*159159* SPECI FI CATION Water-treating nicrobicide, water treatnent nethod
and water treatnent apparatus Technical Field: The present invention

relates to a water-treating mcrobicide, a water treat mmmmﬂﬁnda
wat er treatnent apparatus. Background Art: Menbrane se ni ques
are used in wide areas such as desalination of seawater anesdipacki sh

wat er, production of nedical and industrial pure water and ultrapure
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separation, the contamination of the separation device caused by
microbes impairs the quality of the obtained permeating water, and
furthermore promotes the growth of microbes on the membrane surface
and the deposition of microbes and their metabolites on the membrane
surface, to lower the permeability and separability of the membrane.
To avoid these serious problems, various methods for sterilizing
the membrane separation device are proposed, and generally, a
microbicide is constantly or intermittently added to the feed 1iquid.
As the microbicide, most generally a chlorine-based microbicide
advantageous in view of price and operation is added to achieve
a concentration of 0.1 to 50 ppm. Furthermore, an effective
sterilizationmethod, inwhich less expensive sulfuric acid is added
to lower the pH of the liquid fed to the membrane separation device
to 4 or less, is also developed (EP1031372A). As the piping of the
membrane separation device, usually a corrosion resistant metal
such as stainless steel is used, but if the addition of sulfuric
acid or the like raises the acidity, since the metal goes into the

corrosion region of the Pourbaix diagram, the pipihg is liable to

be corroded. In a state where the acidity is low, there are such
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probl ens that the sterilization frequency nust be increased and that

| onger sterilization tinme is necessary for enhancing the sterilization
effect. Disclosure of the Invention: The object of this inventionis to
overcone the above-nentioned di sadvantages of the prior art, by providing
a water-treating mcrobicide and a water treatnent nethod having a high
sterilization effect. To solve the above problens, the present invention
has t hepréblémsi thatotise i sterbhization AEnageencycmushgbei tncheaseéd, and
conprising an inorganic acid, a corrosion inhibitor and a carboxylic acid
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steps before a nenbrane separation step in a water treatnment process using
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nmeans for~adding an aqueous so ation containing an inorganic acid and a
corrosion i nhrdigdlivd @tk ldbdvied pridtalesd,NEhe! peakeni! ihoeheibfdhas EREd

menbr ane separation device. 2
following constitutions.
(1) A water-treating microbicide, comprising an inorganic acid,
a corrosion inhibitor and a carboxylic acid having 8 or less carbon
atoms or any of alkali metal salts thereof.
(2) A water treatment method, comprising the step of adding an
inorganic acid, a corrosion inhibitor and a carboxylic acid having
8 or less carbon atoms or any of alkali metal salts thereof to a
liquid undergoing treatment in any steps before a membrane
separation step in a water treatment process using a separation
membrane.
(3) A water treatment method, comprising the steps of adding an
inorganic acid to a liquid undergoing treatment, to keep the pH
at 4 or less intermittently, and adding a corrosion inhibitor to
the liquid undergoing treatment, in any steps before a membrane
separation step 1n a water treatment process using a separation
membrane.
(4) Awater treatment apparatus having a membrane separation device,
comprising a means for adding an aqueous solution containing an

inorganic acid and a corrosion inhibitor to a liquid undergoing

treatment to be fed to sald membrane separation device.



(5) A water treatnent apparatus having a nenbrane separation devi ce,
conprising a neans for feeding an aqueous solution containing an acid and
a neans for feeding an aqueous sol ution containing a corrosion inhibitor,
respectively to the liquid fed to said nenbrane separation device. Brief
description of the drawing: Fig. 1 is a schematic drawi ng show ng the water
treatnent apparatus of this invention. Meanings of synbols 1 water intake
devi ce (2) Aiwatier tredatpent apnﬂraatu%h@wtng ajaembrane sepanatdion @eviger and

safety filter .5 booster nenbr ane se aration device 7 liquid feed
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Meanings of symbols

1 water intake device

2 liquid feed pump

3 pre-treatment device

4 intermediate layer and safety filter

5 booster pump

6 membrane separation device

7 liquid feed pump

8 post-treatment device
The Best Modes for Carrying out the Invention:

In the present invention, water treatment refers to a process
such as the desalting, separation or desalination of seawater or
brackish water, production of industrial pure water or ultrapure
water, industrial wastewater treatment, separation or
concentration 1in the food industry, or recovery of valuable
materials from wastewater.

In this invention, a membrane separation device refers to a
device, in which a liquid undergoing treatment 1s supplied to a
membrane module under pressurization for separation 1into a
permeating liquid and a concentrate for the purpose of fresh water
generation, concentration or separation, etc. Examples of the

membrane module include a reverse osmosis membrane module,




ultrafiltration nenbrane nodule, mcrofiltrati on nenbrane nodule, etc. The
menbr ane separation devices can be classified into a reverse osnosis
menbrane device, ultrafiltration nenbrane device and mcrofiltration
menbrane device, mainly in reference to the nenbrane nodul e used. A
reverse osnosi s nmenbrane device preferably used in this invention is
descri bed bel ow as an exanple. A reverse osnpbsis nenbrane device usually
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settling, sand filtration, polishing filtration, active carbon

treatment, microfiltration, wultrafiltration, safety filter
permeation, etc., before being fed into the device. For example,
in the case of seawater desalting, seawater is taken in and separated
from particles, etc. in a settling basin, and a microbicide such
as chlorine is added to the settling basin for sterilization. In
succession, a coagulant such as i;‘on chloride or polyaluminum
chloride is added, and sand filtration is carried out. The filtrate
is stored in a storage tank and adjusted in pH using sulfuric adid,
etc., to be fed. While it is fed, a reducing agent such as sodium
hydrogensulfite is added to reduce and remove the microbicide, and
the residue is permeated safety filter. Then the filtrate is raised
in pressure by a high-pressure pump and fed into a reverse osmosis
membrane module. However, these pre-treatments are selected as
required, depending on the liquid to be treated, application, etc.

