1 DESCRIPTION WATER TREATMENT APPARATUS AND WATER TREATMENT METHOD FIELD
OF THE INVENTION Mon 5The present invention relates to a water treatment apparatus and a water
treatment method, and more specifically a water treatment apparatus and a water treatment method
that perform membrane separation of subject water by a membrane unit having a membrane.
RELATED ART 10[0002] Hitherto, there is known @ water treatment method of the above type,
which includes clarifying water containing suspended matters, such as river water, by way of
membrane separation by a hollow fiber membrane unit having a microfiltration membrane (MF
membrane) to produce permeate, and membrang BPpIatIg this permeate by a membrane unit
having a reverse osmosis membrane (RO membrane) to produce permeate that is purified water (e.g.,
Patent Document WAPBR3[REATMENBWIPA RATU S aNDSNATER IR EATMENTE MEEHODN is
performed by 20a membrane unit, using, as subject water, free-residual-chlorine-containing subject
water, which is piddueddthyHdbdny Edb[detNWater with a chemical containing a chlorine component
(hereinafter simply refer&a@ tias “chlorine-containing chemical”) (e.g., Patent Document 2). Prior Art
Documents 25Patent DOcUMents [0004]

5 The present invention relates to a water treatment apparatus and a water

treatment method, and more specifically a water treatment apparatus and a water
treatment method that perform membrane separation of subject water by a
membrane unit having a membrane.
RELATED ART

10 [0002]

Hitherto, there is known a water treatment method of the above type,

which includes clarifying water containing suspended matters, such as river water,
by way of membrane separation by a hollow fiber membrane unit having a
microfiltration membrane (MF membrane) to produce permeate, and membrane

15 separating this permeate by a membrane unit having a reverse osmosis membrane

(RO membrane) to produce permeate that is purified water (e.g., Patent Document

1).
[0003]
In such a water treatment method, membrane separation is performed by
20 a membrane unit, using, as subject water, free-residual-chlorine-containing

subject water, which is produced by mixing subject water with a chemical
containing a chlorine component (hereinafter simply referred to as
"chlorine-containing chemical") (e.g., Patent Document 2).
Prior Art Documents
25 Patent Documents
[0004]

Patent Document 1: Japanese Patent Application Laid-open No.



Patent Document 1: Japanese Patent Application Laid-open No. 2 Hei-7-60248 Patent
Document 2: Japanese Patent Application Laid-open No. 2005-152688 DISCLOSURE OF THE
INVENTION 5 PROBLEMS TO BE SOLVED BY THE INVENTION [0005] However, when the
free residual chlorine concentration of free-residual-chlorine-containing subject water is low,
membrane fouling may not be satisfactorily prevented. 400n the other hand, merely increasing the
free residual chlorine concentration of free-residual-chlorine-containing subject water may invite
another problem, such as cost increase, membrane deterioration or increase in environmental load.
[0006] 15In conﬁglegag%h%f the above problem, it is an object of the present invention to provide a
water treatment apparatus and a water treatment method that are capable of suppressing membrane

fouling by use of a chlormgsamaning:ehendephivbil @ afdie ganeatine Budpspssing the increase of
the chlorine-containing chemical to be used. 20 MEANS FOR SOLVING PROBLEMS [0007]
According to ong0pEet@ithe present invention, there is provided a water treatment apparatus

including a merigjg it havj e embrane separate subject water by the membrane
unit, wherein th %@géﬁﬂzﬁsgﬁ%@%m he following steps: a first filtration step of
membranessepasaligh AREUPIE ¢ et a5 1esiel al sariRgepgtaining subject water having a free
residual chlorine concentration not higher than a predetermined

[0005]

However, when the free residual chlorine concentration of
free-residual-chlorine-containing subject water is low, membrane fouling may not
be satisfactorily prevented.

10 On the other hand, merely increasing the free residual chlorine
concentration of free-residual-chlorine-containing subject water may invite
another problem, such as cost increase, membrane deterioration or increase in
environmental load.

[0006]

15 In consideration of the above problem, it is an object of the present
invention to provide a water treatment apparatus and a water treatment method
that are capable of suppressing membrane fouling by use of a chlorine-containing
chemical, while at the same time suppressing the increase of the
chlorine-containing chemical to be used.

20 MEANS FOR SOLVING PROBLEMS

[0007]

According to one aspect of the present invention, there is provided a water
treatment apparatus including a membrane unit having a membrane to
membrane separate subject water by the membrane unit, wherein the apparatus

25 alternately performs the following steps: a first filtration step of membrane
separating, as subject water, free-residual-chlorine-containing subject water

having a free residual chlorine concentration not higher than a predetermined



3 value; and any one of a washing step of submerging a membrane inside the membrane unit in
washing water having a free residual chlorine concentration higher than the predetermined value and a
second filtration step of membrane separating, as subject water, free-residual-chlorine-containing
subject water 5having a free residual chlorine concentration higher than the predetermined value by
the membrane unit. [0008] According to another gspect of the present invention, there is
provided a water treatment method for membrane separating subject water by a membrane 10unit
having a membrane, the method including alternately performing the following steps: a first filtration

step of membraga&c%pﬂgt% %esol.fl%j%% éﬂﬁt{%fg %S%frgﬁbqg&lgqgéog Qgéﬁ%%%ﬂgﬂ% %b'ggt water that

has a free residu lorine concentration no er than a predetermin ue; and any one of a
washing step ofisuhimengingna Meriyang instde lheimemberane diitanArsihegyvaterdbayving a free
residual chlorine concentration higher than the predetermined value and a second filtration step of
membrane sepdvitiveg, the s tipaetedeiernivesd redigeahdricdaendditaiting stijedtoeadriaging a free
residual chlorine concentratiogbllligher than the predeter #ed.value b%éthe membrane unit. [0009]

20According to STRAAABINEPSSHeat S YRLEroSEnts G TR PORBB 3 PGS &F k&R tment
apparatus for mgmbraneSePAIgHIdI NS HI VAR Y RC INlUHES than 1R SRU@CARTIRIvgmBrane

unit that includes at least one of an ultrafiltration membrane and a microfiltration membrane,
25wherein, at theytitnerméfilbaticnufiee-residual-chlorine-containing subject water, which is produced
by mixing subject water with a chlorine-containing chemical and has a free residual chlorine
concentration within a raf8bf 0.05-2.5

According to another aspect of the present invention, there is provided a
water treatment method for membrane separating subject water by a membrane

10 unit having a membrane, the method including alternately performing the
following steps: a first filtration step of membrane separating, as subject water,
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration not higher than a predetermined value; and any one of a washing
step of submerging a membrane inside the membrane unit in washing water

15 having a free residual chlorine concentration higher than the predetermined value
and a second filtration step of membrane separating, as subject water,
free-residual-chlorine-containing subject water having a free residual chlorine
concentration higher than the predetermined value by the membrane unit.

[0009]

20 According to still another aspect of the present invention, there is
provided a water treatment apparatus for membrane separating subject water,
which includes:

a spiral clarifier membrane unit that includes at least one of an
ultrafiltration membrane and a microfiltration membrane,

25 wherein, at the time of filtration, free-residual-chlorine-containing subject
water, which is produced by mixing subject water with a chlorine-containing

chemical and has a free residual chlorine concentration within a range of 0.05-2.5



4 mg/L, is membrane separated, as subject water, by the clarifier membrane unit; and at the time of
washing, washing water that has a free residual chlorine concentration within a range of more than 2.5
mg/L and not more than 250 mg/L is supplied to the clarifier membrane unit to thereby submerge a
membrane inside 5the clarifier membrane unit in the washing water. [()ow] According to yet another
aspect of the present invention, there is provided a watgr treatment method for membrane separating
subject water, including: at the time of filtration, membrane separating, as subject water,
10free-residual-chlorine-containing subject water, which is produced by mixing subject water with a

chlorine-containjag £erical AN hiasya fiesyesidial.ehlring sangertiation wiin 309,01 0.05-25

mg/L, by a spira er membrane Unit that includes at least one of an ultrafiltration membrane and a

microfiltration memakrane; anck af kestinng ol iashing asupiyiigawaghirg-vadak] whickhas a free
15residual chlorine concentration within a range of more than 2.5 mg/L and not more than 250 mg/L,

to the clarifier mesrdsiairetimitwottnare byrstsorhargee e Abrayilinsidethanciegifieamidbratie unit in

the washing water. oo According to the aforesaid water treafment apparatus and water 2Qtreatment
method, it s poSS BRI TP COSBILES FTHG B a b e TG ot AGh ERARRBIS B Subject

water by, af the e, of #Lration, spemkrans iraating fregargsigyal-chlorine-containing subject water

that has a free residual chlorine concentration within a range of 0.05-2.5 mg/L, and possible to further
suppress fouling of a méaohrane or fouling of flow channels of subject water by, at 25 the time of

washing, washing a membrane inside the clarifier unit by submerging the same in washing water that
has a free residual chloMyeEEHE HirstiorPRIGIE RHRSAL Aot REeS Rt et ARSR IANEYidRd

possible to suppress

g}]rr]%r%g%ronuergt method for membrane separating subject water, including:

at the time of filtration, membrane separating, as subject water,

10 free-residual-chlorine-containing subject water, which is produced by mixing
subject water with a chlorine-containing chemical and has a free residual chlorine
concentration within a range of 0.05-2.5 mg/L,, by a spiral clarifier membrane unit
that includes at least one of an ultrafiltration membrane and a microfiltration
membrane; and at the time of washing, supplying washing water, which has a free

15 residual chlorine concentration within a range of more than 2.5 mg/L, and not more
than 250 mg/L, to the clarifier membrane unit to thereby submerge a membrane
inside the clarifier membrane unit in the washing water.

[0011]
According to the aforesaid water treatment apparatus and water

20 treatment method, it is possible to further suppress fouling of a membrane or
fouling of flow channels of subject water by, at the time of filtration, membrane
treating free-residual-chlorine-containing subject water that has a free residual
chlorine concentration within a range of 0.05-2.5 mg/L, and possible to further
suppress fouling of a membrane or fouling of flow channels of subject water by, at

25 the time of washing, washing a membrane inside the clarifier unit by submerging
the same in washing water that has a free residual chlorine concentration higher

than that at the time of the filtration. Also, it is possible to suppress the amount



5 of a chlorine-containing chemical to be used, as well as suppress fouling of a membrane or fouling of
flow channels of subject water by lowering the free residual chlorine concentration of
free-residual-chlorine-containing subject water at the time of filtration than that at the time of washing.
5Thus, according to the water treatment apparatus and water treatment method, it is possible to make
it hard to cause fouling of a membrane or fouling of flowg channels of subject water, and suppress the
amount of a chlorine-containing chemical to be used. [0012] 10According to another aspect of the
present invention, there is provided a water treatment apparatus that includes a reverse osmosis

membrane unit A 1RV EISF. Ao METKYEne sdmenbipre sgaralan bjegt ater by the

reverse osmosis membrane unit, inc frerentia pressure measurement device that measures

the differential 1,ppresauie anfadmpeMiieaticnasitle ObtReRVE S OSHIORIN dReiR Brafeeunit;
wherein, when the value measured by the differential pressure measurement device is less than a
reference valuerfreéurdsibloairchtorieentoriainiidreabientwalichivrantrasrd dramgesibisst ooeine

concentration Withi@’g range. o tnot.Iess tharg 0.20 rrlglli.and less than 1.2 mg/L is 20membrane
separated, as sabjats WREP! BV HREPBVEAR DR INH M PARLERIPSand when the value measured by

the differe%tial pressurefﬁﬁ@?%@&?&@g‘%@@ﬁg é)vc‘a@g l‘?éé&mém %@E&@gﬁd}l@%r treatment

free-residual-chlorine-containing subject water that has a free residual chlorine concentration within a
range of 1.2-2 mgéthisdirie isppessehie panaikd, 1ah stibjechwatdouliy ghe rewvetsbrasiy osifalieigbfane unit.
25[0013] According to the aforesaid water treatment apparatus, when the measured value is less
than the referené@W ahiensysAeribiaHe e praratifl §UBHFEEs il duReIEM of felelontamifeg taimiegt water
having a low fre%%%’{géﬁlo héodi%‘a concentration (not less than 0.20 mg/L and less than 1.2 mg/L), it is
possible to prodcuce purifie water that is permeate, while suppressing fouling of a membrane and at
the same time suppressjpg;deterioration of a reverse osmosis membrane 5(RO membrane). Also,
when the measured value is not less than the reference

