DESCRIPTION TITLE OF THE INVENTION: FRESH WATER GENERATION METHOD AND FRESH
WATER GENERATION 5 DEVICE TECHNICAL FIELD [0001] The present invention relates to a fresh
water production method comprising 10 membrane-filtering raw water with a
microfiltration/ultrafiltration membrane (hereinafter referred to as MF/UF membrane) module and
membrane-filtering the membrane filtrate thereof with a semipermeable membrane unit provided with a
reverse osmosis membrane (RO membrane)okapanatiigation membrane (NF membrane), and a
~fresh water production apparatus. In particular, the present invention relates to a 15 fresh water
production method that is characterized by a washing method of the MF/UF membrane module in the
above-mentioned fresh water production method, and relates to a fresh water production apparatus
capable of periopmuRgHE MBlEHEGKably. BACKGROUND ART 20[0002] In water treatment
applications such as water and sewage, and drainage treatment, a membrane filtrgmﬁod for

converting fRESH WaAEBy GEPHIRHhbl QR Vi Wriﬁ@ﬁ%& S ne has

recentlé grown p&rﬁgjlar. Although substances to be removed with the membrane vary depending on
the kinél of &atbrane, the substances generally include suspended substances, bacteria, protozoa
and colloidal substances, in the case of the MF/UF membrane. Further, in the case of

TECHNICAL FIELD

[0001]

The present invention relates to a fresh water production method comprising

10  membrane-filtering raw water with a microfiltration/ultrafiltration membrane
(hereinafter referred to as MF/UF membrane) module and membrane-filtering the
membrane filtrate thereof with a semipermeable membrane unit provided with a reverse
osmosis membrane (RO membrane) or a nanofiltration membrane (NF membrane), and

a fresh water production apparatus. In particular, the present invention relates to a

15  fresh water production method that is characterized by a washing method of the MF/UF
membrane module in the above-mentioned fresh water production method, and relates

to a fresh water production apparatus capable of performing the method suitably.

BACKGROUND ART

20 [0002]

In water freatment applications such as water and sewage, and drainage
treatment, a membrane filtration method for converting to clear water by separating and
removing impurities in raw water with a membrane has recently grown popular.
Although substances to be removed with the membrane vary depending on the kind of

95  membrane, the substances generally include suspended substances, bacteria, protozoa

and colloidal substances, in the case of the MF/UF membrane. Further, In the case of



the reverse osmosis membrane (RO membrane) or the nanofiltration membrane (NF membrane)
(these are hereinafter referred together to as a semipermeable membrane), the substances include
soluble organic substances, viruses and ionic substances. [0003] 5A method for producing clear water
by filtering raw water with the MF/UF membrane and thereafter treating the filtrate with the
semipermeable membrane is called an IMS process (see Non-Patent Document 1). [0004] In the case
where a filtration operation of the MF/UF membrane is performed, 10 the deposit of fumic materials,
proteins otttbadikesencamsusfacacatliraper@®diamatdrsafthe ME/uRfidmbienemsheasesdssociated
with filtration continuation, and an increase in transmembrane pressure becomes a problem. [0005]
There hasttivarblone)isesspardritergracirsaiefeaeshipaelirnis Ang SHrPgansibls RS Yor scraping
off deposited substances on the %]mbrane_surf ces by introducin .air.bubt?ltes to a primary side (feed
H § g ances
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mbranes. thé?eby Bringing the membranes into
contact Wif@&ﬁih other, or back-pressure washing for removing deposited substances deposited on
the membran€ surfaces or in the membrane pore diameters by allowing a membrane filtrate or clear

20 water to flow withpressure todhe.Mi/ Uk srembrapesincidireation eppasite tadilafion. Further, in
order to more enhance a washing effect, for example, in Patent Document 1, it is disclosed to add a

chlorine agenhBbiiek amdodicrenfiypochltnitette Hhtkpredturthwashingmwahlandao perform
back-pressure washing. The chlorine agent has an effect of decomposing and removing organic
materials sabhdeanfiMifcraeiesrisee SinreroEratP9euvsdtdroteins deposited on the membrane surfaces
or in the m[%%tﬁr}ane pores.

In the case where a filtration operation of the MF/UF membrane is performed,
10 the deposit of fumic materials, proteins or the like on a surface or in pore diameters of
the MF/UF membrane increases associated With.l filtration continuation, and an increase
in transmembrane pressure becomes a problem.
[0005]
There has therefore been put into practical use physical washing such as air
15  washing for scraping off deposited substances on the membrane surfaces by introducing
air bubbles to a primary side (feed water side) of the ME/UF membranes to vibrate the
membranes, thereby bringing the membranes into contact with each other, or back-
pressure washing for removing deposited substances deposited on the membrane
surfaces or in the membrane pore diameters by allowing a membrane filtrate or clear
20  water to flow with pressure to the MF/UF membranes in a direction opposite to
filtration. Further, in order to more enhance a washing effect, for example, in Patent
Document 1, it is disclosed to add a chlorine agent such as sodium hypochlorite to back-
pressure washing water and to perform back-pressure washing. The chlorine agent has
an effect of decomposing and removing organic materials such as fumic acid and
25  microbially-derived proteins deposited on the membrane surfaces or in the membrane

pores.



[0006] However, after the organic materials deposited on the surface of the MF/UF membrane
have been decomposed and removed, the chlorine agent remains in a pipeline on a secondary side
(filtrate side) of the MF/UF membrane module or in the 5 module. Accordingly, high levels of the
chlorine agent are often contained in the membrane filtrate immediately after resumption of filtration
with the MF/UF membrane. However, for example, with respect to the semipermeable membrane
provided on a downstream side of the MF/UF membrane, especially the semipermeable membrane
composed @i jpolyamide-based membrane material, oxidation degradation 10 of a separation
function layer occurs when coming into contact with the chlorine a%}eént. Therefare, in or?er to prevent

the semipermeabldoraTiirattctriin esaamisonderdrmrried 08 (48 sMbHeChdaRtdl the time of

resumption of the filtration with t%e MF/UF me bgg&%,vtréer%lls %legr nerfgrrgn%d a nglc?tgo% of thoroughly
washing JUETHE RAE/OF ST 1R SRBAERE viiRa rSA ARy SFEhe membrane filtrate to discharge the

washing 15, walero {6 auiside SLESYAIEMAof arRinad eiaping et ageRt such as

sodium thio e or sodium hydrogen sulfite to faw water to perform neutralization by reduction. For

example, jpfAatent Resyrnept, heradsdsoposed entind@hperiodiftailly sashirg drprirary side of
a membrane module with a bisulfate solution as a reducing agent, and in Patent Documents 3 and 4,
there is proposedna nfdthod oh20cdierély mifigbackupetsareolaShintjwithvathedbeintylageht. However,
these methods have a problem of an increase in cost due to chemicals and the like, and further, cause

a decreas@mieniate Ao ry PATB HBRIEN AW T TPREC AR CHISt SHIBI SIERaY SatRSmEEEent. [0007]

250n the other hand, in.the case where a filtrati peration using the semipermeable membrane is
performed?rﬁwvé?lg‘%g BB Do ?o%u/l?%g ST SRR o aBic

1pe .
N~ which i oorg nlsms%gt ﬁgve grown in raw

water or melgholies fhejelare: depnsiiedan, amembKANe:sUlaG Al (ha samiPeb gablsmembrane,

thereby causing deterioration in filtration performance or treatment performance. In order to avoid the
probjgm of thishinfasinguichien heen daavnipeaddeont noushiastiniindiiteilymbelglarine agent

such as sodium hypochlorite to semipermeable membrane feed water to

Therefore, in order to prevent the semipermeable membrane from oxidation degradation
due to the chlorine agent at the time of resumption of the filtration with the MF/UF
membrane, there is also performed a method of thoroughly washing out the ME/UF
membrane module with raw water or the membrane filtrate to discharge the washing

15 water to the outside of the system, or a method of adding a reducing agent such as
sodium thiosulfate or sodium hydrogen sulfite to raw water to perform neutralization by
reduction. For example, in Patent Document 2, there is proposed a method of
periodically washing a primary side of a membrane module with a bisulfate solution as
a reducing agent, and in Patent Documents 3 and 4, there is proposed a method of

20  performing back-pressure washing with a reducing agent. However, these methods
have a problem of an increase in cost due to chemicals and the like, and further, cause a
decrease in the water recovery ratio, depending on the concentration of the reducing
agent.
[0007]

25 On the other hand, in the case where a filtration operation using the

semipermeable membrane is performed, there is a problem of so-called biofouling in



perform sterilization. [0008] However, as described above, in the semipermeable membrane,
especially in the semipermeable membrane composed of the polyamide-based membrane material, 10
chemical degradation of the separation function layer occurs when coming into contact with the
chlorine agent. Therefore, for example, in Patent Document 5, there is performed a method of adding
a reducing agent such as sodium thiosulfate or sodium hydrogen sulfite before the semipermeable
membrane, after sterilization with a free chlorine agent, thereby performing neutralization by reduction
to preventaigatiaicibgegisdatidnohthe semipermesiie wismbraneckbalieer thaisrhetifod cannot
sufficiently inhibit growth of the microorganisms, and the semipermeable membrane is contaminated

by the occlapesitesiofthe blefobiling. SR ETHIdhs SPEsPEFBFaboh MElAIRH RSy ISEormance

has failed to be sufficiently solved. 20 BACKGROUND ART DOCUMENT PATENT D MENT
[0009] PafsiFEBRHAREW: TR0 PBEIFEaEs P REHTI BRI SP_A 868 ?ﬁé%ﬁﬁﬁ%%]ﬁatent

Ot B BB RO e Renp s Do
5  chlorine agent such as sodium hypochlorite to semipermeable membrane feed water to
perform sterilization.
[0008]
However, as described above, in the semipermeable membrane, especially in
the semipermeable membrane composed of the polyamide-based membrane material,
10 chemical degradation of the separation function layer occurs when coming into contact
with the chlorine agent. Therefore, for example, in Patent Document 5, there is
performed a method of adding a reducing agent such as sodium thiosulfate or sodium
hydrogen sulfite before the semipermeable membrane, after sterilization with a free
chlorine agent, thereby performing neutralization by reduction to prevent oxidation
15 degradation of the semipermeable membrane.  However, this method cannot
sufficiently inhibit growth of the microorganisms, and the semipermeable membrane is

contaminated by the occurrence of the biofouling. The problem of deterioration in

water permeability performance has failed to be sufficiently solved.

20 BACKGROUND ART DOCUMENT
PATENT DOCUMENT
[0009]
Patent Document 1: JP-A-2001-79366
Patent Document 2: JP-A-2006-305444
25  Patent Document 3: JP-A-2008-29906

Patent Document 4: Japanese Patent No. 3380114



[0010] 5 Non-Patent Document 1: Hiroyuki Yamamura, "Present Situation and Future Problems of
Membranes for Effective Utilization Systems of Water Resources”, Membrane, vol. 28, No. 5, p. 235,
The Membrane Society of Japan SUMMARY OF THE INVENTION 10 PROBLEMS THAT THE
INVENTION IS TO SOLVE [0011] An object of the present invention is to provide a fresh water
production method and a fresh water production apparatus, by which oxidation degradation of a
semipermeable membrane and biofouling growth can be prevented, and an increase in 15 cost due to
chemicalspanathe bk eansbePaxoiderl] 3as fresh water production method comprising
membrane-filtering raw water with a MF/UF membrane module and membrane-filtering the membrane
filtrate with a semipermeable membrane unit provided with a reverse osmosis membrane (RO
membran’a?g}gr a nanofiltration membrane (NF membrane). 20 MEANS FOR SOLVING THE
PROBLEMSNOE ENT DR/ MER solve the above-mentioned problems, the fresh water production
method azﬁ t&ifresh water production apparatus of the present invention has any one of 25the
following g teristics: (1) A fresh water production method including membrane-filtering raw water

With 5 Non-Patent Document 1: Hiroyuki Yamamura, “Present Situation and Future Problems
of Membranes for Effective Utilization Systems of Water Resources”, Membrane, vol.

