.Descri ption Title of the Invention: Filtration device and water
treatnent device Technical Field [0001] This invention relates to a
filtration apparatus for treating water to be treated, the water containing
suspended matter or the like, such as industrial water, city water, well
water, river water, |ake water or industrial waste water; and a water
treatnent apparatus using the filtration apparatus. The invention rel ates,
in particular, to a filtrati on appesdriptibnch can be preferably used in a
stage preceding a reverse osnosi s nenbrane apparatus or the I|ike.

Background Art [gp N%h ds for reatlng Y? e freated, such as
i ndustrial water; f8f InYEPEiRf or FLLFFR +°n g¥ice 2URMIEREr or
industrﬁﬁﬁahmﬁgﬁedﬂaﬂsﬁ i ncl ude a net hod whi ch conprises, for exanple,
addi ng an inorganic flocculant and a polyner flocculant of anionic nature
or the like to the water to be treated, thereby performng flocculation to
adsorb or coagul ate suspended nmatter contalned in the water to be treated,
foll owed by carrTeehpinal Eieldiltration or dissolved air floatation to
remove the suspended matter. The sand filtration or, dissolved air
f1 oatat i obP0Hdwelkers irpeant ko fRletisdmbcha fild madderT é@Pa?&&&Pét §9% s
upsi zed. If the turbldltﬁﬁff the water to be treated is anreover
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insufficient, [0003] To sol ve, such adflems the ication nbr ane
separati 6 f&gndl @onﬁPEPe?? l%fu%Wf% |W%§%ﬁﬂ6ﬁjﬁgﬁﬁF &ﬁ ¥Bparat us or
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recent | y ‘HeEomyaNedes prEEd™ of t a1 ﬁ#laﬁ o%?%?‘rbr ane ’a;%x%rp glr t he
mcrof titration menbrane apparatus, er, . g pr. em t hat
cl oggi ng SRS STt EREET A % %Pﬁo%m§¥I t%ﬁ s% ﬁ%%sE§§ orgg%lc
substances, aGeurs: - 20gk L0e oy bl emihat, ft% G95t 8k 1HAC SEIPLADE W3 Y N
can be preferably used in a stage preceding a. reverse osmosis
membrane apparatus or the like.

Background Art
[0002]'Methodsfortreatingwatertobetreated,suchasindustrial
water, citywater, wellwater, riverwater, lakewater or industrial
waste water, include a methodwhich comprises, for example, adding
an inorganic flocculant and a polymer flocculant of anionic nature
or the like to the water to be treated, thereby performing
flocculation to'adsorb~or coagulate suspended matter contained
in the water tobe treated, folloWedecarryingoutsandfiltration
or dissolved air floatatlon to remove the suspended matter The
sand flltratlon.or dissolved air floatatlon, however, poses the
problem that the required apparatus is ups:.zed. If the turbidity
of the water tobe treated is high, moreover, there is apossibility

that the removal of the suspended matter will be insufficient.

[0003] To solve such problems, the application of membrane



0 004 ] To produce pure water or the like, the technol ogy of treating water
to be treated by neans of a reverse osnosis nenbrane (PO) apparatus is

avai lable. Wth the reverse osnopsis apparatus, there is need to use water
to be treated, having a certain degree ofcleanliness, which has been
treated with the aforenentioned sand filtration, dissolved air floatation,
ultrafiltration ggfaratus, mcrofiltrati on. menbrane apparatuys or the |ike
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circunstanges; 4t is an object of the invention to provide a filtration
appar at us Whi Ch obt ai ns clear treated water suppliable to a reverse osnosis
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water to be treated by means of a reverse osmosis membrane (RO)
apparatusisavailable.vWiththereverseosmosisapparatus,there
is need to use Water to be treated, having a certain degree of
cleanliness, which has been.treateduwith.the'aforementioned.sand
filtration, dissolved air floatation, ultrafiltration apparatus,
microfiltration membrane apparatus or the like‘in the preceding
stage. The sand filtration, dissolved air floatation,
ultrafiltration apparatus, microfiltration membrane apparatus or
thelike,however,facesproblems,sUchastheinsufficientremoval
of suspended matter or the occurrence of clogging, as stated above.
[0005] Adisclosure is made of‘an apparatus for producing electric
power plant make-up water in which a filtration apparatus using
abundle of long fibers asa filter is providedupstreamof a reverse
osmosis membrane apparatus (see Patent Document 1). Even with
this apparatus, the problems arise that the clogging of the reverse
osmosis membrane apparatus or the filtration apparatus occurs,

and that the quality of treated water deteriorates.

Prior Art Documents



Means for solving the problens [0008] The present inventors conducted
in-depth studies in order to attain the above object, and have found that
this object can be attainedby the fol lowing nmethod : A spirally wound
sheet- shaped nenber is used as a filter for trapping suspended matter. The
sheet - shaped nenber conprises a sheet-shaped nesh sheet having hol es _

t hrough which water to be treated passes, and a sheet-shaped spacer through
whi ch the water TREPRE tPEBRAYRsses with difficulty as conpared with the
nmesh shee{(j tt]e_ sheet surface of_ the _spacer and the sheet surface of the
mesh sheet! YA IngPILpRY PARBIGH ehch ISt heP 1A% Pt rati on apparat us havi ng
the filter is configured %o have a structure in which the water to be
treated is passe%i"“%‘ga% 6 HOSEYIREIRRh sheet | ongitudinally. Based on

this finding, the inventors have conpleted the present invention. [0009]
That is, the fil¥Fe® ?fﬁsa‘b‘ba@?%ti%l%{g) e "'g?ees’éh eh4%AFhti on conprises a
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spirally wound around a core eri [0011 e spacer € a nonwoven

fabric fCﬁf@adcﬁérfgnaffﬁ?%@rastdéaﬂél%@_tqii.earf‘itl%rra‘%fier LR A Qugm [0012] The

spacer may al so be rmed from activated carbon fibérs having a dianmeter of

0.1 to 100 gm [R0d3d Fa¥teeTviddernPacdpisndr ef erably conposed of a
nonwoven fabric formed fromfibers having a dianmeter of 0.1 to 100 rtm and
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| to attain the above object, and have found that this object can
beattainedbythe followingmethod: Aspirallywound sheet-shaped
member is used as a filter for trapping suspended matter. The
sheet-shaped member qomprises a sheet-shaped mesh sheet having
holes through which water to be treated passes, and a she'et—shaped
spacer through which the water tobe treatedpasseswithdifficulty
as compared with the mesh sheet, the sheet surface of the spacer
and the sheet surface of the mesh sheet being superposed on each
other. A filtration apparatus having the filter is configured
to have a structure in which the water to be treated is passed
soas tocross themesh sheet longitudinally. Basedonthis finding,
the inventors have completed the present invention.
[0009] That is, the filtration apparatus of the present invention

comprises a filter body formed by spirally winding a sheet-shaped

member; and a filtration tank through which water to be treated



[ 0014] The nesh sheet is preferably formed fromfibers having a dianeter of
0.1 to 0.6 nm [0015] Another aspect of the present invention lies in a
wat er treatnent apparatus characterized by having a reverse osnpsis
menbrane apparatus in a stage succeedi ng the above filtration apparatus.
[0016] It is preferred to have, in a stage preceding the filtration
apparatus, a macrof i ltrat ion apparatus conprising a macro-filter charged
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portion during water passage becones 50 to 95% the ppcro-filter having
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matter contained in the water to be treated which is_b inl%l]jlp&asse%ﬁ@ [dOOl7]
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have, in the st diing the filtration . tus, floccul ati
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aliquid 'Hgfjre of the cleaning fluid and air at an arbitrary frequency
and in a direction opposite to a direction during treatnent. Effects of the
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conpri ses[oa({]?ﬁl %?Jbghét%%r%%yb§§%%#§b% n%g%%ﬁge?%%grﬁé marnber;
and a filgratj t‘ﬁﬁ{% ]_Qﬁg.[b i .q,1be treated is passed, and into
whi ch theééjiqltét%& bot y%gc ar g\gc; égj}c ta%;etrtltocﬁé axis of the filter body
extends alqyid |l Mndl §9LL0MA] HEILIMARRNALS . cdilie S NRGImeNaAnsh Tilas bei ng

conposed of a ‘sheet-shaped nesh sheet having hol es t hroughwhi ch the water

to be tr SS&fi aOﬁhfelt ~Shapged acer through which the water to
be treated passes With difficu ty as conpared with the mesh sheet, the
sheet [0012] The spacer may also be formed from activated carbon fibers

having a diameter of 0.1 to 100 pm.

[0013] Further, the spacer is preferably composed of a nonwoven
fabric formed from fibers having a diameter of 0.1 to 100 pum, and
a water-impermeable sheet which is not permeable to the water to
be treated.

[0014] The mesh sheet is preferably formed from fibers having
a diameter of 0.1 to 0.6 mm.

[0015] Another aspect of the present invention lies in a water
treatment apparatus characterized by having a reverse osmosis
membrane apparatus in a stage succeeding the above filtration
apparatus.

[0016] It ispreferredtohave, ina stageprecedingthefiltration
apparatus, a macrofiltration apparatus comprising a macro-filter

charged into a macrofiltration tank such that the void content



surfaces of the nesh sheet and the spacer being superposed on each other.
Thus, there can be provided a filtration apparatus which obtains clear
treated water, which can suppress the clogging of the apparatus in the
succeedi ng stage and the filtration apparatus itself, and which is

i nexpensive. By providing this filtration apparatus in the stage preceding
the rever si s _nenbrane, apparatus or the like, therefore mater to be
{reat od hn bE L EEaE GNP ar T ab TGS HAGHREFFER BTCTRR, St D58
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sectional view show ng configuration of a filtration apparatus

accor di n¢tdrfx FI9ghBAt helvater tobe treatlict s Zht+Sd@cdd aaﬁ‘d@l%ﬁzéﬁ%_tﬂtonm
view of the filtration apparatus according to Enbodi nent 1. [Fig.
3] is a peltSRRRId4 Y me¥Wns A 19 i thiddhu@le sag GardH digl drix Eﬁb@ﬂé R th.on
tankorinthestageprecedingthereactiontank toaddthe flocculant
to the water to be treated.
[0019] It ispreferredto furtherhavecleaning fluidintroduction
means which introduces a cieaning fluid or a i_iquid mixture of
the cleaning fluid and air at an arbitrary frequency and in a
direction opposite to a direction during treatment.
Effects of the invention
[0020] The filtration apparatus of the present invention
comprises a filter body formed by spirally winding a sheet-shaped
member; and a filtration tank through which water to be treated
is passed, and into which the filter body is charged such that
the axis of the filter body extends along the direction of water
passage, the sheet-shaped member being composed of a sheet-shaped
mesh sheet havingholes throughwhichthewater tobe treatedpasses,

and a sheet-shaped spacer through which the water to be treated

passes with difficulty as compared with the mesh sheet, the sheet



[Figs. 4(a), 4(b)] are enlarged views of essential parts of a nesh sheet
according to Enbodinment 1. [Fig. 5] is a schematic system di agram of an
exanpl e of a water treatnent apparatus according to Enbodinent 2. [Fig. 6]
is a view showi ng the configuration of the exanple of the water treatnent
apparatus according to Enbodinment 2. [Fig. 7] is a schematic system di agram
of another exanple _of the water treatnent apparatus accordig% t o Enbodi nment

2. [Fig. BT13°e eenehafte st nPalagiamPerest PHPARGPREPOSEENPT £ t he

ret el LT eSLIENt apoar olys, sccorging o EROTLIGIL 2, o anmveired ekt it

apparat usol?’ggfrggiCQ%a;[rotggg?:gidnvegige% which can suppress the clogging of
the apparatus in the succeeding étage and the filtration apparatus
itself, and which is inexpensive. By providing this filtration
apparatus in the stage preceding the reverse osmosis membrane
apparatus or the 1ike, therefore, water tobe treated canbe treated‘
preferably for a 1<§ng period of time. This filtration apparatus
can also be configured as a water treatment apparatus having the
flocculation means in the preceding stage. If water is treated
at a high rate or if the turbidity of the water to be treated is
high, there tend to be the problems, in particular, that clear
treated water is difficult to obtain, and that clogging occurs
in the filtration apparatus or the membrane separation means such
as the reverse osmosis membrane apparatus provided in the
succeeding stage, with the result that satisfactory treatment of
water cannot be performed. By providing the macrofiltration
apparatus having a predetermined void content in the stage
precedingthe filtration apparatus, however, the followingeffects
are produced even in the case of high speed treatment or highly
turbid water to be treated: Clear treated water is obtained,
clogging of the reverse osmosis membrane apparatus or the like,
or the filtration apparatus can be further suppressed, and water
treatment can be performed satisfactorily.

Brief Description of the Drawings

[0021] [Fig. 1] is a longitudinal sectional view showing the

configuration of a filtration apparatus according to Embodiment



[Fig. 10] is a sectional view showi ng the configuration of an exanple of
awat er treatnent apparatus according to Enbodinment 3. [Fig. 11] is a
sectional view showing the configuration of a macrofiltration apparatus
according to Enbodinent 3. [Fig. 12] is an enlarged view of essential parts
of the macrofiltration apparatus according to Enbodinent 3. [Fig. 13] is a
vi ew show ng an exanple of a suspended matter trapping portion of the
macrofiltrtation apparatus according to Enbodi ment 3. [Fig. 141 is

a view showi ng a th for neasuring the differential _pressure of .a
reverse osrms?s' Pgﬁ%r %ﬂels a transverse sect:{ona{ vr}.ew ofpthe %ij_l?:ratlon

apparatus according to Embodiment 1.

[Fig. 3] is a perspective view showing a filter according
to Embodiment 1.

[Figs. 4(a), 4(b)] are enlarged views of essential parts
of a mesh sheet according to Embodiment 1.

[Fig. 5] is a schematic system diagram of an example of
a water treatment apparatus according to Embodiment 2.

[Fig. 6] is a view showing the configuration of the example
of the water treatment apparatus according to Embodiment 2.

[Fig. 7] is a schematic system diagram of another example
of the water treatment apparatus according to Embodiment 2.

[Fig. 8] is a schematic system diagram of still another‘
example of the water treatment apparatus according to Embodiment
2. |

[Fig. 9] is a schematic system diagram of an additional
example of the water treatment apparatus according to Embodiment
2.

[Fig. 10] is a sectional view showing the configuration
of anexample of awater treatment apparatus according to Embodiment
3.

[Fig. 11] is a sectional view showing the configuration
of a macrofiltration apparatus according to Embodiment 3.

[Fig. 12] is an enlarged view of essential parts of the
macrofiltration apparatus according to Embodiment 3.

[Fig. 13] is a view showing an example of a suspended matter



[Fig. 15] is a view showi ng the results of nmeasurenent of the differential
pressure of the reverse osnosis nmenbrane. [Fig. 161 is a
schematic system di agram of a water treatnent apparatus according to a
reference exanple. Mdde for Carrying Qut the Invention [0022] The present
invention wll be described in detail bel ow based on its enbodi nents.
(Enbodi nent 1), % 1 is a longitudjnal sectional V|em/ in the
directi orFJEﬁPR/eaH‘?erpoﬁésl@é’gé of hRATRF TP bL Berd i éPPathgaaeeding to
configuration_of a filtration apparatus according to Enbodi nent 1 of the
present (HRAMAIWRE Bg. 2 is a transverse sectional view of the filtration
apparatus. Fig IS a perspectiyve V|em15homnn |ter of the filtration
appar at us. [002%19\5 Js‘ﬂ]ovv}rgl‘% gy .sho “%t?‘iqojk 25 BRashEard: &&10 has
a tubular_f tratlo tank 1 t hraqugh mhlch meter t.o be reated i s passed,
Pty 5, e

and a fil éftfvr‘r’ﬁsteeros@ﬁ’ﬁtlﬁi HEFFAChe water to be
Lo both enda 'nsiﬁe' o ff%f? o%“%%éisgﬂ'ém’* P Rl B ettt 1o o

dafil b d d of h d rrb d d
?Ee gorle ?rg erloé:?/ é OS eéc? ess%“é%ege#e er%ggnﬁ%ﬁegégm%ugheégnﬁgﬁ%daggﬂ
sheet 5 having h Htﬁg%@gﬁ‘é’% ﬁ\{'\Lt%Lsg;sttet?n 85??%12% to%da Qg%gg%re%%e%

sheet - shaped spa e roug passes WI

difficult eet surfaces of the

spacer aépﬁ%grﬁ rrescﬁcc&')tgieg{b g&bgn%%s?%%?gosé%%gn%each ot her. [0024] At

bot h ends int r i t e f titration tank 1 ,
o %‘% £t @&P}I% (F'Eie are preor\gﬁ d&t1

circul ar pI ates 7 resin or t d which have a plurality

of holes gnpugh +19- bl ¢ 66 RARSREL WiREN eéhaeyebleédve& et P& d1RAL ed,
the water containing suspended matter. Both ends of the core material 3 are

fixed toghesLesH aielfetrcintile 7. The filter 2 is charged into the
entire filtration tank 1 such that the axis of the filter body 4 extends

al ong the directgpodiMateripassage of the water to be treated. C earance
between the inner wall of the filtration tank 1 and the outer periphery of

the f ilter bodyrflg, 1and £1eALARGRAINGAr sbbeisREE ViRdwE Hal tBe ierdcdildred
with a water- inperneable nenber 8 , such as an adheS|ve whi ch does not

al | ow passmgetel pumieigd 6f ke tdreab ek tF8HSed| hoMalRf the dunftilpatad grannot
pass through these clearances. The axis of the filter body 4 is the center

of the spf alfiofcdde d dpparbedy A sndithsspomidodiatht Lbfl BRe prasaiiit
enbodi ment, corresponds to the core material 3.
invention. Fig. 2 isatransverse sectional viewof the filtration
apparatus. Fig. 3 is a perspective view showing a filter of the
filtration apparatus.
[0023] As shown in Figs. 1 and 2, a filtration apparatus 10 has
a tubular filtration tank 1 through which water to be treated is
passed, and a filter 2 for trapping suspended matter contained
in the water to be treated which is being passed. The filter 2
has a core material 3 connected to both ends in the direction of
water passage of the filtration tank 1, anda filter body 4 composed
of a sheet-shaped member wound spirally around the core material