10 According to another aspect of the present invention, there is provided a

water treatment apparatus that includes a reverse osmosis membrane unit having
a reverse osmosis membrane and membrane separates subject water by the
reverse osmosis membrane unit, including:
a differential pressure measurement device that measures the differential
15 pressure on non-permeation side of the reverse osmosis membrane unit;
wherein, when the value measured by the differential pressure
measurement device is less than a reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
20 membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
not less than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit.
25 [0013]
According to the aforesaid water treatment apparatus, when the

measured value is less than the reference value, by membrane separating



value, by membrane separating free-residual-chlorine-containing subject water having a higher free
residual chlorine concentration (1.2-2 mg/L), it is possible to further suppress fouling of a membrane.
In a case where the differential pressure starts rising in membrane separation of subject water at a
constant flux, 10this differential pressure keeps rising even by washing a reverse osmosis membrane
with chemicals, such as alkali other than free residual gilorine. On the other hand, according to the
aforesaid water treatment apparatus, even if the pressure difference rises to some extent, it is possible
to lower the same. Thus, according to the aforesaid water treatment apparatus, it is 15possible to

suppress fouling of a gsg%ﬁecgﬁm%g i.§0fﬁ§%%%”s%§$9t WP E%%)lé)%( HSing & ?Q&?&E‘aﬂf?ﬁf&ﬁrﬂgng

chemical and at the same time make it to cause deterioration of a reverse osmosis membrane

(RO membrane)o[QQ@hdlAeoalbngetn shll:aoothes aspaa tfthehpresenhinVenian pdierslistc20 provided
a water treatment apparatus that includes a reverse osmosis membrane unit having a reverse 0smosis
membrane and piesiseapierSegshvertsy shjastnweneaiby, thblte veraessmadeuinesiirameeoritameluding:

a differential pressure measurement device that Weas.ures.the ifferential pressure on non-permeation

side of the revefa¥ GYribSRAME MBI AERRAR>SBG ARIETIOTAAYA Tha TRIEE IS RRPE IR Bitterential
pressure measyiemenLARGE)is NALMQiIhal aslerenss Malvs faadesidualahlornesqentaining

subject water that has a free residual chlorine 7 concentration within a range of not less than 0.20
mg/L and less thaiud, bymgAnmbrimembpanetheparatedsids shidjdat waten thihing sevgssevasiosis
membrane unit; and when the value measured by the differential pressure measurement device is
more than the réfverca bigher free et ichiosimecenrrainntipadbjed watky stiarragldre residual

chlorine concen}lrgtﬁign within a range ofO]f.2-2 nI}QO/L is melmbrane sek[iaara{gg, Eﬁﬁesuq%ﬁt water, by the
[ 0

el suppress 10 a rane. n a . case ere en . .
reverse osmosis membra 8 unit. 0o g? CCOY%IIII'IQ to yet anot‘ﬁer aspec t]he present invention,

there is provided,awalesieapRm Matheshinat i emhiane s epaisies: SHiecChnah Bk atraverse
10osmosis membrane unit having a reverse osmosis membrane, including:

10 this differential pressure keeps rising even by washing a reverse osmosis
membrane with chemicals, such as alkali other than free residual chlorine. On
the other hand, according to the aforesaid water treatment apparatus, even if the
pressure difference rises to some extent, it is possible to lower the same.

Thus, according to the aforesaid water treatment apparatus, it is

15 possible to suppress fouling of a reverse osmosis membrane (RO membrane) by
using a chlorine-containing chemical and at the same time make it hard to cause
deterioration of a reverse osmosis membrane (RO membrane).

[0014]
According to still another aspect of the present invention, there is

20 provided a water treatment apparatus that includes a reverse osmosis membrane
unit having a reverse osmosis membrane and membrane separates subject water
by the reverse osmosis membrane unit, including:

a differential pressure measurement device that measures the differential
pressure on non-permeation side of the reverse osmosis membrane unit;

25 wherein, when the value measured by the differential pressure
measurement device is not more than a reference value,

free-residual-chlorine-containing subject water that has a free residual chlorine



measuring the differential pressure on non-permeate side of the reverse osmosis membrane unit by a
differential pressure measurement device; wherein, when the value measured by the differential
pressure measurement device is less than a reference value, 15free-residual-chlorine-containing
subject water that has a free residual chlorine concentration within a range of not less than 0.20 mg/L
and less than 1.2 mg/L is membrane separated, as subject water, by the reverse osmosis membrane
unit; and when the value measured by the differential pressure measurement device is not less than
the reference value, free-residual-chlorine-containing subject water 20that has a free residual chlorine

concentraton wilin.A4aRGG Sl a2 IS MEPRIANG aERaIBaea yblectialer e ceverse

0smosis membrane unit According to another aspec € present invention, t]here is

provided a watemigaimestapainedhat S0B/eR dae-sEPR IR sesURieCwiates Bk abexessenZb0smosis
membrane unit having a reverse osmosis membrane, including: measuring the differential
pressure on norpémieatehsideloptmereverd dosheotidarraviblanesanieby e sitferentiadpressare
measurement device; 8 erein, when the value me}-fa%?ﬁred by the differential pressure

r

W
measurement dBWIES HRATOHASFACHTRACA PARSy dhess Rostde A Rl PE R A RHIBRR ! REANHE subject
water that has afreeresidyal. chlonng cCanGeRlrasian YYD/ 1Ange afagkiess thap 429, o/l and less

than 1.2 mg/L is 5membrane separated, as subject water, by the reverse osmosis membrane unit; and
when the value meabdused byptha tdidferentib)qregstis hiedsurement devictsimpinbedhaniie reference
value, free-residual-chlorine-containing subject water that has a free residual chlorine concentration
within a range of 1.2-2 r{fﬁ?lﬁ]s membrane separated, as subject water, by the reverse osmosis

membrane unit. 10 ADV&N(;I;%%E OFt'GI:III-II(I)EﬂIINVENTIOI%I %Oﬁ%@%%i rﬁ\,sé d&ggnﬁl%clireall%o&%b?&ec(?rd|ng

to the present invention, 18 pos%i 180 supp?éfs%s?gﬁhﬁgt rane by using a

cﬂlorine-lcontt)air@n@aq@@m%wmlﬁ@tﬁb@ SR ime-sHPREZSSINGLRGRBOWILOS ByChIRriAgscoNtaining
chemical to be

10 osmosis membrane unit having a reverse osmosis membrane, including:
measuring the differential pressure on non-permeate side of the reverse
osmosis membrane unit by a differential pressure measurement device;
wherein, when the value measured by the differential pressure
measurement device is less than a reference value,

15 free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
not less than the reference value, free-residual-chlorine-containing subject water

20 that has a free residual chlorine concentration within a range of 1.2-2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit.

[0016]
According to another aspect of the present invention, there is provided a
water treatment method that membrane separates subject water by a reverse

25 osmosis membrane unit having a reverse osmosis membrane, including:

measuring the differential pressure on non-permeate side of the reverse

osmosis membrane unit by a differential pressure measurement device;



15used. BRIEF DESCRIPTION OF THE DRAWINGS [0018] Fig. 1 is a schematic diagram of a
water treatment apparatus according to one embodiment of the present invention. 20Fig. 2 is a
diagram showing change with time in the trans membrane pressure and the free residual chlorine
concentration of first free-residual-chlorine-containing subject water in Test Example 1. Fig. 3isa
diagram showing change with time in the free residual ghlorine concentration of second
free-residual-chlorine-containing subject water and the 25trans membrane pressure on non-permeate
side of a reverse osmosis membrane unit in Test Example 2. Fig. 4 is a diagram showing change with

time in the salt rejectionvggg%ggaw%ég\{%%sga%mggsm b g Hﬁjfte' i gfﬁ@gﬂ?&e 2. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT%OO%S?‘NOW, the description will be made for an

embodiment of thespiasanihinvenrtian nithiefertaemtectae-drawiigs,attached hereto. [0020] First
Embodiment
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
5 membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
more than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit.

10 ADVANTAGES OF THE INVENTION

[0017]

As described above, according to the present invention, it is possible to
suppress fouling of a membrane by using a chlorine-containing chemical, while at
the same time suppressing the amount of a chlorine-containing chemical to be

15 used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a schematic diagram of a water treatment apparatus according to
one embodiment of the present invention.

20 Fig. 2 is a diagram showing change with time in the trans membrane
pressure and the free residual chlorine concentration of first
free-residual-chlorine-containing subject water in Test Example 1.

Fig. 3 is a diagram showing change with time in the free residual chlorine
concentration of second free-residual-chlorine-containing subject water and the

25 trans membrane pressure on non-permeate side of a reverse osmosis membrane
unit in Test Example 2.

Fig. 4 is a diagram showing change with time in the salt rejection rate of a



First, the description will be made for a water treatment apparatus and water treatment method of the
first embodiment. 10[0021] Hitherto, there is known a method that includes clarifying water
containing suspended matters, such as river water, by way of membrane separation by a hollow fiber
membrane unit having a microfiltration membrane (MF membrane) to produce permeate, and
membrane separating this permeate by 15a membranegunit having a reverse osmosis membrane (RO
membrane) to produce permeate that is purified water (e.g., Patent Document 1). [0022]

However, the hollow fiber membrane unit is relatively expensive, and thus there is a demand for a

method, which g ive..20In view of the above, it is conceivable that a
l}%@érge@&%)sﬁéQﬁe?éﬁ}%%%q%%Wﬁ]nfbaﬁy%&éil%‘g; such as an ultrafiltration membrane

spiral membrane unit using a membrane of a relativ
(UF membrane)DpPATIGDIMBY ORIPEMTNROE (MHEPRRMERR)E D TEVSBOI IMEERrane unit is a
membrane unit that has a laminated structure of a flat filtration membrane and a meshed spacer that
acts as flow 250hannels[Qﬂ15Q]bject water and maintains the strength of the filtration membrane. [0023]

In a case where the thmstruc ured spiral me Ehane unit is used to treat %(()#\t/gter (subject water)
containing suspended Materi SRS By Bhc A iR deg B e e HdA S B hay be

clogged dug to theSESHSRENIELIPAIRS, the drilWIRY QftREAPAYRH. IS conceivable that subject
water is treated by membrane process while suppressing fouling of a membrane or fouling of fluid

[0020]

First Embodiment

First, the description will be made for a water treatment apparatus and
water treatment method of the first embodiment.

10 [0021]

Hitherto, there is known a method that includes clarifying water
containing suspended matters, such as river water, by way of membrane
separation by a hollow fiber membrane unit having a microfiltration membrane
(MF membrane) to produce permeate, and membrane separating this permeate by

15  a membrane unit having a reverse osmosis membrane (RO membrane) to produce
permeate that is purified water (e.g., Patent Document 1).

[0022]

However, the hollow fiber membrane unit is relatively expensive, and
thus there is a demand for a method, which uses a membrane of not so expensive.

20 In view of the above, it is conceivable that a spiral membrane unit using a
membrane of a relatively low price, such as an ultrafiltration membrane (UF
membrane) or a microfiltration membrane (MF membrane).

The spiral membrane unit is a membrane unit that has a laminated
structure of a flat filtration membrane and a meshed spacer that acts as flow

25 channels of subject water and maintains the strength of the filtration membrane.

