Description

Title of the Invention: Filtration apparatus and water
treatment apparatus

Technical Field
[0001] This invention relates to a filtration apparatus for
treatingwatértobetreated,thewatercontainingsuspendedmatter
or the like, éuch as industrial water, city water, well water,
river water, lake water or industrial waste water; and a water
treatment apparatus using the filtration apparatus. The
inventionxelates,jjlpérticular,tozafiltrationapparatuswhich
can be preferably used in a stage preceding a reverse osmosis
membrane apparatus or the like.

Background Art
t0002] Methodsfortreatingwatertobetréated,suchasindustrial
water,citywater,wellwater,riverwater,lakewaterorindustrial
wastewater,includeexmethodwhichcompriseé,forexample,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
inthewatertobetreaﬁed,followedbycarryingoutsandfiltration
or dissolved air floatation to remove the suspended matter. The
sand filtration or dissolved air floatation, however, poses the
prdblem that the required apparatus is upsized. If the turbidity
of the water to be treated is high, moreover, there is a possibility
that the removal of the suspended matter will be insufficient.

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



separation means, concretely, an ultrafilt:ation membrane (UF)
apparatus or a microfiltration membrane (MF) apparatus, as a
filtration apparatus has recently become widespread. The
ultrafiltration membrane apparatus or the microfiltration
membrane apparatus, however, involves the problem that clogging
with suspended materials, inorganic substances or organic
substances occurs, and the problem that the cost of the membrane
is high.

[0C04] Toproducepurewaterorthe1ike{thetechnologyoftreating
water to be treated by means of a reverse osmosis membrane (RO)
apparatusisavailable.‘Withthereverseosmosisapparatus,there
is need to use water to be treated, haVing‘a certain degree of
cleanliness, which has been.treatedfwith.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, microfiltrationmembrane apparatus or
thelike,however,facesproblems(sUchastheinsufficientremoval
of suspendedmatter or the occurrence of clogging, as stated above.
[c005] AdiSclosureismadeofanapparatusforproducingelectric
power plant make-up water in which a filtration apparatus using
abundle of long fibers as a filter is providedupstreamof a reverse
osmosis membhrane apparatus (see Patent Document 1). Even with
thisapparatus,theproblemsarisethatthecloggingofthereverse
osmosis membrane apparatus or the filtration apparatus occurs,
and that the quality of treated water deteriorates.

Prior Art Documents



Patent Documents
[0006] Patent Document 1: JP-A-6-134490

Summary of the Inventiqn

Problems to belsolve_d by the invention
[0007] The present invention has been accomplished in the light
of the above-mentioned circumstances. It is an object of the
invention to provide a filtration apparatus which obtains clear
treated water suppliable to a reverse osmosis membrane apparatus
or the like, is minimally clogged, and is inexpensive; and a water
treatment apparatus using the filtration apparatus.

Means for solving the problems
[0008] The present inventors conducted in-depth studies in oxrder
to attain the above object, and have found that this object can
be attainedby the followingmethod: Aspirallywound sheet-sghaped
member is uséd as a filter for trapping suspended matter. The
sheet -shaped member comprises a sheet-shaped mesh sheet having
holes through which water to be treated passes, and a shevet—shaped
spacer through which the water tobe treated passes withdifficulty
as compared with the mesh sheet, the sheet surface of the spacer
and the sheet surface of-thé 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 wihding 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 throughwhichthewatertobe treatedpasses,
and a sheet-shaped spacer through which the water to be treated
passes with difficulty as compared with the mesh sheet, the sheet
surfaces of the mesh sheet and the spacer being superposed én each
other. ‘

'[OOlO]IThe filter body is preferably thé sheet-shaped member-
gpirally wound around a core material.

[0011] The spacer may be a nonwoven fabric formed from fibers

having a diameter of 0.1 to 100 um.

[0012] The spacer may also be formed from activated carbon fibers
having a diameter of 0.1 to 100 um.

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

[0014] The mesh sheet isg 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 charaéterized by having a reverse osmosis
membrane apparatus in a stage succeeding the above filtration
apparatus.

[0016] It ispreferredtohave, inastage precedingthe filtration
apparatus, a macrofiltration apparatus comprising a macro-filter

charged into a macrofiltration tank such that the void content



of a filtration portion during water passage becomes 50 to 95%,
the mécro—filt_er having string-shaped suspended matter ﬁrapping
portions and trapping suspended matter contained in the water to
be treated which is being passed.
[0017] Themacrofiltrationapparatusandthe filtrationapparatus
may be accommodated in a single vessel, and the macrofiltration
apparatus and the filtration apparatus may be integrated.
[0018] Further, it is preferred to have, in the stage preceding
the filtration apparatus, flocculationmeans iﬁcluding a reaction
tank intowhichthewater tobe treatedis introduced, and flocculant
introduction means which introduces a flocculant in the reaction
tankor inthe stageprecedingthereactiontanktoaddthe flocculant
to the water to be treated.
[0019] Itispreferredto furtherhavecleaning fluidintroduction
means which introduces a cieaning fluid or a iiquid 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 throu_cjh which the water to be treated

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



surfaces of the mesh sheet and the spacer being superposed on each
other. Thus, there can be provided a filtrétion apparatus which
obtains clear treated water, which can suppress the clogging of
the apparatus in the succeeding étage and the filtration apparatus
ivtself, and which is inexpensive. By providing this filtration
apparatus in the stage preceding the reverse osmosis membrane
apparatus or the 1ike, therefore, water to be treated canbe tr_eatedA
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 providiné the macrofiltration
apparatus having a predetermined void content in the stage
precedingthe filtrationapparatus, 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 suppﬁfessed, and water
treatment can be performed satisfactorily.