28, No. 5, p. 235, The Membrane Society of Japan

SUMMARY OF THE INVENTION
10 PROBLEMS THAT THE INVENTION IS TO SOLVE
©[0011]
An object of the present invention is to provide a fresh water production
method and a fresh water production apparatus, by which oxidation degradation of a
semipermeable membrane and biofouling growth can be prevented, and an increase in
15  cost due to chemicals and the like can be avoided, in a fresh water production method
comprising membrane-filtering raw water with a MF/UF membrane module and
membrane-filtering the membrane filtrate with a semipermeable membrane unit
provided with a reverse osmosis membrane (RO membrane) or a nanofiltration
membrane (NF membrane).
20
MEANS FOR SOLVING THE PROBLEMS
(0012}
In order to solve the above-mentioned problems, the fresh water production
method and the fresh water production apparatus of the present invention has any one of

25  the following characteristics:



a microfiltration/ultrafiltration membrane module, followed by performing membrane filtration with a
semipermeable membrane unit, in which the membrane filtration in the microfiltration/ultrafiltration
membrane module is temporarily interrupted, chlorine 5agent-containing water is fed from a secondary
side of the microfiltration/ultrafiltration membrane module to perform back-pressure washing of the
microfiltration/ultrafiltration membrane module, thereafter, an ammoniacal compound and/or an amino
group-containing compound are added to a primary side of the microfiltration/ultrafiltration membrane
module, agt) the mefikyanefdtratiatuin shertfmiciofitditigmuinafitretderimgmbraneteottiie is
resumed. (2) The fresh water production method according to (1), in which after the back- pressure

washing wittnibe GHretine slgentiameainmssirans: modsiforfallavsdrbie i I MBS A8 R as the
ammoniacal compound and/Qr the amino group-containing, campound are added to the primary side of
the microfm}gﬁ%@bWﬁhlﬁé?ﬂﬁpﬁ{g?ﬁﬁggn@?ﬁgﬁ&&%t’fg é%ll%lbn 5(%?%%3%881%@ aélrc])g/g} %18 amino
aroup-containing compatind,aie.Added e e serapdaryisde atibemicialivasion lkafitetion
membrané mo u]Ie, andut e membrane litration In the microfiltration/ultrafiltration membrane module is

resumed. () Thefashwapepiodueinimeiien asading fierelinartHidanvhichrafierithe
back-pressure washing with the chlorine agent-containing water is performed, and 20 before the

ammoniacaleaginpeund andide the amino grduprcontamikguomwpound wisehiieled tofthe pimary or
secondary side of the microfiltration/ultrafiltration membrane module, the microfiltration/ultrafiltration

membranenisoeliiieakonibjeafirabiin ekeEans e odalni RERAE MBrABIRAARRA LS MRS e fresh
water production method accordipg to any one of (1) to (3), i Qich 25afrt1eng§pe g%gkzﬂx%gesure
washing wifiitfle %‘hIGﬁﬁ’éoaﬁéﬁﬁb%?é%ﬁégmfé{@ﬂgsuéérégm%%g to & primary
microfiltration/ultrafiltration membrane module, and the membrane filtration in the
10 microfiltration/ultrafiltration membrane module is resumed.
(2} The fresh water production method according to (1), in which after the back-
pressure washing with the chlorine agent-containing water is performed, before or at the
same time as the ammoniacal compound and/or the amino group-containing compound
are added to the primary side of the microfiltration/ultrafiltration membrane module, an
15 ammoniacal compound and/or an amino group-containing compound are added to the
secondary side of the microfiltration/ultrafiltration membrane module, and the
membrane filtration in the microfiltration/ultrafiliration membrane module is resumed.
(3) The fresh water production method according to (1) or (2), in which after the
back-pressure washing with the chlorine agent-containing water is performed, and
20  before the ammoniacal compound and/or the amino group-containing compound are
added to the primary or secondary side of the microfiltration/ultrafiltration membrane
module, the microfiliration/ultrafiltration membrane module is subjected to back-
pressure washing with a membrane filtrate.
(4) The fresh water production method according to any one of (1) to (3), in which

25 after the back-pressure washing with the chlorine agent-containing water is performed,



thechlorineagent-containingwaterissubsequentlyheldinthe microfiltration/ultrafiltration membrane
module for a predetermined period of time. (5) The fresh water production method according to any
one of (1) to (4), in which air washing is performed during, before or after performing the
back-pressure washing 5 with the chlorine agent-containing water, or at least at one time during the
period of time for which the chlorine agent-containing water is held in the microfiltration/ultrafiltration
membrane module. (6) A fresh water production apparatus including: a microfiltration/ultrafiltration
membranehmoduwglosise mipgemeahiemiembraweatemit for treatisgquéittdate ohthe 10in  the
microfiltration/ultrafiltration membrane module; a back-pressure washing unit for feeding water from a
secondarysicie B thidondelpiidietinTomsiaksracoriasaly ‘gﬁé miedelsrainglaniehgeHPTeed unit for

feeding a chlorine agent to the water; and an ammoniacal compound and/ [ o.groHP-}(l:ontaining
compound féed untt frFéEMﬁ&ﬁﬂrﬁmﬁﬂéﬂﬁtﬁ%ﬁrﬂ%}ﬁ%&%ﬁ%w a%%ﬁ#ﬁ%sﬁ&%-éoﬁai%mg

compound (o e, primanchaside chibe misteflrationlyluafiration MemRianR modleip) The fresh
water proc?ﬁ%%aﬁ eirp]) aratus accor ing l%n})bg) inw |c% the appara%us further includes an ammoniacal

compeund.aneiar amineeraRnconiaining comaodndieadunitdes kedinganpammeniagalfcompound

and/or an amino group-containing compound to the secondary side of the microfiltration/ultrafiltration
membraneimedufer 20wBick hetfreshahatenprodpetiorvapparatus werording td¢d) ori(7), thewhich the
apparatus further includes a chloramine storage tank for storing a chloramine formed by a reaction of
the chlorineigyeiitraticniéafinsmadaredipe umritid/or the amino group-containing compound in the

water, a pipeline for connecting the secondary side of the microfiltratiop/ultrafiltratio mbrane
module ar&)(he chibriifithe §Wré’§‘éd?‘é‘f‘ﬂ€naﬁﬂp§r§@5iﬂécﬁﬁglﬂ% SoRHELS ﬁ%‘-‘%ﬁ8"éﬁ?’“ ?g%{%%éogtorage tank

and the prhr{le%r}%r%iigiee rcgotgu%e; a semipermeable membrane unit for treating a filtrate of the
10 microfiltration/ultrafiltration membrane module; a back-pressure washing unit for
feeding water from a secondary side of the membrane module to a primary side thereof;
a chlorine agent feed unit for feeding a chlorine agent to the water; and an ammoniacal
compound and/or amino group-containing compound feed unit for feeding an
ammoniacal compound and/or an amino group-containing compound to the primary
15  side of the microfiltration/ultrafiltration membrane module.
(7) The fresh water production apparatus according to (6), in which the apparatus
further includes an ammoniacal compound and/or amino group-containing compound
feed unit for feeding an ammoniacal compound and/or an amino group-containing
compound to the secondary side of the microfiltration/ultrafiltration membrane module.
20 (8 The fresh water production apparatus according to (6) or (7), in which the
apparatus further includes a chloramine storage tank for storing a chloramine formed by
a reaction of the chlorine agent and the ammoniacal compound and/or the amino group-
containing compound in the water, a pipeline for connecting the secondary side of the
microfiltration/ultrafiltration membrane module and the chloramine storage tank, and a

25  pipeline for connecting the chloramine storage tank and the primary side of the

semipermeable membrane unit.



semipermeable membrane unit. [00 13 Incidentally, in the present invention, the
"microfiltration/ultrafiltration membrane module" and the "MF/UF membrane module" mean "at least
one of the microfiltration membrane module and the ultrafiltration membrane module”. 5 Similarly, the
"ammoniacal compound and/or amino group-containing compound” means "at least one of the
ammoniacal compound and the amino group-containing compound”. ADVANTAGE OF THE
INVENTION 10[0014] According to the present invention, a MF/UF membrane module is
subjected {6(B&¢k-pressure washing with chlorine agent-containing water, and thereatfter,

membrane-filtered while adding an ammoniacal compound and/or an amino group-containing
compound to chlodRe¢gEMtcoritairiify wisssntermaiviifighin dhsipetirerefiliialbvdhtieailtstionle of the

MF/UF membrane module qr in ME embrgne module. The chlorine agent remaining in the
MFIUF maRPAFE GG SncFh et e BISTUBHEE 16 Skl Ehdsemy P L e
semipermegbisMEMBIANGUALLLE SHRsequenLatags cabeialiced inhis case, Alfoudh an
appropriate amount of the chloramine is present in feed water of the semipermeable membrane unit,

no freg chigikiieuis Preserhmmdtsesnioshyporidation dearadrtion Rile Seming" Gpembrane
can be prevented. Further, there is no necessity to use a reducing agent such as sodium thiosulfate or
sodium hysigeri‘sulfitest sathaif the amonntie dleciratizatio rewhste lignidcontaimiogthiaiablorine agent
and the reducing agent can be reduced. Furthermore, after the MF/UF membrane module has been
subjected ?éfﬂ’fé“ﬁﬁ%k-pressure washing with the 25chlorine agent-containing water, the chlorine
agent-containing water remaining in the pipeline on the secondary side of the membrane module or in

the membrane module is
ADVANTAGE OF THE INVENTION

10 [0014]

According to the present invention, a MF/UF membrane module is subjected to
back-pressure washing with chlorine agent-containing water, and thereafter, membrane-
filtered while adding an ammoniacal compound and/or an amino group-containing
compound to chlorine agent-containing water remaining in a pipeline on a secondary

15 side of the MF/UF membrane module or in the MF/UF membrane module. The
chlorine agent remaining in the MF/UF membrane module and the like can be converted
to a chloramine thereby, and a semipermeable membrane unit in a subsequent stage can
be sterilized. In this case, although an appropriate amount of the chloramine is present
in feed water of the semipermeable membrane unit, no free chlorine is present.

20 Accordingly, oxidation degradation of the semipermeable membrane can be prevented.
Further, there is no necessity to use a reducing agent such as sodium thiosulfate or
sodium hydrogen sulfite, so that the amount of neutralization waste liquid containing
the chlorine agent and the reducing agent can be reduced. Furthermore, after the
MF/UF membrane module has been subjected to the back-pressure washing with the

25  chlorine agent-containing water, the chlorine agent-containing water remaining in the

pipeline on the secondary side of the membrane module or in the membrane module is



reused for chloramine formation, thereby being able to reduce chemical (disinfectant) Cost. BRIEF
DESCRIPTION OF THE DRAWINGS 5[0015] [Fig. 1] Fig. 1 is a schematic view showing one
embodiment of a fresh water production apparatus of the present invention. [Fig. 2] Fig. 2 is a
schematic view showing another embodiment of a fresh water production apparatus of the present
invention. 10 MODE FOR CARRYING OUT THE INVENTION [0016] The present invention will
be described in more detail below based on embodiments shown in the drawings. Incidentally, it
should be rndedsfopditmiitiacl hpresent, inveatiphéngoitimite ddouthediaiaiving ésibfediaents. [0017]
The apparatus for producing fresh water according to the present invention is provided with, for
example, &9%hown in Fig. 1, a raw water storage tank 1, a raw water feed pump 2 for feeding raw
water, a raw water feed valve 3 opened at the time of 20 feeding the raw water, a hollow fiber
membrane module 4 (MF/UF membrane module) for filtering the raw water, a raw water pipeline 5

through Wiﬂ(ﬁ}é@%ﬁyd@ﬁr{@ﬁ 5@@%ﬁ%mé§torage tank 1 to the hollow fiber membrane

module 4 passes, an air vent valve 6 opene case of performing back-pressure washing or air
washigg, giiraie valve 7 opened at the time of filtration, a filtrate storage tank 8 for storing a 25hollow
fiber membrane filtrate, a filtrate pipeline 9 for sending the hollow fiber

[Fig. 1] Fig. 1 is a schematic view showing one embodiment of a fresh water

production apparatus of the present invention.

[Fig. 2] Fig. 2 is a schematic view showing another embodiment of a fresh

water production apparatus of the present invention.
10

MODE FOR CARRYING OUT THE INVENTION

[0016]

The present invention will be described in more detail below based on
embodiments shown in the drawings. Incidentally, it should be understood that the

I5  present invention is not limited to the following embodiments.
[0017]

The apparatus for producing fresh water according to the present invention is
provided with, for example, as shown in Fig. 1, a raw water storage tank I, a raw water
feed pump 2 for feeding raw water, a raw water feed valve 3 opened at the time of

20  feeding the raw water, a hollow fiber membrane module 4 (MF/UF membrane module)
for filtering the raw water, a raw water pipeline 5 through which the raw water fed from
the raw water storage tank 1 to the hollow fiber membrane module 4 passes, an air vent
valve 6 opened in the case of performing back-pressure washing or air washing, a
filtrate valve 7 opened at the time of filtration, a filtrate storage tank 8 for storing a

25  hollow fiber membrane filtrate, a filtrate pipeline 9 for sending the hollow fiber

membrane filtrate from the hollow fiber membrane module 4 to the filtrate storage tank



membrane filtrate from the hollow fiber membrane module 4 to the filtrate storage tank 8, a
semipermeable membrane unit 10 for treating the filtrate of the hollow fiber membrane module 4, a
semipermeable membrane feed water pipeline 11 through which the hollow fiber membrane filtrate
sent from the filtrate storage tank 8 to the semipermeable membrane unit 10 passes, a booster pump
12 for feeding the hollow 5 fiber membrane filtrate to the semipermeable membrane unit 10, a
backwash pump 13 for feeding the hollow fiber membrane filtrate to perform back-pressure washing of

the hollow fibgr mgmeranainoda dradaskwvashiyahealid onreegigithetine ofdhebatkpressure
washing, a backwash pipeline 15 through which the hollow fiber membrane filtrate fed from the filtrate

storage tanksiardhe inoliale fibersenaprinassdlmoduibrdrtOpabses;apiistbharbirtgreale ii®dpened in
the case of discharging water on a primary side of the hollow fiber membrane module 4, an air valve

17 openedtit thelkase bbssctmiergentpriabate sfto BaBwéihditisHOrinEsoIERSItErihdhsorane
module 4 to pelf, Il aif washing, a compressor 18 as a feed source . qf the compressed ajr, a chlorine
agent storfﬁ%‘iﬁ%@ r%ﬁﬁl&%ﬁc EI}?@ BY&ht: & g?f?)sﬁ%repaué%%t]f%eyqrp%r%g]ﬁgfo%& gg@&i‘ﬁg 15 the
chloring agent, 19, he bagkspiessuienashing WalsHIamammaniagal GaMPaNId(amina gpyp-containing

compound storage tank 21 for storing an ammoniacal compound ancUor an amino group-containing

compound fgnfamime Akagal Lo aBUNEaIiRS g MURtEon iainingrChRaRQIBsiee d ailunp 32der feeding
the ammoniacal compound and/or the amino group-containing compound to the feed water to the

hollow fibehaliem diberen2thooslerddahtdoacbpietisd valecsktbopdzay sidecthioreof, tin hmkoniacal
compound/amino group-containing compound feed valve 23a opened in the case of adding the

ammoniacAFeBHP Ot el P& w6 gFEnp-ES HERIAR tdrtboliid e Fhea Wambahthe hollow
e TR 0 3, Ml eI M S feppaund oo