[0023]

In a case where the thus structured spiral membrane unit is used to treat



5channels of subject water by residual chlorine resulting from membrane separation of
residual-chlorine-containing subject water, which is produced by mixing subject water with a
chlorine-containing chemical. However, merely increasing the concentration of the residual chlorine in
residual-chlorine-containing subject water may invite a problem, such as cost 10increase, membrane
deterioration or increase in environmental load. [0024] 19  In the first embodiment, in consideration
of the above problem, an object is to provide a water treatment apparatus and water treatment method
that is capable of suppressing fouling of a membrane or fouling of flow channels of subject 15water

and suppressing e aoynL el g Shisne:seniagchamisal e e ysed suendnasase g |

subject water containing suspended matters equal to or beyond a certain degree’is treat

spiral membran@dgiife [002a]eshed spaddioiiatheedesesintianevil fpednadeptarda huatatdigatment
apparatus of the 20first embodiment. As shown in Fig. 1, a water treatment apparatus 1 of the
first embodiment includds sieradficherabentent vaazekebln than sinvkidesadet|difienraeMmbrane unit 21

to membrane separate subject water A, in which the clarifier membrane unit 21 membrane separates
tho Subjoct watdb A AN Steb BH G PSB RTARE S T GBI BB o S Gt Ebneenirats

C; and a reyerse oSS MamRReRa P BIME SRl Allake RAUM AIAHAR SR IRHGISE OSMOSis

membrane unit 31 to membrane separate the first permeate, in which the reverse osmosis 11
membrane unit saparatisiecd taxidmiireliesapanatesihe fiighparmeate tohirbdsipecsecoddhpermeate
and second concentrate D. The water treatment apparatus 1 of the first embodiment is configured so
that the subject WatBEA ®IeeneriTed 10 A iernecaemings gnxahe Hevpermaeels transferred

to the reverse osmosis.Sm%mbrane re tmenft t%art 3 .3he fir}sli concentrate C is transferred to a first
1ncre%151 t concentr ?11011 (0] e re§1 ualf or%ne 11’]f -
concentrate storage tank>(not shown), the second permeate IS transferred as purified water B to a

purified water stQraagdraki dRRleshnhiabd tbRserand: cRRceniiate Brisviansieuieddeasecond

concentrate storage tank (not shown). [0026]
10 increase, membrane deterioration or increase in environmental load.

[0024]

In the first embodiment, in consideration of the above problem, an object
1s to provide a water treatment apparatus and water treatment method that is
capable of suppressing fouling of a membrane or fouling of flow channels of subject

15 water and suppressing the amount of a chlorine-containing chemical to be used,
even in a case where subject water containing suspended matters equal to or
beyond a certain degree is treated by use of a spiral membrane unit.

[0025]

Now, the description will be made for a water treatment apparatus of the

20 first embodiment.

As shown in Fig. 1, a water treatment apparatus 1 of the first
embodiment includes a clarifier treatment part 2 that, in turn, includes a clarifier
membrane unit 21 to membrane separate subject water A, in which the clarifier
membrane unit 21 membrane separates the subject water A containing suspended

25 matters to produce first permeate and first concentrate C; and a reverse osmosis
membrane treatment part 3 that, in turn, includes a reverse osmosis membrane

unit 31 to membrane separate the first permeate, in which the reverse osmosis



10The water treatment apparatus 1 of the first embodiment includes a chlorine aqueous solution
storage tank 4 that stores a solution of a chemical containing a chlorine component, such as sodium
hypochlorite. The water treatment apparatus 1 of the first embodiment is configured so that a chlorine
solution in the chlorine aqueous solution storage tank 4 is transferred to the 15clarifier treatment part
2, and a chlorine solution in the chlorine aqueous solutign storage tank 4 is transferred to the reverse
osmosis membrane treatment part 3. [0027] The clarifier treatment part 2 includes a mixing part
22 that mixes the subject water A with a chlorine solution to produce first

ZOfree'reSid”a"%g&%'ﬁgﬁ%olﬂﬁ?ﬂ%}{gg@%gi%%Y"%tg&barﬁﬂ%ssgﬁ L%éecﬂesﬂéﬁ%éﬂ%éﬁ% to produc

. r ..
free-residual-chlorine-containin ject water Is transferred, as the subject water A, to the cfarlfler

membrane unit 2dcdad pemiiane separatiarol0a8latb® clatfierireatment partApicluges a frst
mixing ratio adjustment 25mechanism (not shown) that adjusts the mixing ratio between the subject
water A and a chheristsorhishme aidissorie feed resibabl et brnect ordentatcnasitherpiddubed first

free-residual-chloring-containing subject water. 12 [0029] . = The subject water A, which is mixed
with & chiorine SO AFAEANRG e 33, K APELRLE A TR § LPechibite Aher

supernatant watge piigduicad by Riglogical sreaimeot and sedimenialion seRaaiion Pharganic

Swastewater, such as human wastewater, sewage water, industrial wastewater (wastewater
discharged fromolareaxertipieom fead iadiory sacehemicaltaciohypcarfacternsitretectionicadndustry or a
pulp plant), river water or lake water may be subjected.
purified water B to a purified water storage tank (not shown), and the second
concentrate D is transferred to a second concentrate storage tank (not shown).
[0026]

10 The water treatment apparatus 1 of the first embodiment includes a
chlorine aqueous solution storage tank 4 that stores a solution of a chemical
containing a chlorine component, such as sodium hypochlorite. The water
treatment apparatus 1 of the first embodiment is configured so that a chlorine
solution in the chlorine aqueous solution storage tank 4 is transferred to the

15 clarifier treatment part 2, and a chlorine solution in the chlorine aqueous solution
storage tank 4 is transferred to the reverse osmosis membrane treatment part 3.

[0027]
The clarifier treatment part 2 includes a mixing part 22 that mixes the
subject water A with a chlorine solution to produce first

20 free-residual-chlorine-containing subject water, and is configured so that the first
free-residual-chlorine-containing subject water is transferred, as the subject water
A, to the clarifier membrane unit 21 for membrane separation.

[0028]
The clarifier treatment part 2 includes a first mixing ratio adjustment
25  mechanism (not shown) that adjusts the mixing ratio between the subject water A

and a chlorine solution to adjust the free residual chlorine concentration of the

produced first free-residual-chlorine-containing subject water.



The subject water A is water having suspended matters, and has a 10turbidity of, for example, 0.1 or
more, and more specifically 0.1-50. The turbidity is herein meant a value measured by a laser
scattering method. [0030] The clarifier treatment part 2 is configured so that, at the time of filtration
(first filtration step), the free-residual-chlorine-containing subject water, 15which is produced by mixing
the subject water A with a chlorine solution and has a frge residual chlorine concentration in a range of
0.05-2.5 mg/L, is continuously membrane separated, as the subject water A, by the clarifier membrane
unit 21; and at the time of washing, washing water, which has a free residual chlorine concentration in
a range of more than 2. % and not more than 250 mg/L, is 20supplied to the clarifier membrane
unit 21 to allow a membrane inside the clarifier membrane unit 21 to be submerged in the washing

water. [0031] The watesitgatmentaapparaivb s ohitheal firsttemaeimeniis tonfigutednsxihat, at
the time of washing, a chlorine solution is transferred, as washing water, 25from the chlorine aqueous
solution storagepeitiiea ts th oredfiertlgdimentpar Spaumeovateatrd snentaippareaisrl of the first
embodiment is also,con il%ured ac.corﬁin to needs, so that a chlorine solution gansferred from the

chlorine 13 aqu¥SIS €SI INON YRS TARIAERS %%ﬁ%‘#ﬁ%?%@gﬂﬂeqﬁf’ﬁﬁ%lﬁriso fitR88'with water to the

required cancenfration and the Ailtad shiongsaiutian isweedaswashingwater lithe.clarifier
treatment part 2. [0032]

(wastewater discharged from, for example, a food factory, a chemical factory, a
factory in electronics industry or a pulp plant), river water or lake water may be
subjected.
The subject water A is water having suspended matters, and has a
10 turbidity of, for example, 0.1 or more, and more specifically 0.1-50. The turbidity
is herein meant a value measured by a laser scattering method.
[0030]
The clarifier treatment part 2 is configured so that, at the time of
filtration (first filtration step), the free-residual-chlorine-containing subject water,
15 which is produced by mixing the subject water A with a chlorine solution and has
a free residual chlorine concentration in a range of 0.05-2.5 mg/L,, is continuously
membrane separated, as the subject water A, by the clarifier membrane unit 21;
and at the time of washing, washing water, which has a free residual chlorine
concentration in a range of more than 2.5 mg/L and not more than 250 mg/L,, is
20 supplied to the clarifier membrane unit 21 to allow a membrane inside the
clarifier membrane unit 21 to be submerged in the washing water.
[0031]
The water treatment apparatus 1 of the first embodiment is configured so
that, at the time of washing, a chlorine solution is transferred, as washing water,
25 from the chlorine aqueous solution storage tank 4 to the clarifier treatment part 2.
The water treatment apparatus 1 of the first embodiment is also configured

according to needs, so that a chlorine solution transferred from the chlorine



5The clarifier treatment part 2 is configured so that the frequency of washing is preferably once every
10-80 hours, and more preferably once every 20-60 hours. [0033] The clarifier treatment part 2 is
configured so that the membrane 10submerging time by washing water at the time of washing is 0.2-5
hours. [0034] The clarifier treatment part 2 is configured so that the permeation flux of the first
permeate produced from the clarifier membrane unit 23 4s preferably not more than 0.6 m/d, and more
preferably in a range of 0.1-0.5 m/d. The clarifier 15treatment part 2, which is configured to allow the
first permeate produced from the clarifier membrane unit 21 to have a permeation flux of not more than

0.6 mid. produces ARACNANIAAEONS SISt bat ) pensbie e uthen suapress faying ofgmembrane

or fouling of flow channels of subject water. [0035] 20The clarifier membrane unit 21 has at least one

of an ultrafiltratiom feemiane qidal kstefiration meMbeantitandisoefr spitakidyne.ukbe spiral
membrane unit is a membrane unit that has a laminated structure of a flat filtration membrane and a
meshed spacer f@shaintamrg tHdsrendibror eaenfigirationtrdembrane. 25[0036] The reverse
osmosis membrane trea@‘ng part 3 includes a first permeate storage part 32 that stores the first
permeate containing fre Pesidual chlorine, 14 and is configured so that the first permeate that is a

second freg-residual-chipingrgantaining.subieptyases i HARsIeled (R the sHhigehwAler A, to
reverse osmosis membrane unit 31 for membrane separation. Also, the reverse osmosis membrane
treatment part 3waddnfigs @@ fepablataehieng 10-80 hours, and more preferably once every

20-60 hours.

[0033]

The clarifier treatment part 2 is configured so that the membrane

10 submerging time by washing water at the time of washing is 0.2-5 hours.

[0034]

The clarifier treatment part 2 is configured so that the permeation flux of
the first permeate produced from the clarifier membrane unit 21 is preferably not
more than 0.6 m/d, and more preferably in a range of 0.1-0.5 m/d. The clarifier

15 treatment part 2, which is configured to allow the first permeate produced from
the clarifier membrane unit 21 to have a permeation flux of not more than 0.6 m/d,
produces an advantageous effect that it is possible to further suppress fouling of a
membrane or fouling of flow channels of subject water.

[0035]

20 The clarifier membrane unit 21 has at least one of an ultrafiltration
membrane and a microfiltration membrane, and is of a spiral type. The spiral
membrane unit is a membrane unit that has a laminated structure of a flat
filtration membrane and a meshed spacer for maintaining the strength of the
filtration membrane.