Brief Description of the Drawings
[0021] [Fig. 1] is a longitudinal seétional view showing the

configuration of a filtration apparatus according to Embodiment



. [Fig. 2] is a transverse sectional view of the filtration
apparatug 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 diégram 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 anether-
example of the water treatment apparatus according to Embodiment
N .

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

[Fig. 10] is a sectional view showing the configuration
‘ofanexampleofawatertreatmentapparatusaccOrdingtoEmbodiment
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



trapping portion of the macrofiltration apparatus according to
Embodiment 3.

[Fig. 14] is a view showing a method for measuring the
differential pressure of a reverse osmosis membrane.

[Fig. 15] is a view showing the results of measurement
of the differential pressure of the reverse osmosis membrane.

[Fig. 16] is a schematic systemdiagramof a water treatment
apparatus according to a reference example.

Mode for Carrying Out the Invention
[0022] The present invention will be described in detail below
based on its embodiments. .

(Embodiment 1)

Fig. 1 is a longitudinal sectional'view, in the direction
of water passage of water to be treated, showing the configuration
of a filtration apparatus according to Embodiment 1 of the present
invention. Fig.2:u;atransversesectioﬁalvieW(ﬁfthefiltration
apparatus. Fig. 3 is a perspective view showing a filtexr 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 filtrationtank 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



sheet-shaped spacer 6 through which the water to be treated passes
withdifficultyas compared with the mesh sheet, the sheet surfaces
of the spacer 6 and the mesh sheet 5 being superposed on each other.
[0024]) At both ends, in the direction of water passage, of the
filtrationtankl,circularplates7ofresinorthe1ikeareprovided
which have a plurality of holes enough to allow free passage
therethroughof water tobe treated, the water containing suspended
matter. Both ends of the core material 3 are fixed to the center
of eachplate 7. Thefilterzzischargedjxnx)theentirefiltration
tank 1 such that the axis of the fiiter body 4 extends along the
direction of water passage of the water to be treated. Clearance
between the inner wall of the filtration tank 1 and the outer
peripheryof the filter body 4, and clearance near the corematerial
Jare filledwithawater-impermeable member 8, suchas anadhesive,
which does not allow passage of water to be treated. Thus, the
water to be treated cannot pass through these ciearancés. The
axis of the filter body 4 is the center of the spiral of the filter
body 4 wound spirally and, in the present embodiment, corresponds
to the core material 3.

{0025] Whenthewatertobetreatedispassedthroughthe filtration
apparatus 10 of the. above configuration, most of the water to be
treated passes through the holes of the mesh sheet 5, and crosses
the mesh sheet 5 nearly longitudinally, that is, passes through
the mesh sheet 5 in its planar direction, because the spacer 6
is less permeable to the water to be treated than the mesh sheet
5. On this occasion, the suspended matter contained in the watexr

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



be treated, from which the suspended matter has been removed, is
discharged from the filtration tank 1. The filtration apparatus
10, as described above, is configured such that the water to be
treated pass therethrough so as not to cross the mesh sheet 5,
which has the holeg passed through by the water to be treated and
which can trap the suspended matter, transversely in the thickness
direction, but to cross the mesh sheet 5§ longitudinally. By this
configuration, clear treated water is obtained. Thus, the
filtratioh apparatus 10 can be used, in a stage preceding a reverse
osmosis membrane (RO) apparatus, inplace of a membrane separation
apparatus such as an ultrafiltration membrane (UF) apparatus or
" a microfiltration membrane (MF) apparatus, and can suppress the
clogging of the reverse osmosis membrane apparatus. Since the
filtrationapparatusl1l0doesnotrelyonfiltrationusingamembrane,
as does the ultrafiltration membrane apparatus or the
microfiltration membrane apparatus, it minimally clogs and is
inexpensive.

[0026] The mesh sheet 5 may be one which has holes allowing the
passage of water to be treated, and which can remove to a desired
degree the suspended matter contained in the water to be treated,
so that the mesh sheet 5 is not restricted. However, a woven fabric
formed fromwarpthreads 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.r 4(a) (i.e.,
Fig. 4(b)).