3. The sheet-shaped member comprises a sheet-shaped mesh sheet

5 having holes through which water to be treated passes, and a



[0025 ] When the water to be treated is passed through the filtration
apparatus 10 of the above configuration, nost of the water to be treated
passes through the holes of the nmesh sheet 5, and crosses the nesh sheet 5
nearly longitudinally, that is, passes through the nesh sheet 5 inits

pl anar direction, because the spacer 6 is |ess perneable to the water to be
treated than the nmesh sheet 5. On this occasion, the suspended. matter

cont ai nechartHhaRacerP2eché theaidly whdchr Hppuacey thee SBAS5eSand
the water to _be treated, fromwhjch the suspended matter has been renoved,
i s di schatigeudtfbarehey ABIGMRAGSES ARk tRe F}P??Fattiw PParHthaces, as

descri bed above, is configured such that the water to bg treated gl%%s
S
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ot ter 1R or K BPtih S ¢ Ao ERESSHRFELPR G TRHSH PATTEE 1 RE Tl
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R epar at | JCLE AP S SO 55 A RAE S, FrPRBRo o P R Er P sad ot us or
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does not mat teoN go. hI éﬂcﬁ io%ntﬂ 'cpcgr@ @i%rieyarlaets fq%% I:Qet eé:r?élter

ultrafiltration nenbrane apparatus or e mcrofiltration nmenbr

appar at us,¢ %\%fzg%ﬂi ;‘Eg' J{].y %‘h%g.f' Al E%s{h@ﬁﬁ) gk ¥eo cHPRE] rd N8 1FRSR sHhFet S

may be one ol es ow ng the passage of water to be treated, and

whi ch Car}barrﬁmvsukg &Q@%Hee%xﬂ%QEEE%ﬁ@%isl%%%%@% aaéiﬁén&mlaar%cméﬂ t he

water to be treated, so that the nesh sheets I1s not restricted. wever, a

woven fabyi,GSHordpdeivd fa%s%a Legfls rRayapdueald pEhF cadse§b a8 hawbe for
exanple, in Figs. 4 (a) and 4 (b) I's named. Figs. 4 (a) , 4 (b) show the
mesh shegleRyddh aheENIdldeqNlan it ofi lithasHe A 1pRHS ifd dutkA a) )
and in a sectional view taken on line A-A" of Fig. 4 (a) (i.e . , Fig. 4

(b) ) . [O2nhetheo ficsbance bebygen tded adkacante Wial t1s eads i &fidihe
adj acent "'weft threads 9b of the nesh sheet 5, nanely, the opening

(i ndi cat efla2s fOR 1R i td45a whted)- impe ridhb)l e mdntodd ef eyl ¥s ah ddieediraer of
200 to 4,000 gm The size of the holes (indicated by hatch lines in Fig. 4
(a)) ., nameleh ddee spacgliantPasséaga ¢t amndrewoobet beegesal. shaels p tle €.,
opening area) , is preferably of the order of 40 to 9096. The hei ght of the
i nt er sectwaeAf tdy Peneseadesi gaahed pasE tArbugh #hébg)cisapartesablThéd00 to
1200 gm As a concrete comercial product, a 100-hole to 8-hol e product
(product pfi NBE)the fFan texanpdy 4 pB\:Hecuaedr dheher ooiical wift hheheSkter

di mrensi ons can renove the suspended natter particularlypreferably. In a
reverse Qsomsisvoribeptieadppasad usin tloe premiteembhod pineak ; typere spmide
osnosi s nenbrane apparatus conposed of a spirally wound reverse osnosis
menbr ane,ta tteshcateatatdrninla i nt ersecti on height , usually, of the order
of 0.65to 1.2 mMmmis used as a raw water flow path spacer. Thus, if the
filtrati oloeggaréhems the wased tasba tivebtedt i sope aped L hroughrt hehl St aaeion
precedi ng the reverse osnosi s nenbrane apparatus, nanely, as a filtration
appar at usgmrauppllpi 0f thesbtedrevaomf igurelidoneverst of Moy yamerbranee
apparatus, therebypreventing the clogging of the reverse osnosis nenbrane
appar at us;redfeed phissati thrappartdtaibopesf ef dilgy mgsassheet fosANdhees$RFi ng a
smal l er intersection height than that of the reverse osnpsis nmenbrane

appar at uszhe [(@@28phERe Binreat by slaryisfudina¥ibetdadodst i PAEFAG FRECWRIR p
thread 9a and the weft thread 9b are each preferably 0.1 to 0.6 nm nore

pr ef er abl§he mesty sheetmp ipnisedplanpat dikechéesr PECBESEr EBBedPREAT cP 0SS
the threads nearly | ongi tudinally, it is necessary to formthe hol es,

t hrough Vit diessheermeableotphe datey to paskeepted than the mesh sheet

5. On this occasion, the suspended matter contained in the water

to be treated is trapped by the mesh sheet 5, and the water to



with the use of fibers having a certain degree of thickness, although the
t hi ckness depends on the turbidity of , or the anmpbunt of treatnent of, the
water to be treated. If the fibers are too thick, the resulting hol es
beconme too large to renove the suspended matter. [0029] Exanples of the
material for the thread or the |like constituting the nesh sheet 5 are
synthetic resins, such as polyolef in, polyester, nylon and pol yvinylidene
f1uori de QepypEptedantrom wdiiah 55?55“@%@%@%@% Bagrbegn O VaeniEal
resi stance and econaony, polyolef inis preferred. In Figs. 4 %a). , 4 (b) ,
t he woverl¥sgharogdsirardheadidkrakirp ipdt- tT%B?efwe%%k%a RKBANSven
fabric formed fromfibers and having relatively |arge hales. [0030].The
spacer 6 3% RSt APFRFLRES AROY®NngL LG Ligdined Fﬁ@hsﬁlgi% e & < RPough

AL SR LS B SIS R,
or the 11 TORRBG T Ao BR SR HOo GHia EPSOHe 1370 Cor B, V1A 00 508 100
2 | am naU R G EERgHAT SHOPAPG OO e nhF PP ORCLY Ao eC SPaCRr g s the
{Toat ed, THEURCE PACDe FPEREa I D= DSt ant ol A6 A LTSt 1 cot St th
i e o A T
Suspended THCCOT EOTRRTFRa T oL RELr™ o' e, Frade B o Sa T R
anhanced. SIS "ERE SRaCEe [T 6T S abi T ONpOCEd T e aoabyn abri o

dth = b e ; a dud @ th
and t e er&ﬁﬂ%‘é%@ﬁ Le a&bﬁﬁttradlq @ﬁaﬁ@fns& At (H8) i Alud Yr the

spacer in, polyester, nylon, polyvinylidene f1luoride (PVDF),

metal fibeky 20¢iaerh¥abadneabPoRe T (1hef -ap?aci@tt\ﬁe, %haWesh Y spfe ShafLcal
resi stance and econony, polyolefin is préferred. Fromthe aspects of being
able to Q.elrd:?jSrﬂgt g reduckiarsafl cARCLOs BbRbrsnat @ppefatist hesMaderHeo be
treated, and to obviate the need for an apparatus such as an activated

carbon t guercrAGldn/asSshr-£REHOD ddraist 2& ey pheferd i ol W930d a Meei-aatee NoO
limtations on the formin which the mesh sheet 5 and the spacer 6 are

super posefs bapdheOtthaira f1ing riteRin wenfiaces Higyaeftumpbbetan nat ed
together, or they may be integrally nol ded by heat fusion. The size of the

mesh sheeti drcfid de iz enchforidife Sacaathidiead ndinikelilne Sl il is
preferably, they are nearly the sane for uniformtreatnent of the water to
be treat echexbendigrgths in the direction of water passage of the nesh sheet
and the spacer 6 are advisably, for exanple, of the order of 200 to 1,000
mm  al t holggiz dlheBige Ingi hedapentaprbé hend whiich hysoholbs ahlewing ties
treated, the amount of its treatnent, and the desired turbidity of treated
wat er. [2033geTbé water ital beot rédeed prandrehéchatal e twhacdesihredheet
menber conposed of the nmesh sheet 5 and the spacer 6 | ami nated together is
not restrdegredd thrdswsydmddd mataeretahtainetielnl the wabebdubed:rdatedt he

vi ewpoi nt of econony, polyvinyl chloride piping (CVP piping) is preferred.
Nor is the shapeh® odsh bbeetreismodrrestrested ct éihwenrat i & ywoyieapeakmaide
columar or prismatic.

formed fromwarp threads 9aandweft threads 9bas shown, forexample,
in Figs. 4(a) and 4 (b) is named. Figs. 4(a), 4(b) show the mesh
sheet 5 in an enlarged plan view of its essential parts (Fig. 4(a))
and in a sectional view taken on line A-A’ of Fig. 4(a) (i.e.,
Fig. 4(b)).

[0027] The distance between the adjacent warp threads 9a or the

10



No imtation is inposed on the nethod of wi nding the sheet nenber around
the core material 3. For exanple, the nethod may conprise fixing an end of
t he sheet nenber to the core material 3 with the use of an adhesive or the
li ke, and rolling up the sheet menber, with the core material 3 positioned
in the center of the resulting roll, such that the roll has an arbitrary
di amet er dependi ng on the anmount of treatnent, the turbidity, etc. of the
wat er to asEagesd: waft floosuls Phert theemash|shatafi orRMORY t HE'S PPERaRPoN
tank 1. For exanple, its material may be stainl ess steel

1 ber-Tei (rSHEat a5l ASIGR 1PFREYS . 4l 4 £4DY) 76l % BR CEETPOBYCSE HISIOBIeE

di anmeter of 100 to 1,000 mm and a height of 200 to 1,000 nm_as long as its
shape is of RO 6@ dyl0i0Rdemeal The ubtdarof dhepdolies Hilgdiratedebyubarsk
filtratigon tank 1 is illustrated,_ but the tubular sha

e is._not limtative ;
a shape WHiRgs an Féds ¢hR) baR@Rl0r thg SP2CRaRRFYOT ol Rt RAFS NESY, O?s

e aopt diie AEOBIHSE Ambe8 - o HAHE WBALP S o 1o DEECRTaR Y: o ip e PeE
water (patdiEpdey Bhe et fie e aea S R et T e EE o of
of t hese 4% FedoF a0} br L7 ITaAmaat Bh 508 66347 SPnihr g 2o = CRECEACEer 5
mmtert ol Pk BEORSC i O o 1S R BB ek R O AT
furbr i 1yt eRARBIRY ALF bd BRENS PR ATHIED Chebb BBl sodTCan

a single xtegﬁ&eoél%%gﬁﬁgbhhga %&%rﬁ%é(@ﬁf&l%ﬁ¥%9§féﬁﬁﬂggéé P&gaw@@m@f

turns wound 1S, re easl shape e nes can be held

by the SRAGEL. & nLisdesubbarhaubhe AdvaniAgee | Nalsdiie el ele ba-hadd eat ed

can uniformy cross the ne eet '5 [ongitudinally,” thus stabilizing water

treat ment c[&.%s&gb@aﬁgga{)%arggﬁ§q¥&ﬁpoéé@ de Ehﬁj{)igai§y%mﬁ’c§ at-Rirdde

filter béﬁ§n4 wound roun e core material 3, the core material 3 need
not be pr&%ﬁfgisrﬁ&ﬁbféﬁéfp!a%efémﬁhéét W@ Eha By e £orDOs ad i ghtt Resddilityer

body 4 alone, i1f the shape of the nesh sheet 5 during water passage can be

hel d by tde $Raceted 6k bhesl ke Angh tikeusRlehst 8 PewltwLed €0 Xow Rass
t hrough the nmesh sheet 5 in the planar direction (can cross it

l'ongi t udigialden. - Th@038 the H krdsidWeppuencubhias hkktiels 2 fislwharigad into
the filtration tank 1 of a hollow cylindrical shape to construct the

filtrati aipppanad Us khe léﬂyﬂfer recaiien e FRROfsd hsniddies mambeanwund
round thgﬁ)ilter 2, followed yE}oining them together to prevent |eakage of

t he wat e"a;l&%ﬁﬁ:dg,eﬁéﬁélyl AstdFS 1ARAREbN ddparfdduy Bbt enpanydhat tisedieday be
constructed. Besides, the spacer 6 may be fornmed from a water-inperneabl e

mat eri al warawved dhkeakage afsndiel svaéebrane hpphreated theretshyréhenispazer 6
may concurrently serve as the filtration tank 1. [0039] (Enbodi nent 2)
the clogging of the reverse osmosis membrane apparatus, the
filtration apparatus preferably uses the mesh sheet having a
smaller intersection height than that of the reverse osmosis
membrane apparatus.
[0028] The diameters D of the fibers constituting the warp thread
9a and the weft thread 9b are each preferably 0.1 to 0.6 mm, more
preferably 0.1 to 0.4 mm. In order that the water to be treated

can cross the threads nearly longitudinally, it is necessary to

form the holes, through which the water to be treated is passed,

11



Fig. 5is a schematic systemdiagram of a water treatnent apparatus
according to Enbodi nent 2 of the present invention. The sane nenbers as
those in Enbodi nent 1 are assigned the sane nunerals as in Enbodi nent 1,
and duplicate explanations are omtted. [ 00401 As shown in Fig. 5, a

wat er treatnent apparatus 30 has a reverse osnosis nenbrane apparatus 31
provided in a stage succeedi ng (downstreamof) the filtrati on apparatus 10
of Enbodiwémtfl%uﬁﬁ@frfel\mwé@éma§eﬁ5%n§1¢@r§@&%¥1h§km$%eﬁ%g S¥49Pted to
per form nmenbrane separation of water to be treated, wth the use of a
reverse d3Hpshickrest darends gpthe i Ghicroh: Ratde anInhehtrephRERtus 30,
the water to be treated (raw water) is introduced into the filtration
appar at uL0 te MREer ot P&t EpeatRg - watfertht Ii&a%e3&d Lo thH SKas th&en
introduced into the filtration apparatus 10, crosses the nmesh sheet 5

| ongi t udiFRAUHAEINEhEPEET RPN ISP HBFFRIT SRTAV AT FUIRERARL FOE B

i1 et at | o gpar SAUES IR | SF COR TGk HET GV SERabers Tt
t 31 |, ted in th i t e it I bj ected t

moror ane SO %y Ao &ALl ST e Cobn e SHORUPRE, "R e GPeLeAC

nbodi t.-.t Jlt i t 1 f. _Enbodi, t i t hat

Creat ed VeSS tHIGShar QLS Fon oHa o FEV R Anadrebet orSEEgP b Tle.

the Tiltrald gncapRanalus 10.6an-be dsed LB NG, SEaOGRrErPddd ddig ever se

osnDsi S MEeNbrane appardt us 3T Trnstead of °a ‘menbrane Separation apparatus

h fil t] ; ' fi ti

appar at uohSERCECtlE PPITRRCE oh iopa e o0 ORI TRt b Ur dofaratts o

the M aRRAIM Haor 093 dififed 0X %V&érhﬁg[ BB Pt A IR A0 Borior/ch

m ni mal | y cl ogged and i s | nexpensi ve. 0042] In the reverse osnosis

menbr ane @pparatdls 3l Eff%\ﬁi %g%éfg tabl%h%ta%q%gs 4eaeediRg ot R idd tHAtdon

apparatus 10, it I's preferred that the cross-sectional” area of a water

flow pat hydyowedel £ 6 reatedbehargqr ddardhgsCioss sacthO@a ea,

in the direction of water passage of the water to be treated, of the nesh

sheet 5. W th drhe S Rid@udhy R IIBY §1RE WRTESitS HRAITRILRNE PR wdkh f or
exanple, it is preferredthat the width of the raw water flow path be
larger thare#ihe g} gt Rhphhed Rtiehseaki ARsAf shBernesh wheelxdmpikhe ithape
of the reverse osnosis neibrane apparatus 31 is not restricted. However, a

so- cal | ethaSPbkad WRE: IaHRISR SO $heoFerbeanerappylaldiandladiowisdare in
whi ch a reverse osnosis nenbrane shaped |like a sack is wound round a hol | ow

core nmat g§dafraviENghdQiAle PASSIHE & MRS ;| B BosEees Wdace bhetoflike
preferred, because this type of apparatus is easily adapted for upsizing.