25 [0036]

The reverse osmosis membrane treatment part 3 includes a first permeate

storage part 32 that stores the first permeate containing free residual chlorine,



5solution is added to the first permeate storage part 32 in order to adjust the free residual chlorine
concentration of the first permeate. [0037] The reverse osmosis membrane treatment part 3
further includes a second mixing ratio adjustment mechanism (not shown) that adjusts the mixing
10ratio between the first permeate and a chlorine solution to thereby adjust the free residual chlorine
concentration of the first permeate that is the second freg-residual-chlorine-containing subject water.
[0038] The reverse osmosis membrane treatment part 3 includes a differential 15pressure
measurement device (not shown) that measures the differential pressure (pressure loss in flow

channels) on thg&p "SR (gd%g(-gh%f rﬁy%rﬁgrglsgy%qﬁgp@}b@&%gmt 31. By the differential

pressure (pressure 0SS In channe on the'non-permeate side Is herein meant the difference in

pressure calcuIa@&@gﬁ@a&bﬁmﬁmd&&m&s@g@w&uevgfeﬁqaczwﬂﬁt@@@%m witijeet wetvpeation
through the reverse osmosis membrane from the pressure value of supply water supplied to a reverse

0smosis membrane® @fm@reves@@m@mmﬂmahébfﬂr glerahrﬁmeogpé@manﬁméh@the

difference in pressure calculated by ubtractln the pressure valye onc trate a concentrate
outlet of the metFFANG OBk 3BT O TSR Do by SOy At P &G Water inlet of a

membrane;modylg, ol & IRYEIE LI SIS %%Q%Q%t&!%‘g@]pa[ﬁ%@ nbRder to adjust the free
residual chlorine concentration of the first permeate.
[0037]
The reverse osmosis membrane treatment part 3 further includes a
second mixing ratio adjustment mechanism (not shown) that adjusts the mixing
10 ratio between the first permeate and a chlorine solution to thereby adjust the free
residual chlorine concentration of the first permeate that is the second
free-residual-chlorine-containing subject water.
[0038]
The reverse osmosis membrane treatment part 3 includes a differential
15  pressure measurement device (not shown) that measures the differential pressure
(pressure loss in flow channels) on the non-permeate side of the reverse osmosis
membrane unit 31.
By the differential pressure (pressure loss in flow channels) on the
non-permeate side is herein meant the difference in pressure calculated by
20 subtracting the pressure value of concentrate produced without permeation
through the reverse osmosis membrane from the pressure value of supply water
supplied to a reverse osmosis membrane of the reverse osmosis membrane unit 31,
and more specifically meant the difference in pressure calculated by subtracting
the pressure value of concentrate at a concentrate outlet of the membrane module
25 from the pressure value of supply water at a supply water inlet of a membrane

module of the reverse osmosis membrane unit 31.

[0039]



Furthermore, the reverse osmosis membrane treatment part 3 is configured so that second
free-residual-chlorine-containing subject water, which has a free residual chlorine concentration in a
range of not less than 0.20 mg/L and less than 1.2 mg/L, preferably in a range of more than 0.25 mg/L
and less than 51.2 mg/L, and more preferably in a range of 0.3-1.0 mg/L when the value measured by
the differential pressure measurement device (not shows) is less than a reference value, is
continuously membrane separated, as the subject water A, by the reverse osmosis membrane unit 31,
and the second free-residual-chlorine-containing subject water, which has a free residual chlorine 10

concentraton in @ aNgq 0l 42 M AN PIEIECANLLIN B/ARRAL L gl usp the value

measured by the differential pressure measurement device own) IS notless than the reference

value, is continueusiyuneiibrang sepakdiesh-asiiesuwbReivaiet Ay dRRBRIERSRtesMASIh
membrane unit 31. [0040] 15The reverse osmosis membrane treatment part 3 is also configured so
that the free resithsal Ettienes tioH cbheranio nootfindt paemuater ansichiisgdesnghan 0.20 mg/L

free-residual-chlorine-containing subject water, is.adjusted by the second mixing ratio gdjustment
mechanism (notagﬁ{] t&%ﬁﬁegoﬁbgg‘oﬂﬁ TARRSL J%ﬁ?@%g{%ﬁég%&% &?#é#earﬂfﬁeﬁlseéﬁﬂe
measurement devigeROLshawme 20IA94R] in  HRGISIEIEPER YAE RELFENRISEISRsISMEMbrane
unit is preferably in a range of 0.01-0.1 MPa, and more preferably in a range of 0.02-0.09 MPa. [0042]
The reverse osrhpsisriffabsariel yiris3hieasa saveise ognvisidimoesiranei2 R@hmembrane) and is a
hollow fiber membrane unit. ~~ The reverse osmosis membrane (RO membrane) is a reverse
osmosis membrHer RO Hidhsbiae) iage oF ceftbsengcspatatad poohs sublectiiatiatefeatment

apparatus of th%ggs]ftet %@%Jggé%%nitsls %hrgg g%gf{%@eﬁ?gg now gggoggscnptlon will be made for a water
treatment method of the Tirst embodiment.

free-residual-chlorine-containing subject water, which has a free residual chlorine

10 concentration in a range of 1.2-2 mg/L and preferably in a range of 1.4-1.8 mg/L
when the value measured by the differential pressure measurement device (not
shown) is not less than the reference value, is continuously membrane separated,
as the subject water A, by the reverse osmosis membrane unit 31.

[0040]

15 The reverse osmosis membrane treatment part 3 is also configured so that
the free residual chlorine concentration of first permeate, which is second
free-residual-chlorine-containing subject water, is adjusted by the second mixing
ratio adjustment mechanism (not shown) on the basis of the measured value
obtained by the differential pressure measurement device (not shown).

20 [0041]

The reference value per reverse osmosis membrane unit is preferably in a
range of 0.01-0.1 MPa, and more preferably in a range of 0.02-0.09 MPa.

[0042]

The reverse osmosis membrane unit 31 has a reverse osmosis membrane

25 (RO membrane) and is a hollow fiber membrane unit.

The reverse osmosis membrane (RO membrane) is a reverse osmosis

membrane (RO membrane) made of cellulose acetate.



5[0044] The water treatment method of the first embodiment is a method that includes
membrane separating, as the subject water A, first free-residual-chlorine-containing subject water
produced by mixing the subject water A with a chlorine solution and having a free residual chlorine
concentration 100f 0.05-2.5 mg/L at the time of filtration; and supplying washing water having a free
residual chlorine concentration in a range of more thamg.5 mg/L and not more than 250 mg/L to the
clarifier membrane unit 21 to thereby submerge a membrane inside the clarifier membrane unit 21 in
the washing water at the time of washing. [0045] 15The thus configured water treatment apparatus
and water treatment me f the first embodiment produces the following advantageous effects.
[0046] For example, the water treatment apparatus 1 of the first embodiment is configured so
that second free-residuaitchiesifRe-GeataivingpphjechwatehovhialedNrasnclic e resid uahelgioréae
concentration in a range of not less than 0.20 mg/L and less than 1.2 mg/L, preferably in a range of
more than 0.25 WD%@M@S@Q?}@B&OQ Wid)/ be analden bre presfernbiyaimeramgetot O B-the fmefL. when the
value measured by the dlfferentlal pressure measurement device (not shown) is less than a reference
value, is continddl M&Hbrane separated, as the subject water A, by 25 the reverse osmosis
membranesunit 31; as wgl).ag being configured so that second free-residual-chlorine-containing
subject water, which has a free residual chlorine concentration in a range of 1.2-2 mg/L and preferably
1.4-1.8 mg/L when the VEtder df2measuiedthy dtie difierien tiak peassctiaraeasunaentehb delvice (not
shown) is not less than the reference value is continuously membrane separated, as the subject water
A, by the revers@'g&gRssi8 amdNBIaAePaRkt 3, “Fﬁéhtﬁﬁ§@6?ﬁ§9?éﬁ$vété?ttreatment apparatus 1
produces the f%POW'ngsaf c?miﬁgeous effects 5Ac or o the ate(r1 reatment ?III‘J ar tus 1,itis
possible to produce purifi waterrtlﬁactolré %ler%:lgﬁﬁu rme er life sﬁ%pré’ssmgnf% ng ‘ora membrane
and deterioratiop, 9f.2 FeXEIRS CRIBPASIS wﬁmgfﬁ&@d@@ﬂ‘g@ﬁ‘ﬁ@ﬂ@smﬁm embranscsapatating second
free-residual-chlorine-containing subject water that has a low free residual chlorine concentration (not
less than T2 mfl0dridAdéss ghlantltRelOmebf)filtrets theamé asupdyivalweskiles s thientaveference value.
It is possible to further suppress fouling of a membrane by membrane separating second
free-residual-chibfinEreidhgif m@%%feacw&ee%em&sra%ﬁépweé%d%éﬂeﬁ el HicAtFation

fjllffze r2e r':'t‘I%/ILSr‘éVQ;ﬁlu”réhsﬁt%%:éaﬁser% }%’1 LG ISR 1SS IS RRE VRISl A GRIENET e
inside the clarifier membrane unit 21 in the washing water at the time of washing.
[0045]
15 The thus configured water treatment apparatus and water treatment
method of the first embodiment produces the following advantageous effects.
[0046]
For example, the water treatment apparatus 1 of the first embodiment is
configured so that second free-residual-chlorine-containing subject water, which
20 has a free residual chlorine concentration in a range of not less than 0.20 mg/L
and less than 1.2 mg/L, preferably in a range of more than 0.25 mg/Li and less than
1.2 mg/L,, and more preferably in a range of 0.3-1.0 mg/L. when the value measured
by the differential pressure measurement device (not shown) is less than a
reference value, is continuously membrane separated, as the subject water A, by
25 the reverse osmosis membrane unit 31; as well as being configured so that second

free-residual-chlorine-containing subject water, which has a free residual chlorine

concentration in a range of 1.2-2 mg/L and preferably 1.4-1.8 mg/L when the value



15membrane separation of the subject water A at a constant flux, this differential pressure keeps rising
even by washing a reverse osmosis membrane (RO membrane) with chemicals, such as alkali other
than free residual chlorine. On the other hand, according to the water treatment apparatus 1, even if
the pressure difference rises, it is possible to lower the same. 20[0047] Although the thus configured
water treatment apparatus and water treatment methodof the first embodiment produces the above
advantageous effects, the water treatment apparatus and water treatment method of the present
invention is not necessarily limited to the above configuration, and may be 25subjected to modification,

if any. For Iﬁé‘%ﬂﬁéﬁ' PR ‘Hﬂ?e@ntﬂgl‘g%é%5&9%%%&%%89&@&%%1% B Rt & medinenL, the

reverse osmosis membrane treatment part 3 Is con igure so that 18 second

free-residual-chiprneicoptdindngssuijest Zalehinvbigivhasafread esiduat &hlasifeccangestration in a
range of not less than 0.20 mg/L and less than 1.2 mg/L when the value measured by the differential
pressure measuretsent. devibe (avtrshowmpiss esenthanng rafiré hce Taguditis codtiwedskaraembrane

separated, as the 5subject water A, by the reverse osis membrane unit 31; as well as being
configured so thté?%*é%ﬂ&%%’é‘??e%ia&&?8%!6??&&3190@%?{&&1%%%8?8& & has a free residual

chlorine concentration in\a.(aAgE; 96 tre- ¢ ML WG YRE MEeasH e Ry die.dBreRtAL pressure

measurement device (not shown) is not less than the reference value is continuously membrane

separated, as thausifljéctdieweiat A, deydheé pemarse @ svhdsisupprabsanefouminglofHaweawbraaecording
to the water treatment apparatus of the present invention, the reverse osmosis membrane treatment
part 3 may be cARfigleteaiemting ebr TR rENEIAReRbFHeL (BRaRP LMLy WP RAARh has a

free residual chlorine ceneentration In arands afipotless han.0.20 malk and less.fan, 1.2 ma/l. when
15the value me3Shited b)gﬂcﬁe di erentlanressure Measurementdevice (noat sﬁown) ISTnot more than a

reference valueig.CQIBINUAUSILMSMBIRBA S RBRAIES, REIRSUDIE Gl YBIE £y thedguerse osmosis
membrane unit 31; as well as being configured so that second free-residual-chlorine-containing

subject water, whiggh)habe free nesiduasdchidrias descentrationfirencangéuef 112-2 mgiiblehen the
value 20measured by the differential pressure measurement device (not shown) is more
further suppress fouling of a membrane by membrane separating second
free-residual-chlorine-containing subject water that has a higher free residual
chlorine concentration (1.2-2 mg/L) when the measured value is not less than the
reference value. In a case where the differential pressure starts rising in
15 membrane separation of the subject water A at a constant flux, this differential
pressure keeps rising even by washing a reverse osmosis membrane (RO
membrane) with chemicals, such as alkali other than free residual chlorine. On
the other hand, according to the water treatment apparatus 1, even if the pressure
difference rises, it is possible to lower the same.
20 [0047]

Although the thus configured water treatment apparatus and water
treatment method of the first embodiment produces the above advantageous
effects, the water treatment apparatus and water treatment method of the present
invention is not necessarily limited to the above configuration, and may be

25 subjected to modification, if any.