[0027] The distance between the adjacent warp threads 9a or the
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adjacent weft threads 9b of the mesh sheet 5, namely, the opening
(indicated as OP in Figs. 4(a), 4(b)), is preferably of the order
of 200 to 4,000 pm. The size of the holes (indicated by hatch
lines in Fig. 4(a)), namely, the space factor in a plan view of
the mesh sheet 5 (i.e., opening area), is preferably of the order
0f 40to090%. The height of the ihtersection (thickness designated
as T in Fig. 4 (b)) is preferably 500 to 1200 uym. As a concrete
commercial product, a 100-hole to 8-hole product (product of NBC) ,
for example, may be used. The product with these dimensions can
remove the suspendedmatter particularlypreferably. Inareverse
osmosis membrane apparatus, for example, a spiral-type reverse
osmosis membrane apparatus composed of a spirally wound reverse
osmosismembrane, amesh sheet withan intersectionheight, usual 1;},
of the order of 0.65 to 1.2 mm is used as a raw water flow path
gpacer. Thus, if the filtration apparatus isusedas a filtration
apparatus in the stage preceding the reverse osmosis membrane
apparatus, namely, as a filtration apparatus for supplying treated
water tothe reverseosmosismemnbrane apparatus, therebypreventing
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,
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withtheuseof fibershavingacertaindegreeof thickness, although
the tﬁi ckness dependsron theturbidityof, or the amount of treatment
of, the water to be treated. If the fibers are too thick, the
resulting holes become too large to remove the suspended matter.
[0029] Examples of the material for the thread or the like
constituting the mesh sheet 5 are synthetic resins, such as
polyolefin, polyester, ﬁylon and polyvinylidene fluoride (PVDF),
and metal fibers. Ffom the points of view of chemical resistance
and economy, polyoclefin is preferred. In Figs. 4(a), 4(b), the
woven fabric is taken as an example, but there may be used a nonwoven
fabric formed bfrom fibers and having relativeiy large holes.
[0030] The spacer 6 is not limited, as long as it is in the shape
of a sheet through which the water to be treated pasgsses with
difficulty as compared with the mesh sheet 5. For example, it
may be a water-impermeable sheet free from holes and allowing no
passage of the water to be treated; a nonwoven fabric or the like
formed from fibers with a diameter of the order of 0.1 to 100 um,
preferably 0.5 to 30 um; or these materials superposed by a method
such as lamination or integral molding by thermal fusion. If the
spacer 6 is thé water- impermeablé sheet whichdoesnot allowpassage
of the water to be treated, the water to be treated can be brought
into uniform contact with the mesh gheet 5. Thus, the spacer 6
is preferably one having the water-impermeable sheet. If the
nonwoven fabric is used asvthe 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 propertiesof the filtrationapparatus 10 canbe enhanced.
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Thus, the spacer is preferably composed of the nonwoven fabric
and the water-impermeable sheet.

[0031] Examples of the material for the spacer 6 are polyolefin,
polyester, nylon, polyvinylidene fluoride (PVDF), metal fiber,
and activated carbon fiber. From the viewpoints of chemical
resistance and economy, polyolefinispreferred. Fromthe aspects
of being able to perform the reduction of NaClO, etc. contained
in the water to be treated, and to obviate the need for an apparatus
such as an activated carbon tower, activated carbon fibers are
preferred.

[0032] There are no limitations on the form in which the mesh
sheet 5 and the spacei 6 are superposed on each other; the sheet
surfaces thereof may be laminated together, or they may be
integrally molded by heat fusion. The size of the mesh sheet 5
and the size of the spacer 6 need not be the same, but preferably,
they are nearly the same for uniform treatment of the water to
be treated. The lengths in the direction of water passage of the
mesh sheet and the spacer 6 are advisably, for example, of the
order of 200 to 1,000 mm, although these lengths depend on the
turbidity of the water to be treated, the amount of its treatment,
and the desired turbidity of treated water.

[0033] 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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No limitation is imposed on the method of winding the sheet member
around the core material 3. For example, the method may comprise
fixing an end of the sheet member to the core material 3 with the
use of an adhesive or the like, and rolling up the sheet member,
with the core material 3 positioned in the center of the resulting
.roll, such that the roll has an arbitrary diameter depending on
the amount of treatment, the turbidity, etc. of the water to be
treated.

[0034] There are ﬁo limitations on the filtration tank 1. For
example, its material.may be stainless steel or fiber-reinforced
plastic (FRP), and its size can be represented by a diameter of
100 to 1,000 mm and a height of 200 to 1,000 mm, as long as its
shape is a hollow cylindrical (tubular) shape. In Fig. 1, the
tubular filtration tank 1 is illustrated, but the tubular shape
isnot limitative ; ashapewhichallows thepassageof water, nanely,
ahollow shape, is acceptable, and a prismatic shape havingahollow
inside, for example, may be adopted. |

