Descri pti on FI LTRATI ON APPARATUS AND WATER TREATMENT EQUI PMENT Techni cal
Field [0001] The present invention relates to a filtration apparatus
which is suitably enpl oyed for the treatnent of water such as industrial
water, city water, well water, river water, |ake water, or industrial

wast ewater after flocculation treatnent, and to a water treatnent apparatus
enploying the filtration apparatus. Background Art [0002] In one

conventional nethod for treating wapgk-$yphias industrial water, city
water, well water, river water, |ake water, or industrial wastewater, an

i norganic flocculant and a polyner (e.g., anionic polyner) flocculant are
added to the water to be treated, to thereby adsorb or coagul ate suspended

sol i d. parti ol eg (BRRSLEA! AEPRRTSE [ iR ATPl A A AU SRRNGRGNSOl [ 0°)

contained in the water to be trea occul ation treatnent), and
t he adsorbed or coagul ated solid is renoved through sand filtration or
di ssol ved-air flotation. However, a |large-scale apparatus is required for

per form ngrsand §41 tgptkien or dissolved-air flotation, which is
probl ematic. In addition, when the water to be treated has high turbidity,
suspended gdd) may fail to be removed sufficiently.

The present invention relates to a filtration apparatus
which is suitably employed for the treatment of water such as
industrial water, city water, well water, river water, lake
water, or industrial wastewater after flocculation treatment,
and to a water treatment apparatus employing the filtration
apparatus.

Background Art

[0002]

In one conventional method for treating water such as
industrial water, city water, well water, river water, lake
water, or industrial wastewater, an inorganic flocculant and
a polymer (e.g., anionic polymer) flocculant are added to the
water to be treated, to thereby adsorb or coagulate suspended
solid particles (hereinafter referred to simply as "suspended
solid") contained in the water to be treated (i.e.,
flocculation treatment), and the adsorbed or coagulated solid
is removed through sand filtration or dissolved-air flotation.
However, a large-scale apparatus is required for performing
sand filtration or dissolved-air flotation, which is
problematic. In addition, when the water to be treated has

high turbidity, suspended solid may fail to be removed



[ 00031 As one solution for such problens, Patent Docunent 1 discloses
a filtration apparatus having a specific configuration. Specifically, the
filtration apparatus includes a suspended-solid-renoving apparatus on the
upstream side of an ultra-filtration (UF) nenbrane nodule or a
mcro-filtration (MF) menbrane nodul e. In the suspended-solidrenoving
apparatus (A), raw water is fed as an up-to-down flow, and a washing liquid
is fed assafflomhenotyp flow. A raw water-feed pipe and a washi ng

| i qui d-di scharge pi pe each equi pped with a valve are disposed at the top of
a colum (A903While a treated water-di scharge pipe, a washing |iquid-feed
pi pe and an air feed pi pe each equi pped with a val ve are di sposed at the
bottom of the Bsloma $é)utiont herceliuhmprablepper Pabppor Do¢inenhdla | ower
support (3) are disposed, and a plurality of filtration nenbers (4) are

di sposed detokeses he fipperasipporprd2itandhatiéngonesprsappoet (3). Each
filtration nenber (4) is formed of a core cord and a
suspendedesnf i gieapt Uon ng Sp@Thidhi qerlolty udibey Ut wea i dr apraratpes i phery of
the core cord, and is fixed at ends thereof by an upper hanging cord (7)
and a | owerchades iy sospe@3d- whlié- nehayadngi aAgparstspepdethst apetrFa@ core
cord of each filtration nmenber (4), the upper hanging cord (7), and the

| ower hangidry ebran (8} tueef dl spacedn s(BR) t nambrase emefiehenes al Moardendi ng
along the water flow direction. The distance (LA) between the upper support
(2) and thelteveiorudpodlr tmembranganpdneh (IB)the susrandsdtautd menber
(4), the length (Lbl) of the upper hanging cord é?), and the length (Lb2)
of the | CYRMOVHRE) dePTREUS 8JAbat TaFyWaheti iFciedraml a8 ¥R)tPodpsy.

However, according to the disclosed technique, when the water to be treated
has hi gh 1@ BRY,a t RSBty r hidehd appafatudssaf fev¥s-ePodni A&V malh ng

hi gh- speed water treatnment difficult, which_is problemtic. [0004]

Anot her t¥3e Wtertieed i BiPappt at uéaFling stigeed; It rehapparatbs Berhg

enpl oyed in an apparat us forY%erform' ng wat er repl eni shnent of _an electric

pover " pl FIVEREENH 0y hig'a Yoy ¢ i BeFPBERd 8C (588 PaPent BotUMERE 2f! This

(11872t on PP oL us, Al 5o, SuLL L pchonglng, and, e ueler, Lreabed by the

Pat ent D%ﬁﬂ&??énd an air feed pipe each equipped with a valve are
disposed at the bottom of the column (1). In the column, an
upper support (2) and a lower support (3) are disposed, and a
plurality of filtration members (4) are disposed between the
upper support (2) and the lower support (3). Each filtration
member (4) is formed of a core cord and a suspended-solid-
capturing member protruding outward from the periphery of the
core cord, and is fixed at ends thereof by an upper hanging
cord (7) and a lower hanging cord (8), while maintaining a
suspended state. The core cord of each filtration member (4),
the upper hanging cord (7), and the lower hanging cord (8)
are disposed such that these elements allow bending along the

water flow direction. The distance (LA) between the upper

support (2) and the lower support (3), the length (LB) of



[ 0005] Patent Docunent 1: Japanese Patent Application Laid-Open (kokai) No.
2003- 24715 Patent Docunent 2: Japanese Patent Application Laid-Open (kokai)
No. Hei 6- 134490 Sunmmary of the Invention Problenms to be Solved by the
I nvention [0006] In view of foregoing, an object of the present invention
Is to provide a filtration apparatus which can

each filtration member (4), the length (Lbl) of the upper

hanging cord (7), and the length (Lb2) of the lower hanging

cord (8) satisfy specific formulas (1) to (3). However,

according to the disclosed technique, when the water to be

treated has high turbidity, the filtration apparatus suffers

clogging, making high-speed water treatment difficult, which

is problematic.

[0004]

Another type of filtration apparatus is disclosed, the
apparatus being employed in an apparatus for performing water
replenishment of an electric power plant and employing a long
fiber bundle (see Patent Document 2). This filtration
apparatus also suffers clogging, and the water treated by the
apparatus has impaired quality, which are problematic.

Prior Art Document

Patent Document

[0005]

Patent Document 1:

Japanese Patent Application Laid-Open (kokai) No. 2003-24715
Patent Document 2: |

Japanese Patent Application Laid-Open (kokai) No. Hei 6-
134490

Summary of the Invention

Problems to be Solved by the Invention

[0006]

In view of foregoing, an object of the present

invention is to provide a filtration apparatus which can



provide clear treated water and which is prevented from cl oggi ng. Anot her
object is to provide a water treatnent apparatus enploying the filtration
apparatus. Problens to be Solved by the Invention [0007] In order to
attain the aforenenti oned objects, the present inventors have conducted
extensive studies, and have found that the objects can be attained by a
filtration apparatus enploying a filtration nenber which includes a

ri bbon- | igkewsiukpericed: sotdateshptatra M ddercH ars qapdwentred sfuspended sol i d
present in fed water to be treated, wherein the filtration nmenber is

char ged idlagdiirdd.r abnonheankbgech tikat capiidviicdat isowapenrt itoradinenite
filtration tank has a percent void of 50 to 95% during passage of the

wat er. Thepgareserst dmplentiimgn ties fidenracicomEpshetwn. t he basis of this
finding. The water to be treated by the filtrati on apparatus of the

i nvent i orPuvinl eves rtef drer by thuteat Trergntwatrer . " [ 0008]

Accordingly, the present invention provides a filtration apparatus,

charact eri0®¥1lby conprising a filtration nenber which has a ribbon-Iike
suspended-sol i d- capturing nmenber for capturing suspended solid present in
fed treat ment Matardemher eitrtaire fhe tatorenemehdeed i gbidergedtha a
filtration tank such that a filtration portion of the filtration tank has a
percent \wriegesit 3OvientgB8% durviens pubsdpd gixtidns itveatehiesatand Jo099]
Preferably, the filtration nenber has a support menber which is connected
to both dsgmdofthaie thig tQtats e teatk ke cigatedurera (ol REe i on, and the
ri bbon-1ike suspendedsolid-capturing nenber is provided such that the
menber i fPatEF Rt eadatincher dofl e tinn qugiprn wekdlerintdldetd udes from
t he support menber toward the inner wall of the filtration tank. Al so

pr ef er abltjiPhare 1ikeh srisHgrsiad reeidbuPR W b tRNRRE nEdD FaR S PR ded

with one or nore slits. [0010] i | n anot her node of the present
i nvent i ofUSPRAGES SPAG IRFaF AR Taerf /G smfntt apparaitR thardietized by
conprisin

é%e filtration member is charged in a filtration tank such
that a filtration portion of the filtration tank has a
percent void of 50 to 95% during passage of the water. The
present invention has been accomplished on the basis of this
finding. The water to be treated by the filtration apparatus
of the invention may be referred to as "treatment water."
[0008]

Accordingly, the present invention provides a
filtration apparatus, characterized by comprising a
filtration member which has a ribbon-1like suspended-solid-
capturing member for capturing suspended solid present in fed
treatment water, wherein the filtration member is charged in
a filtration tank such that a filtration portion of the
filtration tank has a percent void of 50 to 95% during
passage of the treatment water.

[0009]



a reaction tank to which treatnment water is introduced,
fl occul ant-introduction neans for adding a flocculant to the treatnent
wat er at the reaction tank or on the upstream side of the reaction tank;
and the aforenentioned filtration apparatus to which the treatnent
wat er whi ch has been subjected to flocculation treatnment in the reaction
tank is introduced, the filtration apparatus being di sposed on the
downstream si derefetdplyeatheofil ankt ipAO0héhber has Br efippabkymetberwat er
treat ment apparatus includes nenbrane separation neans for treatnment water
di sposed wini¢hei slovmsite eaad stdebotht &rdéi bfrahée ofii appat adbnstfiRl2) ong
Preferably, the flocculant is at | east one species selected froman
I nor gani ctii¢ oeztteanflamdiarpariocyl ahé cthei nhbbopel yker subpehdsdel s in
wat er but does not substantially dissolve therein.
solid-capturing member is provided such that the member is
fixed at a part thereof to the support member and protrudes
from the support member toward the inner wall of the
filtration tank. Also preferably, the ribbon-like suspended-
solid-capturing member is provided with one or more slits.
[0010]

In another mode of the present invention, there is
provided a water treatment apparatus characterized by
comprising:

a reaction tank to which treatment water is introduced;

flocculant-introduction means for adding a flocculant
to the treatment water at the reaction tank or on the
upstream side of the reaction tank; and

the aforementioned filtration apparatus to which the
treatment water which has been subjected to flocculation
treatment in the reaction tank is introduced, the filtration
apparatus being disposed on the downstream side of the
reaction tank.

[0011]

Preferably, the water treatment apparatus includes
membrane separation means for treatment water disposed on the
downstream side of the filtration apparatus.

[0012]

Preferably, the flocculant is at least one species



[ 0013] The water treatnent apparatus may further include

absor bance- neasuri ng neans for neasuring the absorbance of treatnent water,
t he neans bei ng di sposed on the upstream side of the

floccul ant-introduction neans, and first floccul ant amount control means
for controlling the amount of the floccul ant added to treatnent water on
the basis of the absorbance neasured by neans of the absorbance-neasuring
nmeans. | redlestedseron hen absordsmance floprel@niabdyd negsaredcatate | east one
wavel ength falling within a UV region of 200 to 400 nmand at at |east one
wavel engtdufabhiangoaifrien whivdilsi obells ght wagtorbwf &8s two700 nm [ 0014]
The water treatnment apparatus may further include turbidity-nmeasuring neans
for neaswubsrdieidlbididsooie ttrleateremt wat er, the neans bei ng di sposed on
t he upstream side of the floccul ant-introduction neans, and second

fl occul anto@munt control neans for controlling the anount of the

fl occul ant added to treatnent water on the basis of the turbidity neasured
by neans of t Heh¢ uwdiel ttyremasent ngopeaasus [08¢5Ffurther ilPckfideabl y, the
wat er treatnent apparatus further includes washing liquid introduction
means f orabsurioohus: e s waisty mednsuf or anea sy inagt bhe heb$otbaaee ont
apparatus at an arbitrary frequency. Effects of the Invention [0016]

The filt ratdamerpparattars, dfhea hecdmy dntinh @hspoysd ot the atpshreanber whi ch
i ncludes a ribbon-1ike suspendedsolid-capturing nmenber for capturing
suspendedsists iaf prlesehtodanfamt t retr et er encankerand fhestiltration
menber is charged in a filtration tank such that a filtration portion of
the filtriaiderutank aneint porarrl vitansf G0 ¢on0504 HiRg nNghpaaBaget oLt he
treatment water. Therefore, suspended solid is effectively renoved from

t r eat mentthfatfekocanrt Gified ©7 TIRAENGRE Jfa bR apipata® U555 seppFedsed.

The filtration apparatus nmay be connected to floccul ation treatnment neans
di sposed aﬁﬁqm@mtm@eﬁmﬁlr%fmér@% therely 27PrkARnee JreRF Rt Aent

appar at us. Throug_g[h provi si on of menbrane
means. n th

ig case, the absorbance is preferably measured
at at least one wavelength falling within a UV region of 200
to 400 nm and at at least one wavelength falling within a
vigsible-light region of 500 té 700 nm.

[0014]

The water treatment apparatus may further include
turbidity-measuring means for measuring the turbidity of
treatment water, the means being disposed on the upstream
side of the flocculant-introduction means, and second
flocculant amount control means for controlling the amount of
the flocculant added to treatment water on the basis of the
turbidity measured by means of the turbidity-measuring means.
[0015]

Preferably, the water treatment apparatus further

includes washing liquid introduction means for introducing a

washing liquid and air into the filtration apparatus at an



separation apparatus on the downstream side of the filtration apparatus,
the water treatnent apparatus can provide clear treated water, and cl oggi ng
of the menbrane separation apparatus is suppressed. Htherto, in the case
of high-speed water treatnent, or treatnent of water having high turbidity,
clear treated water is difficult to obtain, and cl ogging occurs in the
filtration apparatus and the nenbrane separation apparatus, readily

reduci ng awaberrareaf nemiepey f or mance, which is problematic. In contrast, by
means of the filtration apparatus of the present invention, even in the
case of Hiffecpeecdf waterinveathemt, or treatnment of water having high
turbidity, clear treated water can be obtained, and clogging of the
filtrati ob0@pphr atus and the nenbrane separation apparatus can be
suppressed, attaining good water treatnent perfornmance. Brief Description
of the Drawi nggh¢0di¥irafioG apparatuesetsebei ohuenview efpdovEl &rati on
apparatus according to Enbodinent 1. [FIG 2] An enlarged view of an
essent i al £ perratpfon heerber revich tpphudesisa actopdingike Fatpehdedt 1.

[FIG 3] A sketch of an exenplary suspended-solid-capturing menber

accor di ngeQbl Entrreli wehtg memiper cgom]camstymmn i sigraRedf sahi@xenpsary wat er

treat nent apg)arat us accordi ng to Enbodi nent 2.
ed treatment water, wherein the filtration member is

charged in a filtration tank such that a filtration portion
of the filtration tank has a percent void of 50 to 95% during
passage of the treatment water. Therefore, suspended solid
is effectively removed from treatment water, and clogging of
the filtration apparatus is suppressed. The filtration
apparatus may be connected to flocculation treatment means
disposed on the upstream thereof, to thereby form a water
treatment apparatus. Through provision of membrane
separation apparatus on the downstream side of the filtration
apparatus, the water treatment apparatus can provide clear
treated water, and clogging of the membrane separation
apparatus is suppressed. Hitherto, in the case of high-speed
water treatment, or treatment of water having high turbidity,
clear treated water is difficult to obtain, and clogging
occurs in the filtration apparatus and the membrane
separation apparatus, readily reducing water treatment
performance, which is problematic. In contrast, by means of
the filtration apparatus of the present invention, even in
the case of high-speed water treatment, or treatment of water

having high turbidity, clear treated water can be obtained,



[FIG 5] A systemdiagram of an exenplary water treatnent apparatus
according to Enbodinent 2. [FIG 61 A system di agram of an exenpl ary water
treatment apparatus according to Enbodinent 2. [FIG 7] A system diagram
of an exenplary water treatnent apparatus according to Enbodi nent 2. Mdes
for Carrying Qut the Invention [0018] Enbodi nents of the present
invention will next be described. Enbodinent 1 FIG 1is a
cross- secandnaloygiwg obf acie | £1at roniappaprpiustascandi dige t wenbané mrent 1,
and FIG 2 is an enlarged view of an essential part of FIG 1. [0019]

separation apparatus can be suppressed, attaining good water

treatment performance.

