V (cnB) of a fornmed 25 article in a wet
condition was nmeasured with the use of a measuring
cylinder or the like. Subsegyently, the formed
article was vacuumdried at roomtenperature, and the

wei ght W (g)avas; dgt ffémél&dar@%cléo%gé] oBtaPREH' | by
surface area of the forned article according to fhe

Pres@iim+ dveid 0 Mesmeet F fioed (ha8r tbHémf pbhperAgure
expressions: 5 Specific surface area (n2/cnB) = SBET x
bufdke 2ierisonys ( g/ Thd)wdidkt defisthy dgiedBform¥iVarticle
[ 0205] wherein SBET represents the specific surface
aress (m@dgpred) afidtwes f deokdedr tocbe; tierepighenWd (g)
the wei ght (g) of the dried forned article; and V
51 epf cleat Eo¥med appbiehe inopudelednefatpo208pbsequently,
Phosphor Concentration 15 The phosphor concentration
FredstRedt O%E%%r@¥ﬁbc%% %%%o?%k?@nﬁ%F? RP?huFﬁeoﬁsén

£ BLOEBL S ST EhOERN: SalBect. (41808, Jo0B) e

quf rhéagéﬁ"%as measured and was decided to be the
weight Wa (g) of the ash. A supported amount was
determined in the following expression:

Supported amount (%) = Wa/Wd x 100
[0201]
wherein Wa is the weight (g) of the ash in the formed
article; and Wd is the weight (g) of the formed article
in a dried state.

[0202]

. Specific Surface Area (m?/cm?)

A specific surface area Sger (m°/g) of the
porous formed article was determined by BET method with
the use of Coulter SA3100 (trade name) made by Beckman
Coulter, Inc., after the formed article was vacuum-
dried at room temperature.

[0203]

Next, an apparent volume Vv {cm®) of a formed
article in a wet condition was measured with the use of
a measuring cylinder or the like. Subsequently, the
formed article was vacuum-dried at room temperature,

and the weight W (g) was determined.



The fluorine concentration was neasured by an ion

chr omat ography anal ysis nethod with the use of |IC

7000 (trade nane) nade by Yokogawa Anal ytical Systens,
Inc. 1CS-A 2G (trade nane) made by Yokogawa Anal ytica

25 Systems, Inc. was used fgr a precolum, and |CS-A23
(trade nane) made by Yokogawa Anal ytical Systens, Inc.
Wasy 1S for an analytical colum. 86 [0208] Boron
Concentration The boron concentrati on was neasured by

| CP spectroeépycifid shersse 9fedROE tNEREPHRRL! article
(trade 5 nane) made by Therno Electron Corp (U S A).

[ 2683 rd {1y oglpicth® npExseipt eidyeRt Dohckagndédtotmined from
Inorganic lon Adsorbing Material 1 L of 0.15 no

aguen U Kobwingrexpresstomns um 10 oxychl ori de (Zr OC12)
was prepared. The solution contained netallic ions of

513.7 g as zisronlfic Ferface abedale (%St s Seer x bulk
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(FeSO4, 7H20) in, an anmount of 84.0 g was added and
dideiifed (M@the aqueous solution which was being
stirred. The unt of ad?eg ferrous, 15 sulfate
corresponds BLH. FERBHER (FEFP T S (F/T (ol ar
I%ﬁééﬁ' 0.67). [0210] Next, 15% by wei ght of a sodium
hy ?he sol uti on was added dropw se to the aqueous

Tl R RS C R R
Preeipid 2483 article; W represents the weight (g) of
the dried formed article; and V represents the apparent
volume {cm?®).
[0206]
- Phosphor Concentratiocn
The phosphor concentraticn was measured
according to absorptiometry with the use of a phosphate
analyzer Phosphax Compact (trade name} made by HACH
Company.
[0207]
- Fluorine Concentration
The fluorine concentration was measured by an
ion chromatography analysis method with the use of IC-
7000 (trade name) made by Yokogawa Bnalytical Systems,
Inc. ICS-A 2G (trade name) made by Yokogawa Analytical
Systems, Inc. was used for a precolumn, and ICS-AZ3
(trade name) made by Yokogawa Analytical Systems, Inc.

was used for an analytical column.



produced. Subsequently, air in an anount of 10 L/hour
was bl own into the aqueous solution while heating to
50C. When air is continuously blown into the solution,
25 the pH of the aqueous solution decreases. In this
case, the 15% by wei ght of %%giun1hydroxide sol ution
was added dropwi se into the aqueous solution to keep
itros@spH of 8.5 to 9. After air had been continuously
87 blown into the solution while absorption

spect r ophot angbiynC edhdethetr@dti ohhe ferrous ions in the
sol ution, the black precipitate was produced.

Subsequent | yThé lisobbAackoprent pat bbr was mueki108d5by ICP
filtrated, was cleaned with deionized water till the
f i $pecit eometayevitut thé , uaadof hERISAINTRERIDaL I7QCrade
| ess. The dried precipitate was pul verized in a bal
S miname ormade dpy hbue smo ahtlecheopoldep V. 5kA) i nor gani ¢
ion adsorbing material with an average particle 10
[ of 2.8 mwas obtained. The BET specific

d

surface area of the, powder s 170 nR2/g. [0211] The

poﬁmfwtm %’b%?%%dw n%?%g\ﬁ?’&l%“ﬁl g@s PBFH%NC Ton
jned to have a structure 15 where

{Tﬁggééﬁﬁ%gﬁﬁgg%g%% e zirconium nay be dissol ved) was
covered the ylg;é‘# &g, f%%ﬁé’i" ;&agéages&m}e{sn' Bfnzigp%ﬁrslium

be di ssol ved he  observatron and anal'ySi's "res

10 ke ot ot clidsar)) BN e liatamige! o
anadrysd e Bd UBic {O2d2bf 13.7 g as zirconium.
Ferrous sulfate crystal (FeS04+7H;0) in an amount of 84.0
g was added and dissolved into the aquecus solution
which was being stirred. The amount of added ferrous
15 sulfate corresponds to 0.3 mol of ferrous ions (F/T
(molar ratio): 0;67).
[0210]
Next, 15% by weight of a sodium hydroxide
solution was added dropwise to the aqueous solution
20 which was being stirred, till the pH of the solution
reached 9, and then a bluish green precipitate was
produced. Subsequently, air in an amount of 10 L/hour
was blown into the aqueous solution while heating to
50°C. When air is continuously blown into the solution,
25 the pH of the aqueous solution decreases. In this
case, the 15% by weight of sodium hydroxide solution
was added dropwise into the agqueocus sclution to keep it

to pH of 8.5 to 9. After air had been continuously
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(Production Exanple 2) Production-1 of Porous Forned
Article Ethyl ene-vinylal cohol copolynmer (EVOH N ppon
25 Synthetic Chenmical Industry Co., Ltd., Soarno
E3803 (trade nane) in an anmount of 10 g,

pol yvinyl pyrrolidone (PVP, ;BASF Japan Co., Ltd.,
Luvitec K30 Powder (trade nane) in an anount of 10 g

awl&mim& spihd O%ﬂ@timlﬁé aB@BEﬁt@ﬁm cal Co.,

in an anount of 80 g were dissolved in water
ha@@@cﬁtwpt@@@m@tﬁyS@@@mbdietétaershet 6eBbbakNidns in the
honmogenous pol yner solution. [0213] 5 Into the
padyger i) utherblacanpeasoipitate 198s grotiheegowder of
the inorganic ion adsorbing material in an anount of
9B upgeqakwelly i ntiRe ddlietk opréxipptete waassadtiédn-and
the m xture was adequately mxed to form slurry. The
5 obf bl treatt e urwgs ng keained st hede bani aedogaterahgll the
supplied into a cylindrical rotating vessel havin 9
%1¥F%WQFP%F%W%h%?%Fr%¥fSaﬂﬁ155@ﬂeﬂa§n Fhedspfe’0° C or

ce. The the, vessel was, rotated to forma drople

%?E;h t ¢ IB’E/e%lEJeE?F?f‘dﬁél P%YEEJL%?L@G}H ﬁngall
the et was_di scharged i o a s % £ tion bat
1é“’a Rt T BETEST S8aofhe Botfnt ok ERR L SBpBRRY 1

2o s Bal iy L9200 2 FEifahe BREELEIE ) °
D%P&iﬁeﬂf@f e Arg ';&hewag Mainéa. aV?ﬁégﬁE@aéﬁéEkflc
di aneter of 623 pm [021 ?

surface area of the powder was 170 m%/g.
[0211]

The powder of the obtained inorganic ion
adsorbing material was determined tc have a structure
where the iron oxide (where zirconium may be dissolved)
was covered the hydrated zirconium oxide (where iron
may be dissolved) by the observation and analysis
results due to X-ray diffraction analysis and a
transmission electron microscope equipped with an
elemental analysis apparatus.

[0212]
{Production Example 2) Production-1 of Porous Formed
Article

Ethylene-vinylalcohol copolymer (EVOH, Nippon
Synthetic Chemical Industry Co., Ltd., Soarnol E3803
(trade name) in an amount of 10 g, polyvinylpyrrolidone
(PVP, BASF Japan Co., Ltd., Luvitec K30 Powder (trade

name) in an amount of 10 g and dimethylsulfoxide (DMSOQ,



In the spherical porous fornmed article, the porosity
was 79% the dianmeter of the opening at the surface
was O0.lto 10 m the supported anount was 81% 25 the
opening ratio at the surface was 54% and the
specific surface area was 63gn2/cnB. [0216] Wen the
surface and torn surface of the 89 spherical porous

f otaveeh afidik] Ca V@, ObseAVLdiM R ARSundSE£0B0Ag were
scanni ng el ectron mcroscope (SEM, a skin |layer was
nadi SseFeddin Avd ByErhéaveédgta e8¢ MiNPHepa i@t Elask
(void layer) was observed in the vicinity of 5 the
surd amsaimdc i tomagembis® pwobhfnenesolhbionaviti es

exist in a fibril and openings exist on the surface of
thE933dkil. It was further observed that the powder of
an inorganic ion adsorbing material was supported on

Sthe outer sukifxeetlg pobyRebrseluhiopninnansapedet of 100
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10 the cavities in the fibril. [0217] (Production |
Fovsieriuet i e 21RreigakPR fdroriyRgrpphgrial

LY AL PRI Bl o
E%%xﬁ%ﬁmgﬁél PSR e M55, FLERERLT R co som
it CHEME TN SRS e e} ey BRLEE gp 40

ofardi TsuPp Zled NenBETa SPELiAdri sS4l f AG€a IR PEskBE having
powder was 344 n?/g.
a nozzle with a diameter of 5 mm opened on the side
face. Then, the vessel was rotated to form a droplet
through the nozzle by a centrifugal force (15G), and
the droplet was discharged into a solidification bath
accommodating water of 60°C therein, and the slurry
mixture was solidified.
[0214]

The solidified article was then cleaned and
classified to form a spherical porous formed article
with an average particle diameter of 623 um.