[0035] Examples of the water to be tre'at_ed 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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etc. of the water to be treated. Thus, the filter 2 may be only
a single turn of the filter body 4 wound, but the larger the number
of turns wound is, the more easily the shape of the mesh sheet
5 can be held by the spacer 6. This results in the advantage that
the Water to be treated can uniformly cross the mesh sheet 5
longitudinally, thus stabilizing water treatment.
[0037] InFig. 1, moreover, the filter 2 is composed of the filter
body 4 wound round the core material 3, but the core material 3
need not be presentf For example, the filter 2 may be composed
of the filter body 4 alone, if the shape of the mesh sheet 5 during
water passage can be held by the spacer 6 or the 1ike, and the
water to be treated can paés through the mesh sheet 5 in the planar
direction (can crogs it longitudinally) .
[0038] In Fig. 1, moreover, the filter 2 is charged into the
filtration tank 1 of a hollow cylindrical shape to construct the
filtration apparatus 10. However, a sheet of FRP or the like may
be wound round the filter 2, followed by joining them together
to prevent leakage of the water to be treated. 1In this manner,
the filtration apparatus 10 may be constructed. Besides, the
spacer 6 may be formed from a water-impermeable material to avoid
leakage of the water to be treated, whereby the spacer 6 may
concurrently serve as the filtration tank 1.
{00392] (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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[0040] As shown in Fig. 5, a water treatment apparatus 30 has
a reverse osmosis membrane apparatus 31 provided in a stage
sﬁcceeding (downstream of) the filtration apparatus 10 of
Embodiment 1, the reverse osmosis membrane apparatus 31 being
adapted to perform membrane separation of water to be treated,
with the use of a reverse osmosis membrane.

[0041] With such a water treatment apparatus 30, the water to
be treated (raw water) is introduced into the filtration apparatus
10 as the first step. The water to be treated, which has been
introducedintothefiltrationapparatus10,crossesthemeshsheet
Siongitudinally,wherebysuspendednmttercontainedintjuawater
to be treated is removed to some extent. 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. In the present embodiment, the filtration
apparatus 10 of Embodiment 1 is used, so that treated water
discharged from the’filtraﬁion_apparatus 10 is clear. Thus, the
filtration apparatus 10 can be used, in the stage precediné the
reverse osmosis membrane apparatus 31, instead of a membrane
separationapparatusSuchasanultrafiltrationmembraneapparatus
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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that the cross-sectional area of a water flow path for water to
be treatedbe larger thanthe cross-sectional area, inthedirection
of water passage of the water to be treated, of the mesh sheet
5. With the spiral type reverse osmosis membrane apparatﬁs 31,
for example, it is preferred that the width of the raw water flow
path be larger than the height of the intersection of the mesh
sheet 5. The shape of the reverse osmosis membrane apparatus 31
is not restricted. However, a so-called spiral type reverse
osmosis membrane apparatus 31 of a shape in which a reverse osmosis
membrane shaped like a sack is wound.round.aluailow core material
having water passage holes in a side surface thereof is preferred,
because this type of apparatus is easily adapted for upsizing.
Inparticular, it ispreferredtousethespiral typereverseosmosis
membrane apparatus having the same diameter as that of the
filtration apparatus 10. If the spiral type reverse osmosis
membrane apparatus 31 is used, treated water resulting after the
membraneseparathxyofimpuritieslnrthereverseosmosisnembrane
is discharged from the hollow core material, while so-called
concentrated water containing large amounts of impurities which
have not been membrane-separated by the reverse osmosis membrane
is discharged from other parts than the core material.

[0043] Instead of the reverse osmosis membrane apparatus 31, a
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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[0044] In Fig. 5, the filtration apparatus 10 _and the reverse
osmosis membrane apparatus 31 are separately provided to construct
the water treatment apparatus. However, this is not limitative,
and an integral water treatment apparatus may be constructed, for
example, by accommodating the filtration apparatus 10 and the
reverse osmosis membrane apparatus 31 in a hollow container 32,
ags shown inFig. 6. Byusingthe integral water treatment apparatus,
compactness is achieved, and the number of components can be
decreased. A single filtration apparatus 10 and a single reverse
osmosis membrane apparatus 31 may be provided, or a plurality of
thefiltrationapparatuses 10 andapluralityof the reverse osmosis
membrane apparatuses 31 may be provided.

[0045] Alternatively, a flocculation means 41 may be provided
in a stage preceding the filtration apparatus 10 to construct a
water treatment apparatus 40. The water treatment apparatus 40,
as showninFig. 7, hasa flocculationmeans 41 comprisinga reaction
tank 42 into which water to be treated (raw water) is introduced,
a chemical introduction means 44 composed of a pump or the like
for introducing a chemical, such as a polymer flocculant, into
the reaction tank 42 from a chemical tank 43 holding the chemical,
and an inorganic flocculant introduction means 46 composed of a
pump or the like for introducing an inorganic flocculant into the
reaction tank 42 from an inorganic flocculant tank 45 holding the
inorganic flocculant; and has in a stage succeeding the
flocculation means 41 the filtration apparatus 10 of Embodiment
1intowhichthewater subjectedto flocculation, suchas adsorptibn

or coagulation, in the reaction tank 42 is introduced. The water
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treatment apparatus 40 is further provided with a reverse osmosis
membrane apparatus 31 in a stage succeeding the filtration
apparatus 10. The reverse osmosis membrane apparatus 31 is the
same as that in the aforementioned water treatment apparatus 30,
and performs membrane separation of the water to be treated with
the use of a reverse osmosis membrane.