The reverse osmosis membrane refers to a semi-permeable
membrane that allows a component in the liquid such as a solvent

to permeate but does not allow the other components to permeate.



Thé materials generally used as the reverse osnosis nenbrane include high
nol ecul ar materials such as cellul ose acetate pol yners, polyam des,

pol yesters, polyimdes and vinyl polymers. As f or the structure of the
menbrane, there are, for exanple, an asymetric nenbrane having a dense

| ayer at | east on one side of it and having fine pores gradually

I ncreasing in dianmeter fromthe dense layer into the nenbrane or toward
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50 pmto 4 mMm As a flat nenbrane, an asymetric nenbrane is preferred,
and as membmnons iHayimegriar derse i tayesr pteleasedon tdne sddeudftitabedshathing a
woven fabric, knitted fabric or non-woven fabric, etc. is used as a
suppor tfinpg\Rexes qradurklibdnsreaging das diameteahfirem ¢he denaseclayer
irrespegtive.of the material tructure and formof the reverse osnosis
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10 pm to 1 mm, and that the outer diameter of the hollow fiber

membranes is 50 pm to 4 mm. As a flat membrane, an asymmetric
membrane is preferred, and as a composite membrane, it is preferred
that a substrate such as a woven fabric, knitted fabric or non-woven
fabric, etc. i1s used as a support. However, the method of the
present invention can be used irrespective of the material,
structure and form of the reverse osmosis membrane, and is effective
in every case.

Typical examples of the reverse osmosis membrane include a
cellulose acetate- or polyamide-based asymmetric membrane, and a
composite membrane having a polyamide- or polyurea-based active
layer. Among them, a cellulose acetate-based asymmetric membrane
and a polyamide-based composite membrane are especially effective
for the method of this invention, and an aromatic polyamide-based
composite membrane is further more effective.

A reverse osmosis membrane module 1is a product formed for
actually using the above-mentioned reverse osmosis membrane. 1In

the case where the reverse osmosis membrane is formed as a flat




menbrane, it can be installed in a spiral, tubular or plate-and-franme
nodul e, and in the case of hollow fiber nenbranes, they are bundl ed and
installed.in a nodule. The present invention can be applied irrespective
of these constitutions of reverse osnpsis nenbranes. The operation
pressure of a reverse osnosis nenbrane device is usually In a range of 0.1
MPa to 15 MPa, and can be selected as required, depending on the liquid to
be treduembraper atibn eenholle dnstaldegdhe imasa wapiral sol tubwhani téra | ow
osnotic pressure such as bracgh%h water is going to be breated, t he device
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industrial wastewater is going to be treated, 1t 1is operated at
a relatively high pressure.

It is preferred that the operation temperature of the reverse
osmosis membrane device is in a range of 0°C to 100°C. If the
temperature is lower than 0°C, the liquid undergoing treatment may
be frozen, and if higher than 100°C, the liquid undergoing treatment
may evaporate.

The recovery of the 1liquid undergoing treatment in the reverse
osmosis membrane device can be usually selected in a range of 5
to 98%. However, the pre-treatment methods and operation pressure
must be taken into account 1in reference to the properties,
concentrations and osmotic pressures of the liquid undergoing
treatment_and the concentrate, when the recovery is set. For
example, in the case of seawater desalination, a recovery of 10
to 40% is usually set, and in the case of highiy efficlient device,
a recovery of 40 to 70% is set. In the case of brackish water
desalination or production of ultrapure water, operation can be
made usually at a high recovery of 70% or more, as required at 90

to 95%. The recovery refers to a value obtained by dividing the



amount of the liquid perneating the reverse osnosis nenbrane by the anpunt
of the liquid undergoing treatnent, and multiplying the quotient by 100. A
reverse osnosi s nmenbrane device mainly consists of a high-pressure punp
and a reverse osnosi s nmenbrane nodul e. As the high-pressure punp, an
opti mum punp can be selected in response to the operation pressure of the
device. As the reverse osnosis nodul e, one nodule can be used, but it is
pr ef er rastount (ke Hherkiqubd permeatbegcthe nreverse osmesis | membrane t by

| i quid undergoing treatnment. In the case where they are I spesed in
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desalination, in view of equipment cost, especially two modules
disposed in series can be preferably used. In this case, it is
preferred to install a booster pump between the reverse osmosis
membrane modules disposed in series, for raising the pressure of
the liquid undergoing treatment to 1.0 ~ 5.0 MPa, when feeding it
to the latter module. If the reverse osmosis membrane modules are
disposed in series to the liquid undergoing treatment, the effect
of the present invention is large, since the time during which the
liquid undergoing treatment is kept in contact with the membrane
modules becomes long.

Furthérmore, the reverse osmosis membrane modules can also
be disposed in series to the permeating 1iquid. This is apreferable
method in the case where the quality of the permeating liquid is
insufficient for use or in the case where it is intended to recover
the solute in the permeating 1liquid. In the case where the reverse
osmoslis membrane modules are disposed in series to the permeating
liquid, it is preferred to install a pump between the reverse osmosis

membrane modules, for re-pressurizing the permeating liquid, or




for applying a sufficient pressure in the forner step for using the

remai ning pressure in the latter step for nenbrane separation. Furthernore
in the case where the reverse osnosis nenbrane nodul es are disposed in
series to the perneating liquid, it is preferred to install an acid-adding
devi ce between the reverse osnosis nenbrane nodul es for sterilizing the

| atter reverse osnosis nenbrane nodule. In the reverse osnosis nenbrane
devi ce, fahaapmiying actuffHieient ipKessrochdrthestommenfster f%utming
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be further concentrated by any other method. The concentrate can
also be partially or wholly circulated into the liquid undergoing
treatment. The permeating liquid that has permeated the membranes
can be used, thrown away or can also be partially or wholly
circulated into the liquid undergoing treatment.