(0215]

In the spherical porous formed article, the
porosity was 79%; the diameter of the opening at the
surface was 0.1to 10 um; the supported amount was 81%;
the opening ratio at the surface was 54%; and the
specific surface area was 62 m‘/cm’.

(C216]

When the surface and torn surface of the



[0218] (Production Exanple 4) Preparation-2 of Porous
Formed Article 25 Ethyl ene-vinylal cohol copol yner
(EVOH, Ni ppon Synthetic Chem cal Industry Co., Ltd.,
Soar nol E3803 (trade nane) in an anmount of 10 g,

pol yvinyl pyrrolidone (PVP, ;BASF Japan Co., Ltd.
Luvitec K30 Powder (trade 98 name) in an annunt of 10

%ﬂ@ef‘i &B1 hybseh s Oié?ijrﬁe& DAVBO: c1 Kapk Pe CBS BbeobaRith the

i n an ‘anount were dissolved in water

hQ?é@dof Oz B86ahMi By S@p@e@bbﬁ il 886scbpeOEBMN, 3a skin
honmogenous pol yner solution. Into the 5 pol yner

solageOwa$ ot avibseived. 100 UDayéhehanongaai Raximom pore
adsorbing material produced in Production Exanple 3
wadi aketeelr | (vaibd aboyet) oha95chsennddt he that vieinasy of
adequately mxed to formslurry. [0219] 10 The

S obihe neer sace r yamd xi treasesl peacenf ismedothatingavaties
supplied into a cylindrical rotating vessel having a
nd25H EC it 2 of He kbt and PPenkpgspenest on ERe spgface of

Rt o e
%ﬁrﬂfﬁ%%mq'a?sfhd' ﬁ?@ﬁgﬁ?O%%%???fﬁﬁ?ﬁlainﬁg%h%qgm#?d on
TSR SR S8 IRt O L L 8 oo
10f2gﬂgxkégfﬁ£é§ fﬁt@hénffﬂfiﬁge particle diameter of
[0217]
(Production Example 3) Production-2 of inorganic Ion
Adsorbing Material
Zirconium hydroxide (Doral-ZOH100 (trade
15 name) made by Doral Company (Australia)) was dried at
70°C at atmospheric pressure. The dried zirconium
hydroxide was pulverized in a ball mill for eight hours
to obtain the white powder of the hydrated zirconium
dioxide with an average particle diameter of 3.7 um.
20 The BET specific surface area of thée powder was 344
| m?/g.
[0218]
(Production Example 4) Preparation-2 of Porous Formed
Article
25 Ethylene-vinylalcohol copolymer (EVOH, Nippon
Synthetic Chemical Industry Co., Ltd., Scarnol E3803
(trade name) in an amount of 10 g, polyvinylpyrrolidone

(PVP, BASF Japan Co., Ltd., Luvitec K30 Powder (trade



In the spherical porous fornmed article, the porosity
was 80% the dianmeter of the opening at the surface
was 0.1 to 10 m the supported anmount was 82% 25 the
opening ratio at the surface was 56% and the
specific surface area was 6§0n2/cn8. (0221] When the
surface and torn surface of "the 91 spherical porous

fordmedy ard i ol eaienee obsefyed yhh pglﬂ@thg_§§u!?fo§ide (DMSO,
(SEM, a skin |

scanni ng el ectron m croscope ayer was

Natarohs afv@h 1 |l@yeS NeyiN0in A|XihdHhPose 8di gnRées
(void layer) was observed in the vicinity of 5 the

s sl vedidin twaesr aheotedntd r 68t tinta eapdrsisle flask
exist in a fibril and openings exist on the surface of
t h® foldrain 4 thowsgdénoid gro bjxser vedltbadnt heIpbadehe of
an inorganic ion adsorbing material was supported on

5t molomer skdben ofn téde dndunt afdloh ghetherinerganic
10 the cavities in the fibril. 0222] (Production
Exietfpl adspripggeatonial prodwerdahn cPreduchianr bragple 3
l\/aterié%ﬂCerjc sulfate in an_anmount of 0.2 pol and 15
arfffohi AAASQ | ¥Fhtdn | P&t © of, 0284 nbhe B xture was
dissolved .in 2 L.of distilled water which was being
starcfercgba?teléﬁﬁwl%ntﬁ’y,og%ﬁlﬁr%ter was added to
ad@ﬂﬁ% fhe pH of the solution to 9, and a precipitate
wa os%ained. The sol uti on was matured overni ght and

1010 i ethe B0 PEE R UL Reped e
t heppoyasndl Wad afupplied into a cylindrical rotating

vessel having a nozzle with a diameter of 5 mm opened .
on the side face. Then, the vessel was rotated to form
a droplet through the nozzle by centrifugal force (15

15 G), the droplet was discharged into a solidification
bath accommodating water of 60°C therein, and the slurry
mixture was solidified. The solidified article was
then cleaned and classified to form a spherical pcorous
formed article with an average particle diameter of 645

20 pm.
[0220]

In the spherical porous formed article, the
porosity was 80%; the diameter of the opening at the
surface was 0.1 to 10 um; the supported amcunt was 82%;

25 the opening ratio at the surface was 56%; and the
specific surface area was 65 m?/cm’.

{0221]

When the surface and torn surface of the
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60C. The dried precipitate was pulverized in a bal
mll for seven hours, and the powder of the hydrated
ceriumoxide with an average particle dianmeter of 2.0
25 mwas obtai ned. The BET specific surface area of
the powder was 153 nR/g. [Q§23] (Producti on Exanpl e
6) Productlon 3 of Porous Fornmed 92 Article

Et o}
Synt et| C Chr%én]iaélf? Jﬁé)(tﬁ)r%/y%élé Ey&é Ss%ggﬁg?d%éth the

(td@%@wcaﬂhﬂmm&%r@ﬁ rapcﬂ@scope (SEM), a skin
pol yvi nyl pyrrolidone 5 (PVP, BASF Japan Co., Ltd.

Lubd e W& Robvdssdtvadle mMal®Eyet nhamﬂ@ournhamimﬂﬁ Pore
and di net hyl sul f oxi de (DMSO, Kanto Chem cal Co.,
Lidiametemuuvnmdw&ayérBOwgsvmbservbdsnmvemelmlmanety of
heated to 60C in a separable flask to obtain a
hdhyenutSa gl yvand solwas onl sa 0cduPpafedntbatheavities
pol ymer solution in an_anmount of 100 g, the powder of
ttﬁ%#ﬁﬁﬂ%ﬁeﬁiQ%ﬁ#kkn%ﬁ@cﬁP?ﬁ%@@%e@x$%t ¢$o€@@tﬁ%ﬁface of
Exanpl e, 5 was added i n_an anount of and t

mi S urfe Rieds! adekfudi®s yfthwé%rt%b%m% Eﬁm tli% P@‘Z%f of
The obt ai ned. slurry re was, heat 2 g
JBH T MY F%‘F‘? FFEeHtR ‘ﬁ@s %‘é%%‘éF ed on

N 00 & 0721 2 fid 1,2 L ETBLSEs £ 22 B OPRDCDy r BLCLNG e

e face e vessel " wWas fro OFf M

cﬂgﬂgegaJ 4 hehhogal g py centrifugal force (17.5

t he JFoq#gt was di scharged into a solidification
[0222}
(Production Example 5) Production -3 of Inorganic Ion
Adsorbing Material

Ceric sulfate in an amount of 0.2 mol and

ammonium sulfate in an amount of 0.5 mol were dissolved
in 2 L of distilled water which'was being stirred.
Subsegquently, ammonia water was added to adjust the pH
of the solution to 9, and a precipitate was obtained.
The solution was matured overnight and was filtrated,
and the precipitate was cleaned with deionized water
till a filtrate became neutral, and then was dried at
60°C. The dried precipitate was pulverized in a ball
mill for seven hours, and the powder of the hydrated
cerium oxide with an average particle diameter of 2.0
pwm was obtained. The BET specific surface area of the
powder was 153 m?/g.
[0223]

(Production Example 6) Production-3 of Porous Formed
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bat h acconmopdati ng water of 60C therein, and the
slurry mxture was solidified. The solidified article
was then cleaned and classified to forma spherica
porous 25 fornmed article with an average particle
diameter of 531 m In the égherical por ous formned
article, the porosity was % the dianmeter of the
opgRifnat the surface was 0.1 to 20 pm the
supported amount was 89% 93 the opening ratio at the

surface was B30%1 ewul-¢ eyl SDEShI1 Ccspé I peér alEROMASNBdpon
nm2/ cnB. [0226] Wien the surface and torn surface of

t reeyri-Isgthiar | Ctedm s DuBndws e @61 clhedwer goabisel VBRSO3
with the use of a scanning electron m croscope (SEM,

a kiade Ireyer) was aotandser vel. 1A ¢ayeel yaimngparrolidone
maxi mum pore dianmeter (void |layer) was observed in

t NPWE ciBAIE dEpan Heo surbtade, Twdlitec wasdl aPgeder (trade
confirmed that cavities 10 exist in a fibri] and
opEMSgsiTexas 2t hed S uk§ @ e dimpthybsn}foxidgaéDMSC,

b dth wd f
L R 45 L P e o0, AU,
°Ldefsr.%aﬁ:ab A MR AT, o
P T bot h d f
rtg:;(jﬂ |ber %’M‘g’he&éo %é #cg:g@t ° i to

ixed by a resin to
a cyllndrlcal hol | ow 20 fiber cartridge
haV|ng an adhesive resin part with a |ower part having

a skirt partran hayigel gndEdd Aion in an amount of 100
g, the powder of the hydrated cerium oxide produced in
Production Example 5 was added in an amount of 125 g,
and the mixture was adequately mixed to form slurry.
[0225]