{0046] With such a water treatment apparatus 40, the water to
be treated (raw water) is introduced into the reaction tank 42
as the first_step. Then, the chemical held in the chemical tank
43, such as a polymer flocculant, and the inorganic flocculant
held in the inorganic flocculant tank 45 are introduced by the
chemical introduction means 44 and the inorganic flocculant
introduction meansg 46 into the reaction tank 42, where they are
added to the water to be tréaﬁed. The water to be treated, which
has the polymer flocculant and the inorganic flocculant added
thereto, is stirred with a stirrer 47_for flocculation. Then,
theflocculatedwatertobefreatedisdischargedfromthereaction
tank 42,‘andAsent to the filtration apparatus 10. The water to
be treated, whichhagbeen introduced into the filtration apparatus
10, crosses the mesh sheet 5 longitudinally, whereby suspended
matter contained 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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humic acid-based or fulvic acid-based organic substances, water
containingbiologicalmetabolites suchas sugarsproducedbyalgae,
etc., and water containing synthetic chemical substances such as
surface active agents. Concrete examples are industrial water,
city water, well water, river water, lake watéer, and industrial
waste water (particularly, bioremediation water resulting after
bioremediation of waste water from factories). However, theyare
not limitative. Humus refers to humic substances occurring upon
degradation of plants, etc¢. by microorganisms, and includes humic
acid and so on. Water containing humus has humus and/or
‘humus-~derived soluble COD components, suspended matter, or
chromatic components.

[0048] Examples of the polymer flocculant added as the £locculant
to the water to be treated are anionic organic polymer flocculants
guch as poly{meth)acrylic acid, copolymer of (meth)acrylic acid
and (meth)acrylamide, and their alkali metal salts; nonionic
organic polymer flocculants such as poly(meth)acrylamide;
cationic organic polymer flocculran_ts such as homopolymers
comprising cationic monomers, for example, dimethylaminoethyl
(meth)acrylate or quaternary ammonium salts thereof, and
dimethylaminopropyl (meth)acrylamide orquaternaryammoniumsalts
thereof, and copolymers of these cationic monomers and nonionic
monomers copolymerizable therewith; and amphoteric organic
polymer flocculants which are copolymers of the above anionic
monomers, cationic monomers andnonionicmonomers copolymerizable
with these monomers. There are no limitations on the amount of

the polymer flocculant added. Itsamountmaybeadjusteddepending
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on the properties of the water to be treated, and is generally
0.01 to 10 mg/L as a solid content with respect to the water to
be treated.

[0049] The inorganic flocculant added to the water to be treated
is not restricted, and its examples are aluminum salts such as
aluminum sulfate and.polyaluminum chloride, and iron salts such
as ferricchlorideand ferrous sulfate. Theamountof theinorganic
flocculant added is not restricted, eiﬁher. Its amount may be
adjusted depending on the properties of the water to be treated,
and is generally 0.5 to 10 mg/L, in terms of aluminum or iron,
with respect to the water to be treated. If polyaluminumchloride
(PAC) is used as the inorganic flocculant, optimum flocculation
is achieved, when the pH of the water to be treated, which has
the polymer £locculant and the inorganic flocculant added thereto,
is set at a value Qf the order o£ 5.0 to 7b. 0, although flocculation
de?endsonthepropertiesofthewatertobetreated. The inorganic
flocculant may be added before or after the addition of the polymer
flocculant tothewatertobe treated, ormaybe added simultaneously
with the addition of the polymer flocculant. |
[0050] In addition to the water treatment apparatus 30 or the
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
abgorbance measured with this absorbance measuring means 51,

calculates the amount of addition of the polymer flocculant
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introduced from the chemical tank 43 into the reaction tank 42
and the amount of addition of the inorganic flocculant introduced
from the inorganic flocculant tank 45 into the reaction tank 42,
and controls these amounts of addition. In this manner, a water
treatment apparatus 50 may be constructed.

[0051] The additionamount control means 52 has, asadditionamount
correction information, an equation of the relation between the
absorbance of the water to be treated and the optimum amount of
the polymer flocculant added, the equation having been obtained
by treating the water to be treated, which has different water
qualities andvarious absorbances, inajar testerusing thepolymer
flocculant. Basedontheabsorbancedataonthewater tobetreated
(raw water) from the absorbance measuring means 51 and this
relational equation (addition amount correction information), the
addition amount control means 52 calculates the optimum amount
of addition, and controls the amount of addition of the polymer
flocculant introduced from the chemical introduction means 44.
Similarly, the addition amount control means 52 has, as addition
amount correction information, an equation of the relation between
the absorbance of the water to be treated and the optimum amount
of the inorganic flocculant added, the equation having been
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) from 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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optimum amount of addition, and controls the amount of addition
of the inorganic flocculant introduced from the inorganic
flocculant introduction means 46.
[0052] A detailed explanation will be offered, with the polymer
flocculant taken as an example. First, the relation between the
absorbance of the water to be treated and the amount of addition
of the polymer flocculant suitable for treating the water to be
treated which has this absorbance, namely, the ambunt of addition
sufficient toflocculatesolubleorganicmatter as suspendedmatter,
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 floccﬁlant 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 absorbénce]
[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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amount of-sample water with the use of a 0.45 pym membrane filter
(i.e., KMF value). By measuring the absorbances in each of the
ultraviclet region and the visible region for one or more
wavelengths, therefore, the optimum amount of the polymer
flocculant added can be estimated.
[0056] Concretely, jar testsare conductedbeforehandonthe water
to be treated which has different water qualities, for example,
the water to be treated, such as industrial water sampled on
different days, to obtain a relational equation of the difference
betweentheabsorbanceintheultravioletregionandtheabsorbance
in the visible region versus the optimum concentration of the
polymer flocculant added (i.e., addition amount_contfol
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 represents 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 thepolymer
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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difference between the absorbance in the ultraviclet fegion.and
the absorbance in the visible region vefsus the optimum
concentration of the polymer flocculant added is shown as the
addition amount control information. However, this is not
limitative, and the addition amount control information may be
based on threshold control, for example. The threshold control
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] Aé described above, the amount of the polymer flocculant
added is controlled based on the amount of.the soluble organié
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 gquality 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
manneras is the above-mentionedcontrol over the amount of addition