I nparti cl¥med FromSt Ph&Fs aFitad ot @i dpetbheosRiHaAbri¥peot @ver $& 060Msi S
menbr ane apparat us having the sanme dianeter as that of the filtration

appar at UprEeddbitihe . sRid 8b iyPer ENEs S ma@eFasils Sepbrposecanpianaidishatl i s
used, treated water resulting after the nenbrane separation of inpurities

by t he reueitseasokimiaist mnbraiet égral sedlatiged bl rdne triwel foldion .cOLE the
material, while so-called concentrated water containing | arge anounts of
i mpuriti epaddrch ibare wotebeanpammdalahe shepamdtieth dyed het rdvevgms Dsas| S
menbrane is discharged fromother parts than the core material.
of the water to be treated, the water to be treated can be brought
into uniform contact with the mesh sheet 5. Thus, the spacer 6
is preferably one having the water-impermeable sheet. If the
nonwoven fabric is used as the spacer 6, the fluffed sites of the
surface of the nonwoven fabric can trap the suspended matter

contained in the water to be treated, so that the suspended matter

trapping properties of the filtrationapparatus 10 canbe enhanced.
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[0043] Instead of the reverse osnosis nenbrane apparatus 31, a nenbrane
separation nmeans, such as a mcrofiltration nenbrane (MF nenbrane) , an
ultrafiltration nenbrane (UF nenbrane) or a nano-filtration nenbrane (NF
menbrane) , may be provided in the stage succeeding the filtration
apparatus 10 to construct a water treatnent apparatus. [0044] In Fig. 5,
the filtration apparatus 10 and the reverse osnosis_nenbrane apparatus 31
are separdtty theoerasert dschheferrbly monReed e dhve RONMPYS afabric
However, this is not limtative, and an integral water treatnent apparatus
maybe corfftd ddte et Eparmeab sy skeé€&mmodating the filtrati on apparatus
10 and the reverse osnposi s nenbrane apparatus 31 in a hol |l ow_contai ner 32,
as shown {4PF g Expmmles Sihghe Metshisyr APTvidhe SPACEL Fetite RppAPACHL R
conpactness, i s achieved, and_the nunmher of_co nents can be decr.eased. A
e RS ST n g Ik yBOTHY SHH . SOSPA gt BETEUE S Rhos et r 2Re.
apparatus 3 be provided, ..a plurality of the filtratponapparatuses 10
At ur T C RS A EE o ISETE. HEABT ahBS aBbEVER HIES 3% HadhbEaL

provi ded. ees[ogi% Al tgr nativel }é} 12 fl (r)fccul at i o? neans 451 T hbe E)r %\éisded in
a stage precet SHE EFPEPRY r S LA SP& AU RSB tofst ruct™ R Rafer

treat nent ar at 40. The ter .treatnment apparat 40, as shown_in Fig.
7, has a?ﬁ%(%clﬁ]lga ?%ﬁn%% S Orcmo_rtr_‘p%’lre! Eleﬁ&cgl%la%fil\gan a’nlgtfz icr?tnoavj\ﬂfec

: int nd. e the r )

water to foe, jreated éé%‘é’éf‘@éﬂéq' 2 'fl Jd 8HYSEH. 1 ChHEmy Gl Latradyctian
means 44 conposed of a punp or the Tike tor ratroducing a chenrcal, Such as
a pol yner ul.an L h tid a ; 1 43

hol di ng t%lje&g%%mhga%f:t%ﬂéegﬁ ?%%?%n%%#b%uﬁégﬁq%o uct ifg?enrés:rl%ls% 46
conposed of. @ Qg or the like for introducing an inorganic flocculant into
the reaction tank 42 froman inorganic floccul ant tank 45 hol ding the

i nor gani cfdpacutiadte A RS in 13y tage SHIGEREHIWh LRE Wi 10 WAl haymeans
41 the fiﬁtr%?i on ap%arat us 10l of I%%bo Iment 1 int ovvhli cht hle wat er subj

ected to JHLacyl ahlothe %ﬁ%’% 8d8PL IR Y s P ULRERLOBE he B; T TBREH on
tank 42 is introduced. The water treatnent apparatus 40 is further

provi ded gMrfy R d SHRITRD OV b MTRIRTARR ERRYAHES ,3br R yShRge vruicceedi ng
the filtration apparatus 10. The reverse osnosis nmenbrane apparatus 31 is

the same igddiatl ivhmbheeal ByeRBat | anetbiyat ahd seakNBRt t REPRE S Ushedk sand
perfornms nenbrane separation of the water to be treated with the use of a
reverse Qsishé serdbINehe dHHMG] s\Wddy sethpa tied ebmbr, ad fRyte fRAN1a1, US 40,
the water to be treated (raw water) is introduced into the reaction tank 42
as the figrdy srepnedher, thhesghenteal uhet drinnt tdecwder saltianmatdsy: tuch as
a polynmer flocculant, and the inorganic flocculant held in the inorganic

fl occul ame tasktd48. arehé nehedheednmhd de reketonadbf ivdtadpakisagendfinhed4 and
the inorganic flocculant introduction nmeans 46 into the reaction tank 42,
wher e t henesat ehaddedntiothhespater toabe ddensslioly Ihtomedseamp e pbeot rdat ed,
whi ch has the polynmer flocculant and the inorganic floccul ant added

t her et 0, dmlext iofr ed owtbh1aoedi mmer aizhdboghf tioesa! ngrhs Tdewend hen the
floccul ated water to be treated is discharged fromthe reaction tank 42,
and sent ttworkild ty bf rdte watappar abusrddedhéehsasrount dfeitedatestmentt chhas
been introduced into the filtration apparatus 10, crosses the nesh sheet 5
| ongi t udiamal Ibhe esrigtd Swepdnday et ttereadmwt aiater i n the water to be
treated is renoved. Clear treated water discharged fromthe filtration
appar at usl0P®3ls The material for the core material 3 around which the sheet

member composed of the mesh sheet 5 and the spacer 6 laminated
together is not restricted, and a plastic, a metal or the like
can be used. From the viewpoint of economy, polyvinyl chloride
piping (CVP piping) is preferred. Nor is the shape 3 of the core

material restricted, and its shape may be columnar or prismatic.
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supplied to the reverse osnosis nenbrane apparatus 31 |ocated in the
succeedi ng stage, where it is subjected to nenbrane separation by the
reverse osnosi s nenbrane. The water treatnent apparatus may be free from
the reverse osnosi s nenbrane apparatus 31. [0047] Exanples of the water to
be treated are water containing humc acid-based or fulvic acid-based

cugar spr HICLABGATbER 15 LB R b e oK GF AT Sh heTE S BRTET
substances w s surfa act i ve a%ents Co. Crgﬁ'\ﬁa Les are industri al
wat er , Epe Er‘-a r3I ver Shat P+ %k PekH %r‘ﬂf‘y HEUREHPSI

t t t I I d | t . .
I’?iri“n’é‘d?ée%:%% U8y Ll g eredia et FPasfe dofgmbERTEh. %?watt& Kbe
limtative, Hrrusr erstohgle ubst%% lccurlrllr‘g_beugje%e t|on of
plants, et€ “by*hitT 6ot 9a mg ant!" T néuds nakrc™a and ﬁater

t ai ni h
e pendeq iidt PHF d BPY omﬁdf Srabnaned ¥ FAE Aot el %%EEEE?II ymer
fl I

occul ant3ddedopschie hooal eakd! gntg,(ebt%ta% {0 LA ARLO ©

organic po yrer S suc as pol rylrc aci r of

(ot sciold cuehd B Loptilacr i desend, helE abkali. Tial, ool b

noni oni ¢ organi c po ymer occul ant's such as”poly yacrylam de; cationic
organi ¢ paloyeyg floccul ants such as honopol yners conprising cationic
nononers, for exanple, dinethylam noethyl (nmeth)acrylate or quaternary

ammoni um Ry theseolarand dimeihyhanknenr opyl £{ TRHN 1 a¢TvdAR de For
or quat er nar yamrmoni unsal t s thereof, and copol yners of these cationic

NMONONEr S BRghg 1@ 9Bk G FUYONEN ﬁa?%é"s‘t@ajrﬂ%%@ sttBeremirt e rand i arpheteri C
organi ¢ polyner floccul ants which are copolyners of the above anionic

NDNOMET S p1GH NI (FRBPNOFRH S1 B G MANIQR BeMPEPHBEEN EOR Y NEId iZadd t tWioteh
t hese nononers. There are no limtations on the anmobunt of the polyner

fl occul antocadded, obbsmandudta Mg adifusvedtdependo ngm, ks tihhPpraepertsi es of

the water to be treated, and is generally 0.01 to 10 ng/L as a solid

content WHapd @gpacholl0otvheynaharitalbectibeddel. shape. In Fig. 1, the
tubular filtration tank 1 is illustrated, but the tubular shape
isnotlimitative;ashapewhichallowsthepassageofwater,namely,
a hollowshape, is acceptable, and a prismatic shape havingahollow
inside, for example, may be adopted.
[0035] Examples of the water to be treated are industrial water,
city water, well water, river water, lake water, industrial waste
water (particularly, bioremediation water resulting after
bioremediation of waste water from plants), and water obtained
by adding a flocculant to any of these types of water for
flocculation.
[0036] In Fig; 1, the filter 2 used is one having three turns
of the filter body 4 wound about the core material 3. However,

the number of turns wound is not limited, and may be adjusted,

as appropriate, depending on the amount of treatment, the turbidity,
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[ 0049] The inorganic flocculant added to the water to be treated is not
restricted, and its exanples are 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. The anmount of the inorganic floccul ant added i s not
restricted, either. Its anount may be adjusted depending on the properties
of the water to be treated, and is generally 0.5 to 10 ng/L, in terns of

al um numic i PEnth{i vateedsebe Fﬁet"%%dwat'@“‘%lot‘ﬁ‘@ fiiheER MAY B& §RLYN num
chloride (PAC)_is used_as the_inorganic flocculant, optinmmflocculation is
achi eved,® FABHEIEHABHPEE R ELWABEPQYY H&urcht BUT i CATHSE HRerHBPFRer

fl occul ant_and the i nor%ani c. fl occul ant, added t heret o, val ue of

the or derPhHftW¥ N Wourdpisal thEeURATE | SrEhtatih hamsn ¢ Iﬂ*}iletsﬁ"tésg‘ﬁ SP&rti es of
A Ler (e 50125 S0 Y IR SPYRET 1 oQEiPerRS Y LT HE AP GRS FBaed.
L0081 1 THERIIAG (b B HRAES EPEnCRane ByYaFaPaS SHooP eRe REee &
hbsor banc o LR RRIg FBBe SRR R HEeET sURaEHTE o aw vater Tank
Furcher WP 1P 58 8anbalbeEshERe ML Eitced Ta8 S died o8 e RancPecei ves
Cal cul a 425h 2 FoRAC P IRA T b thal S 48300080 e TR WA PR 20

from the sgheneal pLapkeddnl Nt 6. dhe.5haak OBnkapky (2: anthehheATRlRL otk

addition o e i norganic occul ant romthe i norganic

f1occul afoI %ﬁthiﬂEtéx”foBd&hPaﬁ%ﬁ%t,i £ chankh 4e ANEREMULPLRERES GaTRYNt s Of

addi tion. hi's manner; a water treatnment apparatus 50 nmay be

const r uctgther RQERLThEnAAdI hEORABP UMb COMIOL ARANTIR2 ha%, AnAddit i On

~amount correction information, an equation of the relation between the

absor bancg 1Qfr £8®MBEEALEQ I bEEBIEH-Ah ERE RIH BUBREMDURLt10d phheapol yrer
fl occul ant added, the equation having been obtained by treating the water

to be treghecdt\WH qkahasr@ddf arenboneaieidigdalikti.es andvarious absorbances ,
in ajar testerusing the polytner floccul ant. Based on the absorbance data

on the wateersd]o he fieated déavwwat erghd romdde Absordrancgedreasis | tigs means
51 and this relational equation (addition anount correction information) |,

the addi tiiqn ramwH t6ARI I Jf BERGE1EW Gl iGidiesl shapeptonabh smudt toie
addition, and controls the amount of addition of the polynmer floccul ant
i ntroducesd fforemildieapperheat 100 r clduetican aedniset44f SRPidmEhy, 11be mgdi tion
anount control neans 52 has, as addition anmount correction information, an
equat i on &f wichedr ebahdonhbetneeart he BbBDsWad ey Ofo iriengvettesm tradae Hareat ed
and the opti num amount of the inorganic floccul ant added, the equation
havi ng beenpaktventellebiateeaf i tige tweecavatter beotbeatedat elip tihi < mamaser,
different water qualities and various absorbances, with the use of the
i nor gani cHd dddudrartti onBasge rert ushd talrsgr fren cerdatranadred .heBeatidest, othe
treated (raw water) fromthe absorbance neasuring neans 51 and this
rel ati onapaeguabinmay pedivtned famuatwatorr emtpermeatd be mattieoripl theraddl ti on
anount control neans 52 cal cul ates the

leakage of the water to be treated, whereby the spacer 6 may

concurrently serve as the filtration tank 1.
[0039] (Embodiment 2)

Fig. 5 is a schematic system diagram of a water treatment
apparatus according to Embodiment 2 of the present invention. The
same members as those in Embodiment 1 are assigned the same numerals

as in Embodiment 1, and duplicate explanations are omitted.
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opti mum anmount of addition, and controls the anmount of addition of the

i norganic flocculant introduced fromthe inorganic flocculant introduction

means 46. [0052] A detailed explanation will be offered, with the pol yner

fl occul ant taken as an exanple. First, the relation between the absorbance

of the water to be treated and the anount of addition of the pol yner

fl occul an itable for treating the water to be treatedwhi chhas this

absor bancL?éﬂgne ¥, STRE ah gofg'ac?di"‘faltcﬁ‘r stﬁ:ﬁai% S a‘pgaﬁag'.&?u%gt 3ol ubl e

or gani cmat t eras suspendedmat tngbr but__not to b[e-;)_ an excgﬁﬁ, i s _obt ai ned
I )

bef or ehartd 2" addt 1901 o IS SPRAPSHTacilo R ¥ A BnELESTe of
t t t..th h h t be t ted i d, d
e By S P FRBRANGE ) W MRk o SEb RSl 30 Bl an Lo
| t t t b dth ddi ti t ti
o or rmt 1 GICEHIGEST] e S A AR DI Er Y SR 4T, mEREee s %
correl at Iﬁ?u P %a.%qrf%\f ! R%mfo?éh?‘ﬁ%@ﬁg?&%fg&ﬁ Ol dEel dtb%_e £§20¢eN ration

of the so e organi c natter an SOorpances obtal ne Yy measur énent s

of one ory 0 G MAMELLNG S e Wehielohlndagicon Wi th vavel engths of

200 nmto 400 nm as. we as In the visible region with wavel engt hs of 500

nmto 700rdudq1l ORPdh &Ecwal dd treatmert)tsscog 5 A3 C tl'mt Welter to

concentration = A X [ultraviolet region a nce - visible region

absor banggd £ r£80&g] (rERewsOL HPL e DIGAM G dmEheE GRNEENEFAE 10N ¥30-ahas: a
correlation wth the opti num anount of addition of the polyner floccul ant

j udged framddieHd rfqrrs%q@,itegd fohe fldt&F I 19 B GORSHRY, AR HQf P! e
water with the use of a 0.45 mm nenbrane filter (i.e., KMF value). By

nmeasur i ngi it aksar Dans eseifii 1836 i@ 46 th £ AY b l@lo g e @Bghidhead Si bl e
region for one or nore wavel engths, therefore, the opti num anount of the

pol ynmer fd neaylantindued, eare ke estbpehedd maft@@a6dooached ahythé alatle@st s
are conduct edbef orehand on the water to be treated which has different

wat er quald thee g rdaifede Xamlemodie tmtsind @xtent.catedarsuebagsdi nduskri al
wat er sanpled on different days, to obtain a relational equation of the

di f f er enckE dedtaresd tthembaer fanceathohhgpphtaaus ol etig egipsll sadl ddhehe
absorbance in the visible region versus the optinmum concentration of the
pol yrmer freomdeaansmaddednémnbeane atdobhd raruarsauibcaaptr bh thd arumidedting as
shown in Equation (lI) below In the Equation (1), A to C represent

const ant stgependkeate drit watsrbjeealdd yo nendiraase sdpacantentoyathenresfersa ubl e
organic matter in the water to be treated; E260 represents the absorbance
at a wavelsamgtils ofer8@nern andtE860reepnesembsdiimenabsohbafi¢étantaon

wavel ength of 660nm At the time of water treatnent, the absorbance of the
wat er t o appanedarsed 0 © hrdadadddiertthd apt iuvnem, arsgurithadf tag@ittedrwadgfent he

pol ymer flocculant is found based on the results of neasurenment of the
absor bancd seig rigeshitrhe tlhe |foditnp tHEqmaebpareths Bhd s héepol.ynBrus] ddwul ant

in the optinmum anount of addition is added to the water to be treated.
filtration apparatus 10 can be used, in the stage preceding the

reverse osmosis membrane apparatus 31, instead of a membrane
separationapparatus suchasanultrafiltrationmembrane apparatus
or a microfiltration membrane apparatus. Since the filtration
apparatus 10, unlike the UF apparatus or the MF apparatus, does
not involve filtration using a membrane, it is minimally clogged
and is inexpensive.

[0042] In the reverse osmosis membrane apparatus 31 provided in

the stage succeeding the filtration apparatus 10, it is preferred
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[ 0057] [ Equation 2] Concentration of polynmer flocculant added = A x
(E260- E660) B+C(1) [0058] In the above exanple, the relational equation of
the difference between the absorbance in the ultraviolet region and the
absorbance in the visible region versus the optinum concentration of the
pol ynmer floccul ant added is shown as the addition anobunt control
|nfornat|¢h wever, this is ngt Iinlt tive g t he aqgﬁglon anount
control r 8ﬁ°ﬁﬁy858t58§@ %ﬁe%rﬁ éhéﬂa&eEo tPBIPAEY A ML TPhe
threshold control _is _exenpl. de in mh ch when the absorhance

di fferen FE%E%@DF%JF% t'r%é?’é?ﬁr‘fﬁéa §SFEé°QF fé - c’&hEgﬁfif‘ﬁteFGﬁOBf t he

| fl dd d h di f
Phe’ pr edct oA BFarae Pt BPazRaERE EBree TR T O (NE BOymercct
fl | t.at ab ban diff d
the. pr eddt er%ﬁd%%d’tésf%eﬁl%zl A E&N@gﬁm?mﬁl%?fﬁ% e e 5 e
dded Ho, hi t 0 bed
added 15 gl examp% 5 TS BFHS ahA %, groﬁﬁaeg%ac“ c

above, t He afoun occu i's €On ase

A 0 6 T R =

cont al ne I nt e po%yrrer occu ant in the

bo. 1 eat al tan “bo ThaaTst 6 Ptrff)‘é%‘geﬁ%g@vté’%m. %L@%E?%?gﬁrb}fﬁ%&b the
water 10 fie ddcainn hanges. sl Bol VIekolLaseuhanhi k1 aded FBykhecopti mum

anount in accordance wth the water quality of the water be treated

after chalgidls Rmbhahe BiRALEE MRS £6U ERaBLGM Fhabhlyr&a8r88 L2RlAlRed
stably. Control over the anount of addition of the inorganic flocculant may

be exer Cipgthidhd B8a éHBli‘I?é"&eéaéﬁ i wblifgaboved AL PBRt: SRR a@le ravar the
anount of addition of the polyner flocculant . [ 0060] A correlation also

exi sts befageny %Q@ek@é@éﬂg{dh@ieé he yalile sQrPEcé terbred anNg g erred,

concentration of the soluble organic matter. Thus, it is permssible to
nmeasur e tg@-dubditdiilsy tiyBst eadaphbatheuabsordancey AT IOKE 1015 RupRAntifg. | N
the sane manner as for the absorbance. By this procedure, the polyner

f1 occul antn wart heulf gaRIsGHd el @b uka thkeswitd INtypharevat-seasniess iadded
to the water to be treated. Hence, the water to be treated can be treated
ef fi ci entdembrAten ddpddtusmiieny itisnltdHey seime 38 anditeyr ta hdhdt edft ethechanges,