The obtained slurry mixture was heated to
40°C, and was supplied into a cylindrical rotating
vessel having a nozzle with a diameter of 5 mm opened
on the side face. Then, the vessel was rotated to form
a droplet through the nozzle by centrifugal force {(17.5
G), the droplet was discharged into a solidification
bath accommodating water of 60°C therein, and the slurry
mixture was solidified. The scolidified article was
then cleaned and classified to form a spherical porous
formed article with an average particle diameter of 531
prn. In the spherical porous formed article, the
porosity was 79%; the diameter of the opening at the

surface was 0.1 to 20 pum; the supported amount was 89%;
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area of 0.15 nR. The hollow fiber was a
mcrofiltration nenbrane made of pol yvinylidene
fluorine and having a mcropore diameter of 0.1 m an
outer dianeter of 1.4 25 nmand an inner dianeter of
0.8 mm Five through holes ghaving a dianeter of 5 mm
wer e opened al ong the hO||OM/ fiber in a | owner

adhesi Mse m%nﬁaﬂcﬂyeét e é@?@&&e(ﬁagn@bg 1)nkxenel e

of an appar us for water treatnent of the pr esent

| e i B | Sushay® drediWas 384 SmiQ22Q] Wth reference
to Fig. 3, first, an adsorption step will be

degea2ded. [0230] Effluent of a food factory was
accepted in 10 aeration tank 2 through a raw water
feed passagéifien atite sirfaes supptoed sutrbace aérabeon
tank froman aeration tube 4 using a blower 3 to
suihetienke RIFOYRNfOrBE] abtbEbyi aret peaeread. wish the
for the quality of the raw water, COD and hosphate
|d%§%6?f0éht$%¢%¥ﬂ%| ?n%%‘f*tﬁ%ns%‘h%?%%@ﬁ?e&s )108 Bkin
iggL.and 5 -P/ L. 1i The MLSS concentration
V%?ay

25t #9h, ]6%?51%/% neHoHYy pore
20 e o0 R AL LA 195,y BREE L6
“Sﬂrﬂé? SuSHELL O DY P 6,200,108 DOLEPWLaPELat cavities
exist in a fibril and openings exist on the surface of
the fibril. It was further observed that the powder of
~an inorganic ion adsorbing material was supported on
the outer surface of the fibril and on the surface of
the cavities in the fibril,
[0227]
{(Production Example 7) Production of Hollow Fiber
Cartridge
The both ends of a hollow fiber were adhered
and fixed by a resin to produce a cylindrical hollow
fiber cartridge having an adhesive resin part with a
lower part having a skirt part and having a membrane
area of 0.15 m®*, The hollow fiber was a microfiltration
membrane made of polyvinylidene fluorine and having a
micropore diameter of 0.1 um, an outer diameter of 1.4
mm and an inner diameter of 0.8 mm. Five through holes

having a diameter of 5 mm were opened along the hollow

fiber in a lower adhesive fixing layer.



10

15

20

25

cartridge 5 (filtration nmenbrane) of the Production
Exanple 7. The treatnent water filtered was stored in
25 a pHadjusting tank 8 through a channel 7. [0233]
As for the quality of the filtrated water, a turbid
conponent was renmoved to shgy the turbidity |less 95
than 0.1, but the quality was purified in COD of 15
mgfdeznd the concentration of phosphate ions of 1.5

ng- P/L. [0234] 5 The stored water in the
pHmEHmstd MY tank 8 was adjusted to pH 3 by sulfuric
acid added with the wuse of a nechanism9 for adding

pH control | iBxkpagesntof dheapparaater fbavvaget herpiitment
adj usted was supplied to a colum 12 through a pipe
1@ farkhe pagedll . imhent bon 10s welhewn wes Bagsed- t hr ough
the colum 12 in which 0.1 L of the porous forned
artG44% produced in Production Exanple 2 was charged,
at the rate of 1 L/hr (SNQO%. The purified effluent

of which t hé'PHOSHIERECRSRsI Pl I bedn SHEBFbe®and

renpved by the poro formed article 15 was

{ AHRTERT ISR TR T P A28 TR et o1 tank 14
thﬁ##ﬂﬂ a channel 13, and was di scharged after the pH
of e ‘ef fl uent had been neutralized into neutrality

by sodi um hyg 'xggn?fgffj?%&ggéeﬁfgf’?rewgé é‘c&éﬁ?@é‘&! 354

15 for adding pl _ he conc ration
ofa &0 has Rt e 2 Oﬂﬁé\]ﬂgﬁ he tigalaeet YEL&p¥8Salell, and

ng-P/L or less. [0235
air was supplied into an aeration tank from an aeration
tube 4 using a blower 3 to subject the effluent to a
biclogical treatment. As for the quality of the raw
water, COD and phosphate ion concentration almost
stably stayed in 100 to 500 mg/L and 5 mg-P/L.

[0231]

The MLSS concentration in the aeration tank
stayed in 10,000 mg/L.
[0232]

Next, the water in the aeration tank was
operated in the permeable water amount of 0.7 m®/m?/day
by using a suction pump 6 and the hollow fiber
cartridge 5 (filtration membrane} of the Production
Example 7. The treatment water filtered was stored in
a pH-adjusting tank 8 through a channel 7.

[0233]
As for the quality of the filtrated water, a

turbid component was removed to show the turbidity less



Next, a back washing step will be described. Wen the
concentration of phosphate ions in the 25 treatnent
wat er had exceeded 0.5 ng-P/L, a valve ¢ and a valve
h were closed to stop the supply of the raw water
Subsequently, the valve g agg the valve b were

opened, the treatnent water “i'n a treatnent water tank

9 supp! I r ‘ e I 2
tﬁﬁgﬁgﬁygﬁbhanne?ﬁgé&%ﬁglgyhﬁ%% %€§£%l§%ei§aggﬁogﬁglg

L/ / 1 MRD) th@ b dén BESOL HENG £ | Phé HFh&0EUIBNS200aS . 5 my-

deconpressed and cleaned. A cleaning liquid was 5
reeA ned to pHadjusting tank 8 through a channel 18.
[0236] Next, a desorption step will be described. An
agi@Eik] sol ution of sodi um hydroxide with the
concentration of 5% by weight stored in a desorption
510 sol uti on Thankstioregswatep| iedthe pHratiinating tank 8
through a channel 20 and a punp 21 at the rate of 0.1
L/M#S (SUystedriainl hp Py, suhfutiee 2ehtatddacwikhakhe

adsorbent. The adsorpe hosphate i ons were. desor bed
i HSF t aéﬁ%&ﬂ&l% Y S9L59! BT RGAF 67 Hend aRdent -
DR PSP IS ORS00 SPCLAMDYSATL ot 5197 ES
632 e B oL oA BT 02 mi
10 ggqaﬁ!ér w2 38] s SUPSEAHENH Yen& PEEGhR 18I AORIER Wikl L
of the porous formed article produced in Production
Example 2 was charged, at the rate of 1 L/hr (SV10).
The purified effluent of which the phosphate ions had
been adsorbed and remcved by the porous formed article
15 was temporarily stored in a treatment water tank 14
through a channel 13, and was discharged after the pH
of the effluent had been neutralized into neutrality by
sodium hydroxide added with the use of a mechanism 15
for adding pH-controlling agent. The concentration of
20 phosphate ions in the treatment water was 0.1 mg-P/L or
less.
[0235]
Next, a back washing step will be described,
When the concentration of phosphate ions in the
25 treatment water had exceeded 0.5 mg-P/L, a valve ¢ and
a valve h were closed to stop the supply of the raw
water. Subsequently, the valve g and the valve b were

cpened, the treatment water in a treatment water tank



described. A slurry of cal cium hydroxide in the
concentration of 3 g/L in terns of cal ci um hydroxi de
25 stored in the precipitating agent tank 24 was
poured into the preciptation tank 23 through a
channel 25 and a punp 26, d the m xed sol ution was
stirred with a stirrer 27 for 20 hours to nmake both

SOl 41tyess TRAGE 1 £ & 9Er019ré’dyc9@e£a¢&£t'%Phﬁ)ﬁ@hééfumﬁ\f fer
the preciptiation reaction was Tinished, a whitish

salnkdfh iDcEnhmen D6 oghbigesl sahsi UM phospbBatetwass 3
supplied to a nenbrane separation apparatus 30 which

wds/ far NSNS Gne aepatriad | adsoriagpar fh ushé utbiahnl 12atwasn
menbrane with nom nal nol ecul ar cutoff of 6,000, nmade
belsksaiprdesel arGherd esthad Cord. ¢lethingghiguitiawasl 28
and a pu 29, and was separated into a solid and a

5| ixphurnetheto Rfirepiitusiol ng | banlef 8 stlironghyadr ekaaeel 18.
after being 10 separated into the solid and the liquid
coftZitled phosphate ions with the concentration of 10
ng- P/ L and alciumions wth the concentration of 1
m9- Car L. TheVetion ArRSSRERE L7517 5eR WLt Pan?BRGSpRERe
separated into ., the sol

oL Ao o et 4 o 8 v v S¥i e "SR eb e g

t T. i
oSGVl A, IS DGR o8 g sbii ok GBGHIRL o
10 from @ Ml ViGark 14 02391 stfsl 1 e@NefCh 1 A1 ARA BhePn¥bhbh a

be described. 20 The activating solution of In an

aHEn®f 20 landWd Ghumpes] aght Ushedrd ©e PHE30WM th/hr (SV1)
sul furic acid was prepared in a pH adjusting tank 33.
Thivmacdiy atdunts Sdnd i wdls WasSntacted with an adsorbent.
The adsorbed phosphate ions were desorbed into the
agueous solution of sodium hydroxide, and the aqueous
15 solution of sodium hydroxide was stored in a
preciptation tank 23 through a channel 22.
[0237]