of the polymer flocculant.

25



[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 be added to the
water tobe treated. Hence, the water to be treated can be treated
efficiently. Even if the water quality of the water to be treated
‘changes, the éolymer 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
performbothofcontrolovertheamountofadditionoftheflocculant
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 f£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
treatmeht.apparatus. Concretely, the water treatment apparatus,
as shown, for example, in Fig. 9, has a treated water tank 61 for
storing the water tobe treatedwhichhasbeentreatedby the reverse
osmosis mémbrane 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 apparatus 10.

[0062] With the water treatment apparatus 60 of the above
configuration, the water to be treated, which has been subjected
to filtration and then to 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 tobe treated. The separation membrane, such as the reverse
osmosis membrane,'of the reverse osmosis membrane apparatus 31
gradually deteriorates in membrane separation performance owing
tothe depositionof contaminants, suchas solidswhichareascribed
to the polymer flocculant or the inorganic flocculant added as
theflocculantorothersuspendedmatter,upénmembraneseparation.
Thus, a valve 63 provided between the reaction tank 42 and the
filtrationapparatus 10, andavalve 64 providedbetweenthe 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 to be 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 Iminuteinadirectionoppositetothedirectionduringtreatment,
by means of the cleaning fluid introduction means 62 such as a
pump, thereby flushing the gseparation 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 osmosié membrane apparatus 31 and the
filtration apparatus 10, the cleaning £luid can be introduced into
the filtration épparatus 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
filtrationand membrane 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 performance can be suppressed reliably. The water to

be treated or air may be introduced only into the filtration

28



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. 1In 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] Thewatertreétmentapparatusmaybefurtherprovidedwith
means for pﬁrification of the water to be treated, such as
decarboxylation or activated carbon treatment. If desired, the
water treatment apparatus may be equipped with ultraviolet
irradiation means, ozone treatment means, bloremediation means,
etc.

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

[0067] (Embodiment 3)

Fig. 10 is a longitudinal secﬁional 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 shown in Fig. 10, the water treatment apparatus 70 has
the macrofiltration apparatus 20 and the filtration apparatus 10

of Fmbodiment 1 accommodated in a water treatment vegsel 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 macrofiltration tank 21, and both ends
of the core material 23 are fixed to the center of each plate 26.
The suspended matter trapping portions 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 innér wall surface of the macrofiltration tank 21. In
this manner, 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
suspended matter contained in the water tobe treated can be 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 in the 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 aAregion where
the suspended matter in the water to be treated is trapped by the
macro—filterzz,namely,aregibnremainingafterexcludinga;mrt,

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 inthe direction of water passage of themacro-filter 22 during
water passage, and which is filled with the suspended matter

trapping portions 24 of the macro-filter 22. If the part not

contributingtofiltrationisabsent, thefiltrationportionrefers
to the layer whosé gide 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 to be treated. Inthepresentembodiment,
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 maérofiltration
tank 21 ig the filtration portion.
[0071] [Equation 3]
Voidcontent(%)::[(volumeoffﬁltrationportion-vélume
of suspended matter trapping portions)/volume of filtration
portion} x 100
[0072] When ﬁhe water to be treated is passéd through the
macrofiitrationapparatus20oftheabove—describedconfiguration,
thewatertobetreatedpassesthroughtherespectivestring—shaped
suspended matter trapping portions 24 and the slits 25 provided
in the suspended matter trapping portions 24. During this course,
the sugspendedmatter contained in the water tobe treated is trapped
by the string-shaped suspended,mattér trapping portions 24 aﬁd
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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95%, water passage isnot impeded, and the trapping of the suspended
matter is satisfactory.