For example, according to the water treatment apparatus of the first

embodiment, the reverse osmosis membrane treatment part 3 is configured so that



than the reference value is continuously membrane separated, as the subject water A, by the reverse
osmosis membrane unit 31. [0048] Second Embodiment 25Now, the description will be made for a
water treatment apparatus and water treatment method of a second embodiment. [0049] 19
Hitherto, there is known a water treatment method that includes mixing subject water with a
chlorine-containing chemical to produce free-residual-glgorine-containing subject water having a free
residual chlorine concentration in a range of 0.1-1 mg/L, and membrane separating the
5free-residual-chlorine-containing subject water, as subject water, by a reverse osmosis membrane

unit (e.g., Pate”ée'?&%*Ef@&(‘-}@9149%5811€L?Mée¥&§ta%‘%8£d3{}9jé@t%%t%@o%ﬁ?éﬂ gr&a%:]%?g% gﬁ{%aﬁ)ossmcl)ento

satisfactorily suppress fouling of the reverse osmosis membrane (RO mem

the other hand, wheRr-ati@nghisonade ieusatisfacioniyssuppresfaidinthatiadeverse oIMagis
membrane (RO membrane) by merely increasing the free residual chlorine concentration of the

free-residual-chivhiee therralnineubjeed Watde thawpsisbrasssosismeembiementRievine Mdtane) may

be deteriorated lSJree residual hIorine%the free-residual-chlori e-containi%?gaubje t water.

uet
[0052] In CONSGRISUTHT SP I ISERAE PIDBENT 4 CBfARHEY the SeRHASBBRAER: % {5provide
a water treatmegt 3pparais %D%M@Eé%%&@@é}h%%hﬁ&ﬁ@%ﬁ% caRabie Af Rigya0iag,g reverse

osmosis membrane (RO membrane) from being
configured so that second free-residual-chlorine-containing subject water, which

has a free residual chlorine concentration in a range of 1.2-2 mg/L when the value
measured by the differential pressure measurement device (not shown) is not less
than the reference value is continuously membrane separated, as the subject
10 water A, by the reverse osmosis membrane unit 31. However, according to the
water treatment apparatus of the present invention, the reverse osmosis
membrane treatment part 3 may be configured so that second
free-residual-chlorine-containing subject water, which has a free residual chlorine
concentration in a range of not less than 0.20 mg/L and less than 1.2 mg/L when
15 the value measured by the differential pressure measurement device (not shown)
1s not more than a reference value, is continuously membrane separated, as the
subject water A, by the reverse osmosis membrane unit 31; as well as being
configured so that second free-residual-chlorine-containing subject water, which
has a free residual chlorine concentration in a range of 1.2-2 mg/L when the value
20 measured by the differential pressure measurement device (not shown) is more
than the reference value is continuously membrane separated, as the subject
water A, by the reverse osmosis membrane unit 31.
[0048]
Second Embodiment
25 Now, the description will be made for a water treatment apparatus and
water treatment method of a second embodiment.

[0049]



20easily deteriorated while at the same time suppressing fouling of the reverse osmosis membrane
(RO membrane) by use of a chlorine-containing chemical. [0053] First, the description will be
made for the water treatment apparatus of the second embodiment. 25As shown in Fig. 1, a water
treatment apparatus 1 of the second embodiment includes a clarifier treatment part 2 that, in turn,
includes a clarifier membrane unit 21 to membrane sepgrate subject water A, in which the clarifier 20
membrane unit 21 membrane separates the subject water A to produce first permeate and first
concentrate C; and a reverse osmosis membrane treatment part 3 that, in turn, includes a reverse

osmosis membrane unii (g MeMBIRNeISERAIASNIE NS ASIGAR IS 8 [GYLFS8 amosis
m s the

membrane unit 31 5membrane Separate irst permeate to produce second permeate and second

concentrate D. Thpjwateniceatioeat @iparaidsntahine sesandembosdmant is configured so that the
subject water A is transferred to the clarifier treatment part 2, the first permeate is transferred to the

reverse osmosisraterapidid tldammeropari B ng suivsc bordentrareng istresnsferraal Whipfir

concentrate storage tank 10 (not shown), the secg d peéémea e is transferred ag purified water B to a

purified water sfSVAGE EHE S §ﬁ8\%ﬁ3,0§|9d1ﬂ]1 oRBCBISERMPAR PR AHREE ed to a second
concentratg stogage, iRl (RLERAY B ont aiBYLOEHFIAT VNG IS RergifMeatcopySe.filfraton compared

with a reverse osmosis membrane filtration, that is, filtration of impurities (e.g., solid 15matters, etc.)
coarser than thesenseparaied iy a ievelse. pBatesisDoembsane) (RO membrane), which is performed
prior to the filtration process by the reverse osmosis membrane (RO membrane). [0054] The water
treatment apparatus 1 Eecond embodiment includes a 20chlorine agueous solution storage tank

4 that stores a chlorine ?—P(!wé%gr,ogccording to the aforesaid method, it is not possible to

satisfactorily suppress fouling of the reverse osmosis membrane (RO membrane).
10 [0051]

On the other hand, when an attempt is made to satisfactorily suppress
fouling of a reverse osmosis membrane (RO membrane) by merely increasing the
free residual chlorine concentration of the free-residual-chlorine-containing subject
water, the reverse osmosis membrane (RO membrane) may be deteriorated due to

15 free residual chlorine of the free-residual-chlorine-containing subject water.

[0052]

In consideration of the above problem, an object of the second embodiment
1s to provide a water treatment apparatus and water treatment method that is
capable of preventing a reverse osmosis membrane (RO membrane) from being

20 easily deteriorated while at the same time suppressing fouling of the reverse
osmosis membrane (RO membrane) by use of a chlorine-containing chemical.

[0053]

First, the description will be made for the water treatment apparatus of
the second embodiment.

25 As shown in Fig. 1, a water treatment apparatus 1 of the second
embodiment includes a clarifier treatment part 2 that, in turn, includes a clarifier

membrane unit 21 to membrane separate subject water A, in which the clarifier



chemicals containing a chlorine component, such as sodium hypochlorite. The water treatment
apparatus 1 of the second embodiment is configured so that a chlorine solution in the chlorine
agueous solution storage tank 4 is transferred to the clarifier treatment part 2, and a chlorine aqueous
solution in the chlorine 25aqueous solution storage tank 4 is transferred to the reverse osmosis
membrane treatment part 3. [0055] 21 The clarifigp treatment part 2 includes a mixing part 22
that mixes the subject water A with a chlorine solution to produce first free-residual-chlorine-containing
subject water, and is configured so that the first free-residual-chlorine-containing subject water is

wansferred. a5 (4 SyhiSE! WAlS Ay IS sk Merbrans AL IO8 TiegIbane Feparation

[0056] The clarifier treatment part 2 includes a first mixing ratio adjustment mechanism (not
shown) that adjysis:theenixingiradieoheimeatetoe subjectwaie btk achionngesakiioneia adjust the
free residual chlorine concentration of the 10produced first free-residual-chlorine-containing subject
water. [0057] 3 theiteisujestindieteA awkishse epiresiwihrabeblrineisslutiomambeansixing part 22, is
not necessarily limited to 1z;chsgecific one, and s a%ant water produced by biological tfreatment and

ern
Sedimentation <SRG RS BrEARTTE0 EotBWALS LR YETE RO RSB S g wator
industrial wasteyaiar (astepater.diseharged s ot s xamale @ond farionahemisaldacion, a

factory in electronics industry and a pulp plant), river water or lake water may be subjected. The
subject water Adsnvaterdiaving Suspendedmatierst appatasia 2otfuibiditycafd lanbxdimple;, 8.1 or more,
and more specifically 0.1-50. The turbidity is herein meant a value measured by a laser scattering
method. configured so that the subject water A is transferred to the clarifier treatment part
2, the first permeate is transferred to the reverse osmosis membrane treatment
part 3, the first concentrate C is transferred to a first concentrate storage tank
10 (not shown), the second permeate is transferred as purified water B to a purified
water storage tank (not shown), and the second concentrate D is transferred to a
second concentrate storage tank (not shown).
By the clarifying is herein meant coarse filtration compared with a
reverse osmosis membrane filtration, that is, filtration of impurities (e.g., solid
15 matters, etc.) coarser than those separated by a reverse osmosis membrane (RO
membrane), which is performed prior to the filtration process by the reverse
osmosis membrane (RO membrane).
[0054]
The water treatment apparatus 1 of the second embodiment includes a
20 chlorine aqueous solution storage tank 4 that stores a chlorine solution of
chemicals containing a chlorine component, such as sodium hypochlorite. The
water treatment apparatus 1 of the second embodiment is configured so that a
chlorine solution in the chlorine aqueous solution storage tank 4 is transferred to
the clarifier treatment part 2, and a chlorine aqueous solution in the chlorine
25 aqueous solution storage tank 4 is transferred to the reverse osmosis membrane

treatment part 3.