At this time, the concentration of the

phosphate ions in the preciptation tank 23 was 570 mg-
20 P/L.
[0238]

Subsequently, a precipitating step will be
described. A slurry of calcium hydroxide in the
concentration of 3 g/L in terms of calcium hydroxide

25 stored in the precipitating agent tank 24 was poured
into the preciptation tank 23 through a channel 25 and
a pump 26, and the mixed sclution was stirred with a

stirrer 27 for 20 hours to make both sclutes react to
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supplied to a colum 12 through a channel 34 and a
punp 35 at the rate of 6 L/hr (SV60), was contacted
with an 25 adsorbent in the colum, and was circul ated
to the pH adjusting tank 33 through a channel 36. The
activation liquid contactigg Wi th the adsorbent in
the colum 12 becane al kaline, so that 50% by wei ght

Of p P RO EOMB D8 15196 &b 2P Of ﬁﬂtéﬂrtﬁeaﬁkgc§bEé€Qohn
an activation |liquid storage tank 38 was supplied to

t e gt sk Usd & NEini sikd 33a t R OUPBhasshatDeh 3Aclti@ing
control the pHinto 3 to 5 with the use of a punp 40
engragbrc ed tdia be i Splcosmpiat ¢ ewa87sapphbgédtonat hembrane
pH adj usting tank 33. The operation was repeated for
9 drpArationtapparatupHBoivhitk ¢asuanmerbiane Sepahation
activation liquid was stirred with the use of a
stﬁ??%ﬁatuﬁlFﬁ%ﬁ%ﬁﬁl%%ﬁa%h%%ﬁ@%mbﬁ@nﬁcwhthcyoﬁﬁHEH
control %8240 In Flg , reference characters a,

Qal ¥eSV0anaderBe cheabhuliBers 32,

mw T R SO RYPE pumo 2,
pr B AT Pt 4 el 4t of “EBGThupe ThEP
RS T TR SRRk MydroREAG EcLOP BLERG 10!
S'éléi%réﬁled hfnt&pﬁﬁétéé‘ﬂl@eéh@dtﬁé Ii‘gﬁﬁd”&@f_wx’@&inéﬁi ch
was 0.60 kg/ kg- SS, was |ower than O kg/ kg- SS of the
mﬁhﬁgpﬂﬁte ions with the concentration of 106 mg-P/L and
calcium ions with the concentration of 1 mg-Ca/L. The
concentrated slurry of calcium phosphate separated into
the solid and the liquid was circulated to the
crystallization tank 23 through the channel 31. The
concentrated slurry of calcium phosphate in the
precipitation tank 23 was discharged from a valve 1i.
[0239]
Next, an activation step will be described.
The activating solution of in an amount of 1 L, which
was adjusted to pH 3 with sulfuric acid was prepared in
a pH-adjusting tank 33. The activating solution was
supplied to a column 12 through a channel 34 and a pump
35 at the rate of 6 L/hr (8V60), was contacted with an
adsorbent in the column, and was circulated to the pH-
adjusting tank 33 through a channel 36. The activation
ligquid contacting with the adsorbent in the column 12

became alkaline, so that 50% by weight of an aqueous
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generated sludge of a standard active sludge nethod,
and it was also confirnmed that the excess anount of 25
generated sludge could be reduced as the feature of
the nenbrane bioreactor nmethod of the present

i nvention. [0243] (Exanple,2) 99 The adsorption
step back washing step, deg rption step, preciptating

s%‘ih&ri%rﬁ%f Vﬁ{ LA & eé’cld“s%@of&ﬂ éx‘?' +é’tg@§€%ﬁd

€ Sane con Itl ons as ose of except

t f [
pﬁl?dq&iﬁ*b?oﬁ“”e%@ﬁnp P ae ‘ﬁi%ﬁ%ﬁ%‘?‘ﬁ%‘i@?%%@ $ilfadjusting

CangaNtIAtiHrbfh phashhiaisl 1D9s ©f dhdtrar thé M 1686 3
in treatment water could be stably attained for three

magat s WAt rtHxams e fl.a Thenpnblndngdggenet it eal sEudge
in the operating period of three 10 nonths was 0.58

k giong-r38.1 0 B4 a ritarsged hien ushes Qi tdrd] wppanat tank od3.
water treatnment of the present invention shown in
BEldveplaperet g wac arepeatird fore hewss dipugitakbilize pH

generated sl udge, 15 and stably provide treatnent

W&Wer Qg B tindiRel S 1TV pelshv L @i nkkwE F it Wa,
%ﬁ?ﬁ&# R 5 ettd Ak W St AT TIPS an

DR tﬁqueaf’c"cigra%gv”?%@%2¥°qa$re°2f§eﬁ?°ﬁiinl“, R
s%w@%%]sedlnentatlon t ank

In Fig. 3, reference characters a, d, e and £
denote valves, and reference numbers 32, 42 dencote a
channel and a sludge drawing pipe, respectively.

[0241}

The above described adsorption step, back
washing step, desorption step, preciptating step and
activation step could be sequentially repeated to
stably operate the steps for three months.

[0242]

The amount of generated sludge in the
operating period of three months, which was 0.60 kg/kg-
SS, was lower than 0.7 kg/kg-SS of the amount of
generated sludge of a standard active sludge method,
and it was also confirmed that the excess amount of
generated sludge could be reduced as the feature of the
membrane bioreactor method of the present invention.
[0243]

(Exanple 2)
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302 as sludge separating neans, and a col umm 303
packed wth a porous forned article as ion adsorption
means 25 are connected with each other as shown in
Fig. 4. As for the capacity of the aeration tank, the
capacity of a first tank 6 L; the capacities of a
second tank to fifth tank were respectively 3 L; and

the total OfTHQOad$@§p€§@§CéEé§S M@éklﬁaéhlﬁgbeEF m
carrier 304 and an aeration tube 305 were instal

| deastpoion @té;&lﬁkprecﬂ'ﬁEabiﬂél bBepaandehch@fation step
prepared by formng polyvinylidene chloride fiber in

a vaop ségpentibal hy sepedeadt inothd. Same chndingohbeas
part thereof to a core material with which plastic is
covdersel ahExvwirehe i 5 exeelet ofhabppee podohaviaymad
length of 50 cm and forming the biofilmcarrier in a
spﬁlf%ldsfhdb’éoqlwalgl@ thengredest ion chxanpland ovasr used,
di amet er of cm The 10 cap aC|tK%of t he sl udge

émwsm% tenkenesabion qhed %Pﬁﬁ’ﬁev\b%nﬁa@l?ee 1 mg-
i3 %(afﬁ)f’%%%%rgﬁgﬁgﬁf%&fdsﬁr°:E§%9ymé‘camed
h
”g% P At o i rEverRre el BEE Floit phay.
Aldedlrdhts fd1sdad ol E0 §ADKS, 1 HETEeLX08%6H LA-aLT

e alr anoun

a%&%@ﬁ@s@%tkéﬂ(&§§5ﬁg/| In this state it

was observed that aeol 0soma and 20 nai di dae were
adiered) to the biofilmcarrier in HRT of 36 hours and
M.SS of 3000 to 5000 ng/l. The sludge sedinented in
the sludge sHeisentled iwge tehkth@sapparatus for water

treatment of the present invention shown in Examples 1
and 2 can reduce the excess amount of generated sludge,
and stably provide treatment water having an extremely
low phosphor concentration.
[0245]
(ExampleIS)

As an apparatus for water treatment, there
was used an apparatus in which an aeration tank 301
compesed by a tank packed with a bicfilm carrier as
biological treatment means, a sludge sedimentation tank
302 as sludge separating means, and a column 303 packed
with a porous formed article as ion adsorption means
are connected with each other as shown in Fig. 4. As
for the capacity of the aeration tank, the capacity of
a first tank was 6 L; the capacities of a second tank

to fifth tank were respectively 3 L; and the total of
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returned to the first tank by the punp in 20 L/day.

Al t hough the effluent treatnent was continued for
three 25 nonths, the sludge was not drawn once.

[0247] As for the quality of the state, BOD and T-P
of the supernat ant quuid he sl udge sedi nentation
101 tank were respectlvely(k mg/|l and 5 ng/ 1. BOD

art%e c% Aidnes tysatyent W%l&@flrﬁaééff‘gefhﬁ@lﬂggnd an

t he col unn vere respectively 3 ng/1 and 0.1 ng/

| esssra A ubd Idxarte sl Béd! yxenéaéme@_f n’_ené t\@ﬁks.
conti nued for three nonths on the sane conditi ons as

t nee hofo AXand£r Bl e @ xeePtpt dypd réd b poformifhgr ned
article produced in the Production Exanple 4 was
u s, yaindy T ideersd uzhyieo miade nhibd0) iin aanlooeshipefbavihg a
quality of the state, BOD and T-P of the supernatant
| ilgrigthofof He. 5| arelgef Lxsianty nedm arabh thekeqbreo a core
respectlvely 21 ng/1 and 5  ng/ BOD and T-P of the

t Madtateml Wikt %Rﬁcﬁmﬁéﬁﬁﬁﬂct%$d%@ﬁe¥ﬂ@ 2R Ui GRr &S

SRS Sl a0t 0. o A rmL oF Less (g24°
ey ISt S e AT e
0 o Y SRR B 1
capacity of the sludge sedimentation tank was 5 L. The
column was packed with 0.1 L of a porous formed article
produced in the Production Example 2.
[0246]
Effluent 306 (BOD: 700 mg/l, n-hexane value:
50 mg/l) prepared by diluting ligquid food with water
was put in 12 L/day. All of the first to fifth tanks
were exposed to air in the air amount of 1 to 1.5
L/min, and DO was adjusted to be set to 4 to 5 mg/l.
In this state, it was observed that aeclosoma and
naldidae were adhered to the biofilm carrier in HRT of
36 hours and MLSS of 3000 to 5000 mg/l. The sludge
sedimented in the sludge sedimentation tank was
returned to the first tank by the pump in 20 L/day.
Although the effluent treatment was continued for three
months, the sludge was not drawn once.
[0247]
As for the quality of the state, BOD and T-P

of the supernatant liguid of the sludge sedimentation
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(Exampl e 5) A schematic view of an effluent treating
25 apparatus used in Exanple 5 is shown in Fig. 5.