[0073] As described above, water passage is not impeded, 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 water passage is 50 to 95%. Thus, the
effect is exhibited that the water to pe treated which has been
treatedknrthenmcrofiltrationapparatus20jj;clear(forexample,
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 ig higher than 95%, water passage becomes satisfactory
and fast 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 10 provided
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
suspended.mattef 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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50 to 95%, on the other hand, clogging can be suppressed, and clear
treated water is obtained, even in the case of the high speed
operation or the highly turbid water to be treated. Even when
low speed treatment is carried out or the low turbidity water to
be treated is treated, iﬁ goes without saying that clogging can
be suppressed, and clear treated water is obtained. Since the
void content is preferably uniform, it is preferred that the
suspended matter trapping portions 24 be chérged up to sites near
both ends in the water passage direction of the macrofiltration
tank 21. It is also preferred that the suspendedJnatter'trapping
portions 24 be éharged up to sites near the inner wall surface
of the macrofiltration tank 21.

[0074] The volume of the filtration portion preferably does not
change between states, namely, between the time of water passage
of the water to be treated and other state such as the time of
backwashtobedescribedlaterorthétimeofstoppageoffiltration.
The change rate of the volume of the filtrationportionispreferably
30% or less, more preferably 10% or less. By settiﬁg such a range,
fhe»macrofiltration apparatus can be rendered compact.

[0075] 1In the present embodiment, the size of themacrofiltration
tank 21, if tubular in shape, can be made to have a diémeter of
100 to 1,000 mm and a height of 200 to 1,000 mm. Tf 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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filtration portion during water passage to 50 to 95%.

.[0076] Examples of the material for the core material 23 oxr the
suspended matter trapping portion 24 are synthetic resins such
as polypropylene, polyester and nylon. The core material 23 may
be given strength by knitting up synthetic fibers, such as
polypropylene, polyester or nylon, during the manufacturing
process. Alternatively, like a twisted brush, an example may be
adopted in which a wire formed from SUS or a resin-coated metal
free from corrosion is used as the core material 23, the suspended
matter trapping portions 24 are arranged uniformly, and then the
tﬁetal is twisted to construct the macro-fi»lter 22 having the
suspended matter trapping portions 24 gpread 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.

{00771 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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not limitative; a shapewhichallows waterpassage, namely, ahollow
shape, is acceptable, and a prismatic shape having a hollow inside,
for example, may be adopted. In the above example, moreover, both
énds of the core material 23 are fixed to the plates 26. However,
this is not limitative and, for example, only one end of the core
material may be fixed to the plate.

[0079] In the above-described example, the loop-shaped suspended
matter trapping portions 24 protrude from the core material 23,
but this is not limitative. For example, a plurality of
strip-shaped suspended matter trapping portions may be used, as
shown in Fig. 13, and one end of each suspended matter trapping
portion may be fixed to the core material. In the present
embodiment, the cross-sectional shape of the suspended matter
trappingportion24:nsquadrilateral,buttherearexu;limitations
inthis connection, andacircular shape, forexample, maybe adopted.
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
bepresent nearlyuniformly inthemacrofiltrationtank 21, however,
the suspended matter trapping portions are preferably fixed at

a predetermined position in the filtration tank.
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[0080] Fig. 10 shows the example inwhich the filtration apparatus
10 and the macrofiltration apparatus 20 are integrated. However,
these apparatuses may be provided individually, and connected
together by piping or the like. The above example illustrates
the water treatment apparatus 70 héving the macrofiltration
apparatus 20 provided in the stage preceding the filtration
apparatus 10. However, in addition to the water treatment
apparatus 30, the water treatment apparatus 40, the water treatment
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
detéil 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 degreesg, 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
followingconditionSbylunaofthewatertreatmentapparatusshown
in Fig. 5: the inlet pressure of the reverse oémosis 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 apparatusg 10 and the reverse osmosis membrane apparatus
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31 are as follows:
[0083] <«Filtration apparatuss

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

Filter ... Amesh sheet was a woven fabric which was formed
from warp threadsrand 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
was a PET (poiyethylene terephthalate) f£ilm (water-impermeable
sheet) measuring 1 m x 10 m and 0.1 mm thick. The mesh sheet and
the spacer were superposed and thermally fused at four corners
to prepare a sheet member. This sheet member was wound by a length
of 10 m round a polyvinyl chloride pipe (core material) having
adiameter of 20 mm such that the water-impermeable filmwas 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 iaassage 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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[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.méasuringinethod
using a kaolin standard solution. The results are shown in Table
1. As shown in Table 1, suspended matter measuring 200 ym or more
was removed in Example 1, indicating that the suspended matter
was markedly removed as compared with Comparative Example 1 not
using the'filtrationiapparatus 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
thereverseosmosisn@mbraneapparatus31:n1the3ubsequentstage

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 Lessg 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
osmogis 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 a nonwoven fabrié formed from polyolefinfiberswithadiameter
of 17;5 prm and measuring 1 mx 10 mx 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 osmogis membrane was nearly constant and stable,

thus confirming that clogging was prevented for a long period of

time. Asg shown in Table 1, suspended matter measuring 50 um or

more was removed in Example 2, indicating that the suspendedmatter

wag 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
1mx 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 gpacer. 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 um or more was removed in Example 3, indicating that
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the suspended matter wag markedly removed as compared with
Comparative Examplé 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 ﬁerformed.preferably.
[0091] Tap water of Nogi-machi, Tochigi Prefecture, Japan which
had a residual chlorine content of 0.5 ppm (és Cl,) was passed
for 100 hours through the same water treatment apparatus as in
Example 3. Treéted Wéter 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 foi 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 in this sequence
from the upstream side: the inlet pressure of the reverse osmosis
membrane apparatus: 0.75 MPa, the amount of concentrated water
dischargedfromthereverseosmosisnmmbraneapparatus:1.35nﬁ/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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the filtration apparatus 10, and the reverse osmosis membrane
apparatus 31 are as follows:
[0093] <Flocculation means>