Q
valve 23b e ammoniacal compoun

grou -&Ont%%&'%%]g%meﬁr%%?ﬁg;&%m%m@@imésgwpayséﬁ%gg{g%&@'5%@?&ﬁmemane

module 4. low fiber membrane module 4 may be an immersion type membrane

module thaiisHEnmpaesedistarmemianeanersian tank004he7rapenvatar theperdors fiediign filtration
with a pump, a siphon or the like, in addition to the pressure type 5 membrane module as shown in

Fig. 1. Furthenpiretiwel case aflthecpresturectitbe hodiowsrabe motbienit megubedate extérmalaressure
type or an internal pressure type. However, an external pressure type is preferred from the viewpoint
of simple pwb@gn@ngow@g_eg};or I8 as a feed source of the compressed air, a chlorine agent

storage tank 19 for storing a chlorine agent, a chlorine agent feed pump 20 for feeding
15 the chlorine agent to the back-pressure washing water, an ammoniacal compound/amino
group-containing compound storage tank 21 for storing an ammoniacal compound
and/or an amino group-containing compound, an ammoniacal compound/amino group-
containing compound feed pump 22 for feeding the ammoniacal compound and/or the
amino group-containing compound to the feed water to the hollow fiber membrane
20 module 4 and to a pipeline on a secondary side thereof, an ammoniacal
compound/amino group-containing compound feed valve 23a opened in the case of
adding the ammoniacal compound and/or the amino group-containing compound to the
feed water of the hollow fiber membrane module 4 and an ammoniacal
compound/amino group-containing compound feed valve 23b opened in the case of
25  adding the ammoniacal compound and/or the amino group-containing compound to the

pipeline on the secondary side of the hollow fiber membrane module 4.
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10A material of the membrane constituting the hollow fiber membrane module 4 is not particularly
limited, as long as it is porous. However, it is preferred to contain at least one selected from the group
consisting of inorganic materials such as ceramics, polyethylene, polypropylene, polyacrylonitrile,
ethylene-tetrafluoroethylene copolymers, polychlorotrifluoroethylene, polytetrafluoroethylene, polyvinyl
fluoride, 15 tetrafluoroethylene-hexafluoropropylene copolymers, tetrafluoroethylene-perfluoroalkyl
vinyl ether copolymers, chlorotrifluoroethylene-ethylene copolymers, polyvinylidene fluoride,
polysulfongpgediplose acetate, polyvinyl alcohol, polyethersulfone and polyvinyl chloride. Further,
polyvinylidene fluoride (PVDF) is more preferred in terms of membrane strength and chemical
resistance, and polJaciydioitrilElisrmora@epeaiardsttin teandofanghmmpdisphilicrytzaabstttng
resistance to staining. [0020] The surface pore diameter of the membrane constituting the hollow
fiber membFeElmBELIS IIEEBIEaM AURFR ife HMBISE 4h (BRRQh A At WRTEICIB PRI the range

of 0.001 to 10 Rm..The.membrane may be either the MF.membrane or the 25 UE membrane. [0021]
Eurther, th S%E}EJSTH@%%PA’}F«E‘ g Emn Or the hipe. mn acﬁg?on 10 %e TESS Q

MGt ’rr?a%}%e a module using a membrane, a tUBUAT membrane,

a monglith membrane orithe like aswell,ag;thejholiawfiber;menabrage mogile,fshownyinFig. |.

[0022] 5The filtration system in the MF/UF membrane module may be either a dead end filtration
system or gefessilowdillaaion sysiers. AMovwenan] pasadenpiltoation isyate psepseferrgstirom the

viewpoint of low energy consumption. Here, a filtration flow control method of a membrane filtration
apparatus Heydvereitnerxonsihmréionitatois arebnsdntrpre shgre firaion . i giyapisr reenstant flow
filtration is preferred
freatment.
[0019]
10 A material of the membrane constituting the hollow fiber membrane module 4
is not particularly limited, as long as it is porous. However, it is preferred to contain at
least one selected from the group consisting of inorganic materials such as ceramics,
polyethylene, polypropylene, polyacrylonitrile, ethylene-tetrafluoroethylene
copolymers, polychlorotrifluoroethylene, polytetraffuoroethylene, polyvinyl fluoride,
15 tetrafluoroethylene-hexafluoropropylene copolymers, tetrafluoroethylene-perfluoroalkyl
vinyl ether copolymers, chlorotrifluoroethylene-ethylene copolymers, polyvinylidene
fluoride, polysulfone, cellulose acetate, polyvinyl alcohol, polyethersulfone and
polyvinyl chloride. Further, polyvinylidene fluoride (PVDF) is more preferred in
terms of membrane strength and chemical resistance, and polyacrylonitrile is more
20 preferred in terms of high hydrophilicity and strong resistance to staining,
[0020]
The surface pore diameter of the membrane constituting the hollow fiber

membrane module 4 is not particularly limited, and can be expediently selected within

the range of 0.001 to 10 pm. The membrane may be either the MF membrane or the

25  UF membrane.

[0021]
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10in terms of ease of controlling the production water amount of the filtrate [0023] On the other
hand, the semipermeable membrane in the semipermeable membrane unit 10 is a membrane having
semipermeability, which allows some components in a mixed solution to be separated, for example, a
solvent, to permeate and 15 does not allow the other components to permeate, and includes a
nanofiltration membrane (NF membrane) and a reverse osmosis membrane (RO membrane). As
materials thereof, there have been commonly utilized polymer materials such as cellulose
acetate-based polyraetsrpalyanitieslpatyestesse palyinidemandbhdanyl podydudersiskgtherflas a
membrane structure thereof, there can be appropriately used 20 an asymmetric membrane having a
dense layemsmbiaieast whulsunsod it mentbidnacmb anemghaidksperascHavife dllrally larger
pore sizes from the dense layer toward the inside of the membrane or toward the other surface, a
composite HREBRERE HSRRH Gy dB S d8ation function layer formed by another material, on the
dense Iayeﬁn%fzgle asymmetric membrane, or the like. As membrane configuration, there are a hollow
25fiber membrane and a flat membrane. The present invention can be conducted regardless of these

membgane materialg, MaRRighe SHuatHeSANGFMEMBERNGseiguation.pnd allirtecllactive.
However, typical examples of the membranes include a cellulose acetate-based or polyamide-based

asymmetriemieiierane saseampositeone mbrafieridoing stapoly afidezase diardpolyuiidaabased
separation function layer, and the like. From the viewpoints of the produced water amount, durability

and 5 salt reisfovalsratifeited free thsovis wigeint efllalbsadestataaapiipasy gtetriciHEHstane or a
polyamide-based composite membrane. In parﬁtlikc}:&ular, the present invention is more suitgble for the

polyamide-Ha¥etrainlisariednb tniBRsaRe ib AT SHENASH J8gYatabnr RS aatation function
| is li (o} h ing Intg t wi ' . 4 ti
ayeris Ia%ﬁ%rgtiggc&rggngigrgo%g %E ﬁl&%ﬁ%%c ‘gkﬁ;&@@%&'ﬂ%ﬁ@?ﬂ%‘%’% AR89 prefeﬂ%% operation

pressure of the semipermeablé membrane unit 1 prefera rom 0.1 to 15 MPa, and is

apprapyiately wgd dependingArdhekind pldesdivaien-anrperetiommethed and the like. In the case

where water having a low osmotic pressure such as brine water or ultrapure water is used as the feed
water, it is (3@E$pt a relatively 15 low pressure. In the case of seawater desalination, drainage
treatment, recovery of usable materials or the like, it is used at a relatively high pressure.

On the other hand, the semipermeable membrane in the semipermeable
membrane unit 10 is a membrane having semipermeability, which allows some
components in a mixed solution to be separated, for example, a solvent, to permeate and

15 does not allow the other components to permeate, and includes a nanofiltration
membrane (NF membrane) and a reverse osmosis membrane (RO membrane). As
materials thereof, there have been commonly ufilized polymer materials such as
celiulose acetate-based polymers, polyamides, polyesters, polyimides and vinyl
polymers. Further, as a membrane structure thereof, there can be appropriately used

20  an asymmetric membrane having a dense layer on at least one surface of the membrane
and having micropores having gradually larger pore sizes from the dense layer toward
the inside of the membrane or toward the other surface, a composite membrane having a
very thin separation function layer formed by another material, on the dense layer of the
asymmetric membrane, or the like. As membrane configuration, there are a hollow

25  fiber membrane and a flat membrane. The present invention can be conducted

regardless of these membrane materials, membrane structures and membrane

12



[0025] The semipermeable membrane unit 10 provided with the nanofiltration membrane or the
reverse osSmosis membrane is not particularly restricted, but in order to 20 make handling easy, there
is preferably used a unit produced by putting a hollow fiber membrane type or flat membrane type
semipermeable membrane in a case to prepare a fluid separation element and mounting the element
in a pressure vessel. In the case of forming with the flat membrane, the fluid separation element is
generally, for example, one in which the semipermeable membrane is spirally wound around a
cylindrical 2bnfptestpipe dalisi meantieolas peHorated, togatiakrewithddionf phssagenaterial (net),
and commercially available products thereof include reverse osmosis membrane elements TM700

Series andiTIBB0 Serdbilmanasstindasy TnPHsUBHedHE ORETIRIEe pBIBIRMerAent may

constitute the semipermeable membrane ynit, apd.it is also preferred to connect.a rallt thereof in
series or in B%‘P@Tetén@é‘?%ﬁqﬂﬁrg‘?ﬁg‘gé%ﬁﬁwé' é] r?mrbpfrhéuﬁ?ﬁt %Tﬁgfg arauo?ﬁ%ﬁ%tﬁ 4 fresh

water prodyglion aRRaIalye, I sl hOg@&g&ar8§%g§g%g&mg@§@r@ﬁe'a&&%ﬁﬁwater storage

tank 1 is fedto the primary SI er mem raw wafer feed pump 2

in a state Vﬂaﬁr%ﬁﬂﬁzﬁﬁmwlﬁﬁi%@'f&@!é@t@ inopesedosnathepiessuresfiliatienahiiaehelow fiber
membrane module 10 4 is performed by opening the filtrate valve 7. It is preferred that the filtration

time is appoopriateissed deépsningrgo giealkibyrobthe: ravinwedet o it rétio pitasntHowentan the filtration
may be continued until reaching a predetermined transmembrane pressure. [0027] After temporarily
stored in tHadkrave s dge E%@@Xﬁ%@?é?ﬂ%ﬁéﬁ%ﬂ%ﬁ@%ﬁ%fﬁém@m fibeYHidnsdrEOmodule 4 is

raised in p ssure byt oster 12, an fedt semi erm e membrane unit 10. In the
semiperme ’é“i"ﬁ‘é?ﬂ?b? ﬁﬁ?{ai (EH Lf@‘étbo% slé%i?af’ea itb 4 %Qﬁpé%lﬁﬁatoeH?Sm which

solutes SUC&Q S ﬁ@gﬁl&r?le agent.
10 [0024]

The operation pressure of the semipermeable membrane unit 10 is preferably
from 0.1 to 15 MPa, and is appropriately used depending on the kind of feed water, an
operation method and the like. In the case where water having a low osmotic pressure
such as brine water or ultrapure water is used as the feed water, it is used at a relatively

15 low pressure. In the case of seawater desalination, drainage treatment, recovery of
usable materials or the like, it is used at a relatively high pressure.
[0025]
The semipermeable membrane unit 10 provided with the nanofiltration
membrane or the reverse osmosis membrane is not particularly restricted, but in order to
20  make handling easy, there is preferably used a unit produced by putting a hollow fiber
membrane type or flat membrane type semipermeable membrane in a case to prepare a
fluid separation element and mounting the element in a pressure vessel. In the case of
forming with the flat membrane, the fluid separation element is generally, for example,
one in which the semipermeable membrane is spirally wound around a cylindrical
25  center pipe having many holes perforated, together with a flow passage material (net),

and commercially available products thereof include reverse osmosis membrane
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removed and a concentrate in which the solutes such as the salts are concentrated. [0028] 20In the
present invention, for example, after the filtration operation as described above has been performed
for a predetermined period of time, the filtration in the hollow fiber membrane module 4 is temporarily
interrupted, and the back-pressure washing of allowing the washing water to flow back from a direction
opposite to the filtration direction to the hollow fiber membrane module 4 is performed. This washing
25can be performed while continuing the operation of the semipermeable membrane unit 10, but the
filtrate storetkindhe filtveterskyage 1ankid/ahall peivsechfonthertireatine Mdrthénsemifsrmeable
membrane unit 10 during that time. [0029] The back-pressure washing of the hollow fiber membrane
module 4 i$)5gbridmeraapsOppiry they recnsizater et pipapRablosimgienawniiated féed valve 3
and the filtrate valve 7 to stop the filtration process of the hollow fiber membrane module 4, opening

the air venBb VI eIFltife $RIRERRENPHRIEN 2hsisalofesatify the b ARk HD GRS A his time, the

chlorine agent P%}Q?é;b Ié)ringn ga%@t sntlx%rage tank 19 is fed to backwash water by the chlorine agent
feed pumpsf&,1 Hwere%y pe%rmlng the 10back-pressure washing of the hollow fiber membrane module