Ref erence nunber 51, 52, 53 and 54 denote an aeration
tank which is biological treatnment neans, a sludge
sedi nentation tank which i%_ | udge separating neans, a
102 solubilization treatnent” tank which is sludge

SQ{atmé |v}ezrie£gr 5 {HS1PD & Adel "D & et hodiep agdy ar-p

col um pac th the porous” forned article produced

| bt e Pradiainanit Rerdt 3@ Whshing t0Fodgs ofRé | 661 8mn
nmeans. Reference nunber 55 denotes a nenbrane filter.
Refetfee naasputtiiers]l v g/ dedrod €0 2N mgf Btoonl ésibe.

[0251] In Exanple 5, the BOD concentration of

efffdadaijt 58 flowi ng into the aeration tank 51 was 200
10 ng/L. As for the effluent, neat extract: peptone
walEExsapltep 4): 1 (wei ght ratio), and a nodel liquid in
which inorganic salts were further added so that the
BOD concenthtdihuaMe treatgipnt Wascmenkineed for three
phosphor caoncentration was, set to 100:5:1 was used.
TROTMESAN AR SARe SRR elP1D dhehRFatbrt ¥Rl 13
in_an_.inflaow anmount of 70 L/day. The capacit f.th
RS T AR FRF QIS THRERSUATE 15 b oSk oG LR nEne
a tq t t e sedi tatl
Tt S el A faddy A 0% SPELRY it ot
2 t | u . d@@es d d
Sgiﬁvg} e |e?f t%%esﬁoﬁrdgg{ése |arr£e{r??%ts+%n tanfﬁ%%&wa%@g an
r et R fre IR HHAAN 1ok dloASthet 4T agé udge. The

sedimentation tank were respectively 21 mg/l and 5
mg/l. BOD and T-P of the treatment water 307 passing
through the column were respectively 3 mg/l and 0.1
mg/l or less.

[0249]

Thus, it is turned out that the phosphorus
concentration in treatment water can be extremely
reduced without almost generating excess sludge by
using the apparatus for water treatment of the present
invention shown in Examples 3 and 4.

[0250]
(Example 5)

A schematic view of an effluent treating
apparatus used in Example 5 is shown in Fig, 5.
Reference number 51, 52, 53 and 54 denote an aeration
tank which is biclogical treatment means, a sludge

sedimentation tank which is sludge separating means, a



remai nder thereof was passed through a |iquid-sending
line, and was sent to the solubilization treatnent
tank 25 53 at the flowrate of 0.8 L/day in 1% by

wei ght of suspended solids (SS). Air of 0.05 L/min
was sent to the solublllzegdéw1treatnent tank 53 by
an air pipe froman aerati'on apparatus, and warm

Wed Sy es; D 3 dr{‘t% J@&lﬂ?twﬁ’:fcﬁ hes sgiulgbi zati on

treat ment tank eep| ng the tenperaturé so that

t hey el Atk Qné&néoﬁls |4 e kfPbhi TOEnétHG4H, and a

passi ng through the solublllzatlon treatnment tank 53

Wasolagi gariedenmtnth® gotdes HSridd | £rseode ngradiced
of 10 L/mn fromby an air punp installed on the
caur stheofPrduudtipn dExsamliag? whieh (8268 ddsospuilge
separated in the sludge 10 sedi nentation tank 52 was

5 makans bdRsfigneaty mamer 055 tdencodsibi (hemlpfrane filter.
treatment tank 53 by the . The nenbrane
c&ﬁ:fé?rﬁqrbﬁ% N es n%@vbr%'ﬁéiEFfFCP‘E%ra‘BSa@\}é%t%%ttub% t he

dtigllzatlon treatnment tank 53 through a nmenbrane

fi lconcentrate line. A menbrane filtrate 15 was

Filtrate | i OIS o o i Ge GRRY Bt TR OF
R R L R e R e

t Of nt hr
105 20 o thé shfo%atl on treatrfrlr%nt %té %S‘é pé@@oﬁ&%as
f Islétf atd o ITe(Td A5 MRk &) Usath f Ormd il ”?i‘@ﬂiﬁ@e%n 1Wh1ch

filter, there was used SLP 7053 (menbr ane ar ea:
fﬁinorganlc salts were further added so that the BOD
concentration: the nitrogen concentration: the phosphor
concentration was set to 100:5:1 was used. The
15 effluent was supplied to the aeration tank 51 in an
inflow amount of 70 L/day. The capacity of the
aeration tank was 20 L. The liquid flowing out of the
aeration tank 351 was sent to the sludge sedimentation
tank 52, and was divided into the supernatant liquid
20 and the sludge. A part of the sludge settled and
separated in the sludge sedimentation tank 52 was
returned to the aeration tank 51 as return sludge. The
remainder thereof was passed through a liquid-sending
line, and was sent to the solubilization treatment tank
25 53 at the flow rate of 0.8 L/day in 1% by weight of
suspended solids (SS). Air of 0.05 L/min was sent to
the solubilization treatment tank 53 by an air pipe

from an aeration apparatus, and warm water was put into
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nol ecul ar cutoff: 10,000) which is a hollow fiber type
ultrafiltrati on nenbrane made of pol ysul phone and nmade
25 by Asahi Chem cal Chemi cals. The colum 54 was
packed with 0.1 L of the porous forned article.

[0253] In this state, a conféyuous operation was 104
perfornmed for ten days. Thé rtesult shows a val ue

ohy aj Neek HYo Setid Neb 1e: B1 ﬁéﬁéﬁnﬁﬁeé?@eﬁ{:fﬁgnﬁaﬁﬁ 8od

stationary state and averaging the fifth to tent

dasepinzp t©fe thdndd R Gr £ NS ST E10gt t ige SObbE LA EaEE0BF 60°C
treatnent 5 tank 53 was 12,000 ng/L. By contrast, SS
ofcduial menbspne fThd roi @uivispds sond . tiEugh the
menbrane filtrate was 30 ng/L. Although the effluent

t resstudeint 1 zataio onteatresh f otanlenS8layss sémet stadgememsrane
not drawn once. As for the quality of the state, COD
arfd ter d¥5 Mhike sepdimatair ¢f qLP dLorinhErenubgean air
sedi mentation tank were respectively 8 ng/l and 1

nYTP GO el ed PIfthe Heoureat fenthoat LU E3-parding

t hrough the colum were respectively 7 ng/l and 0.1
ré}%n%ﬂ | ess. [0254] 15 (Exanple 6) An effluent
trﬁ%ﬁnt was continued for ten days on the sane
conditions as those of Exanple 5 except that the

Lo one o b, SO e TORIEL! S0

_?__nélgﬁiin[é}?tsa's&io% 4k the el hide Ofo Lhe SEALEL1 FTRAPto
the solubilization treatment tank 53 by the pump. The
membrane concentrate in the membrane filter 55 was sent
to the solubilization treatment tank 53 through a
membrane filter concentrate line. A membrane filtrate
was sent to the aeration tank 51 through a membrane
filtrate line. As for the continucus operating
condition of the membrane separation apparatus, the
amount of the membrane filtrate was 0.8 L/day. The
amount of the membrane concentrate of 3 L/hr was sent
to the solubilization treatment tank 53. As a
filtration membrane module used for the membrane
filter, there was used SLP-1053 (membrane area: 0.1 m?,
molecular cutocff: 10,000} which is a hollow fiber type
ultrafiltration membrane made of polysulphone and made
by Asahi Chemical Chemicals. The column 54 was packed
with 0.1 L of the porous formed article.
[0253]

In this state, a continuocus operation was
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of the supernatant liquid of the sludge sedi nentation
tank were respectively 8 ng/l and 1 ng/l. COD and T-P
25 of the treatment water 59 passing through the
colum were respectively 7 ng/l and 0.1 ng/1 or |ess.
[0256] Thus, it is turned oyj,that the phosphor 105
concentration in treatnent water can be extrenely

r griicediidd Neslt @dAmsdy 9ENerid | PPs@XE esBoRs US0ea bile
using the apparatus for water treatnent of the present

| ket d roe S Whe  #1 rix ot est St @nglidce Sth&2B7Fth day to a
(Exanple 7) First, a phosphor adsorption test of the
partatsidremed tate cdred proeiteeithg ntiRe oflEth obo Ekanphedays.
was carried out on the follow ng conditions. 10 [0258]

A Sfhdef thieulidjuidantering stiveksebhlni 1 bnatbonbbreatment
adsor bed was prepared by dissolving trisodium
orttéﬁtibhﬁ)%mm‘l el NPT ARH2 BY | Rt B2 $ Tt eBS waf ekheo
prepare a |i |d with a phos horus concentratlon of 9
15eRpRYENne %%i‘}%s"ﬁ%gg pH oFOPhef | tieiwepgrane

%ﬂa it St of ot onolel BRESEETTRRL rafens
descrléboq}}%r%e‘i Ia’?n%s%(neé?g gé%]r%g‘gg wQS ggegrawn
e?ﬁ uen[q%@re%{ Lhe ! cg\ﬁaeldféyzép fLd h§t£§é/30é0DAQnd T-P of

the supernatant liquid of the sludge sedlmentatlon tank
were respectively 8 mg/l and 1 mg/l. COD and T-P of
the treatment water 59 passing through thé column were
respectively 7 mg/l and 0.1 mg/l or less.

[0254]

(Example 6)

An effluent treatment was continued for ten
days on the same conditions as those of Example 5
except that the porous formed article produced in the
Production Example 4 was used, and the sludge was not
drawn once.