t he pol yner flocculant or the inorganic flocculant is added in the optinum
anmount i rfidcoerdanc epiddda tuie ichangedchat epigaal tipeoketrbeseabemotasbe
treated, so that treated water with high clarity can be obtained stably. It
i s al so acméptaatd epparpeutos mikotibedf tosdted waerr rkeudningtabfernddid i on
of the flocculant in accordance with the absorbance data on the water to be
treated (weanvmetirer yepadatbohrafl inperithesaythe wfveadki bsnnshE Mdmbrane
flocculant in accordance with the turbidity data on the water to be

treat ed. isD0BIcHargeddifiicon tthe tHue et erorte ewttresmita lap paridtaiss@Canided he

wat er treatnent apparatus 40, noreover, there nmay be provided a cl eaning
fluid i ntaoodistimmtatewaserwhdehainingdicese arciueds nf fhpidivies whicture of
a cleaning fluid and air into the water treatnent apparatus froma

di r ect i olafspoottkeen nemdbrdincecspar adiednay cihp asyegscopsnpelgaianbranede
treated, to construct a water treatnent apparatus. Concretely, the water
treat mntl%p?g@%argedairmmh&mrpa@w@n itheriqpre mafmriak r eat ed wat er
tank 61 for storlng the water to be treated which has been treated by the
reverse odiffsils Fevirathofppe FaYSTSE OsRQSAEsMEMEr 8RR ABPRFaFYEs 31, a

i ntroduction nmeans 62 for introducing the water to be treated
membrane separation means, such as a microfiltration membrane (MF

membrane), an ultrafiltration membrane (UF membrane) or a
nano-filtration membrane (NF membrane), may be provided in the
stage succeeding the filtration apparatus 10 to construct a water

treatment apparatus.
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(cleaning fluid), which is stored in the treated water tank 61, or a

m xture of the water to be treated and air (i.e., cleaning fluid) into the
reverse osnosi s nenbrane apparatus 31 and the filtration apparatus 10.
[0062] Wth the water treatnent apparatus 60 of the above configuration,
the water to be treated, which has been subjected to filtration and then to
menbrane separation, is stored in the treated water tank 61. The filter 2,
etc. of tHO%4] tFatFion dppdhe Js Lioagisguaprpraster L8r andstha pevVesERance
owi ng to the deposition of contam nants, such as solids which are ascribed
to the polgmasisneperremerparabis BdarRArRarpbe YRV 18¢der aenehesuct
floccul ant or other suspended matter, upon water passage of the water to be
treat ed. theevwabparttsieRnBPRAEAtEGch BRVSRY r EWdFsES At diBiRdRBVEne, of
the reverse osnpsi s nenbrane apparatus 31 gradual ly deteriorates_in

menbr ane A¥hAR AN HIGTEr VOERATCE M eBPRRRL IR FRY PR GPTSE It Akt s,
such as solids which are ascribed to the gol ¥rrer fl occul ant orﬁtﬁ_&e

i nor gani CHATBLCU &it SEFPBHOISLLRE thgc LGl &RETPBt RBPAEASHENGEd Ehe
uponmenbr ane separati qn. T“t}as, a val ve 63 provi de&éob]gtpween t he reaction
tank 42 FFTHIRE PPPPPAL BATAPRT ARRATS UShrid abat ISR EERSEt wéen t he

and opend ST YRGETBRorane TS aar FOR LAFE0FP O Th THCAR S brEPRFF TS
and open rane -se S I !
f i nh v ion, h h h , h
Val vo. 65 EBRASIINRG Lrfe "CTea S0 aler T anRUBDSEnat hetFeynee ehobls.
nmb t 31 to, fl t i i
tored | TRE T of RO PR OB AP I o PR SIS e
dair, t ) atine.
cay, o (I Er P b e fAR S p IR R A ARRAL L T L P

duri ng tft%?etﬁ?ﬂéﬁtPyrbgﬁggﬁgg&séQ%o%m'g@grgmggﬂﬂ@%%k 8 JTRRRS 62

such as a punp, ere Ing the separation nbrane wth the cl eaning

fluid or ai raﬂéeﬁaaﬁtafl%t‘?k%%”iﬂgrrfag“ib% I-Riilgeld owi ng through the reverse
a S

osnosi s nmenbrane appar atus 31 pass through the filtration apparatus 10,

ther eby haglawashifge e fdier Dot dbyidiConildhddI@ ChRaNIRG frlowiitheer al r .

Then, the cleaning fluid is di scharged as waste water fromthé filtration

appar at us nl@ PabBepfaltsd figy Aind 18 1Wak8fi df sgba%atuapp@r@é WorBt Mk & val ve

66. Even if a punp or the Iike for feeding the cleaning fluid is not

present RefrapedrbhenEAY SRS D . TETRE AR APRakatMendlagpshrdfgs 40,
filtration apparatus 10, the cleaning fluid can be introduced into the
filtrati or spad ahus gL07 buather Tdeam i dh Mednkatr Ossti OMndraars & ophi ch

i ntroduces the cleaning fluid into the reverse osnosis nenbrane appar at us
31. [0063nhrAkberntdhercl-eanhpgrafo blet Feyesae( ek e rireidriang-canydat us 31
and the filtration apparatus 10 with the cleaning fluid or air is

conpl et ed ch@ivallvenbdoandtibg Mebne H64 npahed agpunp andhde a ve 65
and the valve 66 are closed, to resune f iltration and nenbrane separation.
By so cl ey natireiudiigr at chemappal, akush 18s as dod hemene nilrcoen sapa, aitritan
means such as the reverse osnpsi s nenbrane apparatus 31, the suspended

matt er adser bedctdohhtearfk hbefrdin anchéhicse pamit 4 ®dmalehibnankecdrentealenoved.
Thus, deterioration in the filtration performance or the nenbrane

separ at i @mdeanf dnorgeraicafil decslypt essebduet i &yl yneafise 4hatempbeeleof reat ed
or air may be introduced only into the filtration apparatus 10. [0064] In
t he presenimpepbocherdnike for ipddnaverciopenul metgamic ttedamdrganiotdlbezul ant
are used as the flocculant, but only one of them may be used. In the
present emdsodiiment ankot 2 drem an Hexddgsotid ddtcicalantr ozl dd haldinpeche
reaction tank 42, but may be introduced in the stage preceding the reaction
tank 42. irfeesiicTHd ogardanteasntkitaspparatsiagmysbecdedint@rtp? ovi ded with
means for purification of the water to be treated, such as decarboxyl ation
or acti védtletadedomn meanseal  the fddinaddion p@pRatadius LOaP Aetbedhirenit us

may be equi pped with ultraviolet irradiation means, ozone treatnent neans,
bi or enedilaintopwhighshesfater subjected to flocculation, suchasadsorption

or coagulation, in the reaction tank 42 is introduced. The water
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[0066] I|f desired, noreover, a coagulant, a mcrobicide, a deodorizer, an
anti-foam ng agent, an anti-corrosive, etc. may be added and, for exanple,
can be added by m xing the respective additives into the chem cal tank 43.

[ 0067] (Enbodi ment 3) Fig. 10 is a longitudinal sectional view
showi ng the configuration of a water treatnment apparatus 70 according to
Enbodi ment 3 of the present invention. Fig. 11 is a sectional view show ng
t he confitjigadineg sprarahupdfq Lerfaitdiempparadad Wig-h FHeS RIS RERPELS as
those in Enbodi ment 1 and Enbodi nent 2 are assigned the sanme nunerals as in
t hese entirnibiEms apneradys i3dati® exsitagst iszslﬁ§e§%én6mtbﬁeé.llt[ret969p As shown
in Fig. 10, the water treatnent apparatus 70 has the macrofiltration

appar at USERREH S A -f | The K¢ WE D PEesds 1OTBF2ERLBPAEAEUL He ddmrd&at ed
in a water treatnent vessel 71 in which they are arranged | ongitudinally
in this s&jifeAgethabiint kBeupserentRsiened WPE6693T A_LURBMARRA G Y!S 2P the
macrofiltration apparatus 20 has a tubul ar. macrofiltratijon tank(%l,t rough
whi ch wat®d PETEETIESEEBRT #Re RERFGRE IO R MEHST FerPe X Rt ]Y ¥iphitng
suspended matter contained in the water to be treated which is being
passed. TH¥ MG &% id t&VIFP S AFHIAEEs W O5P8Smat eri al 23 connected to both

ds in the direction of wat f th filtration tank 21, and
U7 - Shalp i S LB ST A A O (e 4Ll A PPaegs 36 of

esin O bl Py by ol L el g ol far e e ace

of materZQ%) uspen er, are provided

oL both eleaingibehdset] ahegl, VAL iesponly LheymRekelllLaptuon, ank

21, and 56 ends ™ o ré et er are he cen each

5 e I S TE S AP, PO ST, i i omie 1t o

and fixed t'o the core I al avé so-ca ooped parts I ch

are unfi ﬁféﬁsoﬁ;}%a“éﬁﬂecpntgﬁgaﬁ%vk??ﬁcﬁ?aﬁﬁ tonR p&%ia_@rél f}f}%aﬁ}lé&hé%'}fj t: :

i nner wa ce o macr o tration tank S nmanne

mecr - {1 difdn 2215 P RAdR A QO S Do BT Ahld Ui A Ry hio, the

suspended matter trapping portions 24 intersect thedirection of water

passage, 1§ ANfAlcdiRg FSRENEd: ARG 1Ele GRIUA RRH thik! B8, Wahete L &g drieat ed
can be trapped by the suspended matter trapping portions 24. The

string- shapgd s¥spROdRE dRthEHe AR, PRhbi Rik&A dSpa + PESrE@CLANGH ar
portion (tape) in the formof a loop, and is provided with a plurality of

slits 25 i ahhddI8mdeatihddif 81 diy i lieRgidadti a1 sHdieidr ohddss shown

in an enlarged view'of the string-shaped suspended natter
thereto, is stirred with a stirrer 47 for flocculation. Then,
the flocculatedwater to be.treated igs discharged from the reaction
tank 42, | and sent to the filtration apparatus 10. The water to
be treated, whichhas been introduced into the filtrationapparatus
10, crosses the mesh shéet 5 longitudinally, whereby suspended
matter contéined in the water to be treated is removed. Clear
treated water discharged from the filtration apparatus 10 is
supplied to the reverse osmosis membrane apparatus 31 located in
the succeeding stage, where it is subjected to membrane separation
by the reverse osmosis membrane. The water treatment apparatus

may be free from the reverse osmosis membrane apparatus 31.

[0047] Examples of the water to be treated are water containing
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trapping portion 24 as Fig. 12. By providing the slits 25 in such a manner,
the effect of trapping the suspended matter is enhanced. [0070] The
macro-filter 22 is charged into the macrofiltration tank 21 such that the
void content of a filtration portion when passed through by the water to be
treated is 50 to 95% preferably 60 to 90% The void content is a val ue
obtained fromthe equation indicated below. The filtration portion refers
to a regitomighacédrhassdspefddyivancef-PASeAONFRIEIC SHSE NCeS eWaL ST
trapped by the nmacro-filter 22, nanely, a region remaining af ter excluding
apart , wWidirigew binlesimal mekabebifes suahpsSugeRe RRAGUGRIPE3peating to
the core material 23 in the present enbodinent) , froma | ayer whose side
surface it -heanfrn@teiarrnsainisg SNt achshirelasBRC2RERS BUChASse
opposite ends in the thickness direction are both ends in the direction of
wat er pasSEJE st 2EREVARRIIES | t SONZXedEr PRRACE A FASIYS L TERd WAFER i s
filled wth the suspended matter trapping portions 24 of the cro-filter
22, If tKEParRtRSY YRt (THRRYT nd VEX FREFEY | b7KF Yafifontnd A8 SFIrt'LF‘;ti on

portion refers to the | ayer whose %i de surface is the inner mll§§grface of

t he macr SBAIYS YBFGH ulahlibe PdppEELAE 2EAGR YRESHE ST TS 8 Ef ect i on

o2, o SRS LB of seter pacsans o) (B ReLe 11102

L7 a0PL 0. 0,481 UG PORORLE! L g Tieruglumm bt g
e, (e DS SO Ty WL NG RIS ALLE 224l sy 0lgcomGLed
oper 2L D TL00 LS. PASERL°E B LIE, B Blnk B hERLEohtL o1 e
Seter gt SUILCAR 20 4118 YO TRnRlrkhe £ oL AL bl ol e

macr o-fi 'cth%ron%%iicséa%lr@gﬁt‘é#t%.t he macrofiltration tank 21 filled with the

water to be treate e present enbodi nent, both ends of the

macro-filftRagd2 BfLn -iﬁgggﬁ@ggmyﬁ@%mmﬁ 588L5Q% Phe WAlRILARSSAage of

the macrofiltrationta a e macro-filter 22 spreads over the

entire Mgy ohé higiald 08 Hertke 2ide AW sh Yoh £& R$$ALDET vhEE ARIRK 1S che
treated. Hence, the region remaining after subtracting the part

corr espowdwak%éi‘f(ﬁ@iﬁ) deteridladd f cepolpRe@nbEr @nd tH RIdOF1 0 Q)
macrofiltration tank 21 is the filtration portion. [0071] [Equation 3]

Voi d contgfdt (1T aleqAlaiiRe0f afid tetrliiror 1manti ek talv @aumss 0hoHisparded
matter trapping portions)/volume of filtration portion] x 100 [0072] When
the wat elorigari® ARG IS e8I tid l«1ddh aldh @ oTgOmefdH ) ety lemiarpar at us 20
of the above-described configuration, the water to be treatedpasses through
the respecidivgit Idri@mShaped yadspendeEunaiiey suckpRishp@ddlgaedd and t he
slits 25 provided in the suspended matter trapping portions 24. During this
cour se, tduprusfiendedmridrdic aticidred ifort kexawatley, tdnee Hyleatiethdthytlr apped
by the string-shaped suspended nmatter trapping portions 24 and the slits
25, and t(hetierrilatee dur eplagtdiirgh derniesn sddprd witkmdoft hearslispended
matter is discharged fromthe macrofiltration tank 21. Since the :
macr o- f i |diere t2:7 liasn ictogorepgy 1s(uat H) atr yikzen i@ ol goat enta ol amnenfium gadttison
portion during water passage is 50 to 95% water passage is not inpeded,
and t he tuhepmiafy ehdt bepsligpendenf rateser cesisaticshanbweys and nonionic

monomers copolymerizable therewith; and amphoteric organic

polymer flocculants which are copolymers of the above anionic
monomers, cationicmonomers and nonionic monomers copolymerizable
with these monomers. There are no limitations on the amount of

thepolymer flocculant added. Itsamountmaybeadjusteddepending
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[0073] As described above, water passage is not inpeded, and the trapping
of the suspended matter is rendered satisfactory, by charging the
macro-filter 22 such that the void content of the filtration portion during
wat er passage is 50 to 95% Thus, the effect is exhibited that the water to
be treated which has been treated by the macrofiltration apparatus 20 is
clear (for exanple, turbidity of the order of 3 or |ess). Mreover,

~cl oggi ng @t the prepestilesr afi bheappbeht e I Gresdlad, epe flis| geaeradly
apparatus 10 provided in the subsequent stage, or the reverse osnosis

nenbr ane Gyfbartét 48 BI/ pravidaPlid gonsessr yIERnreePath e W vaten k€ voi d
content is higher than 95% water .passage becones satisfactory andfast
filtrati df ied$d-yachi eved, but the turbidityof treated water is markedly
high. If the void content is lLower than 50%_the trappi ng of the suspended
matter i slQQ491sfEee dmprasmicnblercpharbgeldes §8 tha welhed BAtPS haeaErdygi ng
may occur, in the macrofiltration apparatus 20, the filtration aﬁxg ratus 10

provi ded % M9¥e T&F5LEGHEAr &Pdgats oPX MRl 2\A%S & OUHEHS SAeiit & Bfar at us
o kel y ORI Bh L a8 Py Sor 4 VT CRetH CEpeP it POR ST St at a
g s’ hi g FrETarhyoTeds s escud s o mbR e St o fad tnr SRt o
(onss 10 gesug ol sigpented gt U DERULL "l SR o

56" o oA Tu T PRl gl 4F IR PEoREETkerSr T btk PO TRLARA T, o0

S B g8 S A O o

hi ghly tur er trea W speed treatnent is carried
out or t | di r i .y stfout
Cavi oo {RECIEPRBREL Y et Lot LFERES, | 22 bR SR o

obt ai ned. <p§ld}c‘i3te Qsea%éi GG BBL-gh B 1B fiSE@Qié(ngniéﬂirﬁurﬁ te 1t Rgfadied

that the suspen matter trapping portions 24 e Charged up to sites near
both ends; d n e iRt L nRaSsageplt LeCthon.of o heo Berfddidat Al dpMa L. 1t

is also preferred that the suspended matter trapping portions 24 be charged

up 10 si 9% BEMmMENS16008N aWR! dnPhE 3¢ rQfantiier TBEEOT At halibat HAae 2 1.
[0074] The volunme of the filtration portion preferably does not change

bet ween stakes.athanklMie Betveen e &f Be 00fo Waler a pesSagE foddAig amatsl to
be treated and other state such as the tine of backwasht obe described | ater

orthe tineindd ORPPAASRIpdridildAbf eRe wHIR Ch@RBE HedfteDf trhevigldsgrurdfc t he
filtrationportion ispreferably 30% or |ess, nore preferably 10% or |ess. By

setting sULtcull=A0fay tReadBEH Rleiflcidead e tapPRabygieadnhsr tRBGRIBher
conpact. [0075] In t%e present enbodi nent, the size of the macrofiltration

tank 21, ffoddiidrad td BhehRper sbe becrrEd , Icr dyBe addied®ingl 1 fnddis 10
1,000 mm and a height of 200 to 1,000 mm If the size of the

macr of i | twitdH aihd artididlids dangsy gdlamdhef Iamlaint he macro-filter 22, it
is permssible, for exanple, to charge a plurality of the macro-filters 22
into the oeEadfithraddonidm@ntko 2ihe oratysi zeed treest Syyevatet et 3 @rot ridppi ng
portions 24 of the macro-filter 22, thereby adjusting the void content of
t he water treatment apparatus 40, an absorbance measuring means 51
for measuring the absorbance of the water to be treated may be
provided in a raw water tank where the water to be treated (raw
water) is stored, as shown in Fig. 8. Further, an addition amount
control means 52 may be provided which receives data on the

absorbance measured with this absorbance measuring means 51,

calculates the amount of addition of the polymer flocculant
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filtration portion during water passage to 50 to 95% [0076] Exanpl es of
the material for the core material 23 or the suspended matter trapping
portion 24 are synthetic resins such as pol ypropyl ene, polyester and nyl on.
- The core material 23 may be given strength by knitting up synthetic fibers,
such as pz: %/prop%/I enF plol Keste: ortnél gn ﬂuri ng the Irnamuf a(l;turidngt g

whi ch a mter%b&%@'éaéefﬁéwég&%@mé“ciﬁwéé& SRl Frae Bt eBR 631 on i s
used as tqr}% ggre matng]l gl tttheﬁéut_zﬁ]lpended rrgttggfrltqt?r appi ntgﬁgg%l ggg 24 are
arr anged ¢ AnPudnat @tk i aEttdie 1BordpRE Corpdt

macro-fil ter 2% havi ng t he agspeq%%gtEatie{%é%%g)?!éﬂ%ﬁp%é%ogést%m read
radially. fugpn Ehe eI tf ag 2core
asi 1y IREHCORBFBLD, LIRS SRR e RO T o™y HB R epadar 5 o
easily fi : fo 1 IS
facilitated. 007{73]PPThe si zes of t?) core_ mat r| al 23 and the suspended
matter tr GrrasHSarl HGY PEsCPPEFEHC ggcept that these corrponents