Brief Description of the Drawings

[0017]

[FIG. 1] A cross-sectional view of a filtration apparatus

according to Embodiment 1.

[FIG. 2] An enlarged view of an essential part of the

filtration apparatus according to Embodiment 1.

[FIG. 3] A sketch of an exemplary suspended-solid-capturing

member according to Embodiment 1.

[FIG. 4] A system diagram of an exemplary water treatment

apparatus according to Embodiment 2.

[FIG. 5] A system diagram of an exemplary water treatment

apparatus according to Embodiment 2.

[FIG. 6] A system diagram of an exemplary water treatment

apparatus according to Embodiment 2.

[FIG. 7] A system diagram of an exemplary water treatment

apparatus according to Embodiment 2.

Modes for Carrying Out the Invention

[0018]

Embodiments of the present invention will next be
described.
Embodiment 1
FIG. 1 is a cross-sectional view of a filtration

apparatus according to Embodiment 1, and FIG. 2 is an

enlarged view of an essential part of FIG. 1.



As shown in FIG 1, a filtration apparatus 10 has a tube-like filtration
tank 11 to which treatnment water 1 is fed, and a filtration nmenber 12 for
capturing solid suspended in the fed treatnment water. The filtration nenber
12 is formed of a support nenber 13 which is connected to both ends of the
filtration tank 11 in the water flow direction, and a ribbon-1ike
suspended-sol i d-capturing nenber 14. At each end of the filtration tank 11
in the wat@®1%] ow direction, there is disposed a di sk-shape plate 16 having
a plurality of pores which all ow suspended-solid-containing treatnent water
to freely passAshshewhr bunghI@ndiwhachiiateabtiade apparsttieriLél hsach as resin.
Each end of the support nenber 13 is fixed at the center of the plate 16.
The suspetidee- $ok¢ dE thiprariog nenbketl1doi shi¢iketdrastnget suppert Lnegber 13
through a part of the suspended-solid-capturing nmenber being knitted into

t he suppofedneab@ra Thetfaeeof unéhiked)lpafor tapturiangospl pdrsuspenged

di sposed such that it protrudes outward fromthe support nenber toward the
i nner walinofhe heeditreathent twakerl. ThHeusLittratfidn mankar Méhbes 12 widely
distributes in the filtration tank 11. Thus, the suspended-solid-capturing
menber l4fomedsettad swepdTovwmenbent &3, vinhelreby connectedpepdedthnends
treatnment water 1 is captured by the suspendedsolid-capturing nenber 14. In
Enbodi meref 1the hel }ipworen | kankuspehdedbs ova et apl avi Agraewbenr, 1angdsa
produced by forming a |long rectangul ar nenber (i.e., tape) into a |oo
shape. Astipenin- 1 He U AR dS 9L & SRPEWE1RY BYALET ke sudPerfcdt en
solid-capturing menber 14 in FIG 2, the nenber is provided with a
pluralitybftkeifslamtigrntapktlhotnreRhvaten FiQutdoheehicnf EReTfenber.
Through provision of the slits 15, suspended solid caﬁturing performance is
enhanced.1§ obbeposed a dipie- $haRe AP+ 3FE mbhbR?AViBTIi 3 RHaFYeHtY nOf heores
filtration tank 11 such that a filtration portion of the filtration tank
has a per@&Hil ol b S EEPeRAeEoFOobt &1 ePRBR {680 t br 9BORTT | Wt pasE3ge of the
treatnment_water. The percent void is_cal culated by _the_fornul a given bel ow
The ter mE¥ST LY RITH 1T OOTEh evas (EPLTP A ER AT cO5LR PERGREL SO | d

t i the t t t i d by the filt tio nb 2;
P e STb 2 TR by TR (SO bte GRS o TITRET ot Cehie e rdE bot h
ends of the filtratio nber 12 in t wat er fl direction where the
S uspended- il ST Dr i THE HRHBEF 19 of Ahe YIHTISRT o1F MR S 1 char ged,

TSRO TG, W T g
vl v AL S g0 e LA LA O g oL hen, tpa, 3 apRe dELACELY the
fiil th Hﬁ#@FfH%%m%ld A ﬁ%%&%’f%%ﬁ&?@?'&‘iﬁ%% g”e”l s
not conpac {gﬁéﬁk{%%(%ﬁggé%%fi%&€%2t¢%?t$%ﬁ?§%€¥gﬁfs1éu%%€%%gg¥§ﬁg?§%ion
Tt rat ohRsErS R e o L e e b o mavberT s

readily opf ai aed by gal gyhat %drﬁq@q&é}g SURLTROL) NG e il U P e
support menber 15 fromthe vg]une of treatnment wat'er spilt fromthe
filtratiof fank ddy Whslk the, At i neibhen qkd has heendiisered in the
filtration tank full of treatment water. In Enbodinment 1, "each end of the
filtrati qeopribers 12 dScddxed ¢19e t PEoR ObF e5P00HI NnghepdLPfsbieafil tration
tank 11 in the water flow direction, and the filtration nmenber 12 is widely
spread i nyddperdddd rat |oned @dnd vdte+ N0 Passageuéqthpat RENsu¥BEREedThus,
the filtration portion corresponds to a portion defined by renoving the
support nebe- dsbduomd heesd+ re | Nl Meyddieem it heHd Idimddom tiank 11
[0021] [FI] Percent void (%9 = [(volunme of filtration portion) -
(vol une %Wmﬂ&&wmm' NeehBsberd / {y opvvBuebafbit tathoAg a
portion)] x100 [0022] g % ¥ J

long rectangular member (i.e., tape) into a loop shape. As

shown in the enlarged view of the ribbon-like suspended-



When treatnent water is caused to pass through the filtration apparatus 10,
the treatnent water passes through the space between pieces of the

ri bbon-1i ke suspended-solidcapturing nenber 14 or and through the slits 15
provi ded in the suspended-solid-capturing nenber 14. During the passage,
suspended solid contained in the treatnent water is trapped by the

ri bbon-1i ke suspended-solid-capturing nenber 14 and the slits 15, whereby

t he treatsebidwatetufiom wbnbdr 3dspended. sp| i dhbasebleen ienpvedidsd

di scharged fromthe filtration tank 11. Since the filtration nmenber 12 is
charged iwmitheatphirsuchytbftsthesfibiratcbnspottnon haschipegregent void of
50 to 95% duri ng passage of water, passage of water is not obstructed, and
suspendedf sxd fdon serfif eft thel yenbappedihtoudhh eoypreissimn iaf érite onl, itexanpl es
of the treatnent water include industrial water, city water, well water,
river watk¥, $akeem@t¢drsolndusdpiatingspentdenaica paréenibamhaed.i ndustri al
wast ewat er whi ch has been subjected to biological treatnent), and

floccul at{®@»2@}eated (by adding a flocculant) water thereof. [0023]

As described above, when the filtration nmenber 12 is charged in the tank
such that the Thet faltoatpont nembaasla per cbargedi dnoths0fidtgs%.guri ng
passage of water, passage of water is not obstructed, and suspended solid
is effectfamiyll rappedihaher efbleracioggpaytobntve theét Fattovatapparanks 10
can be suppressed, and clear treated water (e.g., water having a turbidity
of 3 or Ik3%)a Rerernbbialhedt Yhewrot Pt pepreherabliy ¢8 Fa BREAYrENIO5Y
the turbidity of the treated water increases excessively, although the
filtrati d@rdjogmtet FRe deeerererdvaber cafve grardastheePied 1§ gh speed. When
the percent_void is |ower than 50% suspended solid is effectively trapped.
However, Gat@ildperddge F2e nberuutdigiei Pahavwel ddtf @t cfisl et ien
filtration apparatus_ and nenbrane separati on neans _optionally di spposed on
the downSRYERRT decsheredy2R R f YerEnt PaFPPre’durel tACPEage tr ke i s
excessively el evated. Particul arlg/ when filtration is carried out at such a
hi gh spedd st AT orainr el S of 2Rhehed riRut Hedit L Wbt 63t haWi RgMaSHi §hi
turbidity, (e.g., 20 or higher) is 1g)rocessed, i . mapy cases, the, obtained
treated wat%er- I‘F‘asSfPﬁ‘%e‘?Ie%{H% RY y-RantP R bR hh BEctie Fhltratighat ed

appar atuses., In contrast, when the filtration, apparat in i ch
PP Er ot | are s TR R bo e T hohTh RSB 2V atB? B0 (o o5%

i I I ing. | d, d cl t t ed t b

5 STV 5 1 L g gt an cloar et et uster conbe

t t t ter. I . al i,n_th f |l dfiltrati
reat renl L Nesfl 55 008 B Shpheb e SRS eASY SPESH, DbESLLCT,

wat er can, be, obt ai hed. The perce Vol d.] referably uniformipn the
Pl brat GRS 1 HOE Tl dror e ey SR h iR 000 AT L 26t Ur PR e ber 14 i s

v ity B! R AE L AT MO B

¢ SﬁEehe?%é Pt ERO R T e b oReR I S EREe Rt BpFedbh e
ey Vi rthar he - or "t

tank. [ g‘?egfhsataiss?aﬁlﬁf db ht%éfoiﬁ'ﬁ%ow?%feof'IﬁéaIEI?{‘rQBIE)hO” | S not

preferre e volune is preferably e sanme during passage of

{reat mente et oy s sl Aol Uhs Pefd OveRTmbiugbl h§ YR sfet O the

passage of treatnent water reinafter referred to as "reverse washi ng"),

halt of fiddd:ati of (@i £ases Btk ROr @labek lnall CaoPRACEIb ey ¥ BREat i On i

volunme of the filtration portion is 30%or 1ess, preferabl’y 10%or Iess.
Through paigal ling £ hehyagi Blion . YO, 13 hes dipRsé@ns Bf the
filtrati on apparatus can be reduced.
Embodiment 1, wherein a filtration portion is provided in a
state where the filtration member 12 is not compacted and is

charged in the filtration tank 11 during filtration operation

(i.e., passage of treatment water), the difference " (volume

10



[ 0025] In Exanple 1, no particular limtation is inposed on the

di rensions of the filtration tank 11. In the case of a tubular tank, the

di aneter and the height may be 100 to 1,000 mm and 200 to 1,000 nmm
respectively. Notably, when the filtration tank 11 is larger than the
filtration menber 12, the percent void of the filtration portion is
adjusted to 50 to 95% during water passage through, for exanple, charging a
pluralityobfffittaaionnpaenbens 12(valtine 6fl snapendetianklid;cepttihéngi ze
of the suspended-solid-capturing nenber 14 of the filtration nmenber 12 is

i ncr easedneflB€2pY is readEkmnpbesionédthy caleuniatioh thelsdppgrt menmber 13
or the suspended-solid-capturing nenber 14 include synthetic resins such as
pol ypr opy$enerapoinestiee, vahdmaybbnth&hsuppppbr membabei 3 18romythe produced
by knitting synthetic fiber of a resin such as pol ypropyl ene, polyester, or
nyl on, tovohenebyfenhantmestreageh spilhefsappbhe fehbeatisht eankt Liel y,
the filtration nmenber 12 may be forned into the shape of a twisted-wire
brush. Speeéhitthd | §ilthet soppoenbaenb2rhds hade ohsartedeinfthati-corrosive
SUS or resin-coated netal is provided, and pieces of the
suspendedt Sbt rafchpn urany Aehberf 19rgasmenhneated. t oln Hemkyepesnt rlenber
while being aligned. Then, the nmetal support nenber is tw sted, to thereby
forma rachelh|lsngppeadhei fitbrabhonendeber Thasist Atvaghtenhhaci ng the
strength of the support nmenber 13, bending of the support nenber 13 is

pr event edcorrriSRen@qad ofnd hef f ther hi i braheaberan® i3 easthe vaked, fipereby

facilitating replacenent of the filtration nmenber 12. [0027]
direction, and the filtration member 12 is widely spread in

the filtration tank 11 during passage of treatment water.
Thus, the filtration portion corresponds to a portion defined
by removing the support member 13 from the entire inner
portion of the filtration tank 11.

[0021]

[F1]

Percent void (%) = [(volume of filtration portion) -
(volume of suspended-solid-capturing member) / (volume of
filtration portion)]x100
[0022]

When treatment water is caused to pass through the
filtration apparatus 10, the treatment water passes through
the space between pieces of the ribbon-like suspended-solid-
capturing member 14 or and through the slits 15 provided in
the suspended-solid-capturing member 14. During the passage,
suspended solid contained in the treatment water is trapped
by the ribbon-like suspended-solid-capturing member 14 and

the slits 15, whereby the treatment water from which
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No particular limtation is inposed on the dinensions of the support nenber
13 or the suspended-solid-capturing nenber 14, so long as the percent void
falls within the aforenenti oned ranges. For exanple, the thickness, w dth,
and length (distance fromthe support nenber during passage of treatnent
wat er) of the suspended-solid-capturing nenber are about 0.05 to about 2
mm about 1 to about 50 mm and about 10 to about 500 mm preferably about
0.3 to aboudpenden sbbid Has obadaouteROvenn iandisbdibatgd@ fooabobé 200 nmm