In general, the concentrate of the reverse osmosis membrane
device has pressure enerqgy, and for reducing the operation cost,
it is preferred to recover the energy. The energy can be recovered
by means of an energy recovery device attached to any desired
high-pressure pump, but it is preferred to recover the energy by
a special turbine type energy recovery pump installed before or
after a high-pressure pump or between modules.

It is preferred that the treatment capacity of the membrane
separation device used in this invention is 0.5 m® to 1,000,000 m®
as the amount of water treated per day.

Furthermore, in the membrane separation device used in this
invention, it is preferred that the piping in the device has a

structure with few retaining portions.



acid and a corrosion inhibitor are intermttently added to the Iliquid
undergoing treatnent to be fed into the water treatnent apparatus. The
addition of an inorganic acid is very inportant in view of giving the
sterilization effect, and the effect is remarkable especially in the
menbrane filtration using seawater as the |liquid undergoing treatnent. The
pH at which mcrobes are killed is peculiar to each m crobe species. For
exanpl e, in tlethedater treatmenthnetheodiof thds| bhkentioni apfipprgamigr owt h
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treatment is kept at pH 4.0 or less for a certain period of time,
50 to 100% of microbes can be killed. It is preferred that the pH
of the liquid undergoing treatment containing an inorganic acid
and a corrosion inhibitor is 3.9 or less. More preferred is 3.7
or less, and especilally preferred is 3.4 or less. There 1s no
particular limit for the lower limit of pH, but in view of preventing
the corrosion of equipment, 1.5 or more is preferred, and especially
2.0 or more 1is preferred.

Furthermore, it is preferred that the pH of the liquid
undergoing treatment is 3.0 or less, for presenting a high
sterilization effect against microbes including aciduric microbes.

If the pH is kept constant at 3.0 or less, a high sterilization
effect against all the microbes including aciduric microbes can
be shown, but the chemical cost for making the feed liquid acidic
becomes high while the effect on the corrosion of piping equipment
threatens to be large. So, it is preferred in view of efficient
sterilization, that during ordinary intermittent sterilization,
the pH of the liquid undergoing treatment is kept at as high as



still remaining to live without being killed, the |liquid undergoing
treatnent is kept at 3.0 or less at a frequency of once per 2 to 1,000
times of intermttent sterilization. It is preferred to intermttently add
~an inorganic acid and a corrosion inhibitor to the |iquid undergoing
treatment to ensure that the plate count remaining rate in the concentrate
Is kept at 30% or |less after conpletion of nenbrane separation, and that
the platigheothanrhilniaxgange®f 3.4dpot4 0, abdothat againstdhenfjicrobes of
once per 2. to 1, 000 tines of interm ttent_ addition of an inorganic acid.

I the $Fhtl reg@dning ke dilvg vatBont baing kiddedgothe Jdguid yndergoing

I nsuf figi The, pl C ei.ni rate (% 1.S..,0htal t

fol |l ow ﬁ%g%l}'%?a%gﬂ?éaqete %{}}n’td roend'l%rﬁga tr tgt g&é%d'l 35:'1%%( ( El%af) gggoéégn%f F§r
addi ng { hgoo | PORESNGE Brt&bmiPtehe seapi1Peieisnadding the inorganic acid))
X 100 As the 1norganic acid used in this invention, any of hydrochloric
acid, sulfuriltds prefietried 80i intehaspbently caddl arctiforganilcagi@danddut in
vi ew of econom c aspect, the use of sulf uric acid is preferred. The

cor r osi deannasdiaroinhibdtpy toithe Adanidopndergodbag ttrpatmenyy torenswreng

th ' ft t t t t d | Si t.h

Steri|i St Shembate CRUNE,EeBAIRIBIRATAIED s CEFREHRGLS KARERTon, a
compounsh p LGkt LEREELYFILRONN OF Mitiand VeIl 1dFABheS tHafALAOXY! | C
acid groups 1n the nolecule; “ethylenediamnetetraacetic acid, nitrous acid

and thepla®é kédunt FémdimEld S e Kopt etahlsy vgedesdsathe ﬂﬁé(éﬁéﬁ@?xw ic
acid, at |east one conpound sel ected from pol yepoxysuccini c aci ds

r epr eseof etcieypen@ tolll, MQiontinesofaintermit teviadidd tionsofimn ineyganiof 3
or nore, and X _and Y denote, resgectively i ndependent |y, 10 hydrogen o

al kal i #etdt), Idol Yaer pliatescFaunpoipndidiind, cFateads more than “30%,

sterilization 1s insufficient. The plate count remaining rate (%)
is obtained from the following formula. |

Plate count remaining rate (%) = {(Plate count after adding the
inorganic acid)/(Plate count before adding the inorganic acid)}
x 100

As the inorganic acid used in this invention, any of
hydrochloric acid, sulfuric acid, nitric‘acid, phosphoric acid,
etc. can be used, but in view of economic aspect, the use of sulfuric
acid is preferred.