4 with ghlorigg ggent- containing water. [0030] The back-pressure washing of the hollow fiber
membrane module 4 is performed, for example, periodically in the course of continuing the membrane
In such a fresh water production apparatus, in a usual filtration process, the raw

water stored in the raw water storage tank 1 is fed to the primary side of the hollow
fiber membrane module 4 by the raw water feed pump 2 in a state where the raw water
feed valve 3 is opened, and the pressure filtration of the hollow fiber membrane module

10 4 is performed by opening the filtrate valve 7. It is preferred that the filtration time is
appropriately set depending on quality of the raw water or filtration flux. However,
the filtration may be continued until reaching a predetermined transmembrane pressure.
[0027]

After temporarily stored in the filtrate storage tank 8, the membrane filtrate of

15 the hollow fiber membrane module 4 is raised in pressure by the booster pump 12, and
fed to the semipermeable membrane unit 10. In the semipermeable membrane unit 10,
the feed water is separated into a membrane filtrate from which solutes such as salts are
removed and a concentrate in which the solutes such as the salts are concentrated.
[0028]

20 In the present invention, for example, after the filtration operation as described
above has been performed for a predetermined period of time, the filtration in the
hollow fiber membrane module 4 is temporarily interrupted, and the back-pressure
washing of allowing the washing water to flow back from a direction opposite to the
filtration direction to the hollow fiber membrane module 4 is performed. This washing

25  can be performed while continuing the operation of the semipermeable membrane unit
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15filtration, and the frequency thereof is usually about once per 15 to 120 minutes. [0031]

Further, the back-pressure washing using the chlorine agent-containing water may be applied at each
time of back-pressure washing. However, in order to reduce chemical costs or a risk of leaking of the
chlorine agent into the semipermeable 20 membrane unit 10 in a subsequent stage, it is not always
necessary to perform in the whole backwash process. It is preferred to perform at a frequency of
several times per day to about once per week. [0032] The time of back-pressure washing of two

kinds (backpregstHe fyashing Hging ak!mrehloidsRadent: OBERINKY Walehamtk hacknRigssire washing
using chlorine agent- free water) is not particularly limited, but each is preferably within the range of 5

to 120 setdwminerdble timelohonemhati-gresgubetviashing is less than 5 seconds, a sufficient
washing effect is not obtained. When it exceeds 120 seconds, the operation efficiency of the hollow
fiber memtbP4A&Imodule is decreased. Although the flux of the back-pressure washing is not

particularly Iimited,#fiﬁs re erablg 0.5 times or more 5t filtr?tii)on flux. When the flux of the
back-pressure wasHiSg FGSSL D K4THEE 1AL ANSatiSat 1P dRAELAEERsaREitl rdinove
contarinagiogs, 105 <R AcHU MUAletPRe HEB NG SUHAGE:GRUD Rafes s aleng! flux of the

back-pressure washing is better, because the washing effect of the membrane is enhanced. However,
it is appropridteh: Sekmithivatbe rargetbptGausingidMagesycT asdbreakagdibéthachihgllow fiber

membrane module vessel and cracks of the membrane. [0033]
module 4, opening the air vent valve 6 and the backwash valve 14, and operating the
backwash pump 13. At this time, the chlorine agent of the chlorine agent storage tank
19 is fed to backwash water by the chlorine agent feed pump 20, thereby performing the
10 back-pressure washing of the hollow fiber membrane module 4 with chlorine agent-
containing water.
[0030]

The back-pressure washing of the hollow fiber membrane module 4 is

performed, for example, periodically in the course of continuing the membrane
15 filtration, and the frequency thereof is usually about once per 15 to 120 minutes.
[0031]

Further, the back-pressure washing using the chlorine agent-containing water
may be applied at each time of back-pressure washing. However, in order to reduce
chemical costs or a risk of leaking of the chlorine agent into the semipermeable

20 membrane unit 10 in a subsequent stage, it 1s not always necessary to perform in the
whole backwash process. It is preferred to perform at a frequency of several times per
day to about once per week.

[0032]

The time of back-pressure washing of two kinds (back-pressure washing using

25  the chlorine agent-containing water and back-pressure washing using chlorine agent-

free water) is not particularly limited, but each is preferably within the range of 5 to 120
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As the chlorine agent, there can be used chlorine water obtained by dissolving sodium hypochlorite,
calcium hypochlorite or chlorine gas in water, or the like. Above all, sodium hypochlorite is preferred
from the viewpoints of its ease of use and cost. 15 Chlorine gas is dissolved in water to produce
hypochlorous acid (C12+H20->HC10O+HC1). In the case of chlorine gas, it is preferred that after liquid
chlorine stored in a pressure cylinder has been surely vaporized, highly-concentrated chlorine water is
produced by a metering injector and injected into the backwash water. A typical example of the

metering iRjeciRfsiS amilyasyUiminjectone Indbie priesios, a20ioh-Speedhwater &ikeam, isallowed to
flow in the injector, and chlorine gas is sucked and mixed by a negative pressure generated in a
narrowed poftiomthersbitg pfbuitce mighitgondenitéten thincimelsvHle rsombids, ighfedpoaivinjection
point. [0034 In the case of sodium hypochlorite, the concentration of the chlorine agent-

25containifigfifiatsy nthe hotan thecramgeibraevapduls tiotearrsdr niirasds herfiver oflowever, in
th t hi ter to which the chjorjne. nt h d is held in the holl
fber mem bIa (R NGHLTE A LR el LER 18 DrIEV bty o PEBURLD o 11858 WGP e reasons
for this are,{hat e, the chlogme, Agenk congant alion 15400 jow. e chiorine aggm i gl consumed

while the water to which the chlorine agent has been added is held inthe hollow fiber membrane
module 4, fiesuitingi b fufqilurestaisaéicianthueiainthe sashing efiachaod dhpodea thed
concentration is too high, cost for treating drainage increases. [0035] In order to enhance the
washing effestmitistgpfefemedangtihe chforinerageotcontdininiy shatdius aflthecthtb-pecheict in the

hollow fiber membrane module 4 for a ) _
washing 1s better, because the washing effect of the membrane is enhanced. However,

it is appropriately set within the range not causing damage such as breakage of the
10 hollow fiber membrane module vessel and cracks of the membrane.
f0033]

As the chlorine agent, there can be used chlorine water obtained by dissolving
sodium hypochlorite, calcium hypochlorite or chlorine gas in water, or the like. Above
all, sodium hypochlorite is preferred from the viewpoints of its ease of use and cost.

15 Chlorine gas is dissolved in water to produce hypochlorous acid
(Cl;¥HO0--»HCIO+HCH. In the case of chlorine gas, it is preferred that after liquid
chlorine stored in a pressure cylinder has been surely vaporized, highly-concentrated
chlorine water is produced by a metering injector and injected into the backwash water.
A typical example of the metering injector is a wet vacuum injector. In the injector, a

20 high-speed water stream is allowed to flow in the injector, and chlorine gas is sucked
and mixed by a negative pressure generated in a narrowed portion thereof to produce
highlt-concentrated chlorine water, which is fed to an injection point.

[6034]

In the case of sodium hypochlorite, the concentration of the chlorine agent-

25  containing water can be within the range of several to thousands of milligrams per liter.

However, in the case where the washing water to which the chlorine agent has been
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10 predetermined period of time, following the back-pressure washing with the chlorine
agent-containing water. The time for which the chlorine agent-containing water is allowed to be
contained in the hollow fiber membrane module 4 is preferably from about 5 to 180 minutes, and more
preferably from about 10 to 30 minutes. The reasons for this are that when the contact time is too
short, washing power becomes 15weak, and that when it is too long, the apparatus is stopped for a
longer period of time to cause a decrease in operation efficiency of the apparatus. [0036] Further,

in the caseadthera fauling Matesialsaiv«depasiet anbédeumidaedirthawremrangsaface or in the
pores, it is preferred that the air washing valve 17 is 20 opened to feed compressed air of the
compressdrd8 abohe Hineaty0sidersfthe Hellovesibe rimetinisrarre thad dule thherdbyime dgrnbing air
washing in which the membrane is vibrated. The air washing is preferably perfonned during, before or

after perfofiffeERiFIpA AR IBrolatr 16 SRIGHBE SRR RHb s s ERMseaTiisole, whtsk teadhish i time

during the period of time for WhichdltEE chlorine agent-containing water is allowed to be held in 25the
oo fibet TRAIRD ST LTS o CHhE el d e OGN BT e DY OALS s membrane

modulg 4 apd g.al f&’%fﬁﬁicﬁﬁ?y'%Wﬁﬁrpf?{éi%s@lfiﬂ?%ﬁ@ﬂé?‘%{nﬁQﬁét%{&?@é‘%dﬂé@h‘}&ti%ﬁsiéjiSCharged

to the outside of the system through the air vent valve 6. In this case, the higher pressure of the
compressed.siii §s, ketefobeeaise dhanvgshingafiect of the membrane is enhanced. However, it is
appropriately set within the range not damaging the membrane. 5[0037] After the hollow fiber
membrand #ddlile 4 has been subjected to the back-pressure washing with the washing water to
which the chlorine agent has been added, the chlorine agent remains in the hollow fiber membrane

module 4 or in the [i5&flRk t8rethesscB AR iRtecbite hoT AR BB hRsh Bia S8 A BELAE Ut The residual

O e SR et 10 LI P e T e SO A IRanSd hlorine
compound 1h whiclrthe chitrife agentis present as hypochlorous aci &or a hypochlorite ion

(C104), whichyispipdueert By ASEAGIONO AReLNIRENE ASERLWIER Walkinandhos Steangiaterilizing
power and oxidizing power. Therefore, when usual filtration is resumed as such after the
back-pressigeswasiingniithiing. chibineiagefd which the chlorine agent-containing water is
allowed to be contained in the hollow fiber membrane module 4 is preferably from
about 5 to 180 minutes, and more preferably from about 10 to 30 minutes. The
reasons for this are that when the contact time is too short, washing power becomes
15  weak, and that when it is too long, the apparatus is stopped for a longer period of time
to cause a decrease in operation efficiency of the apparatus.
[0036]
Further, in the case where fouling materials are deposited and accumulated on
the membrane surface or in the pores, it is preferred that the air washing valve 17 is
20 opened to feed compressed air of the compressor 18 to the primary side of the hollow
fiber membrane module 4, thereby performing air washing in which the membrane is
vibrated. The air washing is preferably performed during, before or after performing
the back-pressure washing of two kinds described above, or at least at one time during
the period of time for which the chlorine agent-containing water is allowed to be held in
25  the hollow fiber membrane module 4. The water extruded to the primary side of the

hollow fiber membrane module 4 and the air fed from the lower portion of the hollow

17



15 containing water, the free chlorine flows into the semipermeable membrane unit 10 in the
subsequent stage to cause a concern that oxidation degradation of the semipermeable membrane will
occur. When the semipermeable membrane is oxidized and degraded by the free chlorine, the quality
of the permeated water obtained from the semipermeable membrane is also deteriorated. 20[0038]

In the present invention, therefore, the ammoniacal compound and/or the amino group-containing
compound are added to the primary side of the MF/UF membrane module, and then, the membrane
filtration is fasumethbbByndoind do dhe diebahtatinets teadtedowitie thetamnhomigbaheomnponind and/or
the amino group- 25containing compound to be converted to combined chlorine, namely a chloramine.
The semip&rivedble mdhibeand dam iehstertpredrppinbecetoraramaedviiés sretanbrepdegitiation and
damage thereof [0039] For.example, in the embodimeni shown in Fig. 1, after tlﬂg back-pressure 5

washing of HEHEI6H-Rb AT PHERITRRE RS IS ARIANTS ~be%ﬁ‘¥8¥ﬁﬁn5té%ﬁﬁ&°ﬁ%? i mg“ﬁbnow fiber

membranet%qr%l% ﬁoia{gr% medtﬂ/py}%%%ggﬂg'the ammoniacal compound and/or the amino

group-containing tompoun %0 the raw water. More specifically, after the back-pressure washing and
the airswashjo ave been terminated, the air washing valve 17 is closed, and the discharging valve 16
is opened, thereby 10 performing a drainage process for discharging the fouling materials separated
from the membrane frfaee aritbthefinsidecai thamponeddnd flaatineein thijttidvofiher bagmbrane
module 4 to the outside of the system. After the termination of the drainage process, the discharging
valve 16 isiissets; washing reifheterdekia g afoentanthise Biocldaraapesn doakeranitisd,

group-containing compound feed valve 23a are gpened. The raw 1 ter pump 2 and the
ammoniacPe6 %‘Eﬁwﬁ%ﬁﬁimﬁﬁﬂlégﬁ?ﬁﬁﬂ %%Fﬁﬂ‘éﬂﬂarf’é’g 25F E{E’gtag}teg%f‘?ooﬁerform a

water feed grogess JTnery ANGF e RUMAL ide ALIBG Al ey eriane mpduif g been

filled to the upperqlmlt the water, the air vent valve 6 is closed and the filtrate valve 7 is opened to

resumg the,filtkation Awsessvalientheditratiorfosadiedetamained aadadofime dor amnoniacal 20
compound/amino group-containing compound feed valve 23a is closed, and the ammoniacal

compoundamipa:gdoirpebintaitiiaglconpoundnfesdppesaip 22 isypociddroffs thede B CENIrming to the
usual filtration process (filtration process in which the ammoniacal compound and/or the amino
group-contalmprj sttt fEFE novziahda)Prusednyap dvacHsn fbribe piiidasegale Yébeated.