[ 0028] In Enbodinment 1, the filtration tank 11 of tubular shape is
enpl oyed. f Htovesveion ncayplar 11 culsamded riteatfiidre st diarposatben ttheishape of the
filtration tank, and any holl ow structure all ow ng water passage nay be
enpl oyed.clrorgeX aitpl ehe otdmek shelm thdve, the hbDilovapiosnporayibe kategted. In
Enbodi ment 1, each end of the support nmenber 13 is fixed onto the plate 16.
However, perqart iceddrofi i tadi 95% i durimoseasenge het f vaheronpassaee, o&nd it
may be the case that only one end of the support nenber is fixed. [0029]

| n Enbodiweergr 1i s tiet | dopt tukieed usped dedssended apo Lidngsnefbectively

di sposed so as to be protruded fromthe support nenber 13. However, no
parti cul a&rrdpped at ilon tike ipysosed dmveid imhneaxaofo IdH s pofsi theort tdaimestt  For
exanple, as showmn in FIG 3, a plurality of strip-like

suspendedsoign- x@qﬁmd$rgpdwﬁﬁmﬁ%lnu@t©élp¢bWYd@@teéndW9ﬁleW@t©¥ eBErer
suspended-sol i d-capturing nenber may be fixed to the support nenber. In
Enbodi nerfatier i hWeakeisyrtpreied- Sodygt ebpt uraplgeviehder (13 Eﬁ§thcﬁé@¥angular
cross-sectional shape. However, no particular limtation is inposed on the
Cr 0ss- seciiGII T shhpea s teith te ki Wi le B rhas ckeeB cswhdRCHAy be Eh%f@?é@alThe
suspended- sol i d- capturlng menbers 14 may be of equal or different_|engths.
Furt her, ﬁ?ﬁ%%ﬁﬁﬁﬁrmﬁﬁHQ.f%%@C%h%%@%@eﬁ%%¥F%dcé%Yu?@ﬁgnﬁeﬂbQFOQQHﬁ%§t een
made of a single material, but it my be nmade fromtwo or nore nmaterials.
The suspéﬁﬁﬁﬁsﬁﬂ?%ﬁ%%pturlng menber may be provided with no, a single, or
a plurality of slits. No support nenber 13 nay be provided, and the
filtratiof Sehber 12 may be formed fromonly the suspended-solid-capturing
menber. However, since ,the filtration ne 2 1s refer%blylgrggided in

virtual Iy the 2ntfeecEhaes %?OYﬁe VRERr g ?oﬁliﬁﬁﬁti n fREoer - o

e e £ 2 Had % o or i s.preferably, fixed at a certajn position
percent void of 50 to 95% during passage of water, passage of
water is not obstructed, and suspended solid is effectively
trapped. Therefore, clogging of the filtration apparatus 10
can be suppressed, and clear treated water (e.g., water
having a turbidity of 3 or less) can be obtained. When the
percent void is in excess of 95%, the turbidity of the
treated water increases excegsively, although the filtration
of water is accelerated and can be performed at high speed.
When the percent void is lower than 50%, suspended solid is
effectively trapped. However, water passage is not
sufficient, and clogging occurs in the filtration apparatus

and membrane separation means optionally disposed on the

downstream side, whereby the differential pressure increase

12



FIG 4 is a systemdiagram of a water treatnent apparatus according to
Enbodi nent 2. The sane el enents as enpl oyed in Enbodi nent 1 are denoted by
the sane reference nunerals, and overl appi ng descriptions have been
omtted. [0031] As shown in FIG 4, a water treatnent apparatus 30
includes a reaction tank 31 to which treatnent water (raw water) is

i ntroduced; chem cal -agent-introduction neans 33 including, for exanple, a
punp, theraeanisbekngsploeilgedltoatentr oBact hgubachemvkhah Agentaeox. ,
particles of a cationic polynmer which swells in water but does not

subst ant i akl yadr$sdl wett her sunh &r bigh ebertdcak agentn/hapk 32req blre
reaction tank 31; inorganic flocculant-introduction neans 35 including, for
exanpl e, wheunpreédhmentanstbei hgvpngvadedghoturbtidadyci(eggan iR2Eoogani ¢
floccul ant froman inorganic flocculant tank 34 to the reaction tank 31;
and a filhigheoh apppratesséq, asnemphyyedsenr, Erbedpobeatingédt arehitel
treatnent water which has been subjected to a flocculation treatnent (e.g.,
adsor pti omabercbhaguhaghen) tinbt iétyeaenidorlbgpknglorsuirst fodebed. [ 0032]

In the water treatnent apparatus 30, treatnment water (raw water) is

i nt roducedetatefieappacetvactankiBicomtienst a ehemi the Bgbhrateoy., particles
of a cationic polyner which swells in water but does not substantially

di ssol ve a2peaeahlssioreéd whichefochenbtabnagenberaak 32, cbargrd sor gani c
flocculant stored in the inorganic flocculant tank 34 is added to the

treat menttQadekainraugareantodaédi of ¢Pateh@5&hém eablayeds - cArgadnst i on
means 33 or the inorganic flocculant-introduction neans 35 to the reaction
tank 31. Thesupprefend, warércleannhtehathd wAbArcaRhnagenebtaiged. pgivencl es
of a cationic polyner which swells in water but does not substantially

di ssol ve thetenyase ah hashoapeeds FoeEuRAAPRhAE bedh-&dd8ddi§Ystirred by
means of a stirrer 36, whereby flocculation treatnent is perforned.
SubsequentF§2ETERE t YeaehentNeRA @Shi@ hSdas deeh ShibjeetedsSe o f hkow-
flocculation treatnent is discharged fromthe reaction tank 31 and fed to
the filtr2Reed %bb%?%fh%nl@F Rﬁ%@gm§ﬂ§péﬁﬂé8u§BFﬂatVsW@éﬁﬁveG;OSHHEQ t he
wat er treatnent apparatus 30 of the present invention enploys the

Tiltrati o abPRPECASSa0 Rfll S4SoFt RTGSF PRt PAEFBCRBDEr CBGeh ehar ThHE

af orenmenti oned percent,void falls.within a s eciLic tin%e,.clo%ginq of the
filtrati oCEPPAratosd 16| BT hppres¥ei™ SRE™c M BaF "Br LAt &2 NaC8r PR 168 -
obt ai ned.__[ 003

TAereE&re, the suspended-solid-capturing member 14 is
preferably charged in the filtration tank 11 to a portion in
the near vicinity of each end thereof in the water flow
direction. Also, the suspended-solid-capturing member 14 is
preferably charged in the filtration tank 11 to a portion
virtually in the vicinity of the inner wall of the tank.
[0024]

Variation in the volume of the filtration portion is
not preferred. That is, the volume 1s preferably the same
during passage of treatment water and during washing with a
flow of liquid reverse to the passage of treatment water

(hereinafter referred to as "reverse washing"), halt of

filtration (as described hereinbelow), etc. Percent
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The treatnment water contains, for exanple, a hum c acid-containing organic
subst ance, a fulvic acid-containing organi c substance, a bio-netabolite
such as sugar produced by al gae, etc., or a synthetic chem cal such as a
surfactant. However, no particular limtation is inposed on the type of
treatment water, and specific exanples include industrial water, city
water, well water, river water, |ake water, and industrial wastewater (in
parti cul argriatditst rimal volastevat erthavhi cht hasi dreepostubpecied30® brolegscal
treatment). The term "hunmus” refers to a degraded substance which is forned
t hrough degrfaesdibon 6% pprantesset ¢ Thypoudie arediratlildmoftharwrmwicrtgianm sivs.
Humus contains humc acid and the |ike, and hunus-containi ng water contains
hunus and/airumss] ulthe CEEEnsgrresi@ht shelef i Vieda f ¥ om dppasa tsespanded
substances, and coloring ingredients. [0034] The cati oni c pol yner

whi ch swetddugeaed wat er but does not substantially dissolve therein and which
forms the particles of thereof which are added as a flocculant to the
treatment[0@E&®=r is a copolyner of a cationic nononmer having a functional
group such as a primary am ne group, a secondary am ne group, a tertiary
am ne group, almyrBxpnpie ah, aed deadtedusalkt Lihetebionotsalgnasednany

anmoni um group, and a cross-Ilinking agent nononmer for attaining

subst ant itd yWinenvetenrs sof ubié | £i/ltiSpebit | tarlkahpl esirofthichecasg ivhia
nmononer include an acidic salt or quaternary anmoni um salt of

di net hyl dmnslanhytagnetthactianter andcilae chebght grayjuae et Har o atmdhPum
salt of dinethylam nopropyl (neth)acrylam de, and diallyl di nethyl amoni um
chl ori de MiEx &l 630 BftQ hle, QO Iun | | FREPRC Beat Y mo A livhe IMRD ila vy
mononer s such as net hyl enebi s(acrylam de). Alternatively, a copol yner of
the af or éifghitiadnean caailori & Fonbregeantdham & obl EE6rC HeRi BATESFondner

whi ch can be co-polynerized therewith may al so be enpl oyed. Specific

exanpl es @i @RF @il dovbriere t bl berabl 9ol Boet 19 dt F nefidetedetf) aBrylic
acid, 2-acrylam do-2-nethyl propanesul fonic acid, and an_alkali netal salt

t her eof . e AnoiiHiing WHETaRBHI I Frorishierdfust O eS¥HBP € s oCEARET £ e f or ned

copolyner maintains a _cationjc pr opert%/.]rExarrpI es of . the nponionic imnomer
y

i ncl ude (et Hidry | A el EReF SIprafireiet yl antyethe filtration tank 11,
N-net hyl (N, Ndi nret hyl ) acryl am de, acrylonjtrile, styrene nd t hyl _or
ethyl  ( mSth)HH i HREOT THES ARG Y Sy Be el LrAghomBrt | h cofbF gt i on
of two or_,nore species. The anmpunt of the._cross-1linking agent nononer such

as a di vifmyi CHRIMSIR MY e qtd red 1599001 to 0.1 nol % with respect to

t he total 6;lnt of the mononers. Through controlling the amount, the
smellabilﬁqaC{}D nd particle size (in water) of the particles of a cationic

pol ymer whi ch ?ﬁﬁgénn%ﬁ%ﬁ%ﬂegfgf not tﬁ%bgﬁan&irﬁl ég%mﬁ%%s%vﬁrt herein

can be control € comercrar produc € particul ate
coLl o el WIEAEE SUEld 2 Bl Sy Bl gPer, nohe SRSt aphl LY, ssol ve
e oal a2 e 2 o L YR atey Cop BRI oo Vs
par (1 cul S AT el IR R SR L G SR TR RRSLER T EPRE of a
Cher oi n. Povbver e gt b o PPEeTee bhace Bearai B2 or

di spersi Qi L3H3PeAHEM e IstEend i JBEAMPALEHSOEL Sh&fps P, @ non-vat er -
swel ling state,” is preferably "100 mmor less, nore preferably, 0.1 to 10
mm [ 003%]); Na-RAr L) arcld MR &5 hIROSEN PMdPen8BEBLHES into
the shape of a twisted-wire brush. Specifically, the support
member 13 made of a wire of anti-corrosive SUS or resin-

coated metal is provided, and pieces of the suspended-solid-

capturing member 14 are connected to the support member while
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adding to treatnment water the aforenentioned particul ate cationic polyner
which swells in water but does not substantially dissolve therein. For
exanple, the particles as are, water dispersion thereof, or reverse-phase
enul si on or dispersion (suspended) thereof nay be added to treatnent water.
In any case, it is essential that the treatnment water is subjected to
flocculation treatnment through addition of the particulate cationic polyner
whi ch swebé snd na WageedbutTidaes tied wsadest anip@ddty mbmsset vies tthetsied t otd he
treatment water; i.e., the treatnment water cones into contact with the
particl estiérebgatooni & pablyaklywapehadwellsranivat eembat . doBEsusot
substantially dissolve therein, whereby the solid suspended in the

t r eat ment tedeghi snhdsoihedthy sheepathi of eshe[ 8G8H6prt memb&woldr nore
particul ate cationic polyners which swell but do not substantially dissolve
i n wat er bewydahgoobethddsdpport heetbeat eniswaterenhletiabayd snnerdt hé
cationic polyner per se which forns the particles swells but does not

subst ant i @h¢ yf Ul ssat veni membéer 12 past egai ayefinédt heheaebwyni ¢ pol ynmer which
swells in water but does not substantially dissolve therein swell but do
not substfmtibitytingsoepbacement eof dhéfEilngatiom mevbaveh®i onal pol yner
fl occul ant. The expression "not substantially dissolve in water" refers to
such a wat@®23%blubility that the cationic polyner particles can be present
in water. Specifically, the solubility of the particles in water at 30Cis
about 0.1 g/L ¥e besticTherahbuhtabiopeisehmporell phgtbe dhmepaionsl es in
water is about 10 to about 200 tinmes, as calculated by dividing particle
si ze in vwaf etheyspppere| member 1H @rnbhes&EﬁPGn@edtapéldfGQBVPrlng Next ,
a reverse-phase enul sion formof the particles of cationic polymer which
swel | s i rmgpbe¥ bht F0ebondtasuble aperaeny *d%@of%lsh@iéhhnm:%ﬁ be
described in detail. However, the particles are not limted to the form
The pol yn@foww%}@n%m%m@ﬁm s Eﬂﬁ exarks cUthe Ergkiome . brdeh,
conventional reverse-phase ( mer enul sion._ [0038] The

rever se- pid el @RI & l%%%@%?ngr@%et ¢ oF BRBAT F oHeBPest FBALRIpBRFARFCWNi ch
swells in water but does not substantially _dissolve therein, water, a

i qui d hy%ﬁ0%%?%%W@n%nﬂa%¢€hr?%c?%%tSuﬁﬁ%“@%ﬁp%@?%ﬁoﬁ%PtBFbﬁﬁrW?BH?r(@6by
mass) are as follows: "cationic mer which_ swells in water but .does not

substant|%E¢ya?9%§o@v%5tﬂ%r%?ﬂut £ TerabOFthlHohﬁﬁ?HEaFBoﬁm &0 act ant =
20 to 40 20 to 40 : he t I t of
Che cat | GREbot e FHPER SARITS: | FERAERDb: SHOBE Rt SAbEPAHE: &I TP+

di ssol ve therein and water adj 0 th respect to
thzstoral éﬁHﬁ&\ o7 ¥Rk at zmmcj%% %B RM?EhtgmﬁP?ggsﬁ%§;F@r bﬁf does not
substantlfgégéﬁlssolve t herein, mater a liquid hydrocarbon, and a
surfactan

In Embodiment 1, the filtration tank 11 of tubular
shape is employed. However, no particular limitation is
imposed on the shape of the filtration tank, and any hollow
structure allowing water passage may be employed. For
example, other than tube, a hollow prism may be selected. In
Embodiment 1, each end of the support member 13 is fixed onto
the plate 16. However, no particular limitation is imposed
on the fixation manner, and it may be the case that only one
end of the support member is fixed.

[0029]
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[ 0039] No particular limtation is inposed on the |liquid hydrocarbon,
and exanples of the liquid hydrocarbon include aliphatic liquid
hydr ocar bons such as isoparaffine (e.g., isohexane), n-hexane, kerosine,
and mneral oil. [0040] Exanpl es of the surfactant include C10 to C20
hi gher aliphatic al cohol polyoxyethylene ethers and C10 to C22 higher fatty
aci d pol yoxyet hyl ene esters, having an HLB (hydrophilic |ipophilic bal ance)
of 7 to 10. Exanmpkmiso@iméde ef hehs looputekal sospéndédusyliadt cohol, cetyl
al cohol, stearyl alcohol, oleyl alcohol, etc.) polyoxyethylene (EO addition
mol e: = Fdptdfnetieiser Exanps 63l gfodde sstaes sto nod usheof aided atraom (| auri c
acid, palmtic acid, stearic acid, oleic acid, etc.) polyoxyethylene (EO
addi ti on the dupdd)t esdrvesr (D04 However, Mo parttiicullar |liimitsttion iis
i nposed on the nmethod of producing the reverse-phase emul sion. The emul si on
may be priogeessd tdur oulgh maxiery @f ot swrs tt homoneeréddr  fRommexgnche cat i oni ¢
pol ymer which swells in water but does not substantially dissolve therein)
and a crass-shaowi nin dgeht ImmonerumaticwaBrstaip+ ke sysiperndedon, and a
surfactant, and allow ng the mxture to polynerize (via emulsion
pol ymer i zs 1 b crpsusien Sianogod yoay i atporyided, andlaererdiok eeehod, the
nmononmers are sol ution-polynerized; the produced polyner is pulverized by
means of sudmemdpti yeridreapieutike; nemeey Heapoby nbixethdta e paurpert(e. g.,
surfactant) are added to a |iquid hydrocarbon. [0042] Wen the particul ate
cati oni c npotlyarer i Embogdimenti 3, the suspended-solid-capturing

member 14 has a rectangular cross-sectional shape. However,

no particular limitation is imposed on the cross-sectional

shape, and a circular cross-section may be employed. The

suspended-solid-capturing members 14 may be of equal or

different lengths. Further, in Embodiment 1, the suspended-

solid-capturing member 14 has been made of a single material,

but it may be made from two or more materials. The

suspended-solid-capturing member may be provided with no, a

single, or a plurality of slits. No support member 13 may be

provided, and the filtration member 12 may be formed from

only the suspended-solid-capturing member. However, since

the filtration member 12 is preferably provided in virtually

the entire space of the filtration tank 11, the suspended-

solid-capturing member is preferably fixed at a certain

position of the filtration tank.