The corrosion inhibitor used in this invention is important
for preventing the corrosion of the water treatment apparatus and
raising the sterilization effect. As the corrosion inhibitor used
in this invention, a compound selected from polycarboxylic acids
having at least six carboxylic acid groups in the molecule,
ethylenediaminetetraacetic acid, nitrous acid and their alkalil
metal salts can be preferably used. As the polycarboxylic acid,
at least one compound selected from polyepoxysuccinic acids
represented by the following general formula (where n is an integer

of 3 or more, and X and Y denote, respectively independently,
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mal ei c acid copolyners can be preferably used. Hl1 HOL COOX COOY n the
,corrosion inhjibitor, a conpound sel ected from pol yepoxysucci ni ¢ aci ds,

et hyl enedi.am netetraacetic acid, polyacrylic acid and their alkali met al
salts is especially preferred. Since these conpounds have atons with high
el ectro-negativity such as oxygen and nitrogen in the nolecule, they are
referabléﬁexcellent I n adsorbability to the surface of a netal. Anong

t hem LIGR; T Akkslis mﬁ(‘}y)prEPéYFEHYHﬁC%c*@ difé%ly‘!ﬂb?ﬂ-cf Gﬁi-ds«a\a@fy ang
i Po| referre
M he ha281ab Tl SobbiomBES Rhn, o oPYRERKRRIY, BP80: oduct on of dr nki ng

wat er. The opti num range of the melght aver age nol ecul ar wei ght of
pol yacrylic acid depends op water treatnent constlons such as pH and

tenperature. So, it ec s PY to seyeﬁg rylig,acid having a
sul tablié i

wei ght aver age nDIec ghfond ions. It is
preferred that the weight v rage nol ecul ar wei of polyacrylic acid is
e preferred range is 1,000 to

in a range of 500 to 10, 000/ and a nor
8,000. If the weight averag | a is less than 500, it is
difficult to obtain a SufflngR(99§O Sgﬁ%ﬁ?rnhlbltlng effect, and if nore
than 10,000, the storage stability of the mcrobicide is Iikely to be | ow
A pol yepoxysugsi nife aeodresidny Shhabkebk, M4 alconidund h%re%fctefaanf%m

synt hesi zed, for exanpl e, according to the following nethod. 11 A nal eate
S epoxpdlzeuougsugchgﬂcogeacpésQX|detanmeaédmam$negetsadcaﬁibungabaﬁe as a

catal yst, _to nake an epoxysucci nate. Then, the epoxxsuccinate S
pol yner POVaGFYAie| mgicheandg thelry akkalimmetal salts is especially

preferred. Since these compounds have atoms with high

electro-negativity such as oxygen and nitrogen in the molecule,
they are preferably excellent in adsorbability to the surface of
a metal.

Among them, polyacrylic acid is most preferred since it has
high food safety and high corrosion-inhibiting effect.
Polyacrylic acid is especially preferred in the case where water
treatment 1s intended for production of drinking water.

The optimum range of the weight average molecular weight of
polyacrylic acid depends on water treatment conditions such as pH
and temperature. So, it i1s necessary to select polyacrylic acid
having aweight average molecular weight suitable for the conditions.
It is preferred that the weight average molecular weight of
polyacrylic acid is in a range of 500 to 10,000, and a more preferred
range is 1,000 to 8,000. If the weight average molecular weight
is 1less than 500, it is difficult to obtain a sufficient
corrosion-ihhibiting effect, and if more than 10,000, the storage
stability of the microbicide is likely to be low.

A polyepoxysuccinic acid or any of alkali metal salts thereof

can be synthesized, for example, according to the following method.
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hydroxi de as a catalyst in an al kali aqueous solution, to obtain a

pol yepoxysucci.nate. As the nmaleic acid copolyner, a copolyner consisting
of maleic .acid and an ol efin, a copolyner consisting of maleic acid and
met hyl vinyl ether, etc. can be preferably used. The acid and the corrosion
i nhi bitor can be added separately to the |iquid undergoing treatnent to be
fed to the water treatnent apparatus, or a water-treating m crobicide

cont ai rA mabeate nigedpokdfibzeflangingn hyldzrogene penokisged anftical s hasing
preparation of a mater-treat%g%lnicrobicide in advance is preferred, since

the st9HM IUNGSHAtE1@FeAC ¥t o Mk G0 ePPXEPuAFLpatey jThen,
Pl e W SO b R LS LSBT0 ol AR EOL S o

i nhi bi tor water-trea crobiclide are

range ydfo:pide (aid)idalt 419,510 it ¥n aekBA2S! hyBbbus! sollieisANCES sBEa LR Of
each or either of the acid and the corrosion inhibitor is nore than 50%

t he st ca quel ypyysugecimdtd he Asi thebmaildéci acidkebpolymer¢| a neopd Iymédne
concentration of each or either of the acid and the corrosion inhibitor is

| ess trQ9n5¥§t#n9n0ftma%eh@c@%b%ryndoanr@#@%&@.tmecqmnkymeﬁnﬁﬁnS%ﬂtime

ter-t ti ' bi cj de, dth terilizati ffici ' likely t
reler LRI Ergtlc e and (e suatd] el on efdy cgher b, LLLg!Y o
m crobi ci de ﬁ}hé BiS a' BYEEHL oS oRY SR ‘i{.‘ﬁflﬁﬁit&- i b‘@aﬁﬁﬁﬁlis@%‘%?fé?@é ns

impurities, they may react with the ac or corrosion I nhibi to Torma

preci pitdithe diguifartdéd@eing ttalaltientnty bel€eld 6 thd waterhErda theie
consisting of an acid and a corrosion inhibitor can happen to be poor in
st or ageappatatus y ox ta watereftaeaddnPmicrobicide gdutainingapethimixked zer

to the water-treatin m crobicide. . As the_stqQrage stabilizer, for
docr cadtSkPESRARA 88 2150 RFeRaTach A AEAERancIhar DERPARALOR 1Rt frent

appa“ﬂéﬁkégukreating microbicide in advance is preferred, since the
sterilization treatment can be carried out efficiently.