25[0040 e
[ ] water, and has strong sterilizing power and oxidizing power. Therefore, when usual

filtration is resumed as such after the back-pressure washing with the chlorine agent-
15 containing water, the free chlorine flows into the semipermeable membrane unit 10 in
the subsequent stage to cause a concern that oxidation degradation of the
semipermeable membrane will occur.  When the semipermeable membrane is oxidized
and degraded by the free chlorine, the quality of the permeated water obtained from the
semipermeable membrane is also deteriorated.
20 {0038]

In the present invention, therefore, the ammoniacal compound and/or the
amino group-containing compound are added to the primary side of the MF/UF
membrane module, and then, the membrane filtration is resumed. By doing so, the
free chlorine is reacted with the ammoniacal compound and/or the amino group-

25  containing compound to be converted to combined chlorine, namely a chloramine.
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By doing as described above, the chlorine agent that has been present in the hollow fiber membrane
module 4 is converted to the chloramine, and the fouling materials of the semipermeable membrane
unit 10 can be decomposed and removed while preventing degradation and damage of the
semipermeable membrane in the 5subsequent stage. Incidentally, the sterilizing power of the
chloramine is about one- tenth compared with that of the free chlorine, and adverse effects thereof on
the semipermeable membrane is also far smaller than those of the free chlorine. [0041] The

chloraminesiay edoughly clagsitiechbiteardnorg asniei hldramite amtbaam i orgéasioeivaramine. The
former is formed by a reaction of the ammoniacal compound with chlorine, and the latter is formed by
a reaction dehedatminegldapapmtixning compound with chlorine. [0042] For example, when
the ammoniacal compound and the free chlorine in water 15react with each other, monochloramine
(NH2C1), didhidlamine (NHC12) and trichloramine (NC13) are formed according to the following

equations: [0043] [ggre @Xa]ﬁ];pie, in the embodiment shown in Fig. 1, after the back-pressure

5 washing of the hollow fiber membrane module 4 has been terminated, the filtration in
the hollow fiber membrane module 4 is resumed while adding the ammoniacal
compound and/or the amino group-containing compound to the raw water. More
specifically, after the back-pressure washing and the air washing have been terminated,
the air washing valve 17 is closed, and the discharging valve 16 is opened, thereby

10 performing a drainage process for discharging the fouling materials separated from the
membrane surface and the inside of the pores and floating in the hollow fiber membrane
module 4 to the outside of the system. After the termination of the drainage process,
the discharging valve 16 is closed, and the raw water feed valve 3 and the ammoniacal
compound/amino group-containing compound feed valve 23a are opened. The raw

15 water pump 2 and the ammoniacal compound/amino group-containing compound feed
pump 22 are actuated to perform a water feed process. Then, after the primary side of
the hollow fiber membrane module 4 has been filled to the upper limit with the water,
the air vent valve 6 is closed and the filtrate valve 7 is opened to resume the filtration
process. After the filtration for a predetermined period of time, the ammoniacal

20  compound/amino group-containing compound feed valve 23a is closed, and the
ammoniacal compound/amino group-containing compound feed pump 22 is turned off,
thereby returning to the usual filtration process (filtration process in which the
ammoniacal compound and/or the amino group-containing compound are not added).
Thus, the above-mentioned processes are repeated.

25 [0040]
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NE13-tHOCI-*NH2C1-1-H20 20NH2C1+HOC1,--+NHC12+H20 NHC12+HOCI->NC13+1-120 [0044]
Dichloramine is stronger in sterilizing power than monochloramine, and trichloramine has no sterilizing
power. The formation ratio of these chloramines 25varies under influences such as the concentration
of the free chlorine, the concentration of the ammoniacal compound, and the kind and pH thereof
[0045] For example, when the pH is less than 7.5, the formation ratio of dichloramine increases,
and when the pH is within the range of 7.5 to 8.5, almost all become monochloramine. Accordingly, the

pH at the time of thgyepgtigndsiRisfaiabibwitinethg sane & 8l TiR B3, 1rRd @Qﬁ%r@fﬁi‘%%bw within
the range of 8.0 to 8.5. As a adjuster, there is generally used sulfuric acid, sodium hydroxide or

calcium hydooikide fidawsatbtherencadubiséd be csedydirochlaricldeidpoxaliaatithgpdbadisigim
hydroxide, sodium bicarbonate or the like. [0046]
materials of the semipermeable membrane unit 10 can be decomposed and removed
while preventing degradation and damage of the semipermeable membrane in the
5  subsequent stage, Incidentally, the sterilizing power of the chloramine is about one-
tenth compared with that of the free chlorine, and adverse effects thereof on the
semipermeable membrane is also far smaller than those of the free chlorine.
[0041]
The chloramines are roughly classified into an inorganic chloramine and an
10 organic chloramine. The former is formed by a reaction of the ammoniacal compound
with chlorine, and the latter is formed by a reaction of the amino group-containing
compound with chlorine.
[0042]
For example, when the ammoniacal compound and the free chlorine in water
15 react with each other, monochloramine (NH»Cl), dichloramine (NHCI;) and
trichloramine (NCl;) are formed according to the following equations:
[0043]
fChem. 1]
NH;+HOCI—-»NH;Cl+H,0
20 NH,CI+HBOCI-»NHCl,+H,0
NHCL+HOCI->NClL+H0
[0044]
Dichloramine is stronger in sterilizing power than monochloramine, and
trichloramine has no sterilizing power. The formation ratio of these chloramines

25  wvaries under influences such as the concentration of the free chlorine, the concentration

of the ammoniacal compound, and the kind and pH thereof.
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10A decrease in the residual chlorine concentration is observed from the point of time when the
ammoniacal compound is added to the residual chlorine so that "NH3/CI2 (weight ratio)" becomes 1/5
to 1/4 times. It is therefore preferred that the ammoniacal compound is added so that "NI43/C12
(weight ratio)" becomes 1/5 times or less. Further, when "NH3/CI2 (weight ratio)" becomes less than
1/9 times, trichloramine 15 having no sterilizing power is formed. It is therefore more preferred that the
ammoniacal compound is added so that "NH3/C12 (weight ratio)" becomes 1/9 to 1/5 times. [0047]
The ammom'ggg. compound means a compound having an ammonium ion, and 20 preferred examples
thereof include ammonium sulfate, ammonium chloride and aqueous ammonia. Above all, ammonium
sulfate that is a typisl situeges felttizae isreasibsavailablg, ahd inotetorefetied! [@O04BFamine The
amino group (-NH2)-containing compound means an amine that is a 25compound in which one or
more hydrdgetsastsmandf arhenoflia afé substibitethitarspdrdcdrbdn gréumsmanst ah Apsiseacid that is
a compound having both functional_groups of an aming group (-NH2) and a cgtr?l%g@yl group (-COOH).

The amine BEPEEARIGroupscoriiiEHgeo RIS GARE O s BegATHRR ARk HicH e hydrogen
t ial itut ith.a hyd b d inedn which t
atom & aMoniae SEoSTecmit a0X e 9RRtaR SR ReeaNdaty aRipegn which fup are

substituted, And & ter iary amine’in which three aresu ute nown at reactable with the
free chloringtasfarmuihe ehlraming isdheRimany.Ql, seenndaryRirine. A2 aduiinhieiexamaple of the

amine, the primary or secondary amine is preferred, and the amine such as methylamine that forms
the stable ¢iMoravsineharid daes nobeawse laybreekpointasdctionlis mukepprefeivadhGirtahle examples
of the amino acids include taurine, glycine, alanine, glutamic acid, aspartic acid, sulfamic acid,
sodium bicarbonate or the like.
[0046]
10 A decrease in the residual chlorine concentration is observed from the point of
time when the ammoniacal compound is added to the residual chlorine so that “NH3/Cly
(weight ratio)” becomes 1/5 to 1/4 times. It is therefore preferred that the ammoniacal
compound is added so that “NHs/Cly (weight ratio)” becomes 1/5 times or less.
Further, when “NHy/Cl; (weight ratio)” becomes less than 1/9 times, trichloramine
15 having no sterilizing power is formed. It is therefore more preferred that the
ammoniacal compound is added so that “NHs/Cl; (weight ratio)” becomes 1/9 to 1/5
times.
[0047]
The ammoniacal compound means a compound having an ammonium ion, and
20  preferred examples thereof include ammonium sulfate, ammonium chloride and
aqueous ammonia. Above all, ammonium sulfate that is a typical nitrogen fertilizer is
easily available and more preferred.
[0048]
The amino group (-NHy)-containing compound means an amine that is a

25 compound in which one or more hydrogen atoms of ammonia are substituted with

hydrocarbon groups, and an amino acid that is a compound having both functional
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10 serine, threonine, tyrosine and hydroxyproline. Above all, taurine, glycine, alanine, glutamic acid
and aspatrtic acid, which have hitherto been used as agents for removing free chlorine in water, are
more preferred. [0049] In order to efficiently consume the chlorine agent in the pipeline on the 15
secondary side of the hollow fiber membrane module 4, it is preferred to open also the ammoniacal
compound/amino group-containing compound feed valve 23b before or at the same time as the raw
water feed valve 3 and the ammoniacal compound/amino group-containing compound feed valve 23a

are openegr&y¢lofMghsonthe grampoPiaEs) entnpeurdahinogiquoeoiiainifgcampoundiare surely fed
into the pipeline on the 20 secondary side of the hollow fiber membrane module 4 at the point of time
when the filtrdtiooracesstining lsollanveibkinvlodsisrarsimeduksins fesyhiedd ose thalrttaschlorine
agent in the pipeline on the secondary side can be efficiently consumed. [0050] . Further, in the

case wherBitH W ASHRHdtesUBsiHEr tthchbHisecathot HOLPShERIPUHIL A1 BV be held in

the hollow flher, nembyane nody 4.gfter the badk- presswe.washing, tis morepreferieg that the
ammoniacal compound/aming group- containing compound feed valve IS opened, and that the

ammoniacal £95POUNARMIRQ-GLRL RITORIRIRING SR TRQUMNCH ISaHPHMR PAisAetiatethibile the

chlorine agent-containing water is held for a predeteimined period of time, thereby reacting the
residual freentfdoring in theipigelioraaipibeosatanataiyesidravittithey ameamnidas earmpoind and/or
the amino group-containing compound. [0051]
preferred, and the amine such as methylamine that forms the stable chloramine and does
not cause a breakpoint reaction is more preferred. Suitable examples of the amino
acids include taurine, glycine, alanine, glutamic acid, aspartic acid, sulfamic acid,
10  serine, threonine, tyrosine and hydroxyproline. Above all, taurine, glycine, alanine,
glutamic acid and aspartic acid, which have hitherto been used as agents for removing
free chlorine in water, are more preferred.
[0045]
In order to efficiently consume the chlorine agent in the pipeline on the
15 secondary side of the hollow fiber membrane module 4, it is preferred to open also the
ammoniacal compound/amino group-containing compound feed valve 23b before or at
the same time as the raw water feed valve 3 and the ammoniacal compound/amino
group-containing compound feed valve 23a are opened. By doing so, the ammoniacal
compound/amino group-containing compound are surely fed into the pipeline on the
20  secondary side of the hollow fiber membrane module 4 at the point of time when the
filtration process in the hollow fiber membrane module 4 is resumed, so that the
chlorine agent in the pipeline on the secondary side can be efficiently consumed.
[0050]
Further, in the case where the washing water to which the chlorine agent has

25  been added is allowed to be held in the hollow fiber membrane module 4 after the back-

pressure washing, it is more preferred that the ammoniacal compound/amino group-
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Furthermore, in Fig. 1, mixed water of the chlorine agent remaining in the hollow fiber membrane
module 4 and in the pipeline on the secondary side and the water containing the ammoniacal
compound and/or the amino group-containing 10 compound is directly fed to the filtrate storage tank
8. However, as exemplified in Fig. 2, it is also preferred to provide a chloramine storage tank 26
between the hollow fiber membrane module 4 and the semipermeable membrane unit 10, for the
purpose of sufficiently reacting the chlorine agent with the water containing the ammoniacal compound

and/or the amiRREOURaRiaHingeampalvad. Ipsidentalitnthe chipramine i& Steragaiank 26 is
connected to the filtrate pipeline 9 corresponding to the secondary side of the hollow fiber membrane
module 4 andithertdekviias zmpetirmerthihgooghbyp adssdinmata ahdsa dvjypdss, linbikSbheespectively,
and connected to a primary side of the seméggrmeable membrane unit 10 through a chloramine feed

pipeline 28°lj50Be] 22shsentalipanetit aietelh oy % Riedelgraigd Bty dHa and/or
25b are opened to %Ilow th(g nlix[ﬁed Wf% er .of the ﬁlhlorlnela ent and the water co tainiqg tti?le
ammoniacé?ac%%o hd EhG78r the%a 05%?01%-08@5%5% C Iﬁwpoeunsgct(c))n &'&iSred once in‘the
chloramine sipiae:ak ABdHHAUAR A1 RYRARY In6S 20 ARt eahplipieby sufficiently reacting the
residual free chlorine with the ammoniacal compound and/or 25the amino group-containing
compound{ksgreafter, using a chloramine feed pump 27, the chloramine is fed from the chloramine
storage tank 26 to the semipermeable membrane feed water pipeline 11 through the chloramine feed
pipeline 28. [0053]Hnuitentatky, in iftgoducingethevmixedfWatecldbthe cionineagentand the water 5
containing the ammoniacal compound and/or the aming group-containing compound to the chloramine
storage tarliob®) i Rsadhembiantn B pplss fRé I5ABraRNEE FEnhemede bipdined Md the

bypass line 2?9 brar][ghel\d frcgﬂé the backwa§h pipeline 15 r‘%@/r ba{selected and used. However, it is
rom

preferred t¢ fed e ABGVe-menfiShed Miked wa Orué]tdle%% %e38'§}6185§ﬁf)ﬁlé) "fgg%lrnalﬁ%hed from

the bagkwash pingling d5do}Quhishiba residualirasiiaina sansentatian i iakls ip pgcome high
to the chloramine
2, it is also preferred to provide a chloramine storage tank 26 between the hollow fiber
membrane module 4 and the semipermeable membrane unit 10, for the purpose of
sufficiently reacting the chlorine agent with the water containing the ammoniacal
compound and/or the amino group-containing compound. Incidentally, the chioramine