[0030]

Embodiment 2

FIG. 4 is a system diagram of a water treatment

apparatus according to Embodiment 2. The same elements as
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wat er but does not substantially dissolve therein is added to treatnent
water, the particles preferably have a | arge surface area. Therefore, in a
preferred manner, the particles in the formof reverse-phase enul sion or

di spersion (suspended) are added to water under stirring, to thereby cause
the particles to swell, and then the particles in the swelling state are
added to the treatnent water. [0043] No particular limtation is

i nposed omp heyedimtExddod ineepar i axed adencadd doy ctlhpol syaree whiehesoe! | s in
wat er but does not substantially dissolve therein and which is added to

t r eat mentnwisd e 1 s HowsV esveptrafetap| desdhicptammmthage dogarstadiabheodt 0.2 to
about 5 ng/L with respect to the treatnent water, and about 1 to about 50
mass% wi t loGEsjpect to the solid suspended in the treatnent water. No
particular limtation is inmposed on the pH of the treatnment water to which
the parti cul ats csitowni tn pol§ et , whi ¢t syet Featmenat @ppduatdeesO not
substantially dissolve therein has been added. A | ower pH, for exanple,
about 5. Oinolwbsrita 7eepctiiomprsder rd, tsiwickeck orsé alenebt ywakee! (e

fl occul ati on perfolLuLance can be attained. [0044] When t he

parti cul atatesalt i iohi imtpodduesd whiledmiswel 1agemt wanterodue t doe snemies 33
substantially dissolve therein is added to the treatnent water, a | arge
mass of fimcloudine, ctor Exaiplet ivayng orel neans e irnt Py ided efor and
clear treated water is readily obtained. However, clogging of a filtration
appar at usirtrepdic imgrentihaiel sebagaiton{appar st bptednaf |§ eREPREY on t he
downstream side of the filtration apparatus readily occurs, which is

pr obl ematt@lymeie oftdidly swe ke Bt astir T |hierdoen, NQE ntelsRNEI2 L%t i on
apparatus_ 10 filled with a filtration nenber such that the aforenentioned
percent HitPI e Shensim LEped feheniere aserhptdedd2 cFogei®g of the
filtration apparatus 10, which would otherw se be caused by the particles
of a cat iXAAEE B ViR vihi chl BRI G nf LRE B L Bt - HeesOMet L S sTeiMts af Py

di ssolve therein, is favorably suppressed, and clear freated tgr can be
ContinuodﬂﬁAQQﬁQﬁﬂéaﬁ'examp e, a pump, the means being provided for

introducing an inorganic flocculant from an inorganic
flocculant tank 34 to the reaction tank 31; and a filtration
apparatus 10 as employed in Embodiment 1 to which treatment
water which has been subjected to a flocculation treatment
(e.g., adsorption or coagulation) in the reaction tank 31 is
introduced.
[0032]

In the water treatment apparatus 30, treatment water
(raw water) is introduced to the reaction tank 31. Then, a
chemical agent (e.g., particles of a cationic polymer which
swells in water but does not substantially dissolve therein)
stored in the chemical agent tank 32, or an inorganic
flocculant stored in the inorganic flocculant tank 34 is
added to the treatment water through introduction via the

chemical-agent-introduction means 33 or the inorganic

17



[ 0045] No particular limtation is inposed on the inorganic
fl occul ant added to treatnent water, and exanples of the inorganic
floccul ant include alum numsalts such as al um num sul fate and pol yal um num
chloride; and iron salts such as ferric chloride and ferrous sulfate. No
particular limtation is inposed on the anount of inorganic floccul ant
added to treatnent water, which may be adjusted in accordance with the
qual ity oflddeuldaeat trentodatetron TheamaoRibit to stladodadt bom otamlousl 10 ng/ L as
reduced to alum numor iron with respect to the anount of treatnent water.
When pol yEeheint nea odah orwalkee £ PAC) wh Schisielde ashemi¢abrgeemt f¢ogcul ant, and
the pH of the treatnent water to which a particulate cationic polynmer which
swel | s i npanat Brldwmitofloescatot osidbspanymat | yhi¢ls sevekl $ hen evat andoan
i norganic floccul ant have been added is adjusted to about 5.0 to about 7.0,
f1 occul atdams i sotnostbs tdravior By ydossotee theheimgh oheati| beeugamnion
performance depends on the quality of the treatnent water. The inorganic
f | occul anfloeyulmenadoes been heddedat srest inwat@rbpehores opf adit eeirheraddi ti on
of the particulate cationic polymer which swells in water but does not
subst ant i wi¢xehly sSbbaeuldeien ntredtreenat i v epyr Lored norgddaIUddclaul ant may
be added to the treatment water sinultaneously with the particulate
cati oni ¢ ot yimeeatwheh wakdt swhichabas been doelk] eotedupst@nei al |y di ssol ve
therein. [0046] ‘ As shown in FIG 5, the nmenbrane separation neans 41
may be di Shosedlan othet govipenieahs sitechargae FromnriEie ohcappheat bd1KO0 of
the water treatnent apparatus 30, to thereby construct a water treatnent
appar at us3 Uendxiamh| es ie t hel Ferbieancarpprayed 16, tWeehenbrapendepar ati on
include mcro-filtration nmenbrane iI\/F menbrane), ultra-filtration nmenbrane
(UF menbremkedd kaneeneved at iSomase Y& YO SR 2RpRFaeveri® Ysnosi s
menbrane (PC nenbrane). A single type of these nenbranes may be used singly
in a plurtdle tgretent agpientl e reriees ytha bl e F197 oFPRFHREUST L henbr anes
may be conbined. In one enbodinent, treatnment water is subjected to
menbr ane SebERAtTEM iy Febred biorMmamesEnbrahetbit U fetbraresnhhantfe
thus-treated water js further, supjected to _ penbrane sefarati on Pytﬁmans of
an RO memfEFRAC [\TokF talls Wl@’éraal $REChECt FRAIFrent LRBIERI (BT gthe
industrial, water, city water, wel| water, or Qi ol ogi Cf| I¥ trea%eg wat er)

filtration aﬁ%aratus 10 1s suppressed, and clear treate

water can be obtained.

[0033]

The treatment water contains, for example, a humic
acid-containing organic substance, a fulvic acid-containing
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
However, no particular limitation is imposed on the type of
treatment water, and specific examples include industrial
water, city water, well water, river water, lake water, and
industrial wastewater (in particular, industrial wastewater
which has been subjected to biological treatment). The term
"humus" refers to a degraded substance which is formed

through degradation of plant, etc. by the mediation of

18



contai ns a nmenbrane-fouling substance such as a hum c aci d-contai ni ng
organi ¢ substance, a fulvic acid-containing organic substance, a

bi o- met abol ite such as sugar produced by al gae, etc., or a synthetic

chem cal such as a surfactant. Therefore, when such treatnment water is

subj ected to nenbrane separation, nenbrane-fouling substances are adsorbed
on the surface of the enpl oyed nenbrane, |eading to problenmatic

det eri or ahi onobhgarirbnane mepss atdrore jres flowmbn cac i dHowsed erhe | i erbodhdrent 2,
since the particles of a cationic polyner which swells in water but does
not substaahialtyntassdhyewshereconaaénaddedutoahdgatrmealubnheecObef ore
menbr ane separation, nenbrane-fouling substances are adsorbed by the

parti cl esihgreéicerby fermvétiofrahahesyusandusprhdadessbphantesn asdperf or med
after flocculation. Therefore, treatnment water containing a | ow | evel

di ssol vedcoigaimng sopsednertsuch as a bio-netabolite serving as a

menbr ane-f oul i ng substance can be subjected to nenbrane separation, whereby
adsor pti onoos4henbr ane- f oul i ng substances onto the menbrane is mtigated,
and deterioration in nenbrane separation perfornmance i s suppressed.

Not abl y, as sh®he tcatEbGic5poipmeti Whighi swedppariat weted@ bud thesnaedr ane
separation neans 41 are installed in line at different sites. However, no
particul asubspanbiabhyi disapbvedtbarehe andt whighi 6armedeheandrtheles
filtration apparatus 10 and the menbrane separation neans 41 may be

i nst al | edoYetheradfywhbchorneaadiagl escanbilpegulant. tThtEenbyeargent

advant ageous, since the area of the installation site and the nunber of the
parts enpvayed is aheobpsyaeraffon cahipeigemprawed. hpyoag] a As shown
in FIG 6, a water_ treatnment apparatus 50 may be provided with other
nenbers | fuaddienah g5CUResWaherSt R eBY HBALYapPaRrat 85080, o ERECHAREY

treat ment apparatus 40. Specifically, absorbance-nmeasuring means 51 faor
measur i ng2abRer FEAER, ndytHEL HAHEJANENE PERURat Br IEAHR P6r ARedEL ¢ Agded
treatment water (raw_ water), and an anount control neans 52 na¥ be

provi ded. S¥he BRABEAPL coP¥ rdl IHRBALNELY BEBPREYMaBE8HBaneBYdat §¥86F4i ned by
t he absor bance-neasuring neans 51, and cal cul ates the ampunt of the

parti cul at ERERRY oRFRpoPgRRFS RN eR ShePLR1PH RUPEFaBLE2do¥sPRolater
substantially dissolve therein and ich js fed fromthe chem cal agent
tank 32 t%o}%]%l?‘%%t}éti oPg BEX ?%eogn%%tc%?l?%ci‘ﬁ%?ﬁﬁ%}fc f1 occul ant

fed fromthe inor%anic floccu#ant tank 34 to the reaction 31, to

ther eby COREFSto1 He GbURCSSOC{HE QOFEFVESY FOBAGFI S<1CTRE anbunt

trol 52.h ib i i nf i f atrolli th t of
o add t 1 GLIS LTI RAR oY ohBR Tl AERE AkPer 2BaffT de nan FgSbar ous
absprbance valueg S t&eated gn%gmé?rggeg%grlg%ngergf ) parplculatg
cationic %%?9%@? hi TATLHET T sSF e Bat"do8EHoY sﬁgstantlally di ssol ve

(et et aise ol L1or o8l | SGUAR0L TR SLOLLRIB L DB IR
cationic pol YIPLsWOECEnEVWELLSSL D1 HRIRL BYERUORSABALSHRREAAL! BlilY 4! ssol ve
monomers such as methylenebis(acrylamide). Alternatively, a
copolymer of the aforementioned cationic monomer and an
anionic or nonionic monomer which can be co-polymerized
therewith may also be employed. Specific examples of the
anionic monomer to be co-polymerized include (meth)acrylic
acid, 2-acrylamido-2-methylpropanesulfonic acid, and an

alkali metal salt thereof. The amount of the anionic monomer

must be small so that the formed copolymer maintains a
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therein is obtained. The thus-obtained relationship is stored as
calibration information for controlling the anount of the particles. The
anount control nmeans 52 cal cul ates the opti num amount of the particles
added to treatnent water fromthe absorbance data of treatnent water (raw
wat er) neasured by the absorbance-neasuring neans 51 and the relationship
(calibration information), whereby the anount of the particulate cationic
pol ymer whatchosiel psoparwgat erEsanp ke so ot he ubstt 2ot i @l hgnahess al vel wder ei n
and which is fed fromthe chem cal -agent-introduction neans 33 is

control | etmeShhataylygnide HAbsopropplaockyieande;2Nhasthal (Ke ¥ti on
information for controling the anmount of another additive. Specifically,
each of thtmekhel)sanplesidayi agryhondusidbsosbagneseyvabudsmeshyteared by
use of an inorganic flocculant. The rel ationship between the absorbance of
t he treateenyl wahethhadryhetest i filmssmownondérs heay noe gesid simgwlent is
obt ai ned. The thus-obtained relationship is stored as calibration

i nformati on ¢onbtoatioh| pAhgtvhecrnmpone spethesi ndfigmmmeodyntocelltE@m . The
amount control neans 52 cal cul ates the opti mum anount of the inorganic

f | occul antregdetinhing cageent moaower f suait Ae abdovbaréendaenesf 16r eat nent
wat er (raw water) neasured by the absorbance-neasuring neans 51 and the
rel ati onsheguicedi be dpeoh- P AP br k@t P oh) Nohkereby rhaspaabuhe Bhet hetdhor gani c
flocculant fed fromthe inorganic flocculant-introduction neans 17 is
control | eropmps5ef the monquRrag azolExeErehelphrithe @reWitatiemi c
pol ymer which swells in water but does not substantially dissolve therein,
t he node ¥febbapiblity rynd heakbérte velagolhn WF?rbeOEe‘éé?iE@HtFﬁlﬁét ail .
Firstly, the relationship between the absorbance data of treatnent water
sanpl es ahdCTRECRHOUPR L BRCY hEh palrt FEel &€ elBalRBARF cPPBI $RRF BAFch swells in
wat er but does not substantially dissolve therein, which _ amunt is suitable
for treatFHStdetiFERY ndhtsqbYer tRAYEHE 828pEEi FPRLEBLOPBande FTREES t he
amount of the particles which is sufficient for coagulating a sol uble
organi ¢ sSUbstmceCEReTFHy! aEr%‘él‘é%EnﬁEdt]%%IPar’éhﬂu@/\ﬁg‘éhc?glg’a%ceQe ¥¥fYe) ,

is derived as calipration information for controllin e additive anount.
Bef ore waf C]?r%‘é?ﬁt‘ﬁtl,nt‘ﬁ%t%’és}a‘ﬁ%a ‘B%So?thEu{’FEﬁPFrgﬁw%agé?sP Vireasur ed.

On the basi f_th d.th | b ' | nf ti f
cont ol || TETRER aa7 T8 BSGRER T ER o Bmbane 0rCt AE BAFLTeulaFe cationc
pol ymer V\?i h swel | s#oq yvfat r t}aut q:o.es not substanti al I% di ssol ve therein

i s controt? 1ﬂs.t]fjt‘ﬁl%l S or ante FAITEC BT Hent Sl er
measured at .at_| ope wavelength.falling.wihin a regi f_200 to
200 nm ardh Gt 31 TR ORe TR o gt YAt g ChFERPALaor S BE: [1 BRY T egi on
of 500 to /00 om have 1hbe %%lsé %ﬁ'@u%&éeéﬁwﬂi}é‘ %Q%gasrswghe pedidl €
subst ance conc_entra IOI’]_. ‘l: Ol Upl e or _ganl_c _SU S _nce concentratli on =
AxPabsorbance, | 1 W, ¢ eghom) nor (ARSOLLAPEE1 1) ¥iSLB Gl LAl ein. o
particular limitation is imposed on the particle size of the
particles of a cationic polymer which swells in water but
does not substantially dissolve therein. However, the mean
particle size in reverse-phase emulsion or dispersion
(suspended); i.e., the mean particle size in a non-water-
swelling state, is preferably 100 um or less, more preferably,
0.1 to 10 um.