It is preferred that the concentrations of the inorganic acid
and the corrosion inhibitor in the water-treating microbicide of
this invention are in a range of 50 ppm (weight) to 50 wt%

"respectively. If the concentration of each or either of the acid
and the corrosion inhibitor is more than 50%, the storage stability
of the microbicide is likely to decline. If the concentration of
each or either of the acid and the corrosion inhibitor is less than
50 ppm, it 1is necessary to increase the added amount of the
water-treating microbicide, and the sterilization efficiency is
likely to decline.

It is preferred that the water used in the water-treating
microbicide of this invention is pure water. If the water used
contains impurities, they may react with the acid or corrosion
inhibitor, to form a precipitate, and the storage stability may
decline.

Since the mixture consisting of an acid and a corrosion

inhibitor can happen to be poor 1n storage stability, 1t is preferred
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for sustaining the sterilization effect, a carboxylic acid having 8 or

| ess carbon atons or any of alkali netal salts thereof can be preferably
used. As the carboxylic acid having 8 or |less carbon atons, preferred is
at | east one selected fromacetic acid, lactic acid, succinic acid,
tartaric acid, citric acid and malic acid. |If such a storage stabilizer is
added, the mcrobicide containing an acid and a corrosion inhibitor can be
stored &2 alflurthexr addong georage ofstabidizere &oti fhe redtervireating

concents“rl at ic%l of@%he@ﬁts%;g%a e s%;gltslﬁé%i i 25t hg?% er-treargh@ﬁﬁrg%{lggéci de
depend rrohielddnc ié%ﬂ? 3&?& nd Frqsh h in
h . o L I ; ¢ ) L
L anget e deharitsdn Ml bt 8eCbatly BRbatilint ORERREABUL Onal S 11

this i n@RtduNtOFIME theedterN1¥3at00E SBEEEL | £ VaPDVky1HAQCAESAShaPitigi t 1S
preferred to use the mcrobicide in a water treatnent process using a

separ at8 cor hesdbrcaxban catons adt eanpdobHyalkalblbestalhseatbpatiereant neabr anes
that can be used in this invention include reverse osnpbsis menbranes,

ul tr af i pe Preaferabdyppands, Asitheoeprbesyids sk havdng 8iQr leggicarbor

f d that t -t ti i icide j d.i, t t t
Pt ocoscaEo PrekRIRed 36 Bb CeAR e a8 tposra el ot Aty Tabhe ™"
oxi di Zi 584 q A9GRECHHEE é‘éjb&f"{? fgrfangeiabecteptle dbfaaghd matidnscid.

corrosion inhhibitor can be added separately to the Iiquid undergolng
treat ment duriba bedrhget Stavlleseirbatadivd, apeamatuebieida gohtaihirat i ng
m cr obi ci de contai ning both m xed beforehand can al so prepared and added.
The preparagidangd a3cenresicneinhibibprrodn delstiared shabdy fopr af bepad,
since the  sterilization treatnent can be carried out efficientl f is
preferr%%r%%ét°fhEimﬁter???e&PEEBuWiEPBQFCP eqnfaﬁﬁﬁﬁFnEﬁaE}Qﬁwéﬁn%?ﬁtion
In-a ra@@@r&@e1§E£EEE£¥@}gbﬁ)tﬁ8 &Qt&égﬁfgaﬁfﬁg microbicide depends on

the concentrations of the acid and the corrosion inhibitor in the

microbicide, but it is usually preferred that the concentration
is in a range of 50 ppm (weight) to 50 wt%.

The water-treating microbicide of this invention can be used
in various water treatment processes, but it is preferred to use
the microbicide in a water treatment process using a separation
membrane greatly affected by microbes.

The separation membranes that can be used in this invention
include reverse osmosis membranes, ultrafiltration membranes,
microfiltrétion membranes, etc., but 1t is preferred that the
water-treating microbicide is used in a water treatment process
using reverse osmosis membranes for which a generally used oxidizing
agent such as chlorine cannot be used.

The acid and the corrosion inhibitor can be added separately
to the liquid undergoing treatment to be fed to the water treatment
apparatus, or a water-treating microbicide containing both mixed

beforehand can also prepared and added. The preparation a
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liquid undergoing treatnent. If the added amount of the mcrobicide is
smaller than 10 ppm it is necessary to raise the concentrations of the
acid and the corrosion inhibitor in the mcrobicide, f or obtaining a high
sterilization ef f ect, and in this case, the storage stability of the
water-treating mcrobicide may decline. If the added anount of the
water-treating mcrobicide is larger than 10 W% a large | oad acts on the
devi ce watelr { treatithggmichebigide- incaadvancee cilsbipreferradd tsinemethy
consunpti on becones Iarge. Thi s rrang be an econom c_di sadvantage. It is