[0255]

As for the quality of the state, COD and T-P
of the supernatant liquid of the sludge sedimentation
tank were respectively 8 mg/l and 1 mg/l. CQD and T-P
of the treatment water 59 passing through the column
were respectively 7 mg/l and 0.1 mg/l or less.

[0256]

Thus, it is turned out that the phosphor



froma colum was sanpled every 30 m nutes, the
concentration of phosphate ions (concentration of 25
phosphor) in the treatnent water was neasured, and an
anount of water passing therethrough (adsorbed anount)
before the concentration of(g%osphate I ons exceedi ng
0.5 ng-P/ L was determ ned. h [0260] After the above
dessddipd: Pid eé’ﬂﬁéxéﬁ' WP8tet Neah ObEExBELREL 9

was I mMmersed 1n 7% Dby welght of an aqueous. sol ution

of rietatn vty Ot A1 ROt SgéNOrAOLRG &€RcESS 05 Puageopped
phosphoric acid, and then was cleaned with distilled
waising Sths egpesiid tus ther forepdepeiteértWas theepsedent
in 0.1% by weight of an aqueous solution of sulfuric
acirdvdroridn vehdwurisn Bwalpies b hasdrégenerated. Then

the formed article was 10 washed again with distilled

Swat®37] [ 0261] The above descri bed operations of

10

i5

20

25

adsorption, desorption and regeneration were repeated
50(%amle ald  the adsorbed anount after the first and
50t h operations and the rate of change betageghe

t hem wer e ex%’rﬁshiéé?a[ Fhe2GPOTRE AR etBF Lt

O e P PP BB o 1 PEFATEE Y B 2
o o P B i, e OGRS Dl B om0y
10{}325@]263]

A model liquid, that is, a stock solution to
be adsorbed was prepared by dissolving trisodium
orthophosphate (NasPQ.12H,0) in distilled water to
prepare a liquid with a phosphorus concentration of 9
mg-P/L, and adjusting the pH of the liquid to 7 with
sulfuric acid.

[0259]

The prepared porous formed article in an
amount of 8 ml was charged in a column (with inside
diameter of 10 mm), and the above described stock
solution to be adsorbed was passed therethrough at a
rate of 240 ml/hr (SV30). An effluent (treated liquid)
from a column was sampled every 30 minutes, the
concentration of phosphate ions (concentration of
phosphor) in the treatment water was measured, and an
amount of water passing therethrough {(adsorbed amount)
before the concentration of phosphate ions exceeding

0.5 mg-P/L was determined.
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As the result, the amount at first adsorption was 940
ng- P/ L- adsor bent; the anount at 50th adsorption 25

was 910 ngy- P/ L-adsorbent; and the rate of change of

t he adsorbed amobunt was 97% Adsorbing capacity at the
50t h operation did not chagﬁf fromthat at the first
operation, which identifie %at the present adsorbent
qz s high durability. (0264] Next, as shown in a

ematic flow of Fig. 6, an apparatus for water

treat ment ofa#ihe- FRS Ao we | AVEHE 11983 COIDS PbPAoR
preci pi t ai on-sedi mentaion treatnment with an ion

adg it ih ! reed NRImals i Awc idee Wa0s OLfmé PESB LRI TE Che
produced in the Production Exanple 2 as the adsorbent
waee igrtod wefe can Adiseowp s Ritison refit®skdium hydroxide for
fluorine-containing effluent 60. In 10 this apparatus,
a s drptinrtsaagenn Sisardeed fpiosplesoi pt aohd of andiethen
fluorine adsorbed to the forous formed article by the
ed usalteT { orSubsieaeeptivn the
treatnment. The desorption solution 65 is then

r ROFTIREH AT I el MBI e o et B oY 18849t fEnan
des d 6 t th d bed
et saa?ﬂdl it 2%@&&#\@%%2‘%% oﬁ%gflr%eesﬁému@ad
tothedprec talo%cg ntalo at nent €
[d%s] A o e i h Fg TR 31 broet
f
100, il vef(ﬂaar?%pé e&é&ﬂbﬁ%;@f us for water

precipitaion- alon treat ment step)
6L o0261]

The above described operatiocns of adsorption,
desorption and regeneration were repeated 50 times, and
the adsorbed amount after the first and 50th operations
and the rate of change between them were examined.
[0262]

The above rate of the change in the adsorbed
amount is expressed by the following expression:

Rate of change of adsorbed amount = (amcunt
at 50th adsorption operation)/(émount at first
adsorption operation) x 100,

[0263]

As the result, the amount at first adsorption
was 240 mg-P/L~adsorbent; the amount at 50th adsorption
was 910 mg-P/L-adsorbent; and the rate of change of the
adsorbed amount was 97%. Adsorbing capacity at the
50th operation did not change from that at the first

operation, which identified that the present adsorbent
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of the present invention. [0266] 25 In the

preci pi taion-sedi nentaion treatnent, cal cium
hydroxi de as a calciumsalt in an amount of 9

kg/ nB-effl uent, and al um num sul fate as an al um num
salt in an amount of 5 kg/ﬂ§7effluent were used. The
108 fluorine concentration in the treatnent water
afdas {44 £abPif@yon -sedinentaion treatnent was 11
ng/ L. [0267] The pHof the treatnent water subjected
toygpd4re precipita ion- sedinentaion treatnent was 11.
After adjusting the pH of the treatnent water to 3
using a pH NsktiSt®d HBowi hints estiiemit vat Elowast Fig, 6,
subjected to an ion adsorption treatnment by passing

t e tapgs menis Wederwat érr otgda tment vofhh (henprelsenpti on
treatnment step) 62 10 (inner dianeter: 10 mm packed
wiittveq il orofeenipiorions a2 frreetphraleh o sadimenaitan of
SV20, and the pH was  adjusted to 7 to obtain fina

t tezRafamn vt idrh amelon |3dsorRt tomcerer BRedh PRiPAethe

ARCNIC G TN N SR A A
cdisting he. ah, LO2eEl (OGS Bl The sop.
e T AR
:ﬁ%ﬁ{i%ﬁpagﬂ&ﬁp&m&@é%{{&@t SShufidRrbHeacQat ghpi ng

desorption of the fluorine adsorbed to the porous

formed article by the ion adsorption treatment is used
for a desorption treatment. The desorption solution 65
is then returned to a precipitaion—sedimentaion
treatment as desorption drainage 66 containing the
desorbed fluorine, and the desorption solution 65 is
subjected to the precipitaion—sedimentaion treatment
again.
[0265]

The effluent 60 containing the fluorine of
100 mg/L was supplied to an apparatus for water
treatment (precipitaion—sedimentaion treatment step) 61
of the present invention.
[0266]

In the precipitaion—sedimentaion treatment,
calcium hydroxide as a calcium salt in an amount of 9
kg/m*-effluent, and aluminum sulfate as an aluminum salt

in an amount of 5 kg/m°-effluent were used. The



[0269] The effluent containing the fluorine of 80 25
nmg/ L was supplied to the apparatus for water treatnent
of the present invention. [0270] In the

preci pitaion-sedi mentai on treatnment, 109 cal cium
hydroxi de as a cal cium sal tydgn an anount of 7

kg/ n8-effluent, and al um num sul fate as an al um num

Sa Tuod ih e HRRHM r 0 1 Sh ki nEh & § Felgbe eI RatiSLdarT8E the

fluorine concentration in the treatnent water
s Wy eatityeict & dro—tslkel ipketiapicnaitareatedinte ntaal Al tigat rent
was 9 ng/L. [0271] The pH of the treatnent water
suld2tled to the precipitaion-sedi mentaion treatnent
was 11. After adjusting the pH of the treatnent water
to 3, the 10Che e mehtthmtbreakreniubyateedstlo] @ptednto
adsorption treatnment by passing the treatnment water
S t Hhsu %31Ftldlélﬂrﬁ¥1'('lsl¢ﬁiéme@|té‘|% LrepEmARt yeckdd wi i ter
ous_fo article at the rate of SV40
t&%&%wg IPI“{r t%t %%R%‘i‘entrh‘%a‘f%o?? ng using a pH
co entratl the final treatnent ter | ess
R P e 16 §3}‘? SRR ARE S i Y SRE R b
US.L%% fa%{s ehgr?e boxf&?adg %%@#P%Qém&? water
Borlc acl |s [
5 aéBéﬁﬁﬁ-? '&@&rﬁeﬁ@zs Béi&
1ixororﬁ? e pH of t e so uti on was adjug?%d
10 (inner diameter: 10 mm) packed with 8 ml of a porous
formed article at the rate of SV20, and the pH was
adjusted to 7 to obtain final treatment water. The
fluorine concentration in the final treatment water 64
was less than 1 mg/L. Sulfuric acid and sodium
15 hydroxide were used for adjusting the pH.
[0268]
{(Example 8)
The same apparatus for water treatment as
that of Example 7 was produced except that the porous
20 formed article produced in the Production Example 6 was
used as the adsorbent. This apparatus treated
fluorine~containing effluent.
[0269]
The effluent containing the fluorine of 80
25 mng/L was supplied to the apparatus for water treatment
0f the present invention.

[0270]

In the precipitaion—sedimentaion treatment,
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fo 3, 5and 7 with the use of sulfuric acid and sodi um

hydr oxi de. To the aqueous solution in the anobunt of 1

25 L, 2 mM of the porous formed article produced in

the Production Exanple 6 was added, and the m xture

was stirred in a shaker. 1V59hours | ater after having
. . 1 .

started being stirred, the ‘agueous solution was 110

saleidhim R CPNCENt I At afa DE i BRI &1 8C1H MRSamBasHr &€, 7
and t he anount of adsorbed boric acid was determ ned.