[0035]

No particular limitation is imposed on the method of
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region)] [0053] In addition, there is a certain correl ati on between
t he sol ubl e organi c substance concentration and the opti num anount of the
particles of added to treatnent water, which anount is obtained fromthe
time required for filtering a predeterm ned anount of water by neans of a
0.45-Rm nenbrane filter (hereinafter referred as a KMF val ue). Thus,

t hrough neasuring the absorbance at at |east one wavel ength in an UV-region
and at atadlébsy voetwaxehengt hataratuesabbeehieghtonedi parttihalapei num
anount of the particulate cationic polynmer which swells in water but does
not substaatiahiy dosgotvewhhehesneahd whi ehtes hddedoee water can be
estimated. [0054] Specifically, water sanples having different

gual i ti ess@lesgantiatigtdiatoWatethsaaphes Banpdxeanole di fieremtt dalyss are
subjected to a jar test in advance. Fromthe differences between absorbance
in W regasnarad wdser bdnsperaivnstheeebifghorr egivenseaptashecopl siom
concentration values of the particulate cationic polyner which swells in
wat er butodoésspetssobstanspahfigddi shergeft mayeba, atiledr eébatireatinept
(information for controlling the amount of added pol yner particles)
representeatdy. t He elyowasscritbes fagsantaiq]l )that dere viereatmedorvater (1),
each of Ato Crepresents a constant depending on a quality of treatnent
wat er suchs asusitcbeeé oeghhbccubapoondtreatwantathovaugbE2eddispresefits an
absor bance neasured at 260 nm and E660 represents an absorbance neasured
at 660 nnthe rpaaterulaeat aehionineprabyoebarnbéchf swadler éat WeAerwWREEr s
nmeasured, and the optimum concentration of the polyner particles is

det er m nedo¢$ 0Pt heubpsarbiattyddiasahvet hberelat fonsheptrepE@seht ed by
formula (1). The particles in the thus-determ ned opti num anount_ are added
to the treéatd®entlviterthgobssgtment watepneeNefatnbn 6PnEREtpUitRctibgt e

cationic polynmer which swells in water but does not_substantially dissolve
t her ei n) particles of a cationic polymer which swells in water but

does not substantially dissolve therein, whereby the solid
suspended in the treatment water is adsorbed by the particles.
[0036]

Two or more particulate cationic polymers which swell
but do not substantially dissolve in water may also be added
to the treatment water. Notably, since the cationic polymer
per se which forms the particles swells but does not
substantially dissolve in water, particulates of the cationic
polymer which swells in water but does not‘substantially
dissolve therein swell but do not substantially dissolve in
water, differing from a conventional polymer flocculant. The
expression "not substantially dissolve in water" refers to
such a water-solubility that the cationic polymer particles
can be present in water. Specifically, the solubility of the

particles in water at 30°C is about 0.1 g/L or less. The

amount of percent swelling of the particles in water is about
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= Ax(E260 - E660)D + C(1) [0056] In the aforenentioned procedure,
the relationship (information for controlling the anmount of added pol yner
particles) between the difference between absorbance in UV region and
absorbance in visible-light region, and the optimum concentrati on val ue of
the particulate cationic polynmer which swells in water but does not
substantially dissolve therein is derived. However, determ nation of the
anount of1@ddedlpohty er0 patnhes) ess i cahotlitadtled dovidenafoparoeateoned
manner, and, for exanple, a threshold control nethod nay al so be enpl oyed.
No parti cadze 1n nwdtedt doy isattpobedsbrnet e & hneshovel tongretapet hod. I n one
enbodi nent, when the absorbance difference is | ess than a specific val ue
al, the choexnhtrati on of added particulate cationic polymer which swells in
wat er but does not substantially dissolve therein is adjusted to bi; when

t he absor banceNekf f ex eneecise-phapecehiitsvahuéooh af tbeapartheles of
concentration of added polyner particles is adjusted to b2; and when the
absor bance i driier epeleymier | whiexitcesee bl s aigpeei ¢t chval decofnal, the
concentration of added polyner particles is adjusted to b2. [0057]

Thus, thrsukgtamntably idigshbvanpuereoh vhel paetdestailedatnodeeapdl yner
which swells in water but does not substantially dissolve therein and which
i s added Howavesat nem e ercbes tdee bact slohite@ baobhe 5Pr8ol tBl® organic
substance form ng suspended solid in the treatnent water, an_optinmum anount
of the paelvigatrarzidloni enpbsicrrianieh aviedrsienlant @pubsiodoelUhod
substantially di ssolve therein and which can be added to the treatnent

wat er, tcaEeEbicrhharerseRreee W@l »PiyeeenePulsicRddi ti on, even
when the quality of treatnment water varies, the ampunt of the particul ate
cationic PA3&er which swells in water but does not substantially dissolve
therein and which is added to the treatnment water can be optim zed in

accor dance wi tH¢ heeVarseP@ati eyl GheresynvetyscrBar 2fPESNEREWAPEF can be
consistently obtained. Notably, the amount of inorganic flocculant nmay al so
be cont r STHEPTHH PHRAMT '@fﬁw?%ﬁ%h%nc%%EerbEgn??%?lFﬂb of the anount
of the particulate cationic polyner which swells if,mat r._ byt does not
subst ant i SHISER e IRFITE  Hoosstn: vWatel delt@rt U?KaH?Fﬁrg?n'
t r eat ment ter and the sol ubl e organi.c substance caoncentrati,on have a
correl atiBf & FH AP ey & r?égérgiﬂselotji% é?fciﬁoﬁtb]s%}%aﬁ%céyﬂa}%%gh

trolling th idity i inlar.to th trol _of b ,
o opt i MBS Do, 1§ ST AR LERF bt 501 SHEF i Bh"SUEF| Bin wat or
but d t substantially, dj t i . ap opti , t.af th
nor gan STt AL Ve bied 930 Te. FPeat it it Br fortheidy,

h treat ment. wat ffici . ddij £ i h lity of
Cr eat nenC G AT 5. = Pt Srdtn = of 0t PG ar (1201 Spetbai 301 sopaPy et

whi ch | 1sd d b [.al ' I h
ch svells§n wgter by fogs, nat substantialdy dissalvetfiersi g, t he

anmount of " He i norgani c he treatmen

0Pt 26, 1posgrdance, WAfLLhe uaibed ual Lhkscuhes eby,vasochear «reated

wat er can be consi’s ai ned. ess to say, control of the

f1 occul ang, a@mynt.on vt,%eepafé Saé?jmﬁé@&dapéowaesesé%ésﬁfg ﬁ&@ﬁt 95$£>$§’gt er

(raw wat er), and contr of the occul ant anount on t asis o

turbi di ty dathg of ¢ PAUSRM W SfndBY PEREET 86 TBler which swells in
water but does not substantially dissolve therein, water, a
liguid hydrocarbon, and a surfactant.
[0039]
No particular limitation is imposed on the liquid
hydrocarbon, and examples of the liquid hydrocarbon include

aliphatic liquid hydrocarbons such as isoparaffine (e.g.,
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[ 0059] As shown in FIG 7, another water treatnent apparatus having
washi ng-1i qui d-introduction neans for introducing washing liquid and air to
the filtration apparatus 10 in a reverse direction of water passage may be
provided with other nenbers in addition to the water treatnent apparatus 30
or the water treatnment apparatus 40. Specifically, for exanple, as shown in
FIG 7, the water treatnent apparatus has a treated water tank 61 for
reservi ngitbrewahel ,t heabrdnby Rembeane,sepdr atihemaieand .41, and

washi ng-11iquid-introduction neans 62 for introducing treated water
(serving @asoaowashing liquid) and air reserved in the treated water tank 61
sequentially to the nenbrane separation neans 41 and the filtration
apparatus 10. E@86@les of thensub€awabert tinedtwentClappar &20s hB@hetrthe wat er
whi ch has been filtered is subjected to nenbrane separation, and the

t hus-treaagdphatée aicobsérpedybryehbylerat ettheaterntiafk06to C22t he course
of passage of treatnent water, nenbrane-fouling substances; i.e., solid
mat t er andighbéer fatuspeadéd polidxgechyhanengsteos,t havpaot ol E8Bof a
cationic polynmer which swells in water but does not substantially dissolve
t herei n (fhpdeabhni)cahdpohbiilnor ahaock) oofullatt dddedExamphestedathent
wat er, are gradually deposited on the filtration nmenber 12 of the

filtrati oathppar ahasudé, ahheheby (Lhoryér bdcphnde ottvheaflicobedti on menber
is inpaired. Simlarly, menbrane-fouling substances; i.e., solid matter and
ot her suspeadeslsalidholi gphayinglipbmlt hetpart PollgoxyretavéaneodiE® pol ymer
which swells in water but does not substantially dissolve therein

(f1 occul apdyinhdnt helenorgante fPocethane -adBsampbes heftteatpeherRater, are
gradual | y deposited on the MF nenbrane etc. of the nmenbrane separation
neans 41, inhérdpyfentyneabfandayspsr acion pedméitienesits SiFaricdaCius, a
val ve 63 di sposed between the reaction tank 31 and the filtration apparatus
10, and ac¥ai¢ea6iddi §p6sedPReYREFRtHNS SRENYESNEOSAEAPRt Fod eardd)41 and
the treated water tank 61 and bei ng opened during nenbrane separation are
cl osed at€&ReAPbitrary frequency, to thereby interrupt nenbrane separation.
Then, a valve 65 connecting the treated water tank 61 and the nenbrane
separ ati ohOftdhs 41 is opened, whereby an air-water nixture reserved in the

treated water tank 61 is_intrqQdyced . to the nenbrane separation s 41 via
me waﬁhi ng- | i §&i f&s‘i‘;‘fﬁtlflbl&aﬁt il&ﬁlllﬁé&ﬁingzss&gwiﬁaé; O;S’u_ﬁ%’.et ﬁ&rti@ét hﬁ%n e,
rough passage.o e washin ui or abou e mnute in e, reverse
gigectionfr?ﬂ ;iEBaFﬁFiBﬁvﬁﬁﬁgfﬁhgsfzeaﬁéfﬁEEed ?gerﬁwgfﬁéoﬂafﬁfﬂa? "
ubsequen : n e washi,n i qui M G as pass r.ou nmenbr ane
separatioﬁr§@Hﬁ§g4EhF§ug u@éﬁgpg §a§§tﬁﬁP&&gW°Pﬁ§eFiﬁ%?%tﬁoﬁgﬁﬁﬁhﬁéFhs 10,
t he fiItrat%on nenbei 12 is waghed §¥ th% wagg&n ukiggé%.nzge washi ng
|iquid i sCAFSERAFgBIYIGI VRECH PYFPAT Por afparat 08 t16<Fa "8 val ve 66 to the
outside of th ter_treatnment apparatus 60.. Notably, punmp or
2T | ar SHRARENFOR 7 el RGCLNE SAERERTI Al & L Caes it Thrmstt Phe
menbr ane separation ans 41 and. fi i pp fus t shi ng
liquid caﬂo 8@?%;?655?38§?6'; eg%%pgpabkg%%%gggpgfu%a%ogbf%%#gcﬁggﬁgtion of
the vashi ngal Lgybds Lt (UGt Len.aeans 62 fatsil reducing washing 11quid to
t he nenbrane separaP?on reans 41,
polymerization or suspension polymerization). 1In an
alternative method, the monomers are solution-polymerized;
the produced polymer is pulverized by means of a homogenizer
or the like; and the polymer and a dispersant (e.g.,
surfactant) are added to a liquid hydrocarbon.

[0042]

When the particulate cationic polymer which swells in
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[ 0061] After washing of the nenbrane separation neans 41 and the
filtration apparatus 10 by the washing liquid and air, the valves 63, 64
are opened, and the valves 65, 66 are closed, whereby filtration and
menbrane separation are started again. Thus, through washing the filtration
apparatus 10 and the nenbrane separation neans 41, suspended solid adsorbed
by the filtration nmenber 12 and the separati on nenbrane can be renoved.

Ther ef or eyattket esutordadd Omaotn dubbdtraait oril perd sswince Enelrerenbrarmeddepatat i on
performance can be reliably prevented. In an alternative manner, treated
wat er anctmdatumyt beaten r othis gohon gl do pef drdbIathave appeaegals 10. [ 0062]
In the case where the filtration nenber 12 can nove in the filtration tank
11 (e.g. ,sultaaaseraher ehemdsoofe,t Ha & prederoederbercrl? tiee not fi xed),
the volune of the filtration portion during filtration and that during
rever se vgsitiinglemyirbecltd ff@ment fdneepsr qemse hemgks ion vaf uieshet seen
filtration and washing is preferably 30% or |ess, particularly preferably
10% or | essusplndad)h st hadded riod wEtetheundd mnet chadne, thetlhexelryt reat nent
apparatus can be small-sized, and the turbidity of the treated water can be
rel i abl y gatheathe [B083]cles to dwelEnmbatidrerhe, the ppart beles el atheni c

pol ymer which swells in water but does not substantially dissolve therein
and an i rorgjaning fdtoopulamrg addeddtd tredrzeattndnbcetent , but either one
of them may be used. Alternatively, a polymer flocculant or the |like nmay be
used singl304] in conbination with the aforenentioned floccul ants. Exanples
of the polymer flocculant include anionic organic polynmer flocculants such
as pol y( et h) 8¢ ywaet bewlpr (henhiakion i s athgosed (@Rt gl}%o@‘?@%ﬁaﬁ— def
copolyner, alkali netal salts thereof; nonionic organic, polyner flocculants
such as pote Eretth)atlatiariatet ok RRAVERT Vvt gant ¢ pbt yher"dt e citlant s such
honopol yners of a cationic nononer (e.g., dinmethylam noethyl (net h%acryl ate
or a quatdgefampPtarfiilftansEa 1Y SR 1V rthp rthyRRgi Wepshpy$ added to
(meth)acrylam de or a quaternary amoni um salt thereof), and copol yners of
the cati driieasidnefateiid afloVENiedni CLRSHETERIL Ynhi T e d@p&}‘%ﬁbﬁ%’%‘%d
therewith. No particular limtation js inposed on the anmount of organic

pol yner ARG HRIFRPHo 1 rid veht thafefPeahdt @ herenbtft eyt B2 58T ust ed
in accordance with the quality of theotreaﬁrrent wat er . (Enerailg, t he
amount i SHbAROW: 01 & 20 PRFTE (Cot T I THTENt FRat®Y ) SOt h* Enbodi ment

2, flocculants are jntroduced to the reacti &g} tank .31, but
a

th .
f1 occul art{¥e B i TS JdREYI - Upst Peamod b Bk i‘?‘efn}lea&‘cttjioé}l t ank
31.

is imposed on the pH of the treatment water to which the
particulate cationic polymer which swells in water but does
not substantially dissolve therein has been added. A lower
pH, for example, about 5.0 to about 7.5, is preferred, since
considerably excellent flocculation performance can be
attained.

[0044]

When the particulate cationic polymer which swells in
water but does not substantially dissolve therein is added to
the treatment water, a large mass of flocculate can be
effectively formed in the treatment water, and clear treated

water is readily obtained. However, clogging of a filtration
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[ 0064] The water treatnent apparatus of the invention may further
include water purification means such as decarbonation means or
activated-carbon-treatnment neans. If required, the water treatnent
apparatus of the invention may optionally include UV-radiation means,
ozoni zation neans, biological-treatnment neans, etc. [0065] If required,
additives such as a coagulant, a sterilizer, a deodorant, a defoam ng
agent, angppearanis caid ast v maEyoienel seeba ddtesen aajoldd Taess aret ionabluced to,
for exanple, the chem cal agent tank 32. Exanpl es [0066]

disposed on the downstream side of the filtration apparatus

readily occurs, which is problematic. According to the

present invention, since the filtration apparatus 10 filled

with a filtration member such that the aforementioned percent

void falls within a specific range is employed, clogging of

the filtration apparatus 10, which would otherwise be caused

by the particles of a cationic polymer which swells in water

but does not substantially dissolve therein, is favorably

suppressed, and clear treated water can be continuously

obtained.