3tm " nPe

pr ef er reteThbizahlonatepatnent Gan nbe carEted Put BfielcientiVmttently. It
ER AT N M AT

added each tineis Th a ran 0 I'tion

frequengy d e titidY 1n0a PEhgBPHEN1 0! Spm S(WERJHF Y &b 19 ae80Y¥At ehy
change the addition period of tinme and addition frequency, nonitoring the

vari at i bbhgquid t hendearguinig oft ne taterter Nneal £ ntHée atildad aamounite wr i Bhéons
in the plate count and contained organic carbon of the concentrate, the
rise onlcrobietdeits smaklar ¢han A0 ppm.stdr ilisi ppagssprYntabrahes, thee

nmb b nme d i ; | uti tal cid d
T oA SELTTET S0k, 0 Aoy 0l WLLon cont i ng a0 o6l dand 2
but  t he, L Hod-Pie 9%{9&9&%% hi bR ¢ &% 14 £LCRE 'e??.ec.tt‘? ahE 1151' el g
undergoi ng treatnment during nenbrane“separation is efficiént an

pref errgdlse ) tHd & twdladfe Etapiieny 6Bty waltdhitrdatuaiy mddrobieiaaongani c
acid and the corrosion inhibitor can al so be added separately to the

| i qui d deckbinei ndft tbet added amount pfethe watarhdiradtingrmderobdcdiiet he
i norganjc acid _added to the _li gui d undertgoi ng treatnment is _ 10 pgm iwei ght)
or nor el?RIGT hasy 101 €FE ) & darge dppdacts ol the devies sisqdfor addiRy of

econony, 206 d{dt -4t inY mLEEYELELEE, Una EHY' SHELSy BB utp AN Beomes

large. This may be an economic disadvantage.

It is preferred that the water-treating microbicide is added
intermittently. It is preferred that the period of time during
which the microbicide is kept added each time is in a range of 0.5
to 2.5 hours, and that the addition frequency is once per day to
per month. It is preferred to adequately change the addition period
of time and addition frequency, monitoring the variation in the
amount of water permeating the membrane, the variations in the plate
count and contained organic carbon of the concentrate, the rise
of differential pressure, etc. For sterilizing the membranes, the
membranes can be immersed in an aqueous solution containing an acid
and a corrosion inhibitor while the water treatment apparatus stops
operation, but the method of adding the water-treating microbicide
to the liquid undergoing treatment during membrane separation is
efficient and preferred.

In the water treatment method of this invention, the inorganic
acid and the corrosion inhibitor can also be added separately to

the liquid undergoing treatment. It is preferred that the amount

14



The preferred anount of the mcrobicide added to the Iiquid undergoing
treatment depends on the salt concentration of the liquid undergoing
treatment,. but it is preferred to control to ensure that the pH of the

| i quid undergoing treatnment becones 4 or less intermttently, and that the
concentration of the corrosion Inhibitor in the |iquid undergoing
treatnent is kept In arange of 0.1 ppmto 1% If the pHof the liquid
under gofh¢he daomganichecddead@edheo thendiquithundergoiingatreatsent £t can
happen to decline. Furthernore, if the concentration of the corrosion

ij nh: bi th} pEM | Gyetahth o MoXR An (hew RF Btexntliration REESFEcrandyls
ol ey W% 1° 26U 131 Yr ] MR BRBRGTLAA! LAY B0 EBELGRTERSHERL1LANEL 0!

i s higher an he corrosion -preven eve f,

and t hi squEpmdiet adudie a9 p L ngli sadvantage. |f sulfuric acid is used as the
inorganic acid, it is pref erred to keep the added anount proportional to

the salt conchd pateferredt ambankti gfii themiiszrpbivide asidedintto Ehe kikgujde,
when 50 ppmof sulfuric acid was added to_a pressure- sterilized (1200C,

15 m nd rgoingtzeagmeart @QH%PBN%SP%&IQOWW%Q oh @391%%‘? t he
H dro d to, 3.2, buyt en, sea er_sapples_collected.at three

P o CoEraPiny FraptnetthooaF 3 18 o SEBLREa 3P cBfbFS1 Mo pRsSE LASES

concent i u A A r - kol (0] L QAut

Coi cec (BR, Wutnd. uthifla Wi dePgohay” Eredthibh iibdudpVk ok 188811 C9)
under goi e et defly Welaid NtHat agR: ObtohcBntPati8nevem the 1lO6rpHPeien

sulfuric acid was added. This is considered to be mainly the ef f ect due
to the Mitdtoniiy die skhaai@runderdetpgtteeapmbnt tedeeptrintairangéeess,

4L veEhly BLETELTEd (o 20020 1o oRL (VLI SIOIEL B ST OIS,
e SRR hEnLESpan' ) S pEERIET el BEcSher e hpgeni o o
decline. Furthermore, if the concentration of the corrosion
inhibitor is lower than 0.1 ppm, the corrosion-inhibiting effect
may decline. On the contrary, if the concentration of the corrosion
inhibitor is higher than 1%, the corrosion-preventing effect tends
to level off, and this may be an economical disadvantage.
If sulfuric acid is used as the inorganic acid, it is preferred
to keep the added amount proportional to the salt concentration
of the liquid undergoing treatment. For example, when 50 ppm of
sulfuric acid was added to a pressure-sterilized (120°C, 15 minutes)
physiological salt solution (salt concentration 0.9 wt%), the pH
dropped to 3.2, but when seawater samples collected at three places
and a commercially available artificial seawater sample (salt
concentration about 3.5 wt%) were pressure-sterilized (120°C, 15
minutes) and used as liquids undergoing treatment, the pHs of the
liquids undergoing treatment were in a range of 5.0 to 5.8 even
if 100 ppm of sulfuric acid was added. This is considered to be
mainly the effect due to the M alkalinity of seawater. To keep the

pH of seawater at 4 or less, it is usually preferred to add 120
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concentrations of sulfuric acid added to the above natural seawater and
artificial seawater sanples were 150 ppm and 200 ppm the pH val ues of
the |iquids undergoing treatnent were respectively 3.2 to 3.6 and 2.8 to
2.9. That is, with the increase in the concentration of sulfuric acid, the
pH variation of the liquid wundergoing treatnent decreases. The optinmum
range of the concentration of the corrosion inhibitor in the liquid