Flocculant ... Polyaluminum chloride (PAC: 10% by weight,
as Al,0;) inanamount of 30 mg/L with respect towater tobe treated,
and Kurifix CP604 (Kurita Water Industries Ltd.) as a cationic
polymer flocculant in an amount of 1.0 ppm with respect to the
water to be treated were added to the water to be treated.
[0094] <Macrofiltration apparatus>

As shown in Fig. 11, the macrofiltration apparatus
comprised the core méterial 23 and the string-shaped suspended
matter trapping portions 24, and both ends of these components
were fixed to thé plates 26 disposed at both ends in the water
passage direction of the macrofiltration tank 21. The core
material 23 hadavolumeof 250mL, andeachsuspendedmatter 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 rehainder 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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Amount of water passage through the macrofiltration
apparatus: 1.6 m>/h (LV=200 m/h)

[0095] <Filtration apparatuss>

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 um,
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 pum and measuring I1mx 10 mx 0.22 mm in thickness, and
a PET (polyethylene terephthalate) film (water-impermeable £ilm)
measuring 1mx 10 mx 0.1 mm thick, the nonwoven fabric and the
film being superposgsed 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 mm such that the water-impermeable
film 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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1.6 m*/h (LV = 200 m/h)
[0096] <Reverse osmosis membrane apparatuss

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
P1 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 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 éfter 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 prﬁ or 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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apparatus 10 was clear and, as a result, membrane separation by
the reverse osmosis membrane apparatus 31 in the subsequent stage
was performed preferably.

[0099] (Example 5)

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 osmogis membrane apparatus 31 and air was passed
for 10 minutes through the filtration apparatus 10 and the
macrofiltration apparatué 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
osmosis membrane was nearly constant and stable even after 3 months
ofwaterbassage,asshowninFig.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 stége;preceding'thelnacrofiltration.apparatus
shown inFig. 11. The filterused in themacrofiltration 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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passage direction of the macrofiltration tank 21, as shown in Fig.
11. The core material 23 had a volume of 250 mL, and each suspended
matter trapping portion 24 was woven in a loop form into the core
material such that its thickness was 0.5 mm, its width was 2 mm,
and ite length (distance of its loop end from the core material
when the water to be treated was passed) was 100 mm. The filter
was prepared, with the weaving density of the suspended matter
trapping portion 24 being varied, suéh that the void contents of
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 usiné
each of the resulting filters. Since the core material was fixed
at both ends, rthe 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 flocculant, 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), ;and 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

47



was determined by the transmitted light measuring method using
a kaqlin standard solution, and the differential pressure increase
rate of the macrofiltration apparatus was determined by the
pressure diffefence between the inlet and the outlet.

[0102] Itwas foundthatwiththemacrofiltrationapparatushaving
the filter charged such that the void content of the filtration
portion during water passage would become 50 to 95%, the
different ial pressure increaserateandthe treatedwaterturbidity
weremarkedly lowas compared withthathavingavoidcontent outside
therangeof 50 to95%, clear treatedwaterwas obtained, andclogging
could be suppressed.

[0103] [Table 2]

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 tobe 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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supplied: 50 L/h), concretely, a water treatment apparatus 80
having the flocculation means 41, macrofiltration apparatus 20,
and membrane séparation 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 maéréfiltration 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 éomprising
the core material 23 and the string-shaped suspended mattef
trapping portions 24, és 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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t0106] (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

[Q108] 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 ratewas lower, than in Reference Example 1. InReference
Example 3 having both ends of 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,9k) Weft thread, 10 Filtrationapparatus,

21 Macrofiltration tank, 22 Macro-filter, 23 Corematerial, 24
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Suspended matter trapping portion, 25 S8lit, 26 Plate, 30, 40,
50, 60, 70, 80 Water treatment apparatus, 31 Reverse osmosis
membrane apparatus, 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
membef; and

a filtration tank through which water to be treated is
passed, ahd 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 x;vhich 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 Bj 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 um.
[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 um.
[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 um, 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, whereinthe meshsheet is formed fromfibershavingadiameter
of 0.1 to 0.6 mm.

[Claim 7] A water treatment apparatus having a reverse osmosis
membrane apparatus in a stage succeeding the filtration apparatus
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,
whereinthemacrofiltrationapparatusandthe filtrationapparatus
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 includinga reactiontank
into which the water to be treated is introduced, and flocculant
introduction means which introduces a flocculant in the reaction
tank or in a stage preceding the reaction tank to add the flocculant
to the water to be treated.

[Claim 11] The water treatment apparatus according to any one

of claims 7 to 10, further comprising cleaning fluid introduction
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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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