15 storage tank 26 is connected to the filtrate pipeline 9 corresponding to the secondary
side of the hollow fiber membrane module 4 and the backwash pipeline [5 through a
bypass line 25a and a bypass line 25b, respectively, and connected to a primary side of
the semipermeable membrane unit 10 through a chloramine feed pipeline 28,

[0052]

20 Specifically, the filtrate valve 7 is closed, and a bypass line valves 24a and/or
25b are opened to allow the mixed water of the chlorine agent and the water containing
the ammoniacal compound and/or the amino group-containing compound to be stored
once in the chloramine storage tank 26 through the bypass lines 25a and/or 25b, thereby

sufficiently reacting the residual free chlorine with the ammoniacal compound and/or

25  the amino group-containing compound. Thereafter, using a chloramine feed pump 27,
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storage tank 22. [0054] Further, sewage, agricultural drainage or the like or treated water thereof
may be added as an alternative for the ammoniacal compound and/or the amino group- 15 containing
compound. However, in the case where the treated water is added to the pipeline on the secondary
side, in order to prevent suspended matter from flowing into the semipermeable membrane unit in the
subsequent stage, a membrane filtrate obtained by subjecting sewage, agricultural drainage or the
like, or treated water thereof to MF/UF membrane filtration is preferred. From the viewpoint of reuse, a

concentraten2Oggseraied af the timeavhen dikabore-siaatenediIMEURL nemiyansefillatgds treated
by the semipermeable membrane unit is more preferred. [0055] Gas such as ammonia gas may

be blown imeititedonerdorion o thiad bl chvditghr theerhloransmm dehd eipéhisteadl of air. 25[0056]
Incidentally, a DPD method, an electrical current method, an absorption spectrophotometric method
and the liké® ised for measurement of the chloramine concentration and the free chlorine
concentration. The chlgra ine.cance tratior(]ican be determi aéj b de.terminin%ﬁge total chlorine

fi

concentration that @cé ¢Ofibindd @%8 e @%W%(Fﬂ'u\g%ﬁﬁo n E%H]ceeﬁg%tti aW& #&%ree chlorine
concegtration and-suiraging he free chianne.cancenl aHanram that conceRtrlionsangxample,

water sampling is performed from the semipermeable membrane feed water pipeline 11, and the total

chlorine comeaitiatanmnddhgdreselorinel eancentting 63nRe meassuadhyibe PR tmethod and
the electrical current method under usual measurement 10 conditions, or the total chlorine and free

chlorine conlderitrpiieohsaca ik threbgereding 3 domtinaws favto thatiecheashnimpelnstrifmeat using the
absorption spectrophotometric method.
be selected and used. However, it is preferred to feed the above-mentioned mixed
water at least from the bypass line 25b branched from the backwash pipeline 15 in
10 which the residual free chlorine concentration is liable to become high to the chloramine
storage tank 22,
[0054]
Further, sewage, agricultural drainage or the like or treated water thereof may
be added as an alternative for the ammoniacal compound and/or the amino group-
15  containing compound. However, in the case where the treated water is added to the
pipeline on the secondary side, in order to prevent suspended matter from flowing into
the semipermeable membrane unit in the subsequent stage, a membrane filtrate obtained
by subjecting sewage, agricultural drainage or the like, or treated water thereof to
MF/UF membrane filtration is preferved. From the viewpoint of reuse, a concentrate
20 generated at the time when the above-mentioned MF/UF membrane filtrate is treated by
the semipermeable membrane unit is more preferred.
[0055]
Gas such as ammonia gas may be blown into the lower portion of the hollow

fiber membrane module 4 instead of air.

25 [0056]
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[0057] In the case of the continuous automatic measuring instrument, the free chlorine 15
concentration and the chloramine concentration are monitored to take action so as to be maintained
within given ranges by measuring the free chlorine concentration using, for example, a free chlorine
densitometer 29a mounted in the filtrate storage tank 8, a free chlorine densitometer 29b mounted in
the filtrate pipeline 9, a free chlorine densitometer 29c mounted in the semipermeable membrane feed
water pipeline 11, a 20 free chlorine densitometer 29d mounted in the backwash pipeline 15, a free

chlorine densitometgs;2de MOURadin a-RyRags ine 2aaiAnchRg:from e itiae, piggins,9. a free

chlorine densitometer 29f mounted in the bypass line 25b branched from the backwash pipeline 15, a

free chloringdengtomneatenkOgdadniad imdhekehiesamiderstonagedankedd ehthéhenlikkandng measuring
the chloramine concentration using a 25chloramine densitometer 30a mounted in the semipermeable
membranecfewdiratem gipdlihe figcastdcainhloransitieatiensitdie @ eopime woretiiraHerchioramine
storage tank 26. [0058] When the free chlorine concentration in the semipermeable membrane feed 5

water is hi§ief SHAMBEL RYgActereiaiigathonotth o R EH FRgichebrithe SHRiSRdneable

memb§aneé Further,.it is %%ferreld that the chloramine a(‘:no({mﬁ%t{atlo n the semilsgfr eable,membrane

feed water 18 SajLStad tS 0 D1 105 M- WHER Tha chioramine el i) mg/l,

biofouling capnatig, sficirstiviniintedaredwReA hetMALRBIR SARGRIHIatos) iIS.hightt than 5

mg/I, there is a 10 concern of oxidation degradation of the semipermeable membrane. A method for
adding thewilarsmiptrg ihpcsmipdrieahle neniana beethwabesodycbevaitigrigdittinlnus addition
or intermittent addition. EXAMPLES 15[0059]
and the total chlorine concentration and the free chlorine concentration can be measured
by the DPD method and the electrical current method under usual measurement
10 conditions, or the total chlorine and free chlorine concentrations can be measured by a
continuous automatic measuring instrument using the absorption spectrophotometric
method.
[0057]
In the case of the continuous automatic measuring instrument, the free chlorine
15  concentration and the chloramine concentration are monitored to take action so as to be
maintained within given ranges by measuring the free chlorine concentration using, for
example, a free chlorine densitometer 29a mounted in the filtrate storage tank 8, a free
chlorine densitometer 29b mounted in the filtrate pipeline 9, a free chlorine
densitometer 29c mounted in the semipermeable membrane feed water pipeline 11, a
20  free chlorine densitometer 29d mounted in the backwash pipeline 15, a free chlorine
densitometer 29¢ mounted in a bypass line 25a branched from the filtrate pipeline 9, a
free chlorine densitometer 29f mounted in the bypass line 25b branched from the
backwash pipeline 15, a free chlorine densitometer 29g mounted in the chloramine

storage tank 26 and the like, and measuring the chloramine concentration using a

25  chloramine densitometer 30a mounted in the semipermeable membrane feed water
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The present invention will be described below with reference to specific examples, but the present
invention is not construed as being limited by these examples in any way. [0060] 20<Transmembrane
Pressure> For each of the hollow fiber membrane module and the semipermeable membrane unit,
a pressure gauge was mounted on each of a membrane feed water side and a membrane filtrate side,
and calculation was made by subtracting the pressure on the membrane filtrate side from the pressure
on the feed water side. 25[0061] <Desalination ratio> The electric conductivity of the membrane

feed water gf,the S¢MIDerMeRBIS MEMRARE MBILAREHING GIRE 1 GROHEIMI Qf thspemprane filtrate

were measured, and the desalination ratio was calculated according to the following eéquation:
Desalinatiopsratio (TDS removal ratio) (%)={1-(electric conductivity (TDS 5concentration) of membrane
filtrteelectric conductivity (TDS concentration) of membrane feed water)} x100 [0062] <Recovery
Ratio>  [0038]

When the free chlorine concentration m the semipermeable membrane feed

5 water is higher than 0.01 mg/l, there is a concern of oxidation degradation of the
semipermeable membrane. Further, it is preferred that the chloramine concentration in

the semipermeable membrane feed water is adjusted to 0.01 to 5 mg/l. When the
chloramine concentration is less than 0.01 mg/l, biofouling cannot be sufficiently
inhibited, and when the chloramine concentration is higher than 5 mg/l, there is a

10 concern of oxidation degradation of the semipermeable membrane. A method for
adding the chloramine to the semipermeable membrane feed water may be either

continuous addition or intermittent addition.

EXAMPLES
15 [0059]

The present invention will be described below with reference to specific
examples, but the present invention is not construed as being limited by these examples
in any way.

[0060]
20 <Transmembrane Pressure>

For each of the hollow fiber membrane module and the semipermeable
membrane unit, a pressure gauge was mounted on each of a membrane feed water side
and a membrane filtrate side, and calculation was made by subtracting the pressure on
the membrane filtrate side from the pressure on the feed water side.

25 [0061]

<Desalination ratio>
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The recovery ratio in the hollow fiber membrane module was calculated from 10 the amount of feed
water to the hollow fiber membrane module, the amount of the filtrate obtained from the hollow fiber
membrane module and the drainage amount of the hollow fiber membrane module. Further, the
recovery ratio in the semipermeable membrane unit was calculated from the amount of feed water to
the semipermeable membrane unit, the amount of the filtrate obtained from the semipermeable
membrane 15unit and the amount of concentrate. [0063] <Example 1> Fresh water was produced

using an apparatus'haurgtihe eansidition shawneritigade Z8{0064kr of thbatisiiRsayaas the hollow
fiber membrane module 4, there was used one pressure type hollow fiber membrane module
(HFU-202@)saidhr andsiibihvefidehO Fleneiniscndeanside of gulyviembiiuoridéhtyingrea maleoethr weight
cut-off of 150,000 Da and with 3 membrane area of 72 m2, manufactured by Toray Industries, Inc.,

and the 2578 IFASTIERRIATRS MiE tREHIRteH S FAVEnE it dBURNNE TR R vater feed pump 2
vas ottt snd e R LA doseer sTOC GemOump Cabotls
filtratign fleg efe iwateh i UBheh AHRRSTMIRELRSFR ERRMRN unigﬁ@st%&fcaﬁ%rﬁieﬁ?doiour
polyamide-based reverse osmosis membrane elements (TM820-400) manufactured by Toray
Industries nhembeaing fitsatvonsyds Erformed at a
[0062]
<Recovery Ratio>
The recovery ratio in the hollow fiber membrane module was calculated from
10 the amount of feed water to the hollow fiber membrane module, the amount of the
filtrate obtained from the hollow fiber membrane module and the drainage amount of
the hollow fiber membrane module. Further, the recovery ratio in the semipermeable
membrane unit was calculated from the amount of feed water to the semipermeable
membrane unit, the amount of the filtrate obtained from the semipermeable membrane
15 unit and the amount of concentrate,
[0063]

<Example 1>

Fresh water was produced using an apparatus having the constitution shown in
Fig. 1.

20 [0064]

That is to say, as the hollow fiber membrane module 4, there was used one
pressure type hollow fiber membrane module (HFU-2020) with a hollow fiber UF
membrane made of polyvinyl fluoride having a molecular weight cut-off of 150,000 Da
and with a membrane area of 72 mz, manufactured by Toray Industries, Inc., and the

25  raw water feed valve 3 and the filtrate valve 7 were opened. The raw water feed pump

2 was actuated, and seawater with a turbidity of 4 degrees, a TOC (Total Organic
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5membrane filtration flow rate of 60 m3/d, a condensate flow rate of 120 m3/d and a recovery ratio of
33%. [0065] During this period, filtration with the hollow fiber membrane module 4 was once
interrupted after continuous filtration for 30 minutes (filtration with the 10 semipermeable membrane
unit 10 was continued), and back-pressure washing was performed using chlorine agent-containing
water obtained by adding sodium hypochlorite in the chlorine agent storage tank 19 to a membrane
filtrate of the hollow fiber membrane module 4. Specifically, the raw water feed valve 3 and the filtrate
valve 7 wetandlospchandithagaw\Ratey fesd peatip@nvasrstoppel] Atiheasanbgetitaé toldetle backwash
valve 14, the air washing valve 17 and the air vent valve 6 were opened, and the backwash pump 13

and the chisdnBlagieon feed Bliraporotiverelatiaded tordbeic i dheyspainsimashik peasaERe washing at

a filtration flux of 3.3 m/d and air washing of feeding air at 100 1/min (QC, 1 atm.) from the lower
portion of twathbﬂow?rsewmsmﬁw@ﬁ)ﬁa%?ﬁ%ﬁﬁww SR LB AR the back-

20pressur ing-water atthis ti s. adjusted to Thereafter,
discharginzj‘\q/(gﬁveﬂl %a%%ﬁg%%%fegn%vvv\%{gﬁ#%%gﬁ8?@\%%%%%@%%%3 ?ﬁ§§%ﬁ§ﬂl{§§§aépégll
dischaggedeihgRuitsida:afiheosy seMme [ A*ZE Thepu dbssdischasg ng: Valverd6yias lgsed, and the

raw water feed valve 3 and the ammoniacal compound/amino group-containing compound feed valve
23a were recovery ratio of 33%.