They /atfe ettty ueh tadsacbed ubGhig: atiltatle 3 3n Rlandnlin salt
were respectively 0.4 g-B/L; 0.4 g-B/L and 0.7 g-B/L,

5 ianduri tanvemtf cuhdd theimbetftleenmnsvearee unerh addoy bed

in a neutral region. [0273] Next, as shown in a
sdHematiine fdoweitRityiow, in t thee et vestpentudatieansubjected
apparatus for water treatnment of 10 the present

i e rith e P IR i P i seddmes tedoms it epdisgnavas 9 mg/L.
treatment and an ion adsorption treatnment wusing the
pdﬁEﬁQJforned article produced in the Production

ExamLe © 5 050 B I AR SR oMBLEELSC
S e R SRR o U R
| SEler G e APSITLAL AR 0, ety
M G € W dr Afad St &3 o ALt I S48 rption
treatment by passing the treatment water through a
column (inner diameter: 10 mm) packed with 8 ml of a
porous formed article at the rate of SV40 to cbtain
final treatment water. The fluorine concentration in
the final treatment water was less than 1 mg/L.
Sulfuric acid and sodium hydroxide were used for
adjusting the pH.
[02721
(Example 9}

Boric acid (H3;BO4) was dissolved in distilled
water to form an aquecus solution of boric acid (22 mg-
B/L as boron), and the pH of the solution was adjusted
to 3, 5 and 7 with the use of sulfuric acid and sodium
hydroxide. To the aqueous solution in the amount of 1
L, 2 ml of the porous formed article produced in the
Production Example 6 was added, and the mixture was
stirred in a shaker. Two hours later after having

started being stirred, the aqueous solution was
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filtration treating apparatus 72. [0276] 25 An
apparatus 73 using a reverse osnosis nenbrane (holl ow
type HR5355 (trade nane) nmade by Toyobo Co., Ltd.
subjected the sea water to a reverse o0snpbsis nenbrane
treatment. The boron concentygtion in 111 supply

wat er to the apparatus was £i4 ng- B/ g, and the boron

ccmgmé@t 1O idbad e r A L LEIMEriseated Was mdaSured,
ng- B/ g.

That is, the boron concentrati on was not set

t e Hee cai@Ial f A s@tied dot BS Sa®fd Wiy be 08ENindd.
the treatnent. [0277] An ion adsorption apparatus 74

usitiyg dnvein tporafl sad s rieel] dsd ot eadDd gt gsiced Hnand 7
Production Exanple 6 of manufacture as the adsorbent

S Uty e treb ek 10 Mt @rd syndp At €@l 4 ogtBéL ranvar8e’? g-B/L,
osnosi s menbrane treatnent to an ion adsorption .
t radedt rightwastThiaund dhateronplse peotdraeel Back hadsorbed in
followi ng _ condjitions. adsorbent to be used: porous

f & MEPER IYLIAE produced in Production Exanple 6

to colum: 22 cD x 1000 Lmm thickness of adsorbent

| 731600 nm ampunt of adsorbent: 228 ni passi ng

e S e A AR R PSR ERS Lab e

t'fﬁgfgﬂuaéwﬁké&ﬁ%%&*ﬁﬂ1aébé?aiﬁﬁf¥ér water treatment of
the present invention combining a reverse osmosis
membrane treatment and an ion adsorption treatment
using the porous formed article produced in the
Production Example 6 as an adsorbent. This apparatus
subjected sea water to a water conversion treatment.
[0274]

Seawater 71 (boron concentration: 4.4 mg-B/g)
as raw water to be treated was supplied to this
apparatus.

[0275]

The passing flow rate was set to > m’/day
using a UF membrane (microfiltration membrane:
molecular cuteoff of 150,000) as a pretreatment
filtration treating apparatus 72.

[0276]

An apparatus 73 using a reverse cosmosis
membrane (hollow type HR5355 (trade name) made by
Toyobo Co., Ltd. subjected the sea water tc a reverse

osmosis membrane treatment. The boron concentration in
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| NDUSTRI AL APPLI CABI LITY [0278] 25 The apparatus for
wat er treatnent and nethod of treating water of the
present invention can be preferably used in various
purification fields for 112 water. 113 CLAIMS 1. An
apparatus for water treatn%ﬁh_conprising: means for
renmovi ng ingredients contai'ned in water; and neans

; %;uopgg%g[g% ir%‘ztl}l%tibﬁaf’é’i@#‘%éyﬂ?ﬁ n@iB/ Gl €aR8 Ehe

e porous forned artiCle Tonprises

a dd iy lcorf@t @t ich afh QfHedy Paf’@éﬁ’@éi:ﬁ%stf‘ea@é‘d Réls
inorganic  ion adsorbing material; the fibril forns

CAMMUMEGBANY PIHAS PEentiE batomnconkenit sat i aeewss not
the article and has inner cavities, each of which

cadtl ites Wpenecimidieistidacealwd ¢helésdbrof WHOdoghonly
at least a part of the each cavity; and the inorganic

i dheadvmatimapthaterial is supported on the outer
surface of the fibril and on the surface of inner
cad1®s of the fibril. 2. The apparatus for water
treatnent according .to claim1l, wherein_the porous

formed arti dife 4R AASAEREFOhARRRF 3L WaxT itd pad ethe
diameter of 8. pomunicating pore 19 Lhe gl oity, of
Example 6 of manufacture as the adsorbent subjected the
water subjected to the reverse osmosis membrane
treatment to an ion adsorption treatment.
This treatment was performed on the following
conditions.
adsorbent to be used: porous formed article
produced in Production Example 6
tower column: 22 & x 1000 Lmm
thickness of adsorbent layer: 600 mm
amount of adsorbent: 228 ml
passing rate: SvV20, 4.56 L/h
The boron concentration in water (freshwater)
75 subjected to an ion exchange treatment was less than

0.01 mg-B/L.

INDUSTRIAL APPLICABILITY
[0278]

The apparatus for water treatment and method
of treating water of the present invention can be

preferably used in various purification fields for



article. 3. The apparatus for water treatnent
according to claiml1l or 2, wherein the organic

pol ymer resin conprises at | east one selected from
the group consisting of an ethyl ene-vinyl al coho
copolyner (EVOH), polyacryjopitrile (PAN),

pol ysul phone (PS) and pol yVihylidene difluoride
(RM¥yr. 114 4. The apparatus for water treatnent
according to any one of clains 1 to 3, wherein the

i norgani c ion adsorbing material conprises at |east
one of netallic oxides represented by the foll ow ng
formula (1): MXORMH2O (I) wherein x is 0to 3; nis 1
to 4, mis Oto 6; and M and N are different from
each other, and is a netallic elenent selected from
the group consisting of Ti, Zr, Sn, Sc, Y, La, Ce,

Pr, N\d, Sm Eu, &, Tbh, Dy, Ho, Er, Tm Yb, Lu, Al,
Si, &, Co, Ga, Fe, Mh, N, V, G, Nb and Ta. 5. The
apparatus for water treatnent according to claimd4,
wherein the netallic oxide represented by the formula
(1) is one or a mxture of two or nore selected from
the followi ng groups (a) to (c): (a) hydrated titani um
oxi de, hydrated zirconium oxide, hydrated tin oxide,
hydrated cerium oxi de, hydrated | ant hanum oxi de and
hydrated yttrium oxide; (b) a nultiple netallic oxide
of a netallic



el ement selected fromthe group consisting of

titanium zirconium tin, cerium | anthanum and
yttriumand a netallic elenment selected fromthe

group consisting of alumnum silicon and iron; and

(c) activated alumina. 115,63 The apparatus for water
treatnent according to any one of clains 1 to 5,
wherein the fibril conprigagmghe organi c pol yner

resin, the inorganic ion adsorbing material and a

wet er - sol ublzn pbydEdtud - FdPewPPRr BFelgthoht WabRbrising:
treatnent according to any one of clains 1 to 6,

wher ei n t he meamns for remewimgoingoedierns sconhaahaddin
in water is a conbination of biological treatnent
masatseandrsd udge separating nmeans. 8. The apparat us

for water treatnent according to claim?7, wherein the
bi ol ogi cal theaRHERT dserbTogpiovesvith arrapees formed
aeratjon tanks. 9., The apparatus, for water treatnent
actor i ¥Ry 23 AR IR TO/RL 8, WHBERER N t he bi ol ogi cal
treatment nmegns conprises an aeratjon tank . in which a,
bi of i | m car rtﬁb? POy @%‘6‘9 ABLLGHR GOPRFLTES ?o?lbrll
wat er, t.reat ment accordigg} to claim9, wh

in.th \
DT TS 1 D do e, Sedlet HF' &nqiadFaanic
fi, -1 j j al l fi d toth
i S AR e B 2, Y et el Cthi ekl y gr ovs
around the cg{e fBLLI] o -clﬁﬁuﬁPcE’é‘ﬁfﬁé's%éPés‘A@ﬁSﬁing

treat ment according to claim 10, wherein the core
mefterdrdloasr sefd&@lof the article and has inner

cavities, each of which cavities opens at the surface
cf the fibril through at least a part of the each
cavity; and

the inorganic ion adsorbing material is
supported on the outer surface of the fibril and on the
surface of inner cavities of the fibril.
2. The apparatus for water treatment according
to claim 1, wherein the porous formed article has a
layer having a maximum pore diameter of a communicating
pore in the vicinity of the surface of the formed
article.
3. The apparatus for water treatment accerding
to ¢laim 1 or 2, wherein the organic polymer resin
comprises at least one selected from the group
consisting of an ethylene-vinylalcohol copolymer
(EVOH), polyacrylonitrile (PAN), polysulphone (PS) and

polyvinylidene difluoride (PVDF).



shape. 12. The apparatus for water treatnent according
to claim10 or 11, wherein the fiber-like material is
pol yvi nyl i dene chl oride. 13. The apparatus for water
treatment according 116 to any one of clainms 7 to 12,
wherei n the sl udge separalifg nmeans i s a nenbrane
separation apparatus having a sedi nentation tank

angl/ or a sepgAtd G r FBERT AHE - waber THEAPREAR! HECHPHiNg
wat er treatnment according to claim 13, wherein the

sefaraly dhdesbreneieé 1 heo FpmHapgiseparation
apparatus conprises at |east one selected fromthe
group consi sthagirmdr g yactyh cadésribeng (AN rial

pol ysul phone (PS), polyvinylidene difluoride (PVDF),

patomptiydeneat PHashdopsl gpriopyabhic (PRPidedSrefhesented
apparatus for water treatnent according to claim13

orbyl hevnfer el owing ofewrgtla hél kkeparation nenbrane is a
holl ow fi ber form 16. The apparatus for water
treatnment according to any one of clains 13 to 15,
wherein the separation nenbrane i s a nenbrane
cartridge p@@ﬁé%@ﬂhgy adheri ng (dnd fi xing both ends
of a plurality of hollow fibers vertically arranged,
and has a cartridge head liquid- tightly adhered and