[0045]

No particular limitation is imposed on the inorganic
flocculant added to treatment water, and examples of the
inorganic flocculant include aluminum salts such as aluminum
sulfate and polyaluminum chloride; and iron salts such as
ferric chloride and ferrous sulfate. No particular
limitation is imposed on the amount of inorganic flocculant
added to treatment water, which may be adjusted in accordance
with the quality of the treatment water. The amount is about
0.5 to about 10 mg/L as reduced to aluminum or iron with
respect to the amount of treatment water. When polyaluminum
chloride (PAC) is used as an inorganic flocculant, and the pH
of the treatment water to which a particulate cationic
polymer which swells in water but does not substantially

dissolve therein and an inorganic flocculant have been added

is adjusted to about 5.0 to about 7.0, flocculation is most
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The present invention will next be described in nore detail by way of
Exanpl es and Conparati ve Exanples, which should not be construed as
limting the invention thereto. [0067] Rel ati onship between percent void
and differential pressure increase or turbidity of treated water)

I ndustrial water having a turbidity of 20 was enpl oyed as treatnent water
(raw water) and treated by nmeans of an apparatus shown in FIG 4 at an LV
of 200 nmfevaralbhe oeekrs Asastiosugh ntlkd G ldgcthet foh t pat f onmameder enpl oyed
inthe filtration apparatus is conposed of a support nenber 13 and a

ri bbon- | i depeasudgpendeicthe odrual capt olf | tige nerdeetmdd; wanide bot ITrendofgarhies
support nenber in a direction of water passage are fixed onto correspondi ng
pl at es lefbfcauiant rredy dve tadded 1t o Thiee stipgerhemevbetet odfisra capacity of
250 nmL, each piece of the suspended-solid-capturing nmenber 14 has a

t hi cknessaffe. themadai wiak hoHf t12e g rahcu ke t @ nch thi ¢l st otendr onn i die
support nenber during passage of treatnent water) of 100 mm and is knitted
i nto the swipbos timererr soutasdees asstuneulbdiean toopl shapessdhveughewaiyi ng t he
knitting density of the suspended-solid-capturing nmenber 14, filtration
menber s HeMiewnat ffelenttiperveotgami ¢ Vdusslait andy | be atdded poo t tlon
(defined by subtracting the volunme of support nenber 13 fromthe inner

vol ume oftndwrtnignt reatien imkltaeausingylivatsre easapeubit80caidons®, 60,
70, 80, 90, 95, and 98% were fabricated. Each filtration nmenber was

subj ect edPalyneit efhiqlesgiwmhts Notwtsr kithcoehasuppdrstampbeilvas fi xed
at both ends, the volune of the filtration nmenber during passage of

t r eat nentdi@aekvaidierfiini n anot her stage were substantially the sane
(percent volunme change of substantially 0). The filtration tank 11 has a

di aneter 0400 nm and a height of 500 mm To treatnent water, added were
30 ng/L of polyalum numchloride (PAC. 10 wt.% as Al 203) serving as a

fl occul ant and*®. ¥ L1 B F KOR VERTER T H el usePdFa kien t Beq@s et 1

I ndustries Ltd., CE (colloid equivalent): 1.3 neq/g (as_polynmer particles))
servi ng dHAS EHREY QreLherfionihieat ysigle (Ne theat et iR ¥ di schar ged
fromthe filtration apparatus (treated water turbidity) and the increase in
di f f er entBRRALHEBES Ur% VF Hife F348Y% dtTGH M PardRRAC T F2F ent? afPpre%ur e
increase rate) were neasured. The results are shown _in Table 1. The

tur bi di t RIS T G R VRS R FRRAEH B g e SSGTBIER o6 Hansmi tt ed

light with respect to a kaolin.standard solution. The differentjal pressure
| ner ease I B (AP HDIGF dit e TEREHAE VERP A IR e BI0S T BRRT s of

the differ, het the i the outl et . [0068
Ao a1 esdi T G Th TP ol LAt ) n G 5 1947500 O HEFBET i
har ged that a filtration.portion h id of 50 to.95%
Gur i ng. pALBAJE Bt e o S St Gyt S R e ol AW ERtt e TRr ease

rate andr%@%rse osmosis membrane (RO membrane). A single type of

these membranes may be used singly in a plurality of stages.
Alternatively, a plurality of types of membranes may be
combined. In one embodiment, treatment water is subjected to
membrane separation by means of an MF membrane or UF membrane,
and the thus-treated water is further subjected to membrane
separation by means of an RO membrane.
[0047]

Generally, the treatment water (e.g., industrial water,

city water, well water, or biologically treated water)
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treated water turbidity were considerably |low, clear treated water was
obt ai ned, and cl oggi ng was suppressed, as conpared wth the cases where the
percent void fell outside the range of 50 to 95% [0069] [Table 1] Percent
void % Filtration nmenber conposed of support nenber and ribbon- 1ike
suspended- sol i d- capt uri ng nenber
contains a membrane-fouling substance such as a humic acid-
containing organic substance, a fulvic acid-containing
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
Therefore, when such treatment water is subjected to membrane
separation, membrane-fouling substances are adsorbed on the
surface of the employed membrane, leading to problematic
deterioration in membrane separation performance. However,
in Embodiment 2, since the particles of a cationic polymer
which swells in water but does not substantially dissolve
therein are added to treatment water before membrane
separation, membrane-fouling substances are adsorbed by the
particles to thereby form flocculates, and membrane
separation is performed after flocculation. Therefore,
treatment water containing a low-level dissolved organic
substance such as a bio-metabolite serving as a membrane-
fouling substance can be subjected to membrane separation,
whereby adsorption of membrane-fouling substances onto the
membrane is mitigated, and deterioration in membrane
separation performance is suppressed. Notably, as shown in
FIG. 5, the filtration apparatus 10 and the membrane
separation means 41 are installed in line at different sites.
However, no particular limitation is imposed on the
installation mode, and the filtration apparatus 10 and the
membrane separation means 41 may be installed vertically to

form a single combined unit. This mode is advantageous,

since the area of the installation site and the number of the

27



D fferenti al

parts employed in the installation can be decreased.
[0048]

As shown in FIG. 6, a water treatment apparatus 50 may
be provided with other members in addition to the water
treatment apparatus 30 or the water treatment apparatus 40.
Specifically, absorbance-measuring means 51 for measuring
absorbance may be added to a raw water tank for reserving
treatment water (raw water), and an amount control means 52
may be provided. The amount control means 52 receives
absorbance data obtained by the absorbance-measuring means 51,
and calculates the amount of the particulate cationic polymer
which swells in water but does not substantially dissolve
therein and which is fed from the chemical agent tank 32 to
the reaction tank 31, and the amount of the inorganic
flocculant fed from the inorganic flocculant tank 34 to the
reaction tank 31, to thereby control the amounts of the
additives.

[0049]

The amount control means 52 has calibration information
for controlling the amount of an additive. Specifically,
each of the water samples having various absorbance values is
treated in a jar tester by use of a particulate cationic
polymer which swells in water but does not substantially
dissolve therein and an inorganic flocculant. The
relationship between the absorbance of the treatment water
and the optimum amount of the particulate cationic polymer

which swells in water but does not substantially dissolve
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therein is obtained. The thus-obtained relationship is
stored as calibration information for controlling the amount
of the particles. The amount control means 52 calculates the
optimum amount of the particles added to treatment water from
the absorbance data of treatment water (raw water) measured
by the absorbance-measuring means 51 and the relationship
(calibration information), whereby the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein and which is fed from the
chemical-agent-introduction means 33 is controlled.
Similarly, the amount control means 52 has calibration
information for controling the amount of another additive.
Specifically, each of the water samples having various
absorbance values is treated by use of an inorganic
flocculant. The relationship between the absorbance of the
treatment water and the optimum amount of the inorganic
flocculant is obtained. The thus-obtained relationship is
stored as calibration information for controlling the amount
of the inorganic flocculant. The amount control means 52
calculates the optimum amount of the inorganic flocculant
added to treatment water from the absorbance data of
treatment water (raw water) measured by the absorbance-
measuring means 51 and the relationship (calibration
information), whereby the amount of the inorganic flocculant
fed from the inorganic flocculant-introduction means 17 is
controlled.

[0050]
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Taking as an example the particulate cationic polymer
which swells in water but does not substantially dissolve
therein, the mode of controlling the additive amount will be
described in detail. Firstly, the relationship between the
absorbance data of treatment water samples and the amount of
the particulate cationic polymer which swells in water but
does not substantially dissolve therein, which amount is
suitable for treating the treatment water having a specific
absorbance (i.e., the amount of the particles which is
sufficient for coagulating a soluble organic substance
serving as suspended solid and which is not excessive), is
derived asg calibration information for controlling the
additive amount. Before water treatment, the absorbance of
the treatment water is measured. On the basis of the
measured absorbance and the calibration information for
controlling the additive amount, the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein is controlled.

[0051]

The absorbance values of treatment water measured at at
least one wavelength falling within a UV region of 200 to 400
nm and at at least one wavelength falling within a visible-
light region of 500 to 700 nm have the following correlation
with the soluble organic substance concentration.

[0052]

Soluble organic substance concentration =

Ax [ (absorbance in UV region) - (absorbance in visible-light
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21 0.6 30 56 03 [0070] Exanple 1 I ndustrial water having a
turbidity of 3.4 to 22, a TOC (total organic carbon) of 0.3 to 4.8 ng/L,
and a tenperature of 24.5 to 26.0C was enpl oyed as treatnent water (raw
water) and treated by neans of an apparatus (feed of raw water: 50 L/h)
shown in FIG 5 at an LV of 200 mih, while the quality of the treatnent
wat er was periodically varied. An MF nenbrane was enpl oyed as a separation
menbr ane refgitdie Imenbr ane separation nmeans 41. The turbidity of the treated
[0053]
In addition, there is a certain correlation between the
soluble organic substance concentration and the optimum
amount of the particles of added to treatment water, which
amount is obtained from the time required for filtering a
predetermined amount of water by means of a 0.45-um membrane
filter (hereinafter referred as a KMF value). Thus, through
measuring the absorbance at at least one wavelength in an UV-
region and at at least one wavelength in a visible-light
region, the optimum amount of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein and which is added to water can be estimated.
[0054]
Specifically, water samples having different qualities
(e.g., industrial water samples sampled on different days)
are subjected to a jar test in advance. From the differences
between absorbance in UV region and absorbance in visible-
light region, and the optimum concentration values of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein, the relationship
(information for controlling the amount of added polymer
particles) represented by the below-described formula (I) is
derived. In formula (I), each of A to C represents a
constant depending on a quality of treatment water such as

soluble organic compound concentration. E260 represents an

absorbance measured at 260 nm, and E660 represents an
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wat er discharged fromthe filtration apparatus and the differential
pressure increase rate of the filtration apparatus were neasured, and the
results are shown in Table 2. As shown in FIG 1, the filtration apparatus
10 includes a filtration nmenber conposed of a support menber and a

ri bbonli ke suspended-solid-capturing nmenber. Each piece of the
suspended-sol i d-capturing nenber 14 has a thickness of 0.5 nm a width of 2
mm and adsengidneef nksurad Hte qer cent Vol dradkera tiekttmaniton ther t i on
(defined by subtracting the volunme of support menber 13 fromthe inner

vol unme ofaddverdarde adfi arhe andedthjercumiaig mait e meresssage, wasd 83% The support
menber 13 of the filtration nmenber 12 was fixed at only one end thereof

ont o t he qutatmein G oticsposed iom tdfe tlEs toelamest demitriales dis ettiormigiedat er
passage. Although the other end of the support nenber 13 remai ned unfixed,
the filt riatdwont hee dberonimsicl statidbwret the frorld i ereh igeneartdsented ey entire
portion of the filtration tank during passage of treatnent water, since one
end of tHemupportI)nenfbe pastficted an the phaise deeomined Wpstimeam si de.
Pol yal um num chl oride (PAC. 10 wt.% as Al 203) serving as a floccul ant was
added i n aawuarpwte OB My Lthe thraadgpatt wakehe treatment water. [0071]
Exanple 2 The procedure of Exanple 1 was repeated, except that 2 to 5
slits werl®g&=vided in a portion of each piece of the |oop-like
suspended-sol i d-capturing nenber other than the support nenber-bound
portion. [ 00FnqRetpttel 31 Thie e ceatlil eC ok a P ot £O1 Qe ¥Rt ed, except
that the ends of the support nmenmber 13 of the filtration nenber_ 12 were
fixed towHehplsateds. sl 6irovatiar dpst rdaaf Sidfe HP R HWstdeaFRsT®e in the

direction of water passage, respectively. [0073] Exanple 4 The
procedur &hsreldnpl e 3 was repeated, except that KUR VERTER EP was added

instead of PACto treatnent water in an anount of 1.4 ng/L.
= Ax (E260 - E660)® + C  (I)

[0056]

In the aforementioned procedure, the relationship
(information for controlling the amount of added polymer
particles) between the difference between absorbance in UV
region and absorbance in visible-light region, and the
optimum concentration value of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein is derived. However, determination of the
amount of added polymer particles is not limited to the
aforementioned manner, and, for example, a threshold control
method may also be employed. No particular limitation is
imposed on the threshold control method. In one embodiment,
when the absorbance difference is less than a specific value
a;, the concentration of added particulate cationic polymer
which swells in water but does not substantially dissolve

therein is adjusted to by, ; when the absorbance difference is
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[0074] Exanple 5 The procedure of Exanple 3 was repeated, except

t hat KURI VERTER EP was al so added to treatnent water in an amount of 0.7

ng/ L. [0075] Exanple 6 The procedure of Exanple 5 was repeated, except

t hat the absorbance of raw water was nmeasured, and the concentrations of

PAC and KURI VERTER EP added to the raw water were controlled on the basis

of the obtained absorbance data. [0076] Exanple 7 The procedure of Exanple

5 was repeatpehigkcepiludabf d:hecd ab) dity ofneav vat son vas addsdr ed, and

t he concentrations of PAC and KURI VERTER EP added to the raw water were

control | egblgymeéhepdrasislad 1dheadpisteaddtabisor bamce wiatna .t eQ@bEorbance
difference is in excess of a specific value of a,, the
concentration of added polymer particles is adjusted to bs.
[0057]

Thus, through controlling the amount of the particulate
cationic polymer which swells in water but does not
substantially dissolve therein and which is added to
treatment water on the basis of the amount of soluble organic
substance forming suspended solid in the treatment water, an
optimum amount of the particulate cationic polymer which
swells in water but does not substantially dissolve therein
and which can be added to the treatment water, to thereby
enhance treatment water efficiency. In addition, even when
the quality of treatment water varies, the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein and which is added to the
treatment water can be optimized in accordance with the
varied quality, whereby very clear treated water can be
consistently obtained. Notably, the amount of inorganic
flocculant may also be controlled in a manner similar to the
case of controlling of the amount of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein.

[0058]

Since the turbidity of treatment water and the soluble

organic substance concentration have a correlation, turbidity
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Exanpl e 8 The procedure of Exanple 5 was repeated, except that the
absorbance and turbidity of raw water were neasured, and the concentrations
of PAC and KURI VERTER EP added to the raw water were controlled on the
basis of the obtai ned absorbance and turbidity data. [0078] Conparative
Exanmple 1 The procedure of Exanple 8 was repeated, except that a sand
filtration apparatus was enpl oyed instead of the filtration apparatus.
[0079] [ Tt delmeaesdd®dingtieard of absorbance. Through controlling
the turbidity in a manner similar to the control of
absorbance, an optimum amount of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein or an optimum amount of the inorganic
flocculant can be added to the treatment water, to thereby
enhance treatment water efficiency. In addition, even when
the quality of treatment water varies, the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein or the amount of the
inorganic flocculant added to the treatment water can be
optimized in accordance with the varied quality, whereby vary
clear treated water can be consistently obtained. Needless
to say, both control of the flocculant amount on the basis of
the absorbance data of treatment water (raw water), and
control of the flocculant amount on the basis of the
turbidity data of treatment water may be performed.
[0059]
As shown in FIG. 7, another water treatment apparatus
having washing-liquid-introduction means forbintroducing
washing liquid and air to the filtration apparatus 10 in a
reverse direction of water passage may be provided with other
members in addition to the water treatment apparatus 30 or
the water treatment apparatus 40. Specifically, for example,
as shown in FIG. 7, the water treatment apparatus has a

treated water tank 61 for reserving the water treated by

membrane separation means 41, and washing-liquid-introduction
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turbidity () Differential pressure increase rate (kPa/D) 0.75 Ex. 1 2.4 to
2.9

means 62 for introducing treated water (serving as a washing
liguid) and air reserved in the treated water tank 61
sequentially to the membrane separation means 41 and the
filtration apparatus 10.

[0060]

In the water treatment apparatus 60, the water which
has been filtered is subjected to membrane separation, and
the thus-treated water is reserved in the treated water tank
61. In the course of passage of treatment water, membrane-
fouling substances; i.e., solid matter and other suspended
solid originating from the particles of a cationic polymer
which swells in water but does not substantially dissolve
therein (flocculant) and the inorganic flocculant added to
the treatment water, are gradually deposited on the
filtration member 12 of the filtration apparatus 10, whereby
the performance of the filtration member is impaired.
Similarly, membrane-fouling substances; i.e., solid matter
and other suspended solid originating from the particles of a
cationic polymer which swells in water but does not
substantially dissolve therein (flocculant) and the inorganic
flocculant added to the treatment water, are gradually
deposited on the MF membrane etc. of the membrane separation
means 41, whereby the membrane separation performance is
impaired. Thus, a valve 63 disposed between the reaction
tank 31 and the filtration apparatus 10, and a valve 64
disposed between the membrane separation means 41 and the

treated water tank 61 and being opened during membrane
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Ex. 2 2.1to 2.3 0.61 Ex. 3 2.0to 2.2 0.6 Ex. 4 0.4 to 1.0 0.23 Ex. 5

separation are closed at an arbitrary frequency, to thereby
interrupt membrane separation. Then, a valve 65 connecting
the treated water tank 61 and the membrane separation means
41 is opened, whereby an air—wéter mixture reserved in the
treated water tank 61 is introduced to the membrane
separation means 41 via the washing-liquid-introduction means
62 such as a pump. For example, through passage of the
washing liquid for about one minute in the reverse direction,
the separation membrane is subjected to reverse washing.
Subsequently, when the washing liquid which has passed
through the membrane separation means 41 is caused to pass
through the filtration apparatus 10, the filtration member 12
is washed by the washing liquid. The washing liquid is
discharged from the filtration apparatus 10 via a valve 66 to
the outside of the water treatment apparatus 60. Notably,
even when no pump or a similar means for feeding the washing
liquid is disposed between the membrane separation means 41
and the filtration apparatus 10, the washing liquid can be
introduced to the filtration apparatus 10 by the mediation of
the washing-ligquid-introduction means 62 for introducing
washing liquid to the membrane separation means 41.