under ga@PRy (weslghtehtorimarel pHsulifaniq@cdd.t oIbeisr pueternad thatrthe

e TS R e B B S Ly B
tipon, t 0 | f . I In th
Ot .  HEBe by, By P R I IS RO UL oD

8% is tigatAdindf. @ MIHREr pHEEBreba3Ss, 3ol | ppR' e nedst.hat whBR the _
concentration of the corrosion inhibitor is 1n arange of I to 100 ppm in
the | iconcentxietjons@ft sehfueht adid addedito éhei abpvée haturalgseawaterd and

the corrosion inhibitor can be addedat any step before the liquid
under g?HY antikGhak Sepwaker Samplefe WaTehd S pRIAPGN288vPRR, the PH

sterilizaiion g he rane_separation deyice, it is preferred. t dd
Them | AT ofty TS MEUHE HEREr aranse pEP AL TSR CaRbFEerEoper R £ 211 1 s
preferregl 506atthd N9 BN¥GaNI.9.2CT fngfh UE WPPASWHRAMRELEasE Addi fle! e
corrosion inhibitor to the liquid wundergoing treatnment, for Inhibiting the
corrosien@énfradtivn of sal8hsdcaapiaf erhed petvwfl dtidiibf heheoLi@sian

I nhi bitor sinmultaneously when the inorganic acid is added. In the case
wher e lwndéempgeing cbreatmemt hileoreasesxpensive, it is preferred, in view of
econony, to add it only when the pH of the |iguid undergoing treatnent is

3.0 or |ess. §he | QPHIBEM, Faq9e, 9 thei PPRAEPTTAL4OPNOT Hdq)aFPEE 2RO and
inhibitor in the liquid undergoing treatment depends on the ligquid

to be treated and water treatment conditions, but a range of 0.1
ppm (weight) to 1 wt% is usually preferred. In view of economy and
the convenience of water treatment operation, a range of 1 to 500
ppm is more preferred. For example, in the case where wastewater
with a pH of 1.0 and a salt concentration of about 8% is treated
at a temperature of 35°C, it is preferred that the concentration
of the corrosion inhibitor is in a range of 1 to 100 ppm in the
liquid undergoing treatment.

In this invention, the inorganic acid and the corrosion_
inhibitor can be added at any step before the liquid undergoing
treatment 1s fed to the membrane separation device. For
sterilization of the membrane separation device, it is preferred
to add them immediately before the membrane separation device.
Furthermore, it is preferred to add the inorganic acid on the

"downstream side of adding the corrosion inhibitor to the liquid
undergoing treatment, for inhibiting the corrosion of piping.

It is also a preferred method to add the corrosion inhibitor

simultaneously when the inorganic acid is added. In the case where
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the corrosion inhibitor. It is preferred that the period of time during
whi ch the inorganic acid and the corrosion inhibitor are kept added each
time is in arange of 0.5 to 2.5 hours, and that the addition frequency is
once per day to per nonth. It is preferred to adequately change the
addition period of time and addition frequency, nonitoring the variation

I n the anount of water perneating the nenbranes, the variations in the

pl ate cﬁﬂtCWSMtMt&rgéﬁl expanaéﬁe@fit Hes ppefentastc 10 Héevi @€ of
differential ur et.c r s erilizin t he ranes
can be 9o “ER AR i oRREE o hERoHEy | AEndtene LTI URgefReLh

corrosi t | & ter treatnent apparatus stops operatlon.
In the g@%e @#ef%h%h?norggﬁlc acid and the corrosion inhibitor are added

separatel y, the igdgréFedréacen anderali ttehtlynafgarhé adryar Geid aner ent
fromthat of the corrosion inhibitor. For exanple, the acid can be added

for 0. the cérrdsimurdnhdbdrbomt h@rt idayl;eﬁelﬁredhd:m rdee period bEt bimean be

added f _or the sanme period of tinme but at a different frequencg say, once
per weeRuTiRGehiehy hel*n?ﬁ%a%bgr%%i@na$ﬂhF%¢t%?r¥35%?5eﬁgh%gi Py are

excel | corl |on h|b| ef fect Sep rre 0,4

t he adgk'%ﬁ’%naé(??%q% cy etif?e corrg:s,an%r? ﬁﬁlﬁbl tgf’ ,bh5\,,f1§ﬁ,% g % Blrlr%%ef or
exanpl ethetaad%%hn@ré&feﬁ@f“ﬂsl Sic@pe@aPtothbOF mbndhd t Be a0fibEOPre§ both
the acid and the corrosion Tnhibitor. The water treatnent apparatus having
a nenbreveadenaaselyn chaagecehs addltpimsepériodeniti vinzorendtadditionr
exanple, the followwing Ato H 17 A Water intake device: This device

t akes | Fre@eencyjui G‘qmg-‘@rrdé!mgthﬁr cearEatior time Fbﬂ/ vﬁil!@%nt and udakery

ConS! S o PhndCubd! B5E BREan heTHER wAPkEELHRE, SHLLREBL R Gpufe ana
contained organic carbon of the concentrate, the rise of
differentlal pressure, etc. For sterilizing the membranes, the
membranes can be immersed in an aqueous solution containing the
acld and the corrosion inhibitor while the water treatment apparatus
stops operation.

In the case where the inorganic acid and the corrosion
inhibitor are added separately, the addition frequency of the
inorganic acid can be different from that of the corrosion inhibitor.
For example, the acid can be added for 0.5 to 2.5 hours every other
day, and the corrosion inhibitor can be added for the same period
of time but at a different frequency, say, once per week. Especially
if the corrosion inhibitor is expensive and excellent in the
corrosion-inhibiting effect, it is preferred to lower the addition
frequency of the corrosion inhibitor in view of economy, for example,
to combine the addition of the acid only and the addition of both
the acid and the corrosion inhibitor.