LR A QUGN N oy o 1L BLe£06, ARG v

I Xe 0 ‘an” outer ¢ircu ence of a

RERLI Sk Aol om0 g ) Spgot tion.

sigdeenintt Nee Xt dd dfteohedtte | grORSNEShsBsting of Ti, Zr,
sn, 5S¢, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Al, Si, Cr, Co, Ga, Fe, Mn, Ni, V, Ge, Nb
and Ta.
5. The apparatus for water treatment according
to claim 4, wherein the metallic oxide represented by
the formula (I) is one or a mixture of two or more
selected from the following groups {a) to {c):

(a) hydrated titanium oxide, hydrated
zirconium oxide, hydrated tin oxide, hydrated cerium
oxide, hydrated lanthanum oxide and hydrated yttriun
oxide;

{b) a multiple metallic oxide of a metallic
element gselected from the group consisting of titanium,
zirconium, tin, cerium, lanthanum and yttrium and a
metallic element selected from the group consisting of
aluminum, silicon and iron; and

{c) activated alumina.



hol | ow part of an end part of the hollow fiber of the
side of the skirt is sealed; and a plurality of
through holes are forned in an adhesive fixing | ayer
of the side of the skirt. 17. The apparatus for water
treatnment according 117 tql%?y one of clainms 7 to 16,
further conprising sludge “solubilizing nmeans. 18. The

appar at us fqrﬁvgigpgasrta[ﬁ?g NERIY JALCO 4 théh €] B dding

wherein the s olubili1zing neans Iis at |east one

seleeisd PR dRGhanicalo ol lwiesd fuciie ef i@t fod, an
ul trasoni ¢ nmet hod, an ozone nethod, a hydrot her nal
Oxdotiriigre sTeio b rgarche Bdiame mossd i dditng 1vedhgah andion
a thernophile nmethod. 19. The apparatus for water

t melatoringaadrediing dral d araber-sdlantei an pdieymeans f or
renoving ingredients contained in water is

prleci pi t at i dihe sggiansiiw ifor vaten ereatrent . aQEordieg
apparatus for water treatnment according to claim19,

f ot ey edfprafsicig imfans Tord r AT/ HY CRRINIAT ofPT

drai nage containjing ions, to be renoved, the ions

gEIFEOHIET iR IEEGERIY R iFRN EHE GO U3 ed® Article

used.i.n the ne far adsorhing.ions, to the

D EETRHAS N S & AR rt T (Mg 151U ige

a%%g%@% J Mgl er treatnent according to claiml
erein neans for renoving ingredients contained

B e
Whey @il it €7, MRANRS i tHRITYi A d T B @S ment means
comprises two or more aeration tanks.
9. The apparatus for water treatment according
to claim 7 or 8, wherein the bioclogical treatment means
comprises an aeration tank in which a biofilm carrier
is immersed.
10. The apparatus for water treatment according
to claim 9, wherein the biofilm carrier comprises a
core material and a fiber-like material partially fixed
to the core material, and the fiber-like material
thickly grows around the core material.
11. The apparatus for water treatment according
to claim 10, wherein the core material has a helical
shape.
iz, The apparatus for water treatment according
to claim 10 or 11, wherein the fiber-like material is
polyvinylidene chloride.

13. The apparatus for water treatment according



contained in water is direct purifying neans. 23. The
apparatus for water treatnent according to any one of
claims 1 to 22, wherein the apparatus for water
treatment has neans for separating and renoving
suspended solids in mater,li% d neans installed in a
118 previous stage of the neans for adsorbing ions.

24 E%g, g:ga%aroa:t Us iQs WBt&d 17 eaimid i oo dén.fg%?é 0

any on clainms 1 to 23, wherein said neans

adeatd iPhfedrs aPldmdinddad SESa{dn adssdba Ngs

ions connected in series and is of a nerry-go-round
SYysivemg 2b.seHimepparidnidrk avad Asr ta esdpardtion

according to claim24, wherein ion detecting neans

f arerdirartear i Ng  a concentration of ions in treatnent

water is installed in the nmeans for adsorbing ions of

t Bd.i ni ti al HteagwparausTHompratien sraknehl egccording

treatnent according to any one of clains 1 to 25,

witer &l ifthd Jappyeiaid: fidre sRRafat i UnIRIRI MR PRakke

for crystallizing desorbed .ions froma desorption

s GIERRTGRN D IFRATAT 1P FRRAKTE WY PO 3757 Als 197 TedPne

article u %%_in the nmeans for . adsor bi ipons._and ... .

S ISR o b e s T o JRy Sy Fgpdipnitrile

sugﬁﬁgnc . e p tu & EMori

ac(co_r i'ngml[%%suc]l-%g}orﬁé?g@dr tst#er cjﬁgﬂé]?]?%él%‘ga&neanso?%crle

coglyrig ! \*E;lgie@&g{ﬁdém(ﬁﬂ' Lgﬂ&’gaolz)?prcﬁayféﬁ'@d(ﬂf’) :

treating ter conprising: a step of renoving

i ngy edi ent s GANtAHNSE U MY GfatdNdtreatment according
to claim 13 or 14, wherein a form of the separation
membrane is a hollow fiber form.
16. The apparatus for water treatment according
to any one of claims 13 to 15, wherein the separation
membrane is a membrane cartridge prepared by adhering
and fixing both ends of a plurality of hollow fibers
vertically arranged, and has a cartridge head liquid-
tightly adhered and fixed to an outer circumference of
a first end part and a skirt fixed to an outer
circumference of a second end part; the cartridge head
is separated from the skirt; an end part of the hollow
fiber of the side of the cartridge head is opened; a
hollow part of an end part of the hollow fiber of the
side of the skirt is sealed; and a plurality of through
holes are formed in an adhesive fixing layer of the
side of the skirt.

17. The apparatus for water treatment according



an ion adsorption treatnent step of using a porous
fornmed article as an adsorbent, wherein the porous
formed article conprises a fibril containing an
organi c polyner resin, and an inorganic ion adsorbing
material; 119 the fibril f.qr conmuni cat i ng pores
opening at an outer surface of the article and has
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surfacé of the fibril through at least a part of the
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The nmethod of treating water according to claim 28,
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treating water according to cl ai m 29, further
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to claim 1, wherein the means for remcving ingredients
contained in water is precipitation-—sedimentation
treatment means.
20. The apparatus for water treatment according
to claim 19, further comprising means for returning
desorption drainage containing ions, to be removed, the
ions generated in regenerating the porous formed
article used in the means for adscorbing iens, to the
precipitation—sedimentation treatment means.
21, The apparatus for water treatment according
to claim 1, wherein the means for removing ingredients
contained in water is demineralization treatment means.
22. The apparatus for water treatment according
to claim 1, wherein the means for removing ingredients
contained in water is direct purifying means.
23. The apparatus for water treatment according
to any one of claims 1 to 22, wherein the apparatus for
water treatment has means for separating and removing

suspended solids in water, said means installed in a



33. The nethod of treating water according to claim
32, further conprising the step of returning

desor ption drai nage containing ions to be renoved, the
ions generated in regenerating the porous forned
article used in the ion adsqrption treatnent step, to
120 the precipitaion-sedi taion treatnent step. 34.

The Bhad Of, JJ et idih WRlH]s FEHOTM M thg A4 28,
erein the st'ep of renmoving ingredients Tontained in
waler is a diHeLGpgutdtiud hStlter treatment according
to any one of claims 1 to 23, wherein said means for
adsorbing ions is a plurality of means for adsorbing
ions connected in series and is of a merry-go-round
system.
25, The apparatus for water treatment according
to claim 24, wherein ion detecting means for monitoring
a concentration of ions in treatment water is installed
in the means for adscrbing ions of the initial stage.
26. The apparatus for water treatment according
to any one of claims 1 to 25, wherein the apparatus for
water treatment has means for crystallizing desorbed
ions from a desorption solution brought in contact with
the porous formed article used in the means for
adsorbing ions, and solid-liquid separation means for a
crystallized substance.
27. The apparatus for water treatment acccrding
. to claim 26, further comprising means for cooling the
desorption solution.
28. A method of treating water comprising:
a step of removing ingredients contained in
water; and
an ion adsorption treatment step of using a
porous formed article as an adsorbent, wherein
the porous formed article comprises a fibril
containing an organic polymer resin, and an inorganic

ion adsorbing material;
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the fibril forms communicating pores opening
at an outer surface of the article and has inner
cavities, each of which cavities opens at the surface
of the fibril through at least a part of the each
cavity; and

the inorganic ion adsorbing material is
supported on the outer surface of the fibril and on the
surface of inner cavities of the fibril.
29, The method of treating water according to
claim 28, wherein the step of removing ingredients
contained in water is a combination of a bioclogical
treatment step and a sludge separating step.
30. The method of treating water acccrding to
claim 29, further comprising a sludge solubilizing
step.
31. The method of treating water according to
claim 28, wherein the step of removing ingredients
contained in water is a demineralization treatment
step.
32. The method of treating water according to
claim 28, wherein the step of removing ingredients
contained in water is a precipitaion—sedimentaion
treatment step.
33. The method of treating water according to
claim 32, further comprising the step of returning
desorption drainage containing ions to be removed, the
ions generated in regenerating the porous formed

article used in the ion adsorption treatment step, to
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the precipitaion—sedimentaion treatment step.
34. The method of treating water according to
claim 28, wherein the step of removing ingredients

contained in water is a direct purifying step.