[0055]



[0058] The clarifier membrane unit 21 has at least one of an ultrafiltration membrane and a
microfiltration membrane. The clarifier membrane unit 21 is a 25spiral membrane unit. The spiral
membrane unit is a membrane unit that has a laminated structure of a flat filtration membrane and a
meshed spacer for maintaining the strength of the filtration membrane. 22 [0059] The reverse
osmosis membrane treatment part 3 includes a first pegmeate storage part 32 that stores the first
permeate containing free residual chlorine, and is configured so that the first permeate that is a second
5free-residual-chlorine-containing subject water is transferred, as the subject water A, to a reverse

osmosis membrane unit 3, (9f MEIPRENG SEPAIROM. A5G NI 158 Amosin Membrage reatment

part 3 is configured so that a chlorine solution is a irst permeate storage part 32 in order to

adjust the free regigeal whterineveencesiiatian aflthefirsd pesmeaterst0[0060] The reverse
osmosis membrane treatment part 3 further includes a second mixing ratio adjustment mechanism
(not shown) thafisdjustsdtrd -phiking ez tsenvebsbiectirsepayraedte avrfigwtdrinélsdithefitetthereby
adjust the free r sid_ual.ﬁhl rine concentration of the first permeate that is the s con(iiﬁi]

| Siree-residual-IRBRACEENTR SOELa AR RS Aot ST ARG B HihBAE

treatment gart 3ynglugles A Akieraltiab PIGSSHIR DERRUIRMBRL HeVies (aghshown) that measures the

differential pressure (pressure loss in flow channels) on the non-permeate side of the reverse osmosis
20membrane unit 31. [005BY the differential pressure (pressure loss in flow channels) on the
non-permeate side is herein meant the difference in pressure calculated by subtracting the pressure

value of concentrate prodifce@dfitpiotepErpearar thipeigidhe FEvE ebaEiasie ARRIBRATY from the
pressure value of supoly waler ZRSURRIRY I AISYSIRE QRMOPIS MeriRrang gling Rvess .opmos's
membrane unit 31,
and a chlorine solution to adjust the free residual chlorine concentration of the
10 produced first free-residual-chlorine-containing subject water.
[0057]
The subject water A, which is mixed with a chlorine solution at the mixing
part 22, is not necessarily limited to a specific one, and supernatant water
produced by biological treatment and sedimentation separation of organic
15 wastewater, such as human wastewater, sewage water, industrial wastewater
(wastewater discharged from, for example, a food factory, a chemical factory, a
factory in electronics industry and a pulp plant), river water or lake water may be
subjected.
The subject water A is water having suspended matters, and has a
20 turbidity of, for example, 0.1 or more, and more specifically 0.1-50. The turbidity
is herein meant a value measured by a laser scattering method.
[0058]
The clarifier membrane unit 21 has at least one of an ultrafiltration
membrane and a microfiltration membrane. The clarifier membrane unit 21 is a
25 spiral membrane unit. The spiral membrane unit is a membrane unit that has a

laminated structure of a flat filtration membrane and a meshed spacer for

maintaining the strength of the filtration membrane.



and more specifically meant the difference in pressure calculated by subtracting the pressure value of
concentrate at a concentrate outlet of the membrane module 23 from the pressure value of supply
water at a supply water inlet of a membrane module of the reverse osmosis membrane unit 31. [0062]
Furthermore, the reverse osmosis membrane treatment part 3 is 5configured so that second
free-residual-chlorine-containing subject water, which kas a free residual chlorine concentration in a
range of not less than 0.20 mg/L and less than 1.2 mg/L, preferably in a range of more than 0.25 mg/L
and less than 1.2 mg/L, and more preferably in a range of 0.3-1.0 mg/L when the value measured by
the differential pressure[gﬁaﬁurement device (not shown) is less than a 10reference value (in a first
filtration step), is continuously membrane separated, as the subject water A, by the reverse osmosis

membrane unit 31; and the secerd Fagowsidualinhlos be-oentainigtsy bjieti wateriwhjahhasta free
residual chlorine concentration in a range of 1.2-2 mg/L and preferably in a range of 1.4-1.8 mg/L
when the value sheasgrearby2Hbaifftreastidiphessnremeess gpameninddvicer rotug shdwmes not less

than the reference value (in a second filtration step), is continupusly membrane separated, as the
subject water AB{) (REFR %%8%%%@&&%?&%?&1%‘%%%i}.lféé%ﬁ] Oélae]:verse osmosis membrane

treatment gart 33 2|sQ;GARfIgHSRCHahARHEER ERAHA! Chione cAncental L i st Agpmeate,

which is second free-residual-chlorine-containing subject water, is adjusted by the second mixing ratio
adjustment mechatismdnatshewin}iomitr hasis ohiheinieasisetrvaleecpaiaitien. byalke, difterential
pressure measurement device (not shown). [0064] 25The reference value per reverse osmosis
membrane unit ]@Yﬁ%p&myqj@ membrane treatment part 3 is configured so that a chlorine
solution is added to the first permeate storage part 32 in order to adjust the free
residual chlorine concentration of the first permeate.
10 [0060]

The reverse osmosis membrane treatment part 3 further includes a
second mixing ratio adjustment mechanism (not shown) that adjusts the mixing
ratio between the first permeate and a chlorine solution to thereby adjust the free
residual chlorine concentration of the first permeate that is the second

15 free-residual-chlorine-containing subject water.

[0061]

The reverse osmosis membrane treatment part 3 includes a differential
pressure measurement device (not shown) that measures the differential pressure
(pressure loss in flow channels) on the non-permeate side of the reverse osmosis

20 membrane unit 31.

By the differential pressure (pressure loss in flow channels) on the
non-permeate side is herein meant the difference in pressure calculated by
subtracting the pressure value of concentrate produced without permeation
through the reverse osmosis membrane from the pressure value of supply water

25 supplied to a reverse osmosis membrane of the reverse osmosis membrane unit 31,

and more specifically meant the difference in pressure calculated by subtracting

the pressure value of concentrate at a concentrate outlet of the membrane module



range of 0.01-0.1 MPa, and more preferably in a range of 0.02-0.09 MPa. [0065] 24 The reverse
osmosis membrane unit 31 has a reverse osmosis membrane (RO membrane) and is a hollow fiber
membrane unit. The reverse osmosis membrane (RO membrane) is a reverse osmosis
membrane (RO membrane) made of cellulose acetate. 5[0066] The water treatment apparatus of
the second embodiment is thus configured and now theglescription will be made for a water treatment
method of the second embodiment. [0067] 10The water treatment method of the second embodiment
is a method that includes membrane separating, as the subject water A, second

ee-residual-chipris.gopieinte subjec s Wiieh has  igay eaifuAl solorne pensgaton in a

range of not less than 0.20 mg ess than1.2 mg/L when the value measure e differential

pressure measurgimeRtdaerice-(retsboweid bis iass thamat reference value, by the reverse osmosis
membrane unit 31; and membrane separating, as the subject water A, second
free-residual-chlorine-cdﬂﬂii?ﬁng subject water, which has a free residual chlorine concentration in a

range of 1.2-2 mg/L Wh%: the value mgasured by the differential pressure measurement device (not
shown) is not less than @%Wéf?r@né SIS S6y TR T BB YO STS R BAR rft 31. [0068]

Although the walgrdteatmentARPaLAiY and-walak ieatmaRkraikod oll0amseqangdiempediment has

the above configuration, the water treatment apparatus and water treatment method of the present
invention is not hecassasilye Zolimited do be @reveracinhguratiangarnd majebe thabj@ckéchig/Modification,
if any. [0069]
and less than 1.2 mg/L, preferably in a range of more than 0.25 mg/L and less than
1.2 mg/L,, and more preferably in a range of 0.3-1.0 mg/L. when the value measured
by the differential pressure measurement device (not shown) is less than a
10  reference value (in a first filtration step), is continuously membrane separated, as
the subject water A, by the reverse osmosis membrane unit 31; and the second
free-residual-chlorine-containing subject water, which has a free residual chlorine
concentration in a range of 1.2-2 mg/L and preferably in a range of 1.4-1.8 mg/L
when the value measured by the differential pressure measurement device (not
15 shown) is not less than the reference value (in a second filtration step), is
continuously membrane separated, as the subject water A, by the reverse osmosis
membrane unit 31.
[0063]
The reverse osmosis membrane treatment part 3 is also configured so that
20 the free residual chlorine concentration of first permeate, which is second
free-residual-chlorine-containing subject water, is adjusted by the second mixing
ratio adjustment mechanism (not shown) on the basis of the measured value
obtained by the differential pressure measurement device (not shown).
[0064]
25 The reference value per reverse osmosis membrane unit is preferably in a

range of 0.01-0.1 MPa, and more preferably in a range of 0.02-0.09 MPa.

[0065]



For example, according to the water treatment apparatus of the second 25 embodiment, the reverse
osmosis membrane treatment part 3 is configured so that second free-residual-chlorine-containing
subject water, which has a free residual chlorine concentration in a range of not less than 0.20 mg/L
and less than 1.2 mg/L when the value measured by the differential pressure measurement device
(not 5shown) is less than a reference value, is continueysly membrane separated, as the subject water
A, by the reverse osmosis membrane unit 31; as well as being configured so that second
free-residual-chlorine-containing subject water, which has a free residual chlorine concentration in a

range of 1.2-2 o/l wheg ihe yalue igasured i e diferentiel pressure megsureephdzyice (o

shown) is not less 10than the reference value is continuously membrane separated, as the subject
water A, by the (RersenISmAs) S AERMBrRsICWNitH3E. fitovigvek asaording to the water treatment
apparatus of the present invention, the reverse osmosis membrane treatment part 3 may be
configured so that secofith freevsesiduatehionambontaiticy mabjbeanedisr wietshasnzofise residual
chlorine 15concentration i ange of noS less than %é\% mg/L and less than 1.2 mg/L when the value
measured by thglafﬁa@?%ﬂﬁgﬁér& Hhéastit ?nogr?fa &8 1idedfown) is not more than a reference
value, is cgntinuously mgggypne separated, as the subject water A, by the reverse osmosis
membrane unit 31; as well as being configured so that second free-residual-chlorine-containing
subject water, which 20iae & fiee tesitduahchippine conctiicaiioona enthodienehi i2-4hmg/L when the
value measured by the differential pressure measurement device (not shown) is more than the

reference valuedenéiitisdauslyrave iisrapedepararad ke mide ipjecrisieraaByameretedobsmosis

membrane unit gﬁL Examdalesbz [007(%] Now, more specific description will be made for the
. . e SeCo (53 ogiment.
present invention With crlltlngnfes examples. 26
[0067]
10 The water treatment method of the second embodiment is a method that

includes membrane separating, as the subject water A, second
free-residual-chlorine-containing subject water, which has a free residual chlorine
concentration in a range of not less than 0.20 mg/L and less than 1.2 mg/LL when
the value measured by the differential pressure measurement device (not shown)

15 1s less than a reference value, by the reverse osmosis membrane unit 31; and
membrane separating, as the subject water A, second
free-residual-chlorine-containing subject water, which has a free residual chlorine
concentration in a range of 1.2-2 mg/LL when the value measured by the
differential pressure measurement device (not shown) is not less than the

20 reference value, by the reverse osmosis membrane unit 31.

[0068]

Although the water treatment apparatus and water treatment method of
the second embodiment has the above configuration, the water treatment
apparatus and water treatment method of the present invention is not necessarily

25 limited to the above configuration, and may be subjected to modification, if any.

[0069]

For example, according to the water treatment apparatus of the second



[0071] (Test Example 1) Supernatant, of which turbidity varies within a range of 0.1-50, produced by
subjecting sewage water to biological treatment and then sedimentation 5separation is mixed with a
chlorine solution to produce first free-residual-chlorine-containing subject water. The
free-residual-chlorine-containing subject water is membrane separated by a spiral clarifier membrane
unit (Trade name: RS50-S8, manufactured by Nitto Degko Corporation) having an ultrafiltration
membrane (UF membrane). The trans 10membrane pressure of the clarifier membrane unit, which is
being performing membrane separation, is measured by a pressure data logger (Trade name:

DAQSTATION , i t : ree residyal
chlorine conce nl%é% ?)%S%@t%ﬁ%% ?ﬁeg gg{ﬁ%ﬁ%ﬁ-ﬁ%ﬁ}%ﬁ%ﬁ%ﬁﬁ%ﬁ ub%g}e)ﬂc% \}\?aﬁ(grll?z% &t??é%tlsr%lsg%f
filtration are thosecdbgetasrshoMaliBhfiging- @nddhedreaipsidvaltehlevitelcrasceti@linniauwashing

water at the time of washing is 125 mg/L. The time of submerging the membrane in washing
water at the timehd¢wias himgastoaddmour aakrdgnctach htidee idhsngibriouklessithanih Figel a test

is performed with the frequency of washing shown_ in Table 1. 20A test is performed to cause
permeation fluxS'6RY Wé?ﬁé%?%%r%‘ﬂfﬁ%ggfgﬁ%%ﬁmﬁéwﬁ%%P&H@eﬁh?f]fodﬁ‘él%\et ties shown

in Table 1.3n eagh,otihe RECHAAS (PRYQAS.OL VMG s Felth i2n (8RR nfembRRIR LPREIRANG the

subject water A, by the reverse osmosis membrane unit 31; as well as being
configured so that second free-residual-chlorine-containing subject water, which
has a free residual chlorine concentration in a range of 1.2-2 mg/L when the value
measured by the differential pressure measurement device (not shown) is not less
10 than the reference value is continuously membrane separated, as the subject
water A, by the reverse osmosis membrane unit 31. However, according to the
water treatment apparatus of the present invention, the reverse osmosis
membrane treatment part 3 may be configured so that second
free-residual-chlorine-containing subject water, which has a free residual chlorine
15 concentration in a range of not less than 0.20 mg/L and less than 1.2 mg/LL when
the value measured by the differential pressure measurement device (not shown)
1s not more than a reference value, is continuously membrane separated, as the
subject water A, by the reverse osmosis membrane unit 31; as well as being
configured so that second free-residual-chlorine-containing subject water, which
20 has a free residual chlorine concentration in a range of 1.2-2 mg/L when the value
measured by the differential pressure measurement device (not shown) is more
than the reference value is continuously membrane separated, as the subject
water A, by the reverse osmosis membrane unit 31.
Examples
25 [0070]
Now, more specific description will be made for the present invention with

citing test examples.