' h d

RGN i3 C‘JE& #%Jri%\ég‘lﬁﬁfl O%ﬁg sh'@eeésrz?%ﬁ% Ssma?%ﬁ%l%am%%knfess
0.05 t 2 t 1to

![]tsle corecgr?&ireerl éio%fgﬁnofﬂlgté\é{lera? %L@ & ea gdégg Ileglsnagée r{tb%etv’%et%hgﬁgfdeiom
10 1

?g 20 E%a%%% iRy Bt Rl dacddfid Bl %Eiésdsag?"f%%oo%m urf Gl Be D

%%iereﬁ%ewzﬁ?m L a%%f%%ﬁ“%%%ea% s 8%%?%2*1%%%%%%&% g

wat er paﬁﬁ%%eaﬁagggkﬁe @aggl_»' g&v ﬁ@atpxee eéd a%ﬁ@@@i & ARt FERERC

shape havi‘n W I nsi or exarrp opt ed. In the above

exanpl e, NeQV&s a&figr 9ds a8ko %B%.n%%rse 1@5 ?ék%le 543 AL dd XBE pba yhide

pl ates 2 However Is1s not [Imtative and, for exanpl®e, only one end

of the Ccfrl%d@i[l%rrftal §Q¥e§%nfﬂB@QbE8rEQﬁcQ|d%tt%on£9@%%]te|rﬂ:<§i9§treated
above-described exanple, the |oop-shaped suspended natter trapping portions

24 protrude.f kafdr)e ARt tRl @listiribddiced Healsths noS m@hns 5T baldl @4 sFor
exanple, a plurality of strip-shaped suspended nmatter trapping portions may

be used, 123 MW 1l ek 6 ord 3aa8 0 1 8RRtk o Basd: Fts PRRIERa BROAR] thieappi Ng
portion may be fixed to the core material. In the present enbodi nent, the

cross- segldq@atalors hapenef cbhersusnesdsds reéd Béuld Bapitige Rt %dxﬁat
quadrilateral, but there are no linmitations in this connection, and a

circul ar OThaﬂg.ltlf)ﬂr, gxanpbe roT@e: adepiedor dheiteagter qfhee@@lysmpended
matter trapping portion nmay be the sane or different. In the aforenentioned

enbodi NerflodtieeMer ntikdbdudatiefiraln the ¢hemsuspentecbdntt ton e gk .
portion 24 is of a single type, but two types or nore may be used.

Furt her myienilladiane gRy dd bt phufadddunt ebntbelshédiss a2 hhe, sasgldelisdiidn
provided in the suspended matter trapping portion, or the slits need not be
provi ded.ambhmtcesera@t £omh ahf33maay ohe aabsguatiandfttiee ratnoibnldeswez may
be conposed of the suspended matter trapping portions only. Since it is

pr ef er r edehabsblrbanaer of ftild emt22 be Ipe eseretatkamnidy thei dpt thym smaung
macrof i ltrat ion tank 21, however, the suspended matter trapping portions
are pref erfalilhe fimcedsatica ﬁimenteﬂemti reflauhsittheorequattilmn fidvwing ikmert ank.

obtained by treating the water to be treated, which has different
water qualities and various absorbances, with the use of the
inorganic flocculant. Based on the absorbance data on the water
to be treated (raw water) frpm the absorbance measuring means 51
and this relational equation (addition amount correction

information), the addition amount control means 52 calculates the
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[0080] Fig. 10 shows the exanple in which the filtration apparatus 10 and
the macrofiltrati on apparatus 20 are integrated. However, these apparatuses
may be provided individually, and connected together by piping or the |ike.
The above exanple illustrates the water treatnent apparatus 70 having the
macrofiltration apparatus 20 provided in the stage preceding the filtration
apparatus 10. However, in addition to the water treatnent '

appar at us30; imvewamennteaf redd bipir atgs40onheRas ek lne eémawrt odppddatdsons0o or
the water treatnment apparatus 60 of Enmbodi nent 2, the macrofiltration

appar at u®RCheayingergamgy ddeciciilens dnsgedpcedediray €hehinprgarifon
apparatus 10 to construct a water treatnent apparatus. Exanples [0081] The
present ifhasailembniint nesinasd ofe8€RNBedbi-n further detail based on Exanpl es
and Conparative Exanple, but is in no way limted by these exanples. [0082]
(Exanpl e [0052] A detgd lgsk expianpblonaat bl ber aff@Eeer With fdesPPLymeKat er
having turbidity of 2.0 to 3.0 degrees, a residual chlorine content (as
C12) of IFdesarantotekeppg aanaxaiater Rigiifer 406r e b1t 2an Patyean Eheygs
passed for treatnent in an anmount fulfilling the follomjng condi tiqns by
use of tREOSRRANE 4t FRPVAFaFR BS SIRANFT ATE §ReATRHeE i) 8fdpFdSSure of
t he reverse&%%gnsis me ane %ggaratus: 0.75 MPa, the amount of

concent r &% PRIHYEFEChEr e 0 oAt & éPSe tbSRbTY Wafr?ér ?i’;?pgﬁat us:
of the 1 MO RLAPPAR BOLE G TS & c0BPELY oot FEoRERET BB b Parat us
31 are a%d?%fé%@%ttoflocculatesolubleorganicmatterassuspendedmatter,
but not to be an excess, is obtained beforehand as addition amount
control information. Then, at the time of water treatment, the
absorbance of the water to be treated is measured, and the amount
of addition of the polymer flocculant is controlled based on the
results of measurement of the absorbance and the addition amount
correction information.
[0053] In connection with the water to be treated, there is a
correlation, expressed by the following equation, between the
concentration of the soluble organic matter and the absorbances
obtained by measurements of one or more wavelengths in the
ultraviolet region with wavelengths of 200 nm to 400 nm as well
as in the visible region with wavelengths of 500 nm to 700 nm:
[0054] [Equation 1]
Soluble organic matter concentration = A x [ultraviolet
region absorbance - visible region absorbance]
[0055] The soluble'organic matter concentration also has a
correlation with the optimum amount of addition of the polymer

flocculant judged from the time required for filtering a constant
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[ 00831 <Filtration apparatus> Filtration tank ... A cylindrical
vessel (vessel) wth an internal dianeter of 100 mm Filter ... A
mesh sheet was a woven fabric which was fornmed fromwarp threads and weft

t hreads conposed of pol yethylene fibers having a dianeter of 0.3 nm and
whi ch neasured 1 mx 10 mand had an intersection height T of 0.85 mm an
openi ng of 3,000 p.m and an opening area of 82% as shown in Figs. 4 (a) ,
4 (b) . Amspadeorinesnpl @R {gowichhyherese erfephf hab arememidnane filter
(wat er - i nper neabl e sheetge measuring 1 mx 10 mand 0.1 nmthick. The nesh
sheet and(}ife spiEevaheee - s fiemessaly ined threrharrharesedinteaduricshfers to
prepare a sheet nenber. This sheet nenber was wound by a length of 10 m
round a pbltsAvaleathiregis sinse theomd shRler F—’&B)’—Oﬁa\?PﬁgoﬁedP§nEP€? of 20 mMm
such that the water-inperneable f il mwas | ocated externally to forma
filter wvavelanidhsetthsreforamthe optimumpgpeunt fé; fBgoPelBREer: The
gap between the inner_wall of the filtratjon tank and the outer periphery

of the flﬁ]t WG, e 1K gds ISP SFcinity of the core material were
charged n adhesive all ow n o assa e of F{%@r to e tr at ed.
Anount of r pRISEHYE thr dagHt GF‘F?% PBFeﬁbﬁgPi ndf% FEV =
200 mh) 11 841 <Re erse 0SNosSi S ar at erse

osnosi s b aﬁEeate ﬁW]%Jp‘Fl? ag )‘ﬁr}gr}%ﬁgn dwﬁ equai tJrFrﬁ LFS?%SXEFI? EC

LE- 4040 T Co. t h f

tpe Law \%&? UC E %&?@g;a 'Ocsgfhm‘?)s ("FJS‘I('? a&’%fr:‘ gﬁe e atI gl?egsure
t d f

di ffe?eﬁ?ée’%f%tel’ﬁgﬁng?‘iﬁ% Tt BLRREn ! e AR s o%é’%?gfs%setf%?%&e

menbr ane fegb&?%/ggg grﬁsn%% éﬁ{gu%rg&éwgﬁ SRR LA el Bl Al

t her eof own in hours of

}[Aﬁbgr‘ Pas§agq8e Lig i q:re%lltdrﬁlveq:rﬁlsss W Wbt it lc%n%@ﬁr%’?ﬁ&”%ﬁtt%@ €
polymer flocculant added (i.e., addition amount control '
information), as shown in Equation (I) below. In the Equation
(I), A to C represent constants dependent on water quality, such
as the concentration of soluble organic matter in the water to
be treated; E260 repiesents the absorbance at a wavelength of 260
nm; and E660 represents the absorbance at a wavelength of 660 nm.
At the time of water treatment, the absorbance of the water to
be treated ismeasured, the optimumamount of additionof the polymer
flocculant is found based on the results of measurement of the
absorbance and from the following Equation (I), and the polymer
flocculant in the optimum amount of addition is added to the water
to be treated. |
[0057] [Equation 2]

Concentration of polymer flocculant added = A x
(E260-E660)%+C  (I)

[0058] In the above example, the relational equation of the
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confirmng that clogging was prevented. Then, the differential pressure
rose to 0.2 MPa, and water passage becane inpossible. [0086] In connection
with the water to be treated (raw water) which was introduced into the
filtration apparatus 10, and treated water discharged fromthe reverse
osnosi s nenbrane apparatus 31 at 72 hours after the start of water passage
of the water to be treated, the nunber of fine particles was neasured with
a parti clidifenanaa betivaenhehe ahwornliagine dhuthe fulkipeRy iRt tegicmw Bidi ty
was determned by a transmitted |ight nmeasuring nmethod using a kaolin

st andar d s @liserbansge rigs fhes vdsd bdRows IL@NTHBIEUE. tAS SREWRUMN Tabl e 1,
suspended matter measuring 200 pmor nore was renoved in Exanple 1, '

i ndi cat i riPasatnatd suSfetdied pedier faocrirlrRas RAfeRptEdSBSWBoRFalrE88 Wit h
Conparative Exanple 1 not using the filtration apparatus 10. In Exanple 1,
t her ef or @dd4it igas assnmty Gedtuedt infexmad inat- er HOWVR¥Par geld § r b Rk
filtration apparatus 10 was clear and, as a result, nenbrane separati on by
the reversdidatisies fBfoFRRe28PbEE AR AN (FHE FITEQIIRT 1M JEYnRE

f f ly. i i i |
ﬁﬂmg: ngfcljoa{?slre'%e%rnagh}{eshglqg%:QnéJoalb,l e:Eo1 e}[ga%ggte?r T fe ftll'lq:ee %ril:[ci %lo%%r(oﬁ).m

is exemplified by a mode in which when the absorbance difference
is less than a predetermined value a;, the concentration of the
polymer flocculant added is set at b;; when the absorbance
difference is the predetermined value a; to a,, the concentration
of the polymer flocculant added is set at b,; and when the absorbance
difference exceeds the predetermined value a,, the concentration
of the polymer flocculant added is set at b;. However, this is
not limitative.

[0059] As described above, the amount of the polymer flocculant
added is controlled based on the amount of bthe soluble organic
matter serving as the suspended matter contained in the water to
be treated, whereby the polymer flocculant in the optimum amount
can be added to the water to be treated. Thus, the water to be
treated can be treated efficiently. Even if the water quality
of the water to be treated changes, the polymer £locculant is added
in the optimum amount in accordance with the water quality of the
water to be treated after changing, so that treated water with
high clarity can be obtained stably. Control over the amount of
addition of the inorganic flocculant may be exercised in the same
manner as is the above-mentioned control ox}er the amount of addition

of the polymer flocculant.
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particles in raw water (No./nL) Nunber of fine particles in treated water
di scharged fromreverse osnosi s nenbrane apparatus (No./nm) Ex.1 Ex.2
Ex.3 Ex. 4 Ex.5

[0060] A correlation also exists between the turbidity of the
water to be treated and the concentration of the soluble organic
matter. Thus, it is permissible to measure the turbidity instead
of the absorbance, and exercise control in the same manner as for
the absorbance. By this procedure, the polymer flocculant or the
inorganic flocculant in the optimum amount can bé added to the
water to be treated. Hence, the water to be treated can be treated
efficiently. Even if the water quality of the water to be treated
changes, the polymer flocculant or the inorganic flocculant is
added in the optimum amount in accordance with the changed water
quality of the water to be treated, so‘that-treated water with
high clarity can be obtained stably. It is also acceptable to
performbothof control over the amount of additionof the flocculant
in accordance with the absorbance data on the water to be treated
(rawwater) and control over the amount of additionof the flocculant
in accordance with the turbidity data on the water to be treated.
[0061] In addition to the water treatment apparatus 30 and the
water treatment apparatus 40, moreover, there may be provided a
cleaning fluid introduction means, which introduces a cleaning
fluid or a mixture of a cleaning fluid and air into the water
treatment apparatus from a direction opposite to the direction
of water passage of the water to be treated, to construct a water
treatment apparatus. Concretely, the water treatment apparatus,
as shown, for example, in Fig. 9, has a treated water tank 61 for
storing the water tobe treatedwhichhas been treatedby the reverse
osmosis membrane apparatus 31, and has a cleaning fluid

introduction means 62 for introducing the water to be treated
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(cleaning fluid), which is stored in the treated.water tank 61,
or a mixture of the water to be treated and air (i.e., cleaning
fluid) into the reverse osmosis membrane apparatus 31 and the
filtration appafatus 10.

[0062] With the water treatment apparatus 60 of the above
configuration, the water to be treated, which has been subjected
to filtration and thenbto membrane separation, is stored in the
treated water tank 61. The filter 2, etc. of the filtration
apparatus 10 gradually deteriorates in performance owing to the
deposition of contaminants, such as solids which are ascribed to
the polymer flocculant or the inorganic flocculant added as the
flocculant or other suspended matter, upon water passage of the
water to be treated. The separation membrane, such as the reverse
osmosis membrane,‘of the reverse osmosis membrane apparatus 31
gradually deteriorates in membrane separation performance owing
tothedepositionof contaminants, suchas solidswhichareascribed
to the polymer flocculant or the inorganic flocculant added as
theflocculantorothersuspendedmatter,updnmembraneseparation.
Thus, a valve 63 provided between the reaction tank 42 and the
filtrationapparatus 10, andavalve 64 providedbetween the reverse
osmosis membrane apparatus 31, etc. and the treated water tank
61 and opened during membrane separation are closed with an
arbitrary frequency to interrupt membrane separation. On the
other hand, another valve 65 connecting the treated water tank
61 and the reverse osmosis membrane apparatus 31 is opened to flow
the water tqibe treated which is stored in the treated water tank

61, or a liquid as a mixture of this water and air, through the
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reverse osmosis membrane apparatus 31 for a time, say, of the order
of Ilminuteinadirectionoppositetothedirectionduringtreatment,
by means of the cleaning fluid introduction means 62 such as a
pump, thereby flushing the separation membrane with the cleaning
fluid or air. Then, the cleaning fluid or air flowing through
the reverse osmosis membrane apparatus 31 passes through the
filtration apparatus 10, thereby backwashing the filter body 4,
etc. with the cleaning fluid or air. Then, the cleaning fluid
is discharged as waste water from the filtration apparatus 10 to
the outside of the water treatment apparatus 60 via a valve 66.
Even if a pump or the like for feeding the cleaning fluid is hot
present between the reverse osmosis membrane apparatus 31 and the
filtration apparatus 10, the cleaning fluid can be introduced into
the filtration apparatus 10 by the cleaning fluid introduction
means 62 which introduces the cleaning fluid into the reverse
osmosis membrane apparatus 31.

[0063] After the cleaning of the reverse osmosis membrane
apparatus 31 and the filtration apparatus 10 with the cleaning
fluid or air is completed, the valve 63 and the valve 64 are opened
again, and the valve 65 and the valve 66 are closed, to resume
filtrationandmembrane separation. Bysocleaningthe filtration
apparatus 10 and the membrane separation means such as the reverse
osmosis membrane apparatus 31, the suspended matter adsorbed to
the filter 2 and the separation membrane can be removed. Thus,
deterioration in the filtration performance or the membrane
separation per’formance can be suppressed reliably. The water to

be treated or air may be introduced only into the filtration
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apparatus 10.

[0064] In the present embodiment, the polymer flocculant and the
inorganic flocculant are used as the flocculant, but only one of
them may be used. In the preseht embodiment, moreover, the
flocculant is introduced into the reaction tank 42, but may be
introduced in the stage preceding the reaction tank 42.

[0065] The water treatment apparatus may be further providedwith
means for pﬁrification of the water to be treated, such as
decarboxylation or activated carbon treatment. If desired, thé
water treatment apparatus may be equipped with ultraviolet
irradiation means, ozone treatment means, bioremediation means,
etc.