[0061]

After washing of the membrane separation means 41 and
the filtration apparatus 10 by the washing liquid and air,
the valves 63, 64 are opened, and the valves 65, 66 are
closed, whereby filtration and membrane separation are

started again. Thus, through washing the filtration
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0.41t00.90.28 Ex. 6 0.4to 0.7 0.16 Ex. 7 0.3 to 0.8 0.19 Ex. 8 0.3 to
0.5

apparatus 10 and the membrane separation means 41, suspended
solid adsorbed by the filtration member 12 and the separation
membrane can be removed. Therefore, deterioration in
filtration performance and membrane separation performance
can be reliably prevented. In an alternative manner, treated
water and air may be introduced only to the filtration
apparatus 10.

[0062]

In the case where the filtration member 12 can move in
the filtration tank 11 (e.g., the case where ends of the
filtration member 12 are not fixed), the volume of the
filtration portion during filtration and that during reverse
washing may be different. The percent change in volume
between filtration and washing is preferably 30% or less,
particularly preferably 10% or less. Through such control of
the volume change, the water treatment apparatus can be
small-sized, and the turbidity of the treated water can be
reliably reduced.

[0063]

In Embodiment 2, a particulate cationic polymer which
swells in water but does not substantially dissolve therein
and an inorganic flocculant are both used as a flocculant,
but either one of them may be used. Alternatively, a polymer
flocculant or the like may be used singly or in combination
with the aforementioned flocculants. Examples of the polymer
flocculant include anionic organic polymer flocculants such

as poly(meth)acrylic acid, (meth)acrylic acid-
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0.15 Conp. Ex. 1 0.8 to 3.8 1.6 [0080] As shown in Table 2, in
Exanples 1 to 8, the turbidity of treated water and the differenti al
pressure increase rate were found to be low, and clear treated water was
obtained. No clogging occurred in the filtration apparatus. The feature of
the results of each Exanple will be described. In Exanple 1, as conpared
with Conparative Exanple 1, the treated water turbidity was al nost

equi val entmeindact§Ianedt i applpesur eaikhel tasetmaissglow. tharé&xanpl e 2
enploying a filtration nenber having slits, as conpared with Exanple 1, the
treat ed wadefoniw borddyi cdessemsed, f hodcdldhes estichl apressure i ncrease was
slow In Exanple 3 enploying a filtration nenber whose ends were fixed to
the filtrabvlptméankacaplanigpar eandi tht Ezanpl erg@anihepoliybedity of treated
wat er decreased when high-turbidity water was treated. In Exanple 4

enpl oyi ngf hscauidwcs ubach opapdlyneéaseotfadi oat topbtymenomhichesgells in
wat er but does not substantially dissolve therein, coarse floccul ates were
formed, ahinétleytaremaesthyt efmetnbadiyyatecorasedyabadndiryf eneanian
pressure increase was slow, as conpared with Exanple 3. In Exanple 5

enpl oyi ngsakt ftloeced fint er PAGnandy hapaneprabyl e (Bathbarcypanyder owhich
swells in water but does not substantially dissolve therein, the treated
wat er t urdphali e ynatey rameni umnse Ut f teeraefhl prdscopelymereasé Was sl ow, as
conmpared with Exanple 3. In Exanple 6 enploying control of the anmount of

f | occul amatabeletc teonener Hpdtde Hosiende woserdandelidght @2nahd FA-Exanple 7

enpl oyi ng control of the anount of . o
polymerized therewith. No particular limitation is imposed

on the amount of organic polymer flocculant added to
treatment water, and the amount may be adjusted in accordance
with the quality of the treatment water. Generally, the
amount is about 0.01 to about 10 mg/L (solid content/water).
In Embodiment 2, flocculants are introduced to the reaction
tank 31, but the flocculant(s) may be introduced on the
upstream side of the reaction tank 31.

[0064]

The water treatment apparatus of the invention may
further include water purification means such as
decarbonation means or activated-carbon-treatment means. If
required, the water treatment apparatus of the invention may
optionally include UV-radiation means, ozonization means,
biological-treatment means, etc.

[0065]

If required, additives such as a coagulant, a

sterilizer, a deodorant, a defoaming agent, and an anti-

corrosive may be used. These additives are introduced to,
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fl occul ant added to water on the basis of turbidity data, the treated water
turbidity decreased, and differential pressure increase was slow, as
conpared with Exanple 5. In Exanple 8 enploying control of the anmount of

fl occul ant added to water on the basis of absorbance data and turbidity
data, the treated water turbidity decreased, and differential pressure

i ncrease was slow, as conpared with Exanples 6 and 7. [0081] Exanple 9

The procethit eespdmfXanpliee Ichesi depeajetl; exclepi2t hat i ndustrial water
having a turbidity of 3.2 to 29, a TOC (total organic carbon) of 0.4 to 5
ng/ L, andEsaadEgerature of 24.5 to 26. 1C was enpl oyed as treatnent water
(raw water), and that a step of reverse washing of the nenbrane separation
means andiadesiltrati on apparatus by use of treated water which had been
di scharged fromthe nmenbrane separation nmeans havi ng an MF nenbrane was
perfornmed. TheTharpreaséyt ofntdetioeavetl watet desdbacgedefir bm hbee
filtration apparatus, and the differential pressure increase rate of the M
menbr ane desraei deterwanelf Fhemp Ledi ahd yCafipahet tveadteampbeer wascldet er mi ned
t hrough neasurenent of transmtted light with respect to a kaolin standard
sol uti on.slkheldidderentiaispresd lae lintitise tht einvenheopMthendbtane was
determ ned on the basis of the difference between the inlet pressure and

t he outl efOQE&ssure. Table 3 shows the results. [0082] Exanple 10 The
procedure of Exanple 9 was repeated, except that air was introduced to the
treat ed Relert dinghiagy dgeetiesmpercenhbvahe sepadbf fonenebns PEOFAYran M

menbr ane.
increase or turbidity of treated water)

Industrial water having a turbidity of 20° was employed
as treatment water (raw water) and treated by means of an
apparatus shown in FIG. 4 at an LV of 200 m/h for one week.
As shown in FIG. 1, the filtration member employed in the
filtration apparatus is composed of a support member 13 and a
ribbon-like suspended-solid-capturing member 14, and both
ends of the support member in a direction of water passage
are fixed onto corresponding plates 16 of a filtration tank
11. The support member 13 has a capacity of 250 mL, each
piece of the suspended-solid-capturing member 14 has a
thickness of 0.5 mm, a width of 2 mm, and a length (distance
from the support member during passage of treatment water) of
100 mm, and is knitted into the support member so as to
assume the loop shape. Through varying the knitting density
of the suspended-solid-capturing member 14, filtration
members having different percent void values of a filtration
portion (defined by subtracting the volume of support member

13 from the inner volume of the filtration tank 11) during
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[ 0083] Exanple 11 The procedure of Exanple 10 was repeated, except
that 2 to 5 slits were provided in a portion of each piece of the |oop-Ilike
suspended- sol i d-capturing member other than the support menber-bound
portion. [0084] Exanple 12 The procedure of Exanple 10 was repeated, except
that the ends of the support nmenber 13 of the filtration nenber 12 were
fixed to the plates 16 on the upstream side and the downstreamside in the
di recti orwafemapesspps salje30 f espectd vedy, Not add y, 98j ng®, tamed stpoweraenber
13 was fixed by the plates 16 at respective ends, the volume of the
filtrati ofeleideeredur iBaghpdsdage tdfort meatbmentwasatserbjawt edhdto iwatarot her
stage (e.g., reverse washing) were substantially the sane (percent vol une
change oftmzdistent i aNora®)ly,[ Gd85le Erensiueptdt membefhevas dulethd e tof
Exanpl e 10 was repeated, except that KURI VERTER EP was added instead of PAC
t o treat reoith vertds, i thaveahoumtobftie 4 nifftation member during passage

of treatment water and that in another stage were

substantially the same (percent volume change of

substantially 0). The filtration tank 11 has a diameter of

200 mm and a height of 500 mm. To treatment water, added

were 30 mg/L of polyaluminum chloride (PAC: 10 wt.% as Al,0;)

serving as a flocculant and 0.7 mg/L of KURIVERTER EP

(product of Kurita Water Industries Ltd., CE (colloid

equivalent): 1.3 meqg/g (as polymer particles)) serving as

polymer particles. The turbidity of the treated water

discharged from the filtration apparatus (treated water

turbidity) and the increase in differential pressure of the

filtration apparatus (differential pressure increase rate)

were measured. The results are shown in Table 1. The

turbidity of treated water was determined through measurement

of transmitted light with respect to a kaolin standard

solution. The differential pressure increase rate of the

filtration apparatus was determined on the basis of the

difference between the inlet pressure and the outlet pressure.

[0068]

As a result, when a filtration apparatus in which a
filtration member is charged such that a filtration portion

has a percent void of 50 to 95% during passage of water was

employed, the differential pressure increase rate and the
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[ 0086] Exanple 14 The procedure of Exanple 10 was repeated, except
t hat KURI VERTER EP was al so added to treatnent water in an anmount of 0.7
ng/ L. [0087] Exanple 15 The procedure of Exanple 14 was repeated, except
that the absorbance of raw water was neasured, and the concentrations of
PAC and KURI VERTER EP added to the raw water were controlled on the basis
of the obtained absorbance data. [0088]

treated water turbidity were considerably low, clear treated

water was obtained, and clogging was suppressed, as compared
with the cases where the percent void fell outside the range

of 50 to 95%.

[0069]
[Table 1]
Filtration member composed of
support member and ribbon-
like suspended-solid-capturing
Percent member
void % Differential Treated
pressure water
increase rate turbidity
(kPa/D) )
98 0 14
95 0 3.7
90 0 3.1
80 0 2.3
70 0 1.3
60 0.2 1.3
50 2 0.9
40 21 0.6
30 56 0.3
[0070]
Example 1

Industrial water having a turbidity of 3.4 to 22°, a TOC
(total organic carbon) of 0.3 to 4.8 mg/L, and a temperature
of 24.5 to 26.0°C was employed as treatment water (raw water)
and treated by means of an apparatus (feed of raw water: 50
L/h) shown in FIG. 5 at an LV of 200 m/h, while the quality
of the treatment water was periodically varied. An MF
membrane was employed as a separation membrane of the

membrane separation means 41. The turbidity of the treated
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Exanpl e 16 The procedure of Exanple 14 was repeated, except that the
turbidity of raw water was neasured, and the concentrations of PAC and
KURI VERTER EP added to the raw water were controlled on the basis of the
obtained turbidity data. [0089] Exanple 17 The procedure of Exanple 14 was
repeat ed, except that the absorbance and turbidity of raw water were
measured, and the concentrations of PAC and KURI VERTER EP added to the raw
wat er werve tcontdioddledrage theothashe Of 1t et ol apedrabsordahcghand turbidity
data. [0090] Exanple 18 The procedure of Exanple 17 was repeat ed, except
t hat differential pressure increase rate of the filtration

apparatus were measured, and the results are shown in Table 2.

As shown in FIG. 1, the filtration apparatus 10 includes a

filtration member composed of a support member and a ribbon-

like suspended-solid-capturing member. Each piece of the

suspended-solid-capturing member 14 has a thickness of 0.5 mm,

a width of 2 mm, and a length of 100 mm. The percent void of

a filtration portion (defined by subtracting the volume of

support member 13 from the inner volume of the filtration

tank 11) during water passage was 85%. The support member 13

of the filtration member 12 was fixed at only one end thereof

onto the plate 16 disposed on the upstream side in the

direction of water passage. Although the other end of the

support member 13 remained unfixed, the filtration member was

distributed uniformly and generally in the entire portion of

the filtration tank during passage of treatment water, since

one end of the support member was fixed on the plate 16 on

the upstream side. Polyaluminum chloride (PAC: 10 wt.% as

Al,0;) serving as a flocculant was added in an amount of 30

mg/L with respect to the treatment water.

[0071]

Example 2

The procedure of Example 1 was repeated, except that 2
to 5 slits were provided in a portion of each piece of the

loop-like suspended-solid-capturing member other than the

support member-bound portion.
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the water treatment apparatus included an RO nenbrane apparatus disposed on
t he downstream si de of the nenbrane separation neans having an MF nenbr ane.
The TOC | evel of the water which had passed through the RO menbrane was
determ ned through a wet oxidation-IR absorption nethod. Table 4 shows the
results. [0091] Exanple 19 The procedure of Exanple 18 was repeated,
except that the water treatnent apparatus included a recyclable
i on- exchapge7xlesi n apparatus instead of the RO nmenbrane apparatus, and that
the TOC |l evel of the water which had passed through the recyclable
i on- exchangemplesin apparatus was determ ned through a wet oxidation-IR
absorption nethod. [0092] Conparative Exanple 2 The procedure of
Exanpl e 18 wasThepeadeddurxcept Exdvaplao2 f vas raepoatappaeatest wakaenpl oyed.
[0093] [Table 3]
the ends of the support member 13 of the filtration member 12
were fixed to the plates 16 on the upstream side and the
downstream side in the direction of water passage,
respectively.
[0073]
Example 4
The procedure of Example 3 was repeated, except that
KURIVERTER EP was added instead of PAC to treatment water in
an amount of 1.4 mg/L.
[0074]
Example 5
The procedure of Example 3 was repeated, except that
KURIVERTER EP was also added to treatment water in an amount
of 0.7 mg/L.
[0075]
Example 6
The procedure of Example 5 was repeated, except that
the absorbance of raw water was measured, and the
concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained absorbance
data.
[0076]
Example 7

The procedure of Example 5 was repeated, except that
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Treated water turbidity (0) Differential pressure increase rate (MNVD) Ex.
9

the turbidity of raw water was measured, and the
concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained absorbance
data.
[0077]
Example 8

The procedure of Example 5 was repeated, except that
the absorbance and turbidity of raw water were measured, and
the concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained absorbance
and turbidity data.
[0078]
Comparative Example 1

The procedure of Example 8 was repeated, except that a
sand filtration apparatus was employed instead of the

filtration apparatus.