Permeation Flux mid Washing Frequency C) 0.5 Once every 24 hours 0 0.5 Once every 48 hours 0
0.5 Once every 72 hours C) 0.5 Once every 48 hours (c) 0.7 Once every 48 hours (c)

26

[0071]
(Test Example 1)
Supernatant, of which turbidity varies within a range of 0.1-50, produced
by subjecting sewage water to biological treatment and then sedimentation
5 separation is mixed with a chlorine solution to produce first
free-residual-chlorine-containing subject water. The
free-residual-chlorine-containing subject water is membrane separated by a spiral
clarifier membrane unit (Trade name: RS50-S8, manufactured by Nitto Denko
Corporation) having an ultrafiltration membrane (UF membrane). The trans
10 membrane pressure of the clarifier membrane unit, which is being performing
membrane separation, is measured by a pressure data logger (Trade name:
DAQSTATION DX120, manufactured by Yokogawa Electric Corporation).
The free residual chlorine concentrations of the first
free-residual-chlorine-containing subject water at the time of filtration are those
15 set as shown in Fig. 2, and the free residual chlorine concentration of washing
water at the time of washing is 125 mg/L.
The time of submerging the membrane in washing water at the time of
washing is one hour, and, in each of the sections (periods of time) in Fig. 2, a test
is performed with the frequency of washing shown in Table 1.
20 A test is performed to cause permeation fluxes of the first permeate
produced from a clarifier membrane unit to be at values shown in Table 1, in each
of the sections (periods of time) in Fig. 2.

[0072]

25



0.7 Once every 24 hours C) 0.7 Once every 48 hours [0073] As shown in Fig. 2, it has become

apparent that t

he membrane separation by the water treatment apparatus and water treatment method

within the scope 5 of the present invention is capable of suppressing fouling of a membrane or fouling

of flow channe
chlorine-contai

Is of subject water, as well as suppressing increase in the amount of a
ning chemical to be used. [0074] (Test Bxample 2) 10The first

free-residual-chlorine-containing subject water of Test Example 1 is membrane separated by a spiral
clarifier membrane unit (Trade name: RS50-S8, manufactured by Nitto Denko Corporation) having an
ultrafiltration membrane,l(be rriembrane) of Test Example 1 to produce first permeate as second

free-residual-chilorine w..ta...... subject 1" ef.The-second-15free-residual-chlorine-containing subject
water is membLanSemmarNed by ‘ﬂjgﬂ% ?5veré]\(m;hﬁ@§mqnén@ne unit (Trade name:
HB10255FI, mantfactured-by Foyo ud tte )y havinga lcvv.:laléku%mOSiS embrane (RO membrane)

made of cellulg

\
JAL
nee, eve u
second permea .c}ehc GE?:G:'G"I'?IQF pressure on non-permeate

side of a rever
measured by g
Electric Corpo

hich-is hw,n,qehg\;qaxyngl& PBfhembrane separation, is

ot

% name:|DA ﬁWﬂﬁRQFﬂW% anufactured by Yokogawa

t
< mambra
A

ation) ada 5 Once every 48 hours
’ 0.7 Once every 48 hours

® 0.7 Once every 24 hours

@ 0.7 Once every 48 hours

10

15

20

[0073]

As shown in Fig. 2, it has become apparent that the membrane separation
by the water treatment apparatus and water treatment method within the scope
of the present invention is capable of suppressing fouling of a membrane or fouling
of flow channels of subject water, as well as suppressing increase in the amount of
a chlorine-containing chemical to be used.

[0074]

(Test Example 2)

The first free-residual-chlorine-containing subject water of Test Example
1 is membrane separated by a spiral clarifier membrane unit (Trade name:
RS50-S8, manufactured by Nitto Denko Corporation) having an ultrafiltration
membrane (UF membrane) of Test Example 1 to produce first permeate as second
free-residual-chlorine-containing subject water. The second
free-residual-chlorine-containing subject water is membrane separated by a hollow
fiber revere osmosis membrane unit (Trade name: HB10255FI, manufactured by
Toyobo Co., Ltd.) having a reverse osmosis membrane (RO membrane) made of
cellulose acetate to produce second permeate. The differential pressure on
non-permeate side of a reverse osmosis membrane unit, which is being performing
membrane separation, is measured by a pressure data logger (Trade name:

DAQSTATION DX120, manufactured by Yokogawa Electric Corporation) as a



28 differential pressure measurement device. The result is shown in Fig. 3. As shown in Fig. 3,
when the values measured by the differential pressure measurement device is less than a reference
value (0.06 MPa), the second free-residual-chlorine-containing subject water is caused to have a free
residual 5chlorine concentration in a range of not less than 0.20 mg/L and less than 1.2 mg/L, which is
membrane separated as subject water by the reverse ggmosis membrane unit. When the value
measured by the differential pressure measurement device is not less than the reference value, the
second free-residual-chlorine-containing subject water is caused to have a free residual chlorine

concentration ingfginge o 101252 MRl NG ISITTIbraFle, Senaiated a5, subisg weter by the

reverse 0smosis membrane unit. T#e ectric conductivities of the secon
free-residual-chlorine-comiainiReh sHject yateeapkkthel sesansh parvaesiery aimaastiacir aiger to
calculate the salt rejection rate of a reverse osmosis membrane (RO membrane) of the reverse
150smosis membeagieremient Hevatedtritesortuttvitissenes yrdasu oMy eeehedelectrode

method. The result is shown in Fig. 3.  The salt rejection rate of a reverse osmgsis membrane (RO
membrane) of i FeliEtAH U PISEIE Y AMRETHPIECh VAIGE SRSt By e ik Bthation. Salt

rejection rafe Gy?)fl@iﬁ&é@x@céﬁ%&&’ﬂh%]%‘i{%?e%‘?'H?M%ié/éti’ki%sﬁ%@flﬁng%ﬂﬁ%&%%ﬁﬁ'ﬁ@ﬁf ANtaining

subject water, Cp: electric conductivity of second permeate [0075 As shown in Fig. 3, itis
indicated that theldifferenttahprassukeis aetdmoribiian @dtddBa thoddinisditientoudmgeafiflawechannels
is caused. Further, it 25is possible to reduce the differential pressure even if it starts rising, by causing
the differential pietsur®hebdhia saftagreapiefebthEieClBB A2 hptRfs e MR I amgt WhdActhe

differential presiy B%t e%sbﬁlcaonn%ﬁenroe}fle%%%ctg %Qholé(,)?h'\e/l Ee%onzc? free-residual-chlorine-containing

subject water is caused to have a free residual chlorine concentration in a range of
10 1.2-2 mg/L, which is membrane separated as subject water by the reverse osmosis
membrane unit.

The electric conductivities of the second free-residual-chlorine-containing
subject water and the second permeate are measured in order to calculate the salt
rejection rate of a reverse osmosis membrane (RO membrane) of the reverse

15 osmosis membrane unit. The electric conductivities are measured according to
the electrode method. The result is shown in Fig. 3.

The salt rejection rate of a reverse osmosis membrane (RO membrane) of
the reverse osmosis membrane unit is a value calculated by the following equation.

Salt rejection rate (%)=(1-Cp/Cf) X100

20 Cf: electric conductivity of second free-residual-chlorine-containing subject
water, Cp: electric conductivity of second permeate

[0075]

As shown in Fig. 3, it is indicated that the differential pressure is not
more than 0.1 MPa, and thus little fouling of flow channels is caused. Further, it

25 is possible to reduce the differential pressure even if it starts rising, by causing the
differential pressure to be in a range of more than 0.25 mg/L and less than 1.2

mg/L when the differential pressure has become not less than 0.06 MPa.



As shown in Fig. 4, the salt rejection rate is not less than 97%, and it was indicated that a reverse
osmosis membrane (RO membrane) has not been deteriorated due to free residual chlorine.
DESCRIPTION OF THE REFERENCE NUMERALS 5[0076] 1: water treatment apparatus, 2:
clarifier treatment part, 3: reverse osmosis membrane treatment part, 4: chlorine aqueous solution
storage tank, 21: clarifier membrane unit, 22: mixing pag, 31: reverse osmosis membrane unit, 32: first
permeate storage part, A: subject water, B: purified water, C: 10first concentrate, D: second
concentrate 30 CLAIMS 1.A water treatment apparatus comprising: a membrane unit having a
membrane to membrang SeRAIAIS, SwIeq! MRS PYINEMATIENE DL BRI PG ARRALAIYS
alternately performs the following steps: a first tiltration step of membrane separating, as subject
water, free-residyalcehéaritecontainingsubjest watgirhavi R Hea sesidlalachiotipeegoncentration not
higher than a predetermined value; and any one of a washing step of submerging a membrane inside
the membrane @eteirioxaisiding sviatérehavingdu hddaasiiual chlorine 10 concentration higher than the
predetermined \ﬁﬁﬁeﬁﬁl i %m eglﬁ arating, as subject water,
free-residual-ch S rf&ﬁﬁﬁ?ﬁjﬂgﬁt ﬁ% ﬁﬁ%é%%al chlorine concentration higher
than the predetermined g by the membrane unit. 152.A water treatment method for membrane
separating subject water by a membrane unit having a membrane, the method comprising alternately
performing the followingistepssrafustfitratippsiapuef Nnerdbrdfier sepatating pastsubjactaiater,
free-residual-chlorine-containing subject water that has a free residual chlorine concentration not
higher than a predBesHiRfIE R FaRR tieadnaeit 206he ¢f ehlpaBrirRg ey oI dUbRIEREMaLs Makbrane
inside the meml%rlan? ylr%it in wasglin wal;%r h%jn .a.free residg?J_ chlorine concentrati%r} higher than

. C 1er emprarie 5 4 1X11N art reverse 0smaosis m n
the predeterminéd valle and a second titration Step of Membrane Separating, as subject water,

free-residual-ch|gtipe-containing sHBiREIWRIRINAWING A fepiesidual hiaging FeReaRiREON digher
than the predetermined value by the
10 first concentrate, D: second concentrate



25membrane unit. 31 3. A water treatment apparatus for membrane separating subject water,
comprising: a spiral clarifier membrane unit that includes at least one of an ultrafiltration
membrane and a microfiltration membrane, Swherein, at the time of filtration,
free-residual-chlorine-containing subject water, which is produced by mixing subject water with a
chlorine-containing chemical and has a free residual cllprine concentration within a range of 0.05-2.5
mg/L, is membrane separated, as subject water, by the clarifier membrane unit; and at the time of
washing, washing water that has a free residual chlorine 10concentration within a range of more than
2.5 mg/L and not more than 250 mg/L is supplied t(tlﬂgﬁ\}ps'ifier membrane unit to thereby submerge a
membrane inside the clarifier membrane unit in the washing water. 4. The water treatment apparatus
according to claim 3, further comprising a 15reverse osmosis membrane unit having a reverse
osmosis membrane made of cellulose acetate, wherein permeate containing free residual chlorine
produced by thel clarifiewestiarbree menis apeanbran cosepranat o ehebreversaibHmosis membrane
unit. 205.The water treatment ap aratus accordlng to claim 3 or 4, wherein the perme tion flux of

permeate produCSTHEHGHR 1998 SPRSSTRTEHE SRR SR HRDRY s B REAR 6 e WASEF Hreatment
apparatus @CCOI{;ﬂ'@gﬁﬁa‘ijﬁ!H& gl%rﬂa%@fh;ﬁ%s the following steps: a first filtration step of

membrane separating, as subject water, free-residual-chlorine-containing subject
water having a free residual chlorine concentration not higher than a
predetermined value; and any one of a washing step of submerging a membrane
inside the membrane unit in washing water having a free residual chlorine

10 concentration higher than the predetermined value and a second filtration step of
membrane separating, as subject water, free-residual-chlorine-containing subject
water having a free residual chlorine concentration higher than the predetermined

value by the membrane unit.