[0066] If desired, moreover, a coagulant, a microbicide,'av
deodorizer, an anti-foaming agent, an anti—corrosivé, etc. may
be added and, for example, can be added.by‘mixing the respective
additives into the chemical tank 43.

[0067] (Embodiment 3)

Fig. 10 is a longitudinal sectional view showing the
configuration of a water treatment apparatus 70 according to
Embodiment 3 of the present invention. Fig. 11 is a sectional
view showing the configuration of a macrofiltration apparatus 20.
The same members as those in Embodiment 1 and Embodiment 2 are
assigned the same numerals as in these embodiments, and duplicate
explanations are omitted.

[0068] As éhown.in.Fig. 10, the water treatment apparatus 70 has
the macrofiltration apparatus 20 and the filtration apparatus 10

of Embodiment 1 accommodated in a water treatment vessel 71 in
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which they are arranged longitudinally in this sequence from the
upstream side.

[0069] As shown in Fig. 11, the macrofiltration apparatus 20 has
a tubularmacrofiltration tank 21 throughwhichwater tobe treated
is passed, and a macro-filter 22 for trapping suspended matter
contained in the water to be treated which is being passed. The
macro-filter 22 comprises a core material 23 connected to both
ends in the direction of water passage of the macrofiltration tank
21, and strip-shaped suspended matter trapping portions 24.
Circular plates 26 of resin or the like having a plurality of holes
enough for the free passage of water to be treated, which contains
the suspended matter, are provided at both ends in the direction
of water passage of the macrofiltratiron tank 21, and both ends
of the icore material 23 are fixed to the center of each plate 26.
The suspended matter trapping portioins 24 are partly woven into
and fixed to the core material 23, and have so-called looped parts
which are unfixed and which are provided so as to spread radially
toward the inner wall surface of the macrofiltration tank 21. 1In
this mahner, the macro-filter 22 spreads throughout the
macrofiltration tank 21. Thus, the suspended mafter traipping
portions 24 intersect the direction of water passage, so that the
suspendedmatter contained in the water tobe treated canbe trapped
by the suspended matter trapping portions 24. The string-shaped
suspended matter trapping portion 24 is a long rectangular portion
(tape) in the form of a loop, and is provided with a plurality
of slits 25 whichdonot reachthe end inthe longitudinal direction,

as shown in an enlarged view of the string-shaped suspended matter
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trapping portion 24 as Fig. 12. By providing the slits 25 in such
a manner, the effect of trapping the suspended matter is enhanced.
[0070] The macro-filter 22 is charged into the macrofiltration
tank 21 such that the void content of a filtration portion when
passed through by the water to be treated is 50 to 95%, preferably
60 to 90%. The void content is a value obtained from the equation
indicated below. The filtration portion refers to avregion where
the suspended matter in the water to be treated is trapped by the
macro-filter 22, namely, a regidn remaining after excludingapart,
which does not contribute to filtration (the part corresponding
to the core material 23 in the present embodiment), from a layer
whose side surface is the inner wall surface of the macrofiltration
tank 21, whose opposite ends in the thickness direction are both
ends inthedirectionof water passagé of themacro-£filter 22 during
water passage, and which is filled with the suspended matter
trapping portions 24 of the macro-filter 22. TIf the part not
contributingtofiltrationisabsent, thefiltrationportionrefers
to the layer whosé side surface is the inner wall surface of the
macrofiltration tank 21, whose opposite ends in the thickness
direction are both ends in the direction of water passage of the
macro-filter 22 during water passage, and which is filled with
the suspended matter trapping portions 24 of the macro-filter 22.
The “volume of filtration portion - volume of suspended matter
trapping portions”, in an example such as the present embodiment
in which the macro-filter 22 is not compacted, but remains charged
into the macrofiltration tank 21, during filtration operation

(during water passage of the water to be treated) to form the '
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filtration portion at the time of filtration operation, can be
easily determined by subtracting the volume of the core material
23 from the amount of the water to be treated which has overflowed
when the macro-filter 22 is placed in the macrofiltration tank
21 filledwith the water tobe treated. In the present embodiment,
both ends of the macro-filter 22 are fixed to both ends in the
direction of water passage of the macrofiltration tank 21, and
the macro-filter 22 spreads over the entire macrofiltration tank
21 during water passage of the water to be treated. Hence, the
region remaining after subtracting the part corresponding to the
core material 23 from the entire interior of the macrofiltration
tank 21 is the filtration portion.

[0071] [Equation 3]

Void content (%) = [(volume of filtration portion — volume
of suspended matter trapping portions)/volume of filtration
portion] x 100
[0072] When the water to be treated is passed through the
macrofiltrationapparatus20oftheabove—describedconfiguration,
thewatertobetreatedpassesthroughtherespectivestring—shaped
suspended matter trapping portions 24 and the slits 25 provided
in the suspended matter trapping portions 24. During this course,
the suspendedmatter contained in the water tobe treated is trapped
by the string-shaped suspended matter trapping portions 24 and
the slits 25, and the water to be treated which has been.depfived
of the suspended matter is discharged from the macrofiltration
tank 21. Since the macro-filter 22 is charged such that the void

content of the filtration portion during water passage is 50 to
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Less than 1.0 Less than 1.0 Less than 1.0 ND. Not detected. [0088]

- (Conparative Exanple 1) The sanme procedure as in Exanple 1 was
performed, except that the filtration apparatus 10 was not provided, and
only the reverse osnosis nenbrane apparatus was used. The results of
measurenents of the nunber of fine particles and the turbidity are shown in
Table 1. The differential pressure of the reverse osnpbsis nenbrane rose,
begi nni n@®5%nmedli exr phgsafedrs nett émppdsdaged thrit repphed of. theaspandadhour s,
maki ng wat er passage inpossible. [0089] (Exanple 2) The sane

pr ocedur enags-am iBx smplis faokesyper f or med, except that anonwoven fabric
formed fronpolyolefin fibers witha diameter of 17.5 timandnmeasuring 1 nx 10
m x 0.22 MRA73A 136 cesesd beRTaBIV, v@t@upeaS@gejeﬁoa@tme%mgbeLtd. ),
and a filmfornmed from PET (pol yethyl ene terephthalate) and nmeasuring 1 m x
10 m x O0.trapping off dhsesst MasEeredll EepPprpinerE 186BEEPEEedPENd
thermally fused at four corners, and the resulting conposite was fixed and

used as tHerHaGetheTRacresfiLLsesf 23padeh et Shst content of the

filtration portion during water passage is 50 to 95%. Thus, the
effect is exhibited that the water to be treated which has been
treated by the macrofiltration apparatus 20 is clear (for example,
turbidity of the order of 3 or less). Moreover, clogging of the
macrofiltration apparatus 20 itself, the filtration apparatus 10
provided in the subsequent stage, or the reverse osmosis membrane
apparatus 31 provided if necessary can be suppressed. If the void
content is higher than 95%, water passage becomes satisfactory
andfast filtrationiseasilyachieved, but the turbidityof treated
water is markedly high. If the void content is lower than 50%,
the trapping of the suspended matter is satisfactory, but water
passage is so insufficient that clogging may occur in the
macrofiltrationapparatus 20, thefiltrationapparatus 10provided
in the subsequent stage, or the reverse osmosis membrane apparatus
31; whereupon the rate of increase in the differential pressure
becomes markedly high. Particularly when the filtration
operation is performed at a high speed of, say, 100 m/h or above,
or when the water to be treated which has a high turbidity (e.g.,
20 degrees or higher) is treated, the problem tends to occur that
suspendedlmatter in the resulting treated water worsens, or that
the apparatus clogs. By using the macrofiltration apparatus 20

charged with the macro-filter 22 such that the void content is
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nunber of fine particles and the turbidity are shown in Table 1. Even after
30 days of water passage, the differential pressure of the reverse osnosis
menbrane was nearly constant and stable, thus confirm ng that clogging was
prevented for a long period of tinme. As shown in Table 1, suspended matter
measuring 50 pmor nore was renoved in Exanple 2, indicating that the
suspended matter was markedly removed as conpared w th Conparative Exanple
1 not usiFYtoHE¥, purtdid obhhap panst usl A9y bra cendre sHPPERparHs cindvcileaExanpl e
1. In Exanple 2, therefore, it was confirmed that treated water discharged
from t he ¥1¢atred ivategppar i irgdnasvenedn &he, caseaofeshiet highnbpgre
separation by the reverse osnosis nenbrane apparatus 31 in the subsequent
st age wasPRRAEFtorare@prdicebabhyy LoBDOf vEkahpre By treated. Thyeggimaen
procedure as in Exanple 1 was perforned, except that a nonwoven fabric
forned friew sPciefatseabBeBbN T (ders ofi PRE LHithteter BrrREOPRY afft-ate&Suri ng
1 mx 10 mx 0.3 mmin thickness (activated carbon fibers A-15, produced by
UNI TI KA, Rerbreateddis Frearedr ndd JoesniPERCEbof §EHRY | B (Hrrasifitarate) and
measuring 1 mx 10 mx 0.1 mmin thickness (water-inpernmeable film were
super poseRf attPRITsSRe /| ProuSeg2at treaFeeorakeS, APt Esulf T Eposite
was fixed and used as the spacer. The results of, rreasgremeg\[/% of the nunber
of fine pHIT G¥ESIH herahasiahley Wi OSfowd b i STREPS SFX Ly &Rkt &€ 30
days of water ssa the differential pr ure of the reverse osnosis
Tonbr ane TP PUEERE AP SPAbHeno RULSCORFFIRARE ERat: P08 g was
prevented fqra long period of tine. As_shown.in Tahle 1, su nded .matter
easur | nd SR THor Bt A H e RATER S R S R 1 iR e et e
suspende tter .markedl y renpve [ i i . npl e
1 and evgcnanI?{nEgtf)rr\},)\g? ilfoﬁlfvg\nqt%rﬁfﬁgtﬁgt&%%g%ﬁgdgg lﬁ%@% %Erlé_’l\,b%ljt@%\l/as
confirmed. that t ' r_discharg o] W i p 10
ves o eardnaotd  BE SbTesE BEARR I AR AR (AL IR T
menbr ane i u t stage was performed preferably.

[ 0091] Ta%fﬁégﬁﬁ%%ﬁ#olglﬁxtr#n}ghoﬁ q%glgﬁ% Prefecture, Japan which had a

resi dual i - ] 3oPpse fdrhBly 190 bow:s

t hr ough.tﬁfeﬂﬁgnen?%\gg}egrﬁﬁeegt%ng%fé %glpmaéﬁlu%%rﬁ Ilzlxgoners. ¥r ea?e wat er
havi ng a digaidlil (HRLAN s CORCENUIAIIRN BEeliesh LRET DB PR ATl das
obt ai ned sta y._f%%g']s%Exarrj)I e f)% _ As wat elr to be tre?taed (grayv
water) , dndysd fisdle roebehﬂil:bageﬁuéﬁadbﬁﬂe?fs§a9et&1éll§) S HRLS: 1k S1 dual
chlorine content (as Cl2) of less than 0.05 ppm and a water tenperature of

24.5 10 I3 SGiast §BE RS HAbeld RAldESE thB tAfAIPYBbpbabE D f NG ddt@ on .
followi ng conditions by use of a water treatnent apparatus having

t hemacr ofid £Rhh§A rapBrAI kS DuRE BYItdRAG] Tecd ¢ YDehereibha Wi etdieRE Ment

apparatus 40 shown in Fig. 7, concretely, a water treatnment apparatus

havi ng t e becEH At hehe MATerbbl NesC1oEs| t rEyf EeRtapgafiediia thgd he
filtration apparatus 10, and the reverse osnosi s nenbrane apparatus 31

provi ded tHe tH SrSEOUERES dd epdhetinstdfapsitthdetd® ddhgictpr essure of
the reverse osnosi s nenbrane apparatus: 0.75 MPa, the anount of

concent r atcgl stat ef ttieSshed @etl ehbodimee tr, exes $& zessd she needts Bile: wgppisat us
1.35 nB/h, and the anount of treated water: 0.25 nB8/h. The configurations

of the flwnguloat,i df reBOSa#lint Sikapacrein Ide aisiden taphavat asd 2metéheot
filtration apparatus 10, and the reverse osnbsis nmenbrane apparatus 31 are
as followsn0 to 1,000 mm and a height of 200 to 1,000 mm. If the size of
the macrofiltration tank 21 is larger than the size of the
macro-filter 22, it is permissible, for example, to charge a
plurality of the macro-filters 22 into the macrofiltration tank

21, or upsize the suspended matter trapping portions 24 of the

macro-filter 22, thereby adjusting the void content of the
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[ 0093] <Fl occul ati on neans> Fl occul ant Pol yal um num chl ori de (PAC. 10% by
wei ght, as Al 203) in an anmount of 30 ng/L with respect to water to be
treated, and Kurifix CP604 (Kurita Water Industries Ltd.) as a cationic

pol ymer fl.occulant in an anmount of 1.0 ppmw th respect to the water to be
treated were added to the water to be treated. [0094] <Macrofiltration
appar at us> As shown in Fig. 11, the macrofiltration apparatus
conpri sedf i Heraguiran eadriical 23 iagd walters prissgash&ped Osttop@hded matt er
trappi ng portions 24, and both ends of these conponents were fixed to the
pl at es 26l Hlosegamplewtdft chesmaherhel vkrretheasougenaiertal i3 or the
macrofiltration tank 21. The core material 23 hadavol ume of 250 ni,
andeachs spoaivththmadtera spepyipor pPohiod Whanp\EMthetd d GF 16y BUcht o t he
core material such that its thickness was 0.5 nm its wdth was 2 nm and
its | engtdd pelypzAPFlene 1ROl yoPp-en@nt BriioRe JBre CREECPRBPT iRt PI ReYat er
to be treated was passed) was 100 nm The void content of the filtration
porti on (Rh&ireamistaandih &y Jupttdan My srathstise fdbetife S9FE REterial 23
fromthe volunme of. the interior of the _macrofiltration tank 21) during

vat er paRAFPIRRY IR, SIHeESIRE Bt EvikePer PAF IRgs thiex 8@ A5SIK 189ds, t he

change in the volune of the fiItraIiongottion was nearl¥§0@6 en the

vol ume dBHE PassAGECEF LAY YL et D BpEVE PEGERF EHY PReCHRTENE WY &her
Gccas!on st TR BTS2 Of e CLAL! Lot on {anls Ak vy queh
O et o RSRAE U e B LI LS00 BPRLALES 1o TR L0
cylindrical, v8s3eLpbY8ESEbe AL ANaLOtE NAl ol AMBERAY 1 98a Men the
metal is twisted to construct the macro—filter 22 having the
suspended matter trapping portions 24 spread radially. By so
enhancing the strength of the core material 23, the core material
23 does not bend any more, and the ends of the macro-filter 22
are easily fixed thereto. Thus, replacement work for the
macro-filter 22 is facilitated.
[0077] The sizes of the core material 23 and the suspended matter
trapping portion 24 are not restricted, except that these
components are arranged such that the void content is set at a
value within the aforementioned range. For example, the size can
be such that the thickness is 0.05 to 2 mm, the width is 1 to 50
mm, and the length (the distance from the core material when the
water to be treated is passed) is of the order of 10 to 500 mm,
preferably, the thickness is 0.3 to 2 mm, the width is 1 to 20
mm, and the length is of the order of 50 to 200 mm.
[0078] In the above-described example, the tubular

macrofiltration tank 21 is shown. However, the tubular shape is
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Filter ... A nmesh sheet was a woven fabric which was fornmed fromwarp

t hreads and weft threads conposed of polyethylene fibers having a dianeter
of 0.3 mm and which neasured 1 mx 10 mand had an intersection height T
of 0.85 mm an opening of 3,000 [tm and an opening area of 82% as shown
in Figs. 4 (a) , 4 (b) . A spacer consisted of a nonwoven fabric (FT-330N,
produced by Japan Vil ene Conpany, Ltd. ) fornmed from polyolef in fibers
havi ng a rhtabiteratofve7a Shppmvdaridinebbows wgtér pagsagemnani 132, ahoilhow

t hi ckness, and a PET (pol yethylene terephthalate) film (water-inperneabl e
filn meahadengidarceptébiex ahidla pmishiatkc shepanoawbner Hablkdw iasddehe film
bei ng superposed and thermally fused at four corners. The nesh sheet and

t he spacdomexamnglpe maysed adopteder ndih tyief aikeite granple  WPTRIEL obpklpare a
sheet - shaped menmber. This sheet nmenber was wound by a length of 10 mround
a pol yvi igadschFf drielgopipentieioral Ratare dlikelave fidleap daba@t2a- oHogevem such
that the water-inperneable filmwas |ocated externally to forma filter
with a ditdHest ép »et Igoimmtive and, fompezpmphger PREDIFNERBPE thieCoAp
between the inner wall of the filtration tank and the outer periphery of
the filtd@Usgdpl a8y OFe fdaed for kEevPdriPty of the core material were
char ged mnth an adhesi ve all ow ng no passage of the water to be treated.
Amount of LARA%r PasbaGER I SIRAFTIRES PYRPRLEP ot RepIRIRT TRAPCG S@SR@PﬁeéLV =
200 m h) [0096] <Reverse osnpsi s nenbrane apparat us> se
osnosi s n&TAPPIRISHPT B O et Mé’t(r&tdﬁrgFQF‘ “1]6% ‘?ﬁi‘je lﬁ‘@tr‘?g“r—al