[0065]
During this period, filtration with the hollow fiber membrane module 4 was
once interrupted after continuous filtration for 30 minutes (filtration with the
10 semipermeable membrane unit 10 was continued), and back-pressure washing was
performed using chlorine agent-containing water obtained by adding sodium
hypochlorite in the chlorine agent storage tank 19 to a membrane filtrate of the hollow
fiber membrane module 4. Specifically, the raw water feed valve 3 and the filtrate
valve 7 were closed, and the raw water feed pump 2 was stopped. At the same time,
15  the backwash valve 14, the air washing valve 17 and the air vent valve 6 were opened,
and the backwash pump 13 and the chlorine agent feed pump 20 were actuated to
concurrently perform back-pressure washing at a filtration flux of 3.3 m/d and air
washing of feeding air at 100 Vmin (0°C, 1 atm.) from the lower portion of the hollow
fiber membrane module, for 1 minute. The free chlorine concentration in the back-
20 pressure washing water at this time was adjusted to 10 mg/l.
10066]
Thereafter, the discharging valve 16 was opened, and water in the hollow fiber
membrane module 4 was all discharged to the outside of the system.
[0067]
25 Then, the discharging valve 16 was closed, and the raw water feed valve 3 and

the ammoniacal compound/amino group-containing compound feed valve 23a were
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opened. The raw water feed pump 2 and the ammoniacal compound/amino group-containing
compound feed pump 22 were actuated to feed the raw water into the hollow fiber membrane module
4 while adding ammonium chloride to the raw water. Thereafter, the filtrate valve 7 was opened, and
the air vent valve 6 was closed to 5perform dead end filtration for 30 seconds. At this time, ammonium
chloride in the raw water was adjusted to 2 mg/l. [0068] Thereafter, the ammoniacal
compound/amino group-containing compound feed pump 22 was stopped, and the ammoniacal
compound/siniige. groyp-eantainisg e¢ompeunchitethy alvgnddtawascolapetnd setivm geotipe usual
filtration process. Thus, the above-mentioned processes were repeated. [0069] As a result, the
hollow fiberenérnbrarempodalé 4 ahpyep 22 trans ranatiditre lsedsdgreavt wiisui®s kPaal®y 2 months,
compared with 35 kPa immediately after the 15 start of operation, and was relatively stably operated,

so that thelfdFa& KB HEeEsERYBEhEmtalcyaditing . HORABIN IR SRR rife dte E N e unit 10

was changed in desaljpation ratio gs stably as 99.6% after,2 maonths, compared with 99..7%
immediatel@géeﬁ%ar He fsagrﬁ(l)'f%%e\r%iixgnt?ﬁ\éstr() r%&dgr% fct}z!%lee parlés‘éﬁnrte %%l‘t’rgsé sgn%?péirons"l%dab?e

membgane it 10 wag asstakiedsabeunlel kR after 2,100RHhs camnanad with4002akPa

immediately after the start of operation. [0070] <Example 2>
raw water was adjusted to 2 mg/l.

[0068]
Thereafter, the ammoniacal compound/amino group-containing compound feed
pump 22 was stopped, and the ammoniacal compouhd/amino group-containing
10 compound feed valve 23a was closed to return to the usual filtration process. Thus, the
above-mentioned processes were repeated.
[0069]
As a result, the hollow fiber membrane module 4 showed a transmembrane
pressure of about 55 kPa after 2 months, compared with 35 kPa immediately after the
15  start of operation, and was relatively stably operated, so that there was no necessity of
chemical washing. Further, the semipermeable membrane unit 10 was changed in
desalination ratio as stably as 99.6% after 2 months, compared with 99.7% immediately
after the start of operation. The transmembrane pressure of the semipermeable
membrane unit 10 was as stable as about 120 kPa after 2 months, compared with 100
20  kPaimmediately after the start of operation.
[0070]
<Example 2>
Instead of ammonium chloride in Example 1, taunine as an amino group-
containing compound was added in the raw water to 2.5 wt%, followed by feeding to
25  the semipermeable membrane unit 10. Except for that, Example 2 was performed in

the same manner as in Example 1.
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Instead of ammonium chloride in Example 1, taunine as an amino group-containing compound was
added in the raw water to 2.5 wt%, followed by feeding to 25the semipermeable membrane unit 10.
Except for that, Example 2 was performed in the same manner as in Example 1. [0071] As a
result, the hollow fiber membrane module 4 showed a transmembrane pressure of about 65 kPa after
2 months, compared with 35 kPa immediately after the start of operation, and was relatively stably
operated, so that there was no necessity of 5 chemical washing. Further, the semipermeable
membranejogiti10 was changed in desalination ratio as stably as 99.4% after 2 months, compared
with 99.7% immediately after the start of operation. The transmembrane pressure of the
semipermeable meksbransutinithtOhntsvadibabiecadaivounddolkPa ditered moraspovmpeged with 100
kPa immediately after the start of operation. 10[0072] <Example 3> Example 3 was glerformed in
(4]

the same MERHEE &4 APE-AAdE A AidepPIRISNEOBUEF DAV BIbd e e HBtuFHiA i aidh
back esss R RS S e Mgl eeres B s gl s e
b". [0073] [B1Q6RSP a]ashing. Further, the semipermeable membrane unit 10 was changed in
desalination ratio as stably as 99.4% after 2 months, compared with 99.7% immediately
after the start of operation. The transmembrane pressure of the semipermeable
membrane unit 10 was as stable as about 130 kPa after 2 months, compared with 100
kPa immediately after the start of operation.
10 [0072]
<Example 3>
Example 3 was performed in the same manner as in Example [ except that one
out of 24 processes returning from the back-pressure washing process to the usual
filtration process in Example 1 was performed as the following “process a”, and that the
15 remaining 23 processes was performed as the following “process b”,
[0073]
[Process a}
(a-1) Back-pressure washing using chlorine agent-containing water obtained by
adding sodium hypochlorite in the chlorine agent storage tank 19 to the membrane
20  filtrate of the hollow fiber membrane module 4 was performed concurrently with air
washing for 1 minute. Thereafter, the hollow fiber membrane module 4 was immersed
in the chlorine agent-containing water for 20 minutes. The free chlorine concentration
in the back-pressure washing water at this time was adjusted to 100 mg/1.
[0074]
25 (a-2) Thereafter, the discharging valve 16 was opened, and the chlorine-

containing water in the hollow fiber membrane module 4 was all discharged.
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(a-1) Back-pressure washing using chlorine agent-containing water obtained by adding sodium
hypochlorite in the chlorine agent storage tank 19 to the membrane 20 filtrate of the hollow fiber
membrane module 4 was performed concurrently with air washing for 1 minute. Thereafter, the hollow
fiber membrane module 4 was immersed in the chlorine agent-containing water for 20 minutes. The
free chlorine concentration in the back-pressure washing water at this time was adjusted to 100 mg/I.
[0074] 25(a-2) Thereatfter, the discharging valve 16 was opened, and the chlorine- containing water in
the hollow fi g;pembrane module 4 was all discharged. [0075] (a-3) Then, in order to wash out
the chlorine-containing water in the hollow fiber membrane module 4 and the pipeline on the
secondary side (filt(atg)side), the didaharginglyalvetib thbs itlosedanid Hackepras sur chatishing using
the sodium 5 hypochlorite-free membrane filtrate of the hollow fiber membrane module 4 was
performed fdrel mimobearehseisdnarging avaindingmenpensacapdmy Mderiddeatiaadall

discharged. [0076]. (a-4) Thereafter, the discharging valve 16 was closed, and the raw water feed
10 valve 3 dREHE ARBIRCH b SUtHEminG ﬁg%ms%ﬁ%ﬁm&é%%ouﬂa%em vEiEB3a were

openeg Tfi?egé%c Yé’%tt%ff%gd IR, a’éﬁ%@%% 35?”894‘iﬁSﬁB&P*ﬁB@P’%ﬁée%}'%“gs\?%%8&’&?9%3{'9499

compound feed pump 22 were actuate eed the raw water Into Iber membrane module
4 while adcgeﬁ&m@a%hu mEhigrde g dauvRierFhers WesftFaiedabsn! Hasrreradsand the air

vent valve 6 was closed to perform 15dead end filtration for 30 seconds. At this time, ammonium
chloride in tha rdiMivelierged.
[0076]
(a-4) Thereafter, the discharging valve 16 was closed, and the raw water feed
10 valve 3 and the ammoniacal compound/amino group-containing compound feed valve
23a were opened. The raw water feed pump 2 and the ammoniacal compound/amino
group-containing compound feed pump 22 were actuated to feed the raw water into the
hollow fiber membrane module 4 while adding ammonium chloride to the raw water.
Then, the filtrate valve 7 was opened, and the air vent valve 6 was closed to perform
15  dead end filtration for 30 seconds. At this time, ammonium chloride in the raw water
was adjusted to 20 mg/l.
[0077]
(a-3) Then, the ammoniacal compound/amino group-containing compound
feed pump 22 was stopped, and the ammoniacal compound/amino group-containing
20 compound feed valve 23a was closed to return to the usual filiration process.
[0078]
[Process b
(b-1) After the back-pressure washing using the sodium hypochlorite-free
membrane filtrate of the hollow fiber membrane module 4 was performed concurrently

25  with air washing for 1 minute, the discharging valve 16 was opened, and water in the

hollow fiber membrane module 4 was all discharged to the outside of the system.,
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was adjusted to 20 mg/I. [0077] (a-5) Then, the ammoniacal compound/amino group-containing
compound feed pump 22 was stopped, and the ammoniacal compound/amino group-containing
20compound feed valve 23a was closed to return to the usual filtration process. [0078] [Process b]
(b-1) After the back-pressure washing using the sodium hypochlorite-free membrane filtrate of the
hollow fiber membrane module 4 was performed concurrently 25with air washing for 1 minute, the
discharging valve 16 was opened, and water in the hollow fiber membrane module 4 was all
discharged/tothe outside of the system. [0079] (b-2) Thereafter, the discharging valve 16 was
closed to return to the usual filtration process. [0080]
(b-2) Thereafter, the discharging valve 16 was closed to return to the usual

filtration process.

{0080]

5 As a result of fresh water production as described above, the hollow fiber
membrane module 4 showed a recovery ratio of 94.2%. Further, the hollow fiber
membrane module 4 showed a transmembrane pressure of about 55 kPa after 2 months,
compared with 35 kPa immediately after the start of operation, and was relatively stably
operated, so that there was no necessity of chemical washing. Furthermore, the

10 semipermeable membrane unit 10 was changed in desalination ratio as stably as 99.6%
after 2 months, compared with 99.7% immediately after the start of operation. The
transmembrane pressure of the semipermeable membrane unit 10 was as stable as about
120 kPa after 2 months, compared with 100 kPa immediately after the start of operation.
[0081]

15 <Comparative Example 1>

Comparative Example 1 was performed in the same manner as in Example 1
except that ammonium chloride was not added to the raw water after the backwashing
with the chlorine agent-containing water.
[0082]

20 As a result, the hollow fiber membrane module 4 showed a transmembrane
pressure of about 75 kPa after 2 months, compared with 35 kPa immediately after the
start of operation, and was relatively stably operated, so that there was no necessity of
chemical washing. However, the semipermeable membrane unit 10 was decreased in
desalination ratio to 95.3% after 2 months, compared with 99.7% immediately after the

25 start of operation. Compared with Example 1, the desalination ratio was decreased

because of oxidation degradation due to leakage of the residual free chlorine.
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5As a result of fresh water production as described above, the hollow fiber membrane module 4
showed a recovery ratio of 94.2%. Further, the hollow fiber membrane module 4 showed a
transmembrane pressure of about 55 kPa after 2 months, compared with 35 kPa immediately after the
start of operation, and was relatively stably operated, so that there was no necessity of chemical
washing. Furthermore, the 10 semipermeable membrane unit 10 was changed in desalination ratio as
stably as 99.6% after 2 months, compared with 99.7% immediately after the start of operation. The
transmemkaigg Joressure of the semipermeable membrane unit 10 was as stable as about 120 kPa
after 2 months, compared with 100 kPa immediately after the start of operation. [0081]
15<Comparative Ex&ieiplatasive Ex@ophparative Example 1 was perfoinied in the same manner as in
Example 1 except that ammonium chloride was not adg%gi&i%the raw water after the backwashing with
It;

the chlorine agent-COMBME SAEPTODS T BN 1gT7aE FERG W ABRT AR RS AP ST 4
h d b 75 kPa af i
snowed a f@ansmﬁ%gi e;ggﬁaP;ﬁééyﬁ%%é%%gﬁwashn%%ﬁ{ %@@5@%&8@5@%@2@5&%@5 ,

immediateyxazl‘llpepr e of operation, and was relatively stably opera SOt

necessity QLaREMIEAMWARIIAG WAQWEYE! IHeSRMIRAIMBRIS MEMREANRURILIR wapdeshgased in

desalination ratio to 95.3% after 2 months, compared with 99.7% immediately after the 25start of
operation. gswmgaredbwity aduopie, 1fdhedeshiitatidngatiotivas:adepraassil b acansenof oxitdation
degradation due to leakage of the residual free chlorine. [0083] <Comparative Example 2>
10, in order to prevent the oxidation degradation due to the leakage of the residual free
chlorine in Comparative Example 1.
[0084]
i0 As a result, the hollow fiber membrane module 4 showed a transmembrane
pressure of about 75 kPa after 2 months, compared with 35 kPa immediately after the
start of operation, and was relatively stably operated, so that there was no necessity of
chemical washing. The semipermeable membrane unit 10 was changed in desalination
ratio as stably as 99.6% after 2 months, compared with 99.7% immediately after the
15 start of operation. However, the semipermeable membrane unit 10 was increased in
transmembrane pressure as high as about 180 kPa after 2 months, compared with 100
kPa immediately after the start of operation, so that chemical washing was forced to be
performed. Compared with Example 1, biofouling occurred, and the transmembrane
pressure was increased.
20 [0085]
<Comparative Example 3>
Comparative Example 3 was performed in the same manner as in Example 3
except that in “process a” of Example 3, (a-4) was not performed, and instead, (a-3) was

repeated 5 times.