[0079]
[Table 2]
Treated water Differential
turbidity pressure
(®) increase rate
(kPa/D)
Ex. 1 241029 0.75
Ex. 2 2.1t0 2.3 0.61
Ex. 3 2.0to0 2.2 0.6
Ex. 4 0.4t01.0 0.23
Ex. 5 0.4t00.9 0.28
Ex. 6 0.4t00.7 0.16
Ex. 7 0.3t00.8 0.19
Ex. 8 0.3t0 0.5 0.15
Comp. Ex. 1 0.8 t0 3.8 1.6
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2.41t02.90.74 Ex. 10 23 to 2.8 0.67 Ex. 11 1.2 to 1.9 0.42 Ex. 12 1.1 to
1.7

[0080]

As shown in Table 2, in Examples 1 to 8, the turbidity
of treated water and the differential pressure increase rate
were found to be low, and clear treated water was obtained.
No clogging occurred in the filtration apparatus. The
feature of the results of each Example will be described. In
Example 1, as compared with Comparative Example 1, the
treated water turbidity was almost equivalent, and
differential pressure increase was slow. In Example 2
employing a filtration member having slits, as compared with
Example 1, the treated water turbidity decreased, and
differential pressure increase was slow. In Example 3
employing a filtration member whose ends were fixed to the
filtration tank, as compared with Example 2, the turbidity of
treated water decreased when high-turbidity water was treated.
In Example 4 employing as a flocculant a particulate cationic
polymer which swells in water but does not substantially
dissolve therein, coarse flocculates were formed, and the
treated water turbidity decreased, and differential pressure
increase was slow, as compared with Example 3. In Example 5
employing as flocculants PAC and a particulate cationic
polymer which swells in water but does not substantially
dissolve therein, the treated water turbidity decreased, and
differential pressure increase was slow, as compared with
Example 3. In Example 6 employing control of the amount of
flocculant added to water on the basis of absorbance data,

and in Example 7 employing control of the amount of
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037 Ex. 13 03 to 1.4 0.41 Ex. 14 CAto 1.1 035 Ex. 15 0.4 to 0.9 028

flocculant added to water on the basis of turbidity data, the
treated water turbidity decreased, and differential pressure
increase was slow, as compared with Example 5. In Example 8
employing control of the amount of flocculant added to water
on the basis of absorbance data and turbidity data, the
treated water turbidity decreased, and differential pressure
increase was slow, as compared with Examples 6 and 7.
[0081]
Example 9

The procedure of Example 1 was repeated, except that
industrial water having a turbidity of 3.2 to 29°, a TOC
(total organic carbon) of 0.4 to 5 mg/L, and a temperature of
24.5 to 26.1°C was employed as treatment water (raw water),
and that a step of reverse washing of the membrane separation
means and the filtration apparatus by use of treated water
which had been discharged from the membrane separation means
having an MF membrane was performed. The turbidity of the
treated water discharged from the filtration apparatus, and
the differential pressure increase rate of the MF membrane
were determined. The turbidity of the treated water was
determined through measurement of transmitted light with
respect to a kaolin standard solution. The differential
pressure increase rate of the MF membrane was determined on
the basis of the difference between the inlet pressure and
the outlet pressure. Table 3 shows the results.
[0082]

Example 10
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Ex.

16 OA to LO 021 Ex. 17 0.3 to 0.7 018 Conp. Ex. 2 2.1

The procedure of Example 9 was repeated, except that
air was introduced to the treated water discharged from the
membrane separation means having an MF membrane.

[0083]
Example 11

The procedure of Example 10 was repeated, except that 2
to 5 slits were provided in a portion of each piece of the
loop-like suspended-solid-capturing member other than the
support member-bound portion.

[0084]
Example 12

The procedure of Example 10 was repeated, except that
the ends of the support member 13 of the filtration member 12
were fixed to the plates 16 on the upstream side and the
downstream side in the direction of water passage,
respectively. Notably, since the support member 13 was fixed
by the plates 16 at respective ends, the volume of the
filtration member during passage of treatment water and that
in another stage (e.g., reverse washing) were substantially
the same (percent volume change of substantially 0).

[0085]
Example 13

The procedure of Example 10 was repeated, except that
KURIVERTER EP was added instead of PAC to treatment water in
an amount of 1.4 mg/L.

[0086]

Example 14
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[0094] [Table 4] TOC level (PPb) Ex. 18 21 Ex. 19 48

The procedure of Example 10 was repeated, except that
KURIVERTER EP was also added to treatment water in an amount
of 0.7 mg/L.

[0087]
Example 15

The procedure of Example 14 was repeated, except that
the absorbance of raw water was measured, and the
concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained absorbance
data.

[0088]
Example 16

The procedure of Example 14 was repeated, except that
the turbidity of raw water was measured, and the
concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained turbidity
data.

[0089]
Example 17

The procedure of Example 14 was repeated, except that
the absorbance and turbidity of raw water were measured, and
the concentrations of PAC and KURIVERTER EP added to the raw
water were controlled on the basis of the obtained absorbance
and turbidity data.

[0090]
Example 18

The procedure of Example 17 was repeated, except that
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[ 0095] As shown in Tables 3 and 4, in Exanples 9 to 19, the turbidity
or TOC | evel of treated water and the differential pressure increase rate
(MF menbrane) were found to be low, and clear treated water was obtai ned.
No cl oggi ng occurred in the M- nenbrane, and no cl oggi ng occurred in the
filtration apparatus. The feature of the results of each Exanple wll be
described. In Exanple 9, the treated water turbidity was | ow, and

di fferentilsd watess weed e rea Seppeasa 1Sh o w ras] waexp sare dROV thdmiGoampar at | ve
Exanple 2. In Exanple 10 including reverse washing with a water-air

m xt ur e, appdfarentdiadpqyes o echanci@aset veesm s$ D¢ ast companadvand Exanpl e
9. In Exanple 11 enploying a filtration nmenber having slits, as conpared
wi t h Examepsdd; idrhendanreatiedy ived ean INF ettt yamecr se d,0CGnevdilf fodr énitg al
pressure increase was slow. In Exanple 12 enploying a filtration nenber
whose end&twer evifictechad gdmsdd |thmatugin tlakRO aserconpae eda s dét Exmipee@ 10,
the turbidity of treated water decreased when high-turbidity water was
treat ed. thrdoging evet3 enplayiony B abdomerivmmezhedr t iTadllst ¢ cddwsni c

pol ymer which swells in water but does not substantially dissolve therein,
coarse fldorutegwlsavere forned, and the treated water turbidity decreased,
and differential pressure increase was slow, as conpared with Exanple 10.

| n Exanpl ©02A Jenpl oyi ng as fl occul ants PAC and a particulate cationic

pol ymer which swells in water but does not substantially dissolve therein,
the treatBxhmplterlS urbi dity decreased, and differential pressure increase
was sl ow, as conpared with Exanple 13. In Exanple 15 enpl oying control of
the armount of Thedupesdureided TwnRterldnvaperepsrteds avsePbahatdat a,
and in Exanple 16 enpl oying control of the anount of floccul ant added to
wat er on thfe Wwdsis Gleatinaiitdiagrarrls tHeectyded ) TREXFLREDi HPRY
decreased, and differential pressure increase was_slow, as conpared wth
Exanpl e BEChangsdiff id BPRAFA A it P L oFhe nRO JReipEae? 3PRREF ARt
added to water on the basis of absorbance data and turbidity_data, the
treat ed tkErthal kg (PG ESsRf G V@??%r@?&?%lh%@e%%%ﬁ%di&&’%‘é@% was
slow, as conpared wi th Exanples 15 and 16. In Exanple 18, the TOC.| evel of
the wat erthhi X HARFIE S 1HFORIIIG Hee RS At B e f oV B8 BHPAr ed wi t h
Exanpl e 1% Desk;:ri ption of the Reference Nuperals 0&)96] 10, 20 filtration
appar at uSPTPEH 13 MRS ARk O2lR i IR AR O ENDEPO2 13" support nenber, 14
suspended- sol.i.dcapturing nenber, 15 slit, 16 plate, 24 filler, 30, 40, 50,
60 wat er t4%HtInent apparatus, 31 reaction tank, 32 chem cal agent tank, 33
chem cal & ent - n.trocgéicti n ans, 34 inorganic flocculant tank, 35

i nor gani CHRSEEREMR iHF BTt on neans, 41 nenbrane separation neans, 51

absor bance- neasuri ng neans (?5]_1? ddi ti on. anpbunt_contr ol 6 eat ed
wat er tank, 6%5@1]??1%@ 1iuffﬂi -i%t(?m u%t|l%nwﬁ%aﬁ%Pe%ég?bnggg\é/%Fvéhy:
no filtration apparatus was employed.

[0093]

[Table 3]
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C ai ns

1. Afiltration apparatus,

characterized by conprising a

filtration nenber which has a ribbon-Iike suspended-solidcapturing nenber

for capturing suspended solid present

in fed treatnent water,

wherein the

filtration menber is charged in a filtration tank such that a filtration
portion of the filtration tank has a percent void of 50 to 95% duri ng
passage of the treatnent water.

to claim1, wherein the fiItration menber

nac

nf

2. Afi
has

connect

rl'l'n hat-h
\¥J

| trati on apparatus according
a support nenber which is
al ong the water flow

oI U 1TTC T t; Ill\
direction, and the rr%SEWdl‘f"ﬁ‘@rsus pfgqgnﬁél J- capt uri ng nenber is provided
such that the menber isturbidéy at |a pﬁEQSSWT@ere)f to the support nenber and
protrudes fromthe |supporf)nenber| timwease tate i nner wall of the filtration
t ank. 3. Afliltration apparat §gPg/fgording to claim1l or 2, wherein
t he ribbon-Tgke sucpenq_e‘pltéglgd capturgm menber is provided wth one or
nore slits: “Ex. 10. /2'1 t$§8” atTer 7lppdr at us, characterized by
conpri si g X: uact'on apk—teo—whieh—treatrent water i s introduced,
fl oceul ant- Ext dhdudt i od-2d2A9 £ or| addi®#2a flbccul ant to the treat ment
water at| t hBxsBactilon fanto &7 on [t he Wh87rean]side of the reaction tank;
and Bxfi3trati o0.:twpardat ug as Med4ited in any of clains 1 to 3 to
whi ch the tEgajqrent wapef tgvpich Has bgegssubj ected to floccul ation
treat ment iEx.[-L rgact i0941tc§ 8_@'( g1t rd)%lcea
Ex. 16 04t01.0 0.21
Ex. 17 0.3t0 0.7 0.18
Comp. Ex. 2 — 2.1
[0094]
[Table 4]
TOC level
(ppb)
Ex. 18 21
Ex. 19 48
[0095]

As shown in Tables 3 and 4,

in Examples 9 to 19,

the

turbidity or TOC level of treated water and the differential

pressure increase rate
and clear treated water was obtained.
in the MF membrane,
filtration apparatus.

Example will be described.

(MF membrane)

In Exampl

were found to be low,

No clogging occurred

and no clogging occurred in the

The feature of the results of each

e 9, the treated water

turbidity was low, and differential pressure increase was

slow as compared with Comparative Example 2.

In Example 10

including reverse washing with a water-air mixture,
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the filtration apparatus being di sposed on the downstream side of the
reaction tank. 5. A water treatnent apparatus according to claim4,
whi ch further includes nmenbrane separation nmeans for treatnent water, the
means bei ng di sposed on the downstream side of the filtration apparatus.

6. A water treatnent apparatus according to claim4 or 5, wherein the
flocculant is at | east one species selected froman inorganic floccul ant
and a parditcigatet tal i prnesspot yimerewse lwaswes 1l ewi as wacepabed dbels not
substantially dissolve therein. 7. A water treatnent apparatus
accordi ngEtanphy »f dnaiFwsmplteo 16, emplotyifng teheii ity hudes member

absor bance- neasuri ng neans for neasuring the absorbance of treatnent water,
t he nmeanshaseimg < sposers ocromprr ep sty danksinel ©f 1@ hetli¢ otcedbed i wateduct i on
means, and first flocculant anount control neans for controlling the anount
of the floeculdity adifeceasedr eatdredit £ ipirent bal theedsigie Dicrersabeds bance
neasured by neans of the absorbance-neasuri ng neans. 8. A water

t r eat nentskppar druExasededili?y amplevding 2 fibdmeitn arhaeadhser hdese iends
preferably nmeasured at at |east one wavelength falling within a UV region
of 200 to"epo® hiwrethditthe filbisratoen viEark eng CPBPATRG Wi i Fxample
visible-light region of SOOto 700 nm 9. A water treatnent

appar at usl & doreli Higrrelidny of ereatrd 418 deprehsedrviner highudes
turbidity-nmeasuring neans for neasuring the turbidity of treatnent water,
the nearfS PRIt i sPosed'dh THRA GRS r damESiddgP 1§t Ihéemploying as a

fl occul antintroducti on nmeans,_ and second fl occul ant amount control neans
for cont riol?GFHYaHe BRI B2 TR T30k ArROBFHE Yol ¢k cBfeht Water on
the basis of the turbidity measured by neans of_the turbjdity-measuring
nmeans.  waten@uta dRaSMAY TR GbalatisS ek e? drre R anyPdfSel ai ns 4
to 9, which further includes washing liquid introduction neans, for

i nt r oduci NP E WAL HFFIHUi AR A1 i TRD FFATed (Yt ot Wbkttt s at an

arbitrary. frequency. , ) ,
)&ecrégseé?/and differential pressure increase was slow, as

compared with Example 10. In Example 14 employing as
flocculants PAC and a particulate cationic polymer which
swells in water but does not substantially dissolve therein,
the treated water turbidity decreased, and differential
pressure increase was slow, as compared with Example 13. In
Example 15 employing control of the amount of flocculant
added to water on the basis of absorbance data, and in
Example 16 employing control of the amount of flocculant
added to water on the basis of turbidity data, the treated
water turbidity decreased, and differential pressure increase
was slow, as compared with Example 14. In Example 17
employing control of the amount of flocculant added to water
on the basis of absorbance data and turbidity data, the
treated water turbidity decreased, and differential pressure

increase was slow, as compared with Examples 15 and 16. In
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Example 18, the TOC level of the water which had passed
through the RO membrane was low as compared with Example 19.
Description of the Reference Numerals

[0096]

10, 20 filtration apparatus, 11 filtration tank, 12
filtration member, 13 support member, 14 suspended-solid-
capturing member, 15 slit, 16 plate, 24 filler, 30, 40, 50,
60 water treatment apparatus, 31 reaction tank, 32 chemical
agent tank, 33 chemical-agent-introduction means, 34
inorganic flocculant tank, 35 inorganic flocculant-
introduction means, 41 membrane separation means, 51
absorbance-measuring means, 52 addition amount control means,
61 treated water tank, 62 washing-liquid-introduction means,

63 to 66 valve
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Claims

1. A filtration apparatus, characterized by comprising
a filtration member which has a ribbon-like suspended-solid-
capturing member for capturing suspended solid present in fed
treatment water, wherein the filtration member is charged in
a filtration tank such that a filtration portion of the
filtration tank has a percent void of 50 to 95% during
passage of the treatment water.

2. A filtration apparatus according to claim 1, wherein
the filtration member has a support member which is connected
to both ends of the filtration tank along the water flow
direction, and the ribbon-1like suspended-solid-capturing
member is provided such that the member is fixed at a part
thereof to the support member and protrudes from the support
member toward the inner wall of the filtration tank.

3. A filtration apparatus according to claim 1 or 2,
wherein the ribbon-like suspended-solid-capturing member is
provided with one or more slits.

4. A water treatment apparatus, characterized by
comprising:

a reaction tank to which treatment water is introduced;

flocculant-introduction means for adding a flocculant
to the treatment water at the reaction tank or on the
upstream side of the reaction tank; and

a filtration apparatus as recited in any of claims 1 to
3 to which the treatment water which has been subjected to

flocculation treatment in the reaction tank is introduced,
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the filtration apparatus being disposed on the downstream
side of the reaction tank.

5. A water treatment apparatus according to claim 4,
which further includes membrane separation means for
treatment water, the means being disposed on the downstream
side of the filtration apparatus.

6. A water treatment apparatus according to claim 4 or
5, wherein the flocculant is at least one species selected
from an inorganic flocculant and a particulate cationic
polymer which swells in water but does not substantially
dissolve therein.

7. A water treatment apparatus according to any of
claims 4 to 6, which further includes absorbance-measuring
means for measuring the absorbance of treatment water, the
means being disposed on the upstream side of the flocculant-
introduction means, and first flocculant amount control means
for controlling the amount of the flocculant added to
treatment water on the basis of the absorbance measured by
means of the absorbance-measuring means.

8. A water treatment apparatus according to claim 7,
wherein the absorbance is preferably measured at at least one
wavelength falling within a UV region of 200 to 400 nm and at
at least one wavelength falling within a visible-light region
of 500 to 700 nm.

9. A water treatment apparatus according to any of
claims 4 to 8, which further includes turbidity-measuring

means for measuring the turbidity of treatment water, the
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means being disposed on the upstream side of the flocculant-
introduction means, and second flocculant amount control
means for controlling the amount of the flocculant added to
treatment water on the basis of the turbidity measured by
means of the turbidity-measuring means.

10. A water treatment apparatus according to any of
claims 4 to 9, which further includes washing liquid
introduction means for introducing a washing liquid and air

into the filtration apparatus at an arbitrary frequency.
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