LE- 4040 duced hy The Chemi cal Co. (height of t terse tion of t he
raM/mateg“t 5&} aﬁ% §ﬁ§c§&m¥§a§%vﬁn) F?BO%% gﬂ% d?f? ?Eﬂ tEY B essure of
the reverse .osnpsi gurln treat ference
bot ween (RS SREd BISRERARE THF SeT o AT N VEr S SHenBer Pt nas
apparatus and the reSf re Q% at th nce ratedma &Y outlet Ehereof (P1 -
P2 (I\/Pa)) aé'l %Hogt/ﬁ 1%1 g‘-;ln fneE\%lﬁ 8f9t%?‘ Hour s o ra??alélg t he
dlfferen re rl ns t bl e, .t n that
t 1RInC R ﬁ;tgg‘“@f} T e e %@% 3530! ey Pﬂé é?@éég@ g

clogglng mas preve erential preéssure Tos

and wat efe RASHaLG D fc?féed%%%s%'e@t‘ion 0%%% Pg"{&ﬁx%c%,lo S Yy m%t‘é@l er to

be treate raM/mate 1 ntroduce ati1 on neans 41,

20 eSS S EENOIe AL IR SN, ShceApRL s e g s 31

the nu”b%néﬁlgbgﬁngéfibﬁ!gﬁ@%%ﬁf@ﬁﬁ%%@ﬂaﬁ%&@o@example,maybeadopted.
The length of each suspended matter trapping portion may be the
same or different. In the aforementioned embodiment, moreover,
the material for the suspended matter trapping portion 24 is of
a single type, but two types or more may be used. Furthermore,
there may be a plurality of the slits or the single slit provided
in the suspended matter trapping portion, or the slits need not
be provided. The core material 23 may be absent, and the
macro-filter 22 may be composed of the suspended matter trapping
portions only. Since it is preferred that the macro-filter 22
bepresentnearlyuniformlyinthemacrofiltrationtank21,however,
the suspended matter trapping portions are preferably fixed at

a predetermined position in the filtration tank.
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particul ate counter in the |aser light shutoff node, and the turbidity was
determ ned by a transmtted |ight nmeasuring nethod using a kaolin standard
solution. The results are shown in Table 1. As shown in Table 1, suspended
matter nmeasuring 100 gmor nore was renoved in Exanple 4, indicating that
t he suspended matter was markedly renoved as conpared with Conparative
Example 1 not using the filtration apparatus 10. In Exanple 4, therefore,

it was coffd&%tedF ihal Otshestsebhoakampdpsichuh el theok tHeat ion pRPREALUS
apparatus 10 was clear and, as a result, nenbrane separation by the reverse
osnosi s MehBRAfdeIppErat st Bt ion pRRAEABYE AIAT S StEFI TRES Der FBVREGY -
preferably. [0099] (Exanple 5) .The sane procedure as in Exanple 4
was perf GHIREE 2BREEHtUSEst "eive DS PEGVAdse LREIVATEALLY  pBRtr EQRBASHAFCh was
di scharged fromthe reverse osnpsis, nenbrane apparatus 31 aﬂg air was
passed fdrrIEFHFINBRYeRPRPGugh ERe F1Ker athitén &r §¥GEPLE AhduphEates
macrofiltration apparatus 20, once every gp ninuggs, in t?e girgction
opposi t e T ¢ Shatdearaeltg dPaerattod Caf2y PP SPEIRSE S 1 EER 8 e of 1.6
ms/h and an air fl rate.of 1..0 N nB8/h. 010%% a result, the.
differemﬁgﬁaﬁﬁQﬁ%gﬁgpgpvP I dVerlE SLRESI & ﬁéﬁﬁﬁetﬁﬁsfﬁggfﬁ *88nst ant
and stable _even after 3_nonths of_waterpassage,,as sho in_Fi 5, thus
confirmlﬁfﬂﬂﬁiiuflégbin§°W§¥eﬁre%%n?églgﬁ?nag?o%gep%%?%% %_eg#ﬁ%?&[0101]
Ref er em%@é%”‘%'u%%né howt ng 106 SI160LS Qb PEUBGLOTIHd §2ELPR ARRARA S 20
wi || be indicated Dbel ow.

apparatus 50 or the water treatment apparatus 60 of Embodiment

2, the macrofiltration apparatus 20 may be provided in the stage

preceding each filtration apparatus 10 to construct a water

treatment apparatus.

Examples

[0081] The present invention will now be described in further

detail based on Examples and Comparative Example, but is in no

way limited by these examples.

[0082] (Example 1)

As water tobe treated (rawwater), industrial water having

turbidity of 2.0 to 3.0 degrees, a residual chlorine content (as

Cl,) of less than 0.05 ppm, and a water temperature of 24.5 to

25.5°C was passed for treatment in an amount fulfilling the

following conditions by use of the water treatment apparatus shown

in Fig. 5: the inlet pressure of the reverse osmosis membrane

apparatus: 0.75 MPa, the amount of concentrated water discharged

from the reverse osmosis membrane apparatus: 1.35 m’/h, and the '

amount of treated water: 0.25 m*/h. The configurations of the

filtration apparatus 10 and the reverse osmosis membrane apparatus
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(Rel ati on between the void content and an increase in the differential
pressure as well as the turbidity of treated water) : As water to be
treated (raw water) , industrial water having turbidity of 20 degrees was
treated for a week at LV 200 mh by use of a water treatnent apparatus
having the floccul ati on neans 41 provided in the stage preceding the
macrofiltration apparatus shown in Fig. 11. The filter used in the

macr of i | t3lateiren agpfaldws :conpri sed the core material 23 and the
string-shaped suspended matter trapping portions 24, and both ends of these
conponent®088de 4Hiddratg arhenuleatedsis26 di sposed at both ends in the water
passage direction of the macrof titration tank 21, as shown in_Fig. 11. The
core material 2Fhddratins rankof. -250 siyliadgieaéhveaspéndwasaati ewithappi ng
portion 24 was woven in a loop forminto the core material such that its
t hi cknesgmdgterpagmdipmet@irdeli W8 Pmam and its | ength (distance of its

| oop end fromthe core material when the water to be treated was passed)
was 100 nm The Biltas - wad prepfhact vae R vaseRdantig vehashtwpoforned
suspended matter trapping portion_ 24 being varied, such that the, void

cont ent s PR YRR hreafpsiibBetF Shreas FEmeTrRPIH e tduntsR £ R Phe
volume of the core material 23 fromthe_volunme of the jnterior of the

macr of i | Hetingn at dARMeERrdaEi Rg3 Bl eraph sdue g e d 4o m 501068 anrg, 80,
90, 95 and 98%  Water treatnent was perfornmed using each of _the resulting
filters. Bgchad iMerEIRer ol 91ghtndsof | ketP &M bBPHCRAIST tHe W gl™M n t he

ESLEE%%P‘@E%%%H&% %r:%%%rfﬁ% feﬁgiﬁﬂgx?%éﬁ%ﬁ%ﬁ“‘ﬁ&#@?ﬁlﬁ‘ Eg‘éagﬁéiﬁ@ e
PR ed “afit occas

i At or e G200 nR SR TEL ST (1 SR B0 i AL FPBEEor R TR0 g L

by vei GhPPoRS) AMSOSTEHA b7 *nif I St - Qbeet o | RECVRTEF A B oat ed,
amhot er LS CRIRSF PEOSCHTERIPEre ST e KL SiTt 7 of & Fost oy Wat e

di schar ged, é:?%g?%w}é‘% é‘f?é’éé”?n‘eln%a%gt.' Pﬁf@l%nEal%;%ﬁerﬁﬁéf%%dw%ﬁgyté'ﬁ%h@tw)

and the rat Increase in differe pressure o

macr of i | Yealinof 2BRARAL USoLATAPT Q1 ki U SHRI QI GBRR1IBNG) piRli%g

measur ed, the resu wn in he turbidity of the

treated waj meﬂ@fogéﬁoﬁ'ﬂﬂgpgﬁ,%éwe haReMhkhednkbght fMeaRsYL ENYJRidod

usi ng a kaol1n standa olution, and the differential pressure increase

rate of the maenat, i FakhoR 2ARA Y3 RS debRleFcRed Oy donGrRr essure
di fference between the inlet and the outlet. [0102] It was found that with

the macrof iltraj,don apRanaddis HA%NBErE herhé lbb® rePRe 88 & RUCAnE Pa Tlihe
void content of the filtration portion during water passage woul d becone 50

to 95% iJrerdéfiianentdidn PEARIHE thA fasEpeatiphard dheHd eal e8r WIS/, .

turbidity were markedly low as conpared with that having a void content
outsi de thel fREGRPENHhd @i95%i t§ bEahd Eeabath et £11 wWascobhatfed wiand

cl oggi.ng coul d be suppressed. [0103] [Table 2]
an adhesive allowing no passage of the water to be treated.
Amount of water passage through the filtration apparatus:
1.6 m*/h (LV = 200 m/h)
[0084] <Reverse osmosis membrane apparatus>
Reverse osmosis membrane ... A spiral type one (diameter
100 mm) using FILMTEC LE-4040 produced by The Dow Chemical Co.

" (height of the intersection of the raw water flow path spacer:

0.85 mm)
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Void content % Filter conprising core material and string-shaped suspended
matter trapping portions Differential pressure increase rate (kPa/D)
Treated water turbidity (degrees)

[0085] The differential pressure of the reverse osmosis membrane
during treatment was found as the difference between the pressure
Pl at the inlet of the reverse osmosis membrane apparatus and the
pressure P2 at the concentratedwateroutlet thereof (P1-P2 (MPa)),
as shown in Fig. 14. Even after 72 hours of water passage, the
differential pressure was nearly constant and stable, thus
confirming that clogging was prevented. Then, the differential
pressure rose to 0.2 MPa, and water passage became impossible.
[0086] In connection with the water to be treated (raw water)
which was introduced into the filtration apparatus 10, and treated
water discharged from the reverse osmosis membrahe apparatus 31
at 72 hours after the start of water passage of the water to be
treated, the number of fine particles was measured with a
particulate counter in the laser light shutoff mode, and the
turbidity was determined by a transmitted light me‘asuring method
using a kaolin standard solution. The results are shown in Table
1. As shown in Table 1, suspended matter measuring 200 um or more
was removed in Example 1, indicating that the suspended matter
was markedly removed as compared with Comparative Example 1 not
using the_filtration apparatus 10. In Example 1, therefore, it
was confirmed that treated water diséharged from the filtration
apparatus 10 was clear and, as a result, membrane separation by
thereversecmmosisnembraneapparatus31lethesﬁbsequentstage

was performed preferably.
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[0087] [Table 1]

Diameter of | Number of Number of fine particles in treated water discharged from
fine fine reverse osmosis membrane apparatus (No./mL)
particles particles Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Comp .
(pm) in raw Ex. 1
water
(No. /mL)
1< <50 1.5x10* 1.0x10* 500 750 450 520 1.4x10*
50< <100 1.2x10* 5.0x10° 10 15 12 15 1.0x10*
100< <200 3200 30 - ND ND ND ND 800
200< <300 800 3 ND ND ND ND 10
400< <500 500 1 ND ND ND ND 5
500< ND ND ND ND ND ND ND
Turbidity 2.5 Less Less Less Less Less Less
than 1.0 | than 1.0 | than 1.0 | than 1.0 | than 1.0 | than 1.0

ND: Not detected.

[0088] (Comparative Example 1)

The same procedure as in Example 1 was performed, except
that the filtration apparatué 10 was not provided, and only the
reverse osmosis membrane apparatus was used. The results of
measurements of the number of fine particles and the turbidity
are shown in Table 1. The differential pressure of the reverse
osmosis membrane rose, beginning immediately after water passage,
and reached 0.2 MPa in 24 hours, making water passage impossible.
[0089] (Example 2)

The same procedure as in Example 1 was performed, except
that anonwoven fabric formed from polyolefinfiberswithadiameter
of 17.5 um and measuring 1 mx 10 m x 0.22 mm in thickness (FT-330N,
produced by Japan Vilene Company, Ltd.), and a film formed from
PET (polyethylene terephthalate) and measuring 1 m x 10 m X 0.1
mm in thickness (water-impermeable film) were superposed and
thermally fused at four corners, and the resulting composite was

fixed and used as the spacer. The results of measurements of the
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number of fine particles and the turbidity are shown in Table 1.
Even after 30 days of water passage, the differential pressure
of the reverse osmosis membrane was nearly constant and stable,
thus confirming that clogging was prevented for a long period of
time. As shown in Table 1, suspended matter measuring 50 pum or
more was removed in Example 2, indicating that the suspendedmatter
was markedly removed as compared with Comparative Example 1 not
using the filtration apparatus 10 and even in comparison with
Example 1. In Example 2, therefore, it was confirmed that treated
water discharged from the filtration apparatus 10 was clear and,
as a result, membrane separation by the reverse osmosis membrane
apparatus 31 in the subsequent stage was performed preferably.
[0090] (Example 3)

The same procedure as in Example 1 was performed, except
that a nonwoven fabric formed from activated carbon fibers with
a diameter of 15 pum and measuring 1 m x 10 m x 0.3 mm in thickness
(activated carbon fibers A-15, produced by UNITIKA, LTD.), and
a film formed from PET (polyethylene terephthalate) and measuring
lmx 10 mx 0.1 mm in thickness (water-impermeable film) were
superposed and thermally fused at four corners, and the resulting
composite was fixed and used as the spacer. The results of.
measurements of the number of fine particles and the turbidity
are shown in Table 1. Even after 30 days of water passage, the
differential pressure of the reverse osmosis membrane was nearly
constant and stable, thus confirming that clogging was prevented

for a long period of time. As shown in Table 1, suspended matter

measuring 50 pm or more was removed in Example 3, indicating that
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the suspended matter was markedly removed as compared with
Comparative ExamplAe 1 and even in comparison with Example 1. In
Example 3, therefore, it was confirmed that treated water
discharged from the filtration apparatus 10 was clear and, as a
result, membrane separation by the reverse osmosis membrane
apparatus 31 in the subsequent stage was performed preferably.
[0091] Tap water of Nogi-machi, Tochigi Prefecture, Japan which
had a residual chlorine content of 0.5 ppm (as Cl;) was passed
for 100 hours through the same water treatment apparatus as inv
Example 3. Treated Water having a residual water concentration
of less than 0.05 ppm (as Cl,;) was obtained stably.

[0092] (Example 4)

As water tobe treated (rawwater), industrial water having
turbidity of 8.0 to 10 degrees, a residual chlorine content (as
Cl,) of less than 0.05 ppm, and a water temperature of 24.5 to
25.5°C was passed for treatment in an amount fulfilling the
following conditions by use of a water treatment apparatus having
themacrofiltrationapparatus20provideddirectlybeforethewater
treatment apparatus 40 shown in Fig. 7, concretely, a water
treatment apparatus having the flocculation means 41, the
macrofiltration apparatus 20, the filtration apparatus 10, and
the reverse osmosis membrane apparatus 31 provided inthis sequence
from the upstream side: the inlet pressure of the reverse osmosis
membrane apparatus: 0.75 MPa, the amount of concentrated water
discharged from the reverse osmosis membrane apparatus: 1.35 m’/h,
and the amount of treated water: 0.25 m°/h. The configurations

of the flocculation means 41, the macrofiltration apparatus 20,
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[0104] (Reference Exanple 1) As water to be treated (raw water) ,
i ndustrial water having turbidity of 3.4 to 22 degrees, TOC (total organic
carbon) of 0.3 to 4.8 ng/L , and a water tenperature of 24.5 to 26.0C was
treated at LV 200 mh, with its water quality being changed periodically,
by use of the apparatus shown in Fig. 16 (anmount of raw water supplied: 50
L/h), concretely, a water treatnent apparatus 80 having the floccul ation
means 41,theacridftidatiamn eprappaust U9 ,26ndattienerease cepasasi nanbhrans 81
provided in this sequence fromthe upstreamside . AnMF nenbrane was used
as a sepammEamwineni¥laggeofast HeoLlhomsrane separation neans 81. The turbidity
of treated water discharged fromthe nacrofiltration apparatus 20 and the
di f f er ent I193dr esBleecylrteersangans> of the macrofiltrati on apparatus 20
were neasured, and the results are shown in Table 3. The macrofiltration
appar at us 20 hadFieecylanter .cRpiyalwginte chdpeidat FAG] 19% kinyedplt,
string-shaped suspended matter trap/p ortions 24, as shown in E:?% 11.
ra

J i ng
Each suspentiédshel @R amoamyi ¢ 3 fdd |Io‘f’il'9}§ rrE@eS R YREEE S oPe G153
wi dth of 2 and a Iength of 100 mm and_the void content of the .
filtrati cHDEEIEFH FREFST (KrratprofetaRkIZAYS et ¢ hd Thtle P HEs §3Ge NS 85%
Only one end of the core material 23 of the macro-filter 22 was fixed to
the pl at YRS FoSEFUIAT NS UPEL FRARTS| 9B T n¥ (IR ekt T5assde T &6t i on.
Al t hough the other end of the core nmaterial 23 was not tixed, the one end
Fher cof LS it Fo iR St 196 SORAh S e WAL, 36, DenEeaERE 111 t o
spread ne uni formy. throughout the filtration tank during passage of
the treat @Jdi/%ﬁ]efmacﬁogl#?%%‘ifﬁ’%rﬁ?pﬁw>um' num chl oride (PAC. 10% by

wei ght, as AI2031% s added in an amount of 30..m/L f.o the water to be
treated. [0105] ??\(,a\sfla}é?"gﬁcjen I§<]a%pln]ef’2)t%e macrOfﬁhr%rs%trrleorbra?Pc%a ua?Ceu%s in
Ref er ence e wa rforned, .exce t.hat . its I rovi ded
at | ocat icoo%%glgr?éir eaﬁ:o? %o@%EgFl?%eﬁgo%tbqs ape llslgl _e%(?é)(f dmat Sg)re%tc%eclippi ng

portions nIa{e‘ceedr tt%a&;?ﬁn%oﬁgr@%ﬁrsi §|4', and both ends of these components

were fixed to the plates 26 disposed at both ends in the water
passage direction of the macrofiltration tank 21. The core

material 23 hadavolumeof 250mL, andeach suspendedmatter trapping
portion 14 was woven in a loop form into the core material such
that its thickness was 0.5 mm, its width was 2 mm, and its length
(distance of its loop end from the core material when the water
to be treated was passed) was 100 mm. The void content of the
filtration portion (the remainder after subtracting the volume
of the core material 23 from the volume of the interior of the
macrofiltration tank 21) during water passage was 85%. Since the
core material was fixed at both ends, the change in the volume
of the filtration portion was nearly 0% when the volume during
passage of the water to be treated and the volume on other occasion
were compared. The size of the macrofiltration tank 21 was such

that its diameter was 200 mm and its height was 500 mm.
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[0106] (Reference Exanple 3) The same procedure as in Reference
Exanpl e 2 was perforned, except that both ends of the core material 23 of
the macro-filter 22 were fixed to the plates 26 | ocated on the upstream
side and the downstream side in the water passage direction. [0107] [Table
3] Treated water turbidity (degrees) Differential pressure increase rate

Amount of water passage through the macrofiltration
apparatus: 1.6 m®*/h (LV=200 m/h)

[0095] <Filtration apparatus>

Filtration tank ... A cylindrical vessel (vessel) with
an internal diameter of 100 mm.