25 [0086]
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Comparative Example 2 was perfoimed in the same manner as in Comparative Example 1 except that
after the backwashing with the chlorine agent-containing water, 5 sodium hypochlorite was added to
semipermeable membrane feed water to perform neutralization by reduction, followed by feeding to
the semipermeable membrane unit 10, in order to prevent the oxidation degradation due to the
leakage of the residual free chlorine in Comparative Example 1. [0084] 10As a result, the hollow fiber
membrane module 4 showed a transmembrane pressure of about 75 kPa after 2 months, compared
with 35 kPa immediatelyraftér, the danioof dgperatiemband wasdidatlvehystably opesatenlsadhat there
was no necessity of chemical washing. The semipermeable membrane unit 10 was changed in
desalinatiopreatineasfsihbly &8 $9m96efte nonehtbemperaparéd WitrkBo i disieliaiéy diter the 15

start of operation, However, the semipermeable membrane unit 10 was increased in transmembrane

pressure_a§t%ﬁf§§%rﬁgﬂfﬂ§@ik‘§%§éﬁ]@f1§%ﬁhgv, EBRHaE W ﬁ@@f&%ﬁﬁﬁ&&&?ﬁﬁé%‘f er the start
of operatloghesrgiggﬂw%gglr{?%al Jyashing was forced to be performed, %%F‘%ggf‘%{é%é%@e L

biofouling occurred, an transmembrane pressure was increased. omparative

Example 3zy,mpICampalative Erampif dwas Rermesindhe sameannesasiimample 3 except
that in "process a" of Example 3, (a-4) was not performed, and instead, (a-3) was repeated 5 times.

25[0086] memtAsma resull) theshdlioyediber dneihbrane ratadutesthishowdd 4% arfsm nubeahe pressure
of about 55 kPa after 2 months, compared with 35 kPa immediately after the start of operation, and
was relativedynsribly oyigraftl7 %o dnmedirielvaeiiso nbeesisity of cheenit@nwasHinyeewEer, the

recovery ratio was as low as 93.6%, compared with 5 Example 3, which caused an increase in wash
drainage. FUHABEBREREnRSSHHE AP isgrSfl S it g %@l%?\‘gn\gﬁéi N&e@%ﬁﬁ%idﬂoﬁehﬁ’ as stably

as 99.6% after 2 months, ed with 99.7% i m?gi'a %a[k ragl tart of o %{a&g)&n-Hawever, the
transmembcr%rﬁgaf)%fs‘glﬁ}r%e (é\/ﬁaas]?{:a}e%rggdgéﬁ?]gﬁ%ésra éug[? 0 tFiDO a%?(‘zlﬁg’r%énﬁgs, comﬁgred with 100

kPa immedigigly, afterdhg ladt of eReraligRnsd thahehemisakay, compared with Example 3,

biofouling occurred, and the transmembrane pressure was increased.

INDUSTRIAL APPLICABILITY
[0087]

15 According to the present invention, oxidation degradation of semipermeable
membranes and biofouling growth are prevented, and it is also possible to improve the
water recovery ratio, associated with a decrease in the amount of neutralization waste
liquid. The present invention is therefore suitable for use in seawater desalination,

industrial drainage and sewage reuse.

20
DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0088]
1: Raw water storage tank
2: Raw water feed pump
25 3: Raw water feed valve

4+ Hollow fiber membrane module
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10washing was forced to be performed. That is to say, compared with Example 3, biofouling occurred,
and the transmembrane pressure was increased. INDUSTRIAL APPLICABILITY [0087] 15According
to the present invention, oxidation degradation of semipermeable membranes and biofouling growth
are prevented, and it is also possible to improve the water recovery ratio, associated with a decrease
in the amount of neutralization waste liquid. The present invention is therefore suitable for use in
seawater desalination, industrial drainage and sewage reuse. 20 DESCRIPTION OF REFERENCE
NUMERALS AND $IQN3.[0088]:1eiBaw water storage tank 2: Raw water feed pump 253: Raw water
feed valve 4: Hollow fiber membrane module

6: Air vent valve

7: Filtrate valve
8: Filtrate storage valve
5 9: Filtrate pipeline

10: Semipermeable membrane unit
11: Semipermeable membrane feed water pipeline
12: Booster pump
13: Backwash pump

16 14: Backwash valve
15: Backwash pipeline
16: Discharging valve
17: Air valve
18: Compressor

15 19: Chlorine agent storage tank
20: Chlorine agent feed pump
21: Ammoniacal compound/amino group-containing compound storage tank
22: Ammoniacal compound/amino group-containing compound feed pump

23a and 23b: Ammoniacal compound/amino group-containing compound feed

20 wvalve
24a and 24b: Bypass line valve
25a and 25b: Bypass line
26: Chloramine storage tank
27: Chloramine feed pump

25 28: Chloramine feed pipeline

29a, 29b, 29c, 29d, 29, 29f and 29g: Free chlorine densitometer
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5: Raw water pipeline 6: Air vent valve 7: Filtrate valve 8: Filtrate storage valve 59: Filtrate pipeline 10:
Semipermeable membrane unit 11: Semipermeable membrane feed water pipeline 12: Booster pump
13: Backwash pump 1014: Backwash valve 15: Backwash pipeline 16: Discharging valve

30a and 30b; Chloramine densitometer
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17: Air valve 18: Compressor 1519: Chlorine agent storage tank 20: Chlorine agent feed pump 21:
Ammoniacal compound/amino group-containing compound storage tank 22. Ammoniacal
compound/amino group-containing compound feed pump 23a and 23b: Ammoniacal compound/amino
group-containing compound feed 20valve 24a and 24b: Bypass line valve 25a and 25b: Bypass line
26: Chtoramine storage tank 27: Chloramine feed pump 2528: Chloramine feed pipeline 29a, 29b,
29c, 29d, 29e, 29f and 29g: Free chlorine densitometer

CLAIMS

[Claim 1]

A fresh water production method comprising membrane-filtering raw water
with a microfiltration/ultirafiltration membrane module, followed by performing
membrane filtration with a semipermeable membrane unit, wherein the membrane
filtration in the microfiltration/ultrafiltration membrane module is temporarily
interrupted, chlorine agent-containing water is fed from a secondary side of the
microfiltration/ultrafiltration membrane module to perform back-pressure washing of
the microfiltration/ultrafiltration membrane module, thereafter, an ammoniacal
compound and/or an amino group-containing compound are added to a primary side of
the microfiltration/ultrafiltration membrane module, and the membrane filtration in the
microfiltration/ultrafiltration membrane module is resumed.

[Claim 2]

The fresh water production method according to claim 1, wherein after the
back-pressure washing with the chlorine agent-containing water is performed, before or
at the same time as the ammoniacal compound and/or the amino group-containing
compound are added to the primary side of the microfiltration/ultrafiltration membrane
module, an ammoniacal compound and/or an amino group-containing compound are
added to the secondary side of the microfiltration/ultrafiltration membrane module, and
the membrane filtration in the microfiltration/ultrafiltration membrane module is
resumed.

[Claim 3]

The fresh water production method according to claim 1 or 2, wherein after the

back-pressure washing with the chlorine agent-containing water is performed, and

before the ammoniacal compound and/or the amino group-containing compound are
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30a and 30b: Chloramine densitometer CLAIMS [Claim 1] A fresh water production method
comprising membrane-filtering raw water with a microfiltration/ultrafiltration membrane module,
followed by performing membrane filtration with a semipermeable membrane unit, wherein the
membrane filtration in the microfiltration/ultrafiltration membrane module is temporarily interrupted,
chlorine agent-containing water is fed from a secondary side of the microfiltration/ultrafiltration
membrane module to perform back-pressure washing of the microfiltration/ultrafiltration membrane
module, thefler; dairimeniagateompeyritiand/ diamrRNBrgroUpEaMABIRG catpednd are added
to a primary side of the microfiltration/ultrafiltration membrane module, and the membrane filtration in
the microfiltrexdotyulthefiltradio Hratob ralte flielide isresbraed . fOMe JF subjFtiediréshbagter
production method according to claim 1, wherein after the back-pressure washing with the chlorine
agent-contARSHY R AR B EADHHBEEEBBIdEthe same time as the ammoniacal compound and/or
the amino gﬂr{%]qgfo-%}ntaining compound are added to the primary side of the microfiltration/ultrafiltration
membrane od?}le, an ammoniacal compound and/or an amino group-containing compound are

added to the secongatysside af.tae puicrafilatiaphitaiiralionmemRiapg.nadyleAnd the;membrane

filtration in the microfiltration/ultrafiltration membrane module is resumed. [Claim 3] The fresh
water produgiieeimethodiactactingtaetaimvadhirg? withetiginchftetribe hack-pressig washifg with the
chlorine agent-containing water is performed, and before the ammoniacal compound and/or the amino
group-contaftfagsinptendehleriaeldege-tha oy vesecondanbsidecatitheheld m  the
microfiltration/ultrafiltration membrane module, the microfiltration/ultrafiltration membrane module is
subjected AR BAESY/ HETHALHEPRITD TR TBPHE At AteT (EiGrIEd PeriPRO bR water
production iaatprggfccording to any one of claims 1 to 3, wherein after the back-pressure washing
with the chiorine agent-containing water is performed, the chlorine agent-containing water is

subsequently held inythe:micrefilationdultiafitiationnsmbiang mosiyedyr aPredstermipes period of

time.
wherein air washing is performed during, before or after performing the back-pressure

washing with the chlorine agent-containing water, or at least at one time during the
period of time for which the chlorine agent-containing water is held in the
microfiltration/ultrafiltration membrane module.

[Claim 6]

A fresh water production apparatus comprising: a microfiltration/ultrafiltration
membrane module; a semipermeable membrane unit for treating a filtrate of the
microfiltration/ultrafiltration membrane module; a back-pressure washing unit for
feeding water from a secondary side of the membrane module to a primary side thereof;
a chlorine agent feed unit for feeding a chlorine agent to the water; and an ammoniacal
compound and/or amino group-containing compound feed unit for feeding an
ammoniacal compound and/or an amino group-containing compound to the primary
side of the microfiltration/ultrafiltration membrane module.

[Claim 7]
The fresh water production apparatus according to claim 6, wherein the

apparatus further comprises an ammoniacal compound and/or amino group-containing
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[Claim 5] The fresh water production method according to any one of claims 1 to 4, wherein air
washing is performed during, before or after performing the back-pressure washing with the chlorine
agent-containing water, or at least at one time during the period of time for which the chlorine
agent-containing water is held in the microfiltration/ultrafiltration membrane module. [Claim 6] A
fresh water production apparatus comprising: a microfiltration/ultrafiltration membrane module; a
semipermeable membrane unit for treating a filtrate of the microfiltration/ultrafiltration membrane
module; a haslppiegsisel washieg tridfor teedinghwdtenlroompearbadaty: sidesptitie greupbrane
module to a primary side thereof; a chlorine agent feed unit for feeding a chlorine agent to the water;
and an amawEiaEcerpbovittarel/shansiverfiatp-sdatamingie omiserinliriden uiiafdraéieting an
ammoniacal compound and/or an amino group-containing compound to the primary side of the
microfiltratiBERRFFAGOH fembrane module. [Claim 7] The fresh water production apparatus
according t ﬂ%}n’g , Wherein the apparatus further comprises an ammoniacal compound and/or
amino group-containing compound feed unit for feeding an ammoniacal compound and/or an amino
group-containing compeas 19:i8e SeanBsan.sise-olihe diarliation/laliltration-rembsane
module. [Claim 8] The fresh water production apparatus according to claim 6 or 7, wherein the
apparatus tpjthetcofophse scanghlsramikéosiaragestank darskofing@athdorarninedarmdaringd reaction
of the chlorine agent and the ammoniacal compound and/or the amino group-containing compound in
the water, ®pipétitdifer ebirechiteyifiteatsebradripsidasiomieHi GonpmBshamd afilthatisiinfembrane
module and the chloramine storag%ﬁ]ank and a pipeline for connecting, the chloram(iirgg storage tank

and the priftaHy SRREEFRINE SURRRBIELHIS WidfbfaR@gliig for connecting the secondary side

of the microfiltration/ultrafiltration membrane module and the chloramine storage tank,
and a pipeline for connecting the chloramine storage tank and the primary side of the

semipermeable membrane unit.
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