15 2. A water treatment method for membrane separating subject water by a
membrane unit having a membrane, the method comprising alternately
performing the following steps: a first filtration step of membrane separating, as
subject water, free-residual-chlorine-containing subject water that has a free
residual chlorine concentration not higher than a predetermined value; and any

20 one of a washing step of submerging a membrane inside the membrane unit in
washing water having a free residual chlorine concentration higher than the
predetermined value and a second filtration step of membrane separating, as
subject water, free-residual-chlorine-containing subject water having a free
residual chlorine concentration higher than the predetermined value by the

25 membrane unit.



32 7. The water treatment apparatus according to claim 5, wherein the washing frequency is once
every 10-80 hours. 8. The water treatment apparatus according to claim 3 or 4, wherein the
5membrane submerging time by the washing water at the time of washing is 0.2-5 hours. 9. The
water treatment apparatus according to claim 5, wherein the membrane submerging time by the
washing water at the time of washing is 0.2-5 10hours3{l0. The water treatment apparatus according
to claim 6, wherein the membrane submerging time by the washing water at the time of washing is
0.2-5 hours. 15 11. The water treatment apparatus according to claim 7, wherein the membrane

submerging ime.by the XN MAIRI% g e, & ARG I3 23 HAUTR 2024 water reatment

method for membrane separating subject water, comprising: at the time of filtration, membrane
separating, as stivjggisater, free-residual-chlorine-containing subject water, which is produced by
mixing subject water with a chlorine-containing chemical and has a free residual chlorine

25concentration within & remid ofegifsr B wmgan yaitspied iolelifler atdetsitaore @han
ultrafiltration membrane and a microfiltration membrane,

5 wherein, at the time of filtration, free-residual-chlorine-containing subject
water, which is produced by mixing subject water with a chlorine-containing
chemical and has a free residual chlorine concentration within a range of 0.05-2.5
mg/LL, is membrane separated, as subject water, by the clarifier membrane unit;
and at the time of washing, washing water that has a free residual chlorine

10 concentration within a range of more than 2.5 mg/L and not more than 250 mg/L
is supplied to the clarifier membrane unit to thereby submerge a membrane inside

the clarifier membrane unit in the washing water.

4, The water treatment apparatus according to claim 3, further comprising a

15 reverse osmosis membrane unit having a reverse osmosis membrane made of
cellulose acetate, wherein permeate containing free residual chlorine produced by
the clarifier membrane unit is membrane separated by the reverse osmosis

membrane unit.

20 5. The water treatment apparatus according to claim 3 or 4, wherein the
permeation flux of permeate produced from the clarifier membrane unit is not

more than 0.6 m/d.

6. The water treatment apparatus according to claim 3 or 4, wherein the

25 washing frequency is once every 10-80 hours.



that includes at least one of an ultrafiltration membrane and a microfiltration membrane; and at the
time of washing, supplying washing water, which has a free 33 residual chlorine concentration within a
range of more than 2.5 mg/L and not more than 250 mg/L, to the clarifier membrane unit to thereby
submerge a membrane inside the clarifier membrane unit in the washing water. 513.A water treatment
apparatus that includes a reverse osmosis membrane ggit having a reverse osmosis membrane and
membrane separates subject water by the reverse osmosis membrane unit, comprising: a
differential pressure measurement device that measures the differential pressure on non-permeation
side of the revesse osmagjs AMbEANG A AQMNGIENMORRIDS AR BeRRUeH AN diffRientia
pressure measurement device is less than a reference value, free-residual-chlorine-containingsubject
water that has afegadesidyalneblevisis corseRt@tion within a range of not less than 0.20 mg/L and less
than 1.2 mg/L is membrane separated, as subject water, by the reverse osmosis membrane unit;
15and when the value measured by the differential pressure measurement device is not less than the
reference value free-rei%lejal-chlorine-containingﬁsubject W@éer that has a free rejtidual chlorine

concentration within a r B LS A AR AN ASRIHPR &0) R b PE b WA By e reverse
osmosis membrane, ynit, 200 Te: WRlShHE S3PRENRE ABRALAS ASCOAING IR Claim <} 3nyigsin, when
the measured value is less than the reference value, free-residual-chlorine-containing subject water
having a free rekidual chlorine concentration within a range of more than 0.25 mg/L and less than 1.2
mg/L is membrane separated, as subject water, by the reverse osmosis membrane unit. 34 15. A
water treatment apparatus that includes a reverse osmosis membrane unit having a reverse osmosis
membrane and membrape segfara%es §up'ejrclatct watertbg ther verse mo%'s embr rp}e unit,
comprising: a differentia p?evgsuerlé méastrenent devicd fhat measures the diférentia e‘Spressure on

non-permeationsideneh e (BYREsS RS MRARIS G RFANE M hater at the time of washing is 0.2-5

10 hours.

10. The water treatment apparatus according to claim 6, wherein the

membrane submerging time by the washing water at the time of washing is 0.2-5

hours.

15
11. The water treatment apparatus according to claim 7, wherein the
membrane submerging time by the washing water at the time of washing is 0.2-5
hours.

20 12. A water treatment method for membrane separating subject water,
comprising:

at the time of filtration, membrane separating, as subject water,
free-residual-chlorine-containing subject water, which is produced by mixing
subject water with a chlorine-containing chemical and has a free residual chlorine
25 concentration within a range of 0.05-2.5 mg/L, by a spiral clarifier membrane unit
that includes at least one of an ultrafiltration membrane and a microfiltration

membrane; and at the time of washing, supplying washing water, which has a free



wherein, when the value measured by the differential pressure measurement device is not more than a
reference value, free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/L and less than 1.2 mg/L is 10membrane
separated, as subject water, by the reverse osmosis membrane unit; and when the value measured by
the differential pressure measurement device is more t#gn the reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine concentration within a
range of 1.2-2 mg/L is membrane separated, as subject water, by the reverse osmosis membrane unit.
15 16. The watgr iy FE%TS&HF’%&%E%%&%%%{;S @%1%1‘? clalm, g2 b}“_’llﬁ%l}%'ﬂa%%h% EH?/E"&QM&%Y&’&G 1S
not more than the reference value, free-residual-c fcl)rlne-contalnlng subject water having a free
residual chlorinegangsotiation withincarangenod mintmthan O35 HBabyant iessthamd Bymglb is
20membrane separated, as subject water, by the reverse osmosis membrane unit. 17. The water
treatment appanatideateordivyity aryrdnanst e 1e: fesiviaraiatete reverse osmosis membrane is
made of cellulose acetate. 35 18.A water treatment method that membrane separates subject water
by a reverse osmosis membrane unit having a reverse osmosis membrane, comprising:
measuringghe djfferential gessyre.om AANREINAAEFIdS AIINALGVAISS ASHANISMEMAIRRALNIt by &
differential pressure measurement device; Swherein, when the value measured by the differential
pressure measureinadatigviceci:lesihania nedarbrae: walden fiabriasideahcilasinebpentautiang subject
water that has a free residual chlorine concentration within a range of not less than 0.20 mg/L and less
than 1.2 mg/L ié)?fh@?ﬁHﬁé(ﬁésgé’ﬁﬁ}%%@dpﬁ@%ﬁ@dﬂwméwwlﬁé%verse 0sSmosis membrane unit;
10and when the value megﬁﬁured tb}}/lthe differential ressure meas rement devic&lies . eIes .ﬂfan the

a. T 1 ressyre measuremen vice that measures ntia
reference value, free-resi Uai-chiofin -corﬂamlng surt')jecf"t water that has &free residual chiorine

concentration WHRIBa,/apee M -bed1d RA0n IS qeMiane seRAsateshi asauiieshwaler; by the reverse
osmosis membrane unit. 1519.A water treatment method that membrane separates subject water by a

reverse o$fhosis membraheremit wavimgha reveese asmasidmdraldifiees comprisiagre measuring the
differential pressure on non-permeate side of the reverse osmosis membrane unit by a differential
pressure measwpag\ﬂgégvme 1s less than a reference value,

free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit;
15 and when the value measured by the differential pressure measurement device is
not less than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is

membrane separated, as subject water, by the reverse osmosis membrane unit.

20 14. The water treatment apparatus according to claim 13, wherein, when the
measured value is less than the reference value, free-residual-chlorine-containing
subject water having a free residual chlorine concentration within a range of more
than 0.25 mg/L and less than 1.2 mg/L is membrane separated, as subject water,
by the reverse osmosis membrane unit.

25



wherein, when the value measured by the differential pressure 20measurement device is not more
than a reference value, free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/L and less than 1.2 mg/L is membrane
separated, as subject water, by the reverse osmosis membrane unit; and when the value measured by
the differential pressure measurement device is 25 mge than the reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine concentration within a
range of 1.2-2 mg/L is membrane separated, as subject water, by the reverse osmosis membrane unit.

10

15

20

25

15. A water treatment apparatus that includes a reverse osmosis membrane
unit having a reverse osmosis membrane and membrane separates subject water
by the reverse osmosis membrane unit, comprising:

a differential pressure measurement device that measures the differential
pressure on non-permeation side of the reverse osmosis membrane unit;

wherein, when the value measured by the differential pressure
measurement device is not more than a reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
more than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is

membrane separated, as subject water, by the reverse osmosis membrane unit.

16. The water treatment apparatus according to claim 15, wherein, when the
measured value is not more than the reference value,
free-residual-chlorine-containing subject water having a free residual chlorine
concentration within a range of more than 0.25 mg/L and less than 1.2 mg/L is

membrane separated, as subject water, by the reverse osmosis membrane unit.

17. The water treatment apparatus according to any one of claims 13-16,

wherein the reverse osmosis membrane is made of cellulose acetate.
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18. A water treatment method that membrane separates subject water by a
reverse osmosis membrane unit having a reverse osmosis membrane, comprising:

measuring the differential pressure on non-permeate side of the reverse
osmosis membrane unit by a differential pressure measurement device;

wherein, when the value measured by the differential pressure
measurement device is less than a reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
not less than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is

membrane separated, as subject water, by the reverse osmosis membrane unit.

19. A water treatment method that membrane separates subject water by a
reverse osmosis membrane unit having a reverse osmosis membrane, comprising:

measuring the differential pressure on non-permeate side of the reverse
osmosis membrane unit by a differential pressure measurement device;

wherein, when the value measured by the differential pressure
measurement device is not more than a reference value,
free-residual-chlorine-containing subject water that has a free residual chlorine
concentration within a range of not less than 0.20 mg/Li and less than 1.2 mg/L is
membrane separated, as subject water, by the reverse osmosis membrane unit;
and when the value measured by the differential pressure measurement device is
more than the reference value, free-residual-chlorine-containing subject water
that has a free residual chlorine concentration within a range of 1.2-2 mg/L is

membrane separated, as subject water, by the reverse osmosis membrane unit.