Filter ... Amesh sheet was a woven fabric which was formed
from warp threads and weft threads composed of polyethylene fibers
having a diameter of 0.3 mm, and which measured 1 m x 10 m and
had an intersection height T of 0.85 mm, an opening of 3,000 pm,
and an opening area of 82%, as shown in Figs. 4(a), 4(b). A spacer

consisted of a nonwoven fabric (FT-330N, produced by Japan Vilene

Company, Ltd.) formed from polyolefin fibers having a diameter
of 17.5 pm and measuring 1 m x 10 m x 0.22 mm in thickness, and
a PET (polyethylene terephthalate) film (water-impermeable film)
measuring 1 m x 10 m x 0.1 mm thick, the nonwoven fabric and the
film being superposed and thermally fused at four corners. The
mesh sheeﬁ and the spacer were superposed and thermally fused at
four corners to prepare a sheet-shaped member. This sheet member
was wound by a length of 10 m round a polyvinyl chloride pipe (core
material) havingadiameter of 20 mmsuchthat thewater-impermeable
fiim was located externally to form a filter with a diameter of
100 mm.

Water-impermeable member: The gap between the inner wall
of the filtration tank and the outer periphery of the filter body,
and the gap in the vicinity of the core material were charged with

an adhesive allowing no passage of the water to be treated.

Amount of water passage through the filtration apparatus:
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(kPa/ D) Reference Example 1 2.4-2.9 0.75 Reference Exanple 2 2.1-2.3 0.61

1.6 m’/h (LV = 200 m/h)
[0096] <Reverse osmosis membrane apparatus>

Reverse osmosis membrane ... A spiral type one (diameter
100 mm) using FILMTEC LE-4040 produced by The Dow Chemical Co.
(height of the intersection of the raw water flow path spacer:
0.85 mm)
[0097] The differential pressure of the reverse osmosis membrane
during treatment was found as the difference between the pressure
Pl at the inlet of the reverse osmosis membrane apparatus and the
pressure P2 at the concentratedwateroutlet thereof (P1-P2 (MPa)),
as shown in Fig. 14. bEven after 120 hours of water passage, the
differential pressure was nearly constant and stable, thus
confirming that clogging was prevented. Then, the differential
pressure rose to 0.2 MPa, and water passage became impossible.
[0098] In connection with the water to be treated (raw water)
which was introduced into the flocculation means 41, and treated
water discharged from the reverse osmosis membrane apparatus 31
at 120 hours é.fter the start of water passage of the water to be
treatéd, the number of fine particles was measured with a
particulate counter in the laser light shutoff mode, and the
turbidity was determined by a transmitted light measuring method
using a kaolin standard solution. The results are shown in Table
1. As shown in Table 1, suspended matter measuring 100 mﬁ Oor more
was removed in Example 4, indicating that the suspended matter
was markedly removed as compared with Comparative Example 1 not
using the filtration apparatus 10. In Example 4, therefore, it

was confirmed that treated water discharged from the filtration
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Ref erence Exanple 3 2.0-2.2 0.6 [0108] As shown in Table 3, it was found
that in Reference Exanples 1 to 3, the treated water turbidity and the
differential pressure increase rate were |low, clear treated water was
obt ai ned, and clogging of the macrofiltration apparatus did not occur. In
Ref erence Exanple 2 having the slits provided in the filter, the treated
water turbidity was | ower, and the differential pressure increase rate was
| ower, t IFEPILRIRGS Petire BeaFpiaady. apna Ree ¥ he SmRLANS SSPRAGCAGTHEYh ends
of the filter fixed to the filtration tank, the treated water turbidity was
| over t hdhlS ASRRT &f e SHEaRpIRr 2NQFER A Uiat A1 PR SURSEIWE I hal2ARgher
turbidity. Explanations of Letters or Nunerals [0109] 1 Filtration tank, 2
Filter, YaSoRerfordiecapreserpbldr body, 5 Mesh sheet, 6 Spacer, 7 Plate, 8
Wat er - i nper neabl e nmenber, 9a Warp thread, 9b Weft thread, 10

Fil trati offf5dr atEe™@4e NMHcrof i I tration tank, 22 Macro-filter, 23 Core

material, 24 )
The same procedure as in Example 4 was performed, except

that the mixture of the water to be treated which was discharged
from the reverse osmosis membrane apparatus 31 and air was passed
for 10 minutes through the filtration apparatus 10 and the
macrofiltration apparatus 20, once every 30 minutes, in the
direction opposite to the water passage direction at a treated
water flow rate of 1.6 m>/h and an air flow rate of 1.0 N m*/h.
[0100] As a result, the differential pressure of the reverse
osmosismembranewasnearlyconstantandétableevenafter3nmnths
ofwaterbassage,asshowninEig.15,thusconfirmingthatclogging
was prevented for a long period of time.
[0101] Reference examples showing the effects of the
macrofiltfation apparatus 20 will be indicated below.
(Relation between the void content and an increase in the
differential pressure as well as the turbidity of treated water)
As water tobe treated (rawwater), industrial water having
turbidity of 20 degrees was treated for a week at LV 200 m/h by
use of a water treatment apparatus having the flocculation means
41 provided in the stage preceding the macrofiltration apparatus
shown inFig. 11. The filterusedinthemacrofiltration apparatus
comprised the core material 23 and the string-shaped suspended
matter trapping portions 24, and both ends of these components

were fixed to the plates 26 disposed at both ends in the water
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Suspended matter trapping portion, 25 Slit, 26 Plate, 30, 40, 50, 60, 70,
80 Water treatnent apparatus, 31 Reverse osnpsi s nenbrane apparatus, 41

Fl occul ati on neans, 42 Reaction tank, 43 Chem cal tank, 44 Chemi cal

i ntroduction nmeans, 45 Inorganic floccul ant tank, 46 Inorganic floccul ant

i ntroduction nmeans, 51 Absorbance neasuring nmeans, 52 Addition anount
control neans, 61 Treated water tank, 62 Cleaning fluid introduction neans,
63 to 66 Padsage §iraphbeand tepaesriodd Lrgatdondaiksl) @uFRPYR I FilBtrati on
appar atus, conpri sing: _ a filter body fornmed by spirally winding a
sheet - shalped FBAtEare Bmagerial 23 had g ¥oluneof &5t ahk Reeth SWEPERRE er to
be treated is passed, and into which the filter body is charged such that
an axi s ofatier FrppRingdeRTelerRdsvas ofryen diy @cta%h fermwiRer thasage,
wherein the sheet-shaped nenber i s _conposed of a sheet-shaged mesh sheet
havi ng hdtaeninlosyrivwkhneh e thdckness Bast? eatBy phsSsEidthpps 2 mm,
sheet - shaped spacer through which the water to_be treated passes wi,t

di ffi cul t3nhdtEonparEl (Riftanee REHtshderP Sheetr VUi SOT5F "eHETHésh

sheet and the spacer being superposed on each_other, Claim,211.Th
filtratidfethpiratakeackdRf fge ge | 43P DASSGYr &R %H8[?“flrltemirheo§d§“ﬁ%§ t he

sheet - shaped menber spirally wound around a. core terial. aim 3] The

i tratl O pRaPATed AeloPuEhE PEuEr A7 anat 5 ShdoiTh SERESEhOa TPE a

nonwoven gr%%rgji%gf Bg%go];lr om ]Jeii%%r %ar%?.\éidr)gsgclqit%%eg %Eleo‘TI'OJO.d 1ccstnqceln(‘]cos R
the filtrationportion (the remainder after subtracting the volume

- of the core material 23 from the volume of the interior of the

macrofiltration tank 21) during water passage were 30, 40, 50,
60, 70, 80, 90, 95 and 98%. Water treatment was performed using
each of the resulting filters. Since the core material was fixed
at both ends, -the change in the volume of the filtration portion
was nearly 0% when the volume during passage of the water to be
treated and the volume on other occasion were compared. The size
of the macrofiltration tank 21 was such that ité diameter was 200
mmand its height was 500 mm. Asa flocculaﬁt, 30mg/L, with respect
to the water to be treated, of polyaluminum chloride (PAC: 10%
by weight, as Al,0;) and 0.7 mg/L, with respect to the water to
be treated, of Kuribest E851 (produced by Kurita Water Industries
Ltd.) as an amphoteric polymer flocculant were added. The
turbidity of treated water discharged from the macrofiltration
apparatus (treated water turbidity), énd the rate of increase in
the differential pressure of the macrofiltration apparatus
(differential pressure increase rate) were measured, and the

results are shown in Table 2. The turbidity of the treated water
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[Claim4] The filtration apparatus according to any one of clainms 1 to 3,
wherein the spacer is formed fromactivated carbon fibers having a dianeter
of 0.1 to 100 gm [Claimb5] The filtration apparatus according to claiml
or 2, wherein the spacer is conposed of a nonwoven fabric formed from
fibers having a dianmeter of 0.1 to 100 gm and a water-inperneabl e sheet
~which is not perneable to the water to be treated. [Caim6] The,

filtrati elsappaeanisedchoyrthead tansmt tate ldiohe! measuring Bethhdreshnghe
mesh sheet is faulted fromf ibers having a dianeter of 0.1 to 0.6 nm

[ O ai m 7 Keakitrestandatrdepilusppar stndthadifdexensial Qrestiis sNaEadLaANe
apparatus in a stage succeeding the filtration apparatus according to any
one of clraitesof ﬁbeGmaCF@féﬂhraFi¢heamR@§ﬁtU$eﬁ@ﬁeﬂ@tgﬁﬁan9@u§YaEg@rding to
claim7, which has, in a stage preceding the filtration apparatus, a

macr of i | DrasisvreagpafarasceohpeseRgthenhblotf antekheharfedtinto a
macrofiltration tank such that a void content of a filtration portion
duri ng wdtodP2pasaves Eeuafdd vt igh §heguacye fiddra o aRPHERF Hyhaving
string-shaped suspended matter trapping portions and trappin sus;gended
matter céEafhéBernchdeos@dtBich fhed thearetd IR S %itﬁ’& g%%ﬁa. 1R ai m
9] The water treatnent apparatus accordin go cIaimSt mhegeig t he macr of
titratio@°§§&&Pa9H§1&HdW?ﬁ€rfPPFF&EFowouégp PSPUE aPet8cddfmoblifed in a
single vessel, and the macrof,  titration apparatys and the filtrati.o

Sppar at UG TS P agn T ST I T AT TFE SRACBE kT SN C ShpUFREIeEY
according to any one of clains 7 to .9, further.conpri.ssin in_a stage

P ecedi nerpa i fonsa et aa it ot Aari B et O rltag 348
reaction tank into ich the ter_to be treated i.s 1. d ;

floccul a %%9%%%8&%@%{%% %’ﬁe?tﬁ?ﬁfﬁ’&ﬁggé’%as ,?k?to%{(}{ij%cg’n%ﬁ?%lﬁ %gq%qgacti on
tank or in qgfggge %r%pedigg the reaction tank to add the flocculant to the
wat er t o B §t§8.p'FEF§|ﬁ111] The water treatnent apparatus according to
any one q%1%5$IQ%é%fé)£fL further conprising cleaning fluid introduction

Void Filter comprising core material and string-shaped
content % | suspended matter trapping portions
Differential pressure Treated water turbidity
increase rate (degrees)
(kPa/D)
98 0 16
95 0 3.7
90 0 3
80 0 2.2
70 0.1 1.1
60 0.1 1.1
50 2 0.9
40 19 0.8
30 50 0.4

[0104] (Reference Example 1)

As water to be treated (rawwater), industrial water having
turbidity of 3.4 to 22 degrees, TOC (total organic carbon) of 0.3
to 4.8 mg/L, and a water temperature of 24.5 to 26.0°C was treated
at LV 200 m/h, with its water quality being changed periodically,

by use of the apparatus shown in Fig. 16 (amount of raw water
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means whi ch introduces a cleaning fluid or a liquid m xture of the cleaning
fluid and air at an arbitrary frequency and in a direction opposite to a
direction during treatnent. ’

supplied: 50 L/h), concretely, a water treatment apparatus 80
having the flocculation means 41, macrofiltration apparatus 20,
and membrane separation means 81 provided in this sequence from
theupstreamside. AnMFmembrane wasusedas a separationmembrane
of the membrane separation means 81. The turbidity of treated
water discharged from the macrofiltration apparatus 20 and the
differential pressure increase rate of the macrofiltration
apparatus 20 were measured, and the results are shown in Table
3. The macrofiltration apparatus 20 had the filter comprising
the core material 23 and the string-shaped suspended matter
trapping portions 24, as shown in Fig. 11. Each suspended matter
trapping portion 14 had a thickness of 0.5 mm, a width of 2 mm,
and a length of 100 mm, and the void content of the filtration
portion (macrofiltration tank 21) during water passage was 85%.
Only one end of the core material 23 of the macro-filter 22 was
fixed to the plate 26 disposéd.on the upstream side in the water
passage direction. Although the other end of the core material
23 was not fixed, the one end thereof was fixed to the plate 26
on the upstream side. Thus, the filter spread nearly uniformly
throughout the filtration tank during passage of the treatedwater.
As a flocculant, polyaluminum chloride (PAC: 10% by weight, as
Al,0;) was added in an amount of 30 mg/L to the water to be treated.
[0105] (Reference Example 2)

The same procedure as in Reference Example 1 was performed,
except that 2 to 5 slits were provided at locations other than
those of the loop-shaped suspended matter trapping portions fixed

to the core material.
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[0106] (Reference Example 3)

The same procedure as in Reference Example 2 was performed,
except that both ends of the core material 23 of the macro-filter
22 were fixed to the plates 26 located on the upstream side and
the downstream side in the water passage direction.

[0107] [Table 3]

Treated water Differential pressure

turbidity increase rate
(degrees) (kPa/D)

Reference 2.4-2.9 0.75

Example 1

Reference 2.1-2.3 0.61

Example 2

Reference 2.0-2.2 0.6

Example 3

[0108] As shown in Table 3, it was found that in Reference Examples
1 to 3, the treated water tﬁrbidity and the differential pressure
increase rate were low, clear treated water was obtained, and
clogging of the macrofiltration apparatus did not occur. In
Reference Example 2 having the slits provided in the filter, the
treated water turbidity was lower, and the differential pressure
increase rate was lower, than in Reference Example 1. InReference
Example 3 having both.endsvof the filter fixed to the filtration
tank, the treated water turbidity was lower than in Reference
Example 2 when the water to be treated had higher turbidity.
Explanations of Letters or Numerals

[0109] 1 Filtrationtank, 2 Filter, 3 Corematerial, 4 Filter
body, 5 Mesh sheet, 6 Spacer, 7 Plate, 8 Water-impermeable
member, 9a Warpthread, 9b Weft thread, 10 Filtrationapparatus,

21 Macrofiltration tank, 22 Macro-filter, 23 Corematerial, 24
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Suspended matter trapping portion, 25 Slit, 26 Plate, 30, 40,
50, 60, 70, 80 Water treatment apparatus, 31 Reverse osmosis
membrane appafatus, 41 Flocculation means, 42 Reaction tank,
43 Chemical tank, 44 Chemical introductionmeans, 45 Inorganic
flocculant tank, 46 Inorganic flocculant introduction means, 51
Absorbance measuring means, 52 Addition amount control means,
61 Treated water tank, 62 Cleaning fluid introduction means,

63 to 66 Valve, 81 Membrane separation means
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Claims

[Claim 1] A filtration apparatus, comprising:

a filter body formed by spirally winding a sheet-shaped
member; and

a filtration tank through which water to be treated is
passed, and into which the filter body is charged such that an
axis of the filter body extends along a direction of water passage,

wherein the sheet-shaped member ié composed of a
‘sheet-shaped mesh sheet having holes through which the water to
be treated passes, and a sheet-shaped spacer through Which the
water to be tfeated passes with difficulty as compared with the
mesh sheet, sheet surfaces of the mesh sheet and the spacer being
superposed on each other.
[Claim 2] The filtration apparatus according to claim 1, wherein
the filter body is the sheet-shaped member spirally wound around
a core material.
[Claim 3:] The filtration apparatus according to claim 1 or 2,
wherein the spacer is a nonwoven fabric formed from fibers having
a diameter of 0.1 to 100 pm.
[Claim 4] The filtration apparatus according to any one of claims
1 to 3, wherein the spacer is formed from activated carbon fibers
having a diameter of 0.1 to 100 pm.
[Claim 5] The filtration apparatus according to claim 1 or 2,
wherein the spacer is composed of a nonwoven fabric formed from
fibers having a diameter of 0.1 to 100 pm, and a water-impermeable

sheet which is not permeable to the water to be treated.
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[Claim 6] The filtration apparatus according to any one of claims
1to5, whereinthemeshsheet is formed fromfibershavingadiameter
of 0.1 to 0.6 mm.

[Claim 7] A water treatment apparatus having a reverse osmosis
membraneapparatusjxlastagesucceedingthefiltrationapparatus
according to any one of claims 1 to 6.

[Claim 8] The water treatment apparatus according to claim 7,
which has, in a stage preceding the filtration apparatus, a
macrofiltration apparatus comprising a macro-filter charged into
a macrofiltration tank such that a void content of a filtration
portion during water passage becomes 50 to 95%, the macro-filter
having string-shaped suspended matter trapping portions and
trapping suspended matter contained in the water to be treated
which is being passed.

[Claim 9] The water treatment apparatus according to claim 8,
whereinthemacrofiltrationapparatusandthefiltrationapparatus
are accommodated in a single vessel, and the macrofiltration
apparatus and the filtration apparatus are integrated.

[Claim 10] The water treatment apparatus according to any one
of claims 7 to 9, further comprising, in a stage preceding the
filtrationapparatus, flocculationmeans includingareactiontank
into which the water to be treated is introduced, and flocculant
introduction means which introduces a flocculant in the reaction
tankorjmuistageprecedingthereactiontanktoaddtheflocculant
to the water to be treated.

[Claim 11] TheAwater treatment apparatus according to any one

of claims 7 to 10, further comprising cleaning fluid introduction

53



means which introduces a cleaning fluid or a liquid mixture of
the cleaning fluid and air at an arbitrary frequency and in a

direction opposite to a direction during treatment.
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