The water treatment apparatus having a membrane separation
device of the present invention consists of, for example, the

following A to H.
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devices pre-treat the liquid undergoing treatnent to be fed to the

menbr ane separation device, for renoving the suspended matter, enulsified
product, etc. in the liquid undergoing treatnent, and inject sone

chem cals. For exanple, the devices are disposed in the follow ng order.
B-1 Coagul ation filtration device B-2 Polishing filter An ultrafiltration
device and a mcrofiltration device can also be used instead of B-1 and
B-2. B-B. Hadercintekpedevhee edhiimdevicer takpecin fhegliauddl updergoing

m crobi cide, pH reqgulator, etc C | terrre]oclliégte tank ingtalle S required
Lo comitFRELREnt @5 Fhe TAv WAER: nanfl WRHALIE CORSIARS SRR ARERPORTTRS

wat er ' uality buffer action. D. Filter
com‘runiﬂécig%}llt'jh%g]fo ﬂéeéﬁh?rgpérj%%\?é\rﬁéenghﬁé#éif it isinstalled, or to the
pre-trem! paRl tdRdtaRnt 8bvibesi dindkurert o Eng aokthé ifakd @skalckedrnéBei ng a
function of renmoving solid inpurities of the |iquid undergoing treatnent
to be fdexdides pre-tareatatbeskpguid ivndentpodne triéathemir focba dfeal &bi tine

devi ce: Consisting of a high-pressure punp and a _nenbrane separation

nodul e.MeNRFINe nEAPREABICRpdRYirEn &OF TenVAnd e ruspRrdsd cRatter.

netal | bR SR wioughe i 30 A TR0, bgaERb TR, frRHEReREr o0

e separati o evi ces ral St ng

pressurfn plct Nsorhd BHhiEHES 90IFRG bikampTent the B8viedst arbh@1spake&’ in
menbrane Separation device. 18 F. Post-treatnent devices conmunicating to

the pertmatfollowing opdéret of the nenbrane separation device. For
exanple, the follow ng devices can be exenplified. F-1 Degasifier: Having
a functBoh Ghagehavien £hlboatiorcdevice

B-2 Polishing filter

An ultrafiltration device and a microfiltration device can also

be used instead of B-1 and B-2.

B-3 Chemical injecting eqpipment for 1injecting a coagulant,

microbicide, pH regulator, etc

C. Intermediate tank installed as required to communicate to the

pre-treatment devices: Having such functions as water quantity
control and water quality buffer action.

D. Filter communicating to the intermediate tank, if it is installed,
or to the pre-treatment devices, if the intermediate tank is not

installed: Having a function of removing solid impurities of the

liquid undergoing treatment to be fed to the membrane separation
device.

E. Membrane separation device: Consisting of a high-pressure pump
and a membrane separation module.

Plural membrane separation devices can also be installed in
parallel or in series. If they are installed in series, a pump can
be installed between the membrane separation devices for raising
the pressure of the liquid undergoing treatment to be fed to the

latter membrane separation device.
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F-2 Cal ciumcolum F-3 Chlorine-injecting device G Post-treatnent devices
comuni cating to the outlet on the raw water side of the nenbrane
separation device. For exanple, the follow ng devices can be exenplified.
G 1 Buffer: For exanmple, a neutralizer G 2 D scharge equipnent H OQhers A
wast ewat er treatnent device, etc. can also be installed as required. The
wat er treatnent apparatus of this invention can have a punp installed at a
desi r ecF pl Rest - fxeatmenmprdevices scommuricatiing hte the permeatipgawisteror
addi ng the inhorganic acid_and the corrpsioggbghibitor or their aqueous

sol uti BPRtLeh Phsithe cHeMhTang: $ORATRLIRNY Cor t HEChr £XAMPAEmenthe
devi - i B, bef f h
eV|cesE§&f§¥$ﬁ§;§§?§£$% ?éﬁ 5ée@§€@§i%gfgapes or before or after the

filter pr ef er 0 rnstall the neans before the

merbr ang- 1 Sgegasd £ Pér e ¢engl a CFunPEL O Co P rémbeing Neatbbhté &:id0 enhance
the ef f ect of this invention, it is preferred that the devices used for
addi ng Fh2 Qaletunreslumy m cr obi cide, inorganic acid and corrosion

i nhibitor can be automatically controlled, and are respectively provided
wi th a PrdnChipabre- brieatbtpgadeyiceontrol ling the injected anount.

i val 35 PETE TSI IRGS R GRS £F GE% O igRaopnene £ 1 "C
concentygtgr oidé 6ENERE! habelns! sbParaeLbA°RBYILANI DESLTexghble | Nhbe

apparatus. 19 Mreover, to control e Intermttent addition o

wat er - t FeBlowdng Ndevibesi €&n Bé Cexemplisiedef erred that an instrunent
capable of neasuring tine is provided. It is nore preferred that an
aut omatécl Buffeni | Bor sexamphe. t acnewtovabizeroperati on of the water

t reat nment
G-2 Discharge equipment

H. Others

A wastewater treatment device, etc. can also be installed as
required.

The water treatment apparatus of this invention can have a
pump installed at a desired place. Furthermore, it is preferred
that one or more means for adding the inorganic acid and the
corrosion inhibitor or their aqueous solutions are installed in
the intake device A or the pre-treatment devices B or before the
pre-treatment devices B, or before or after the filter D.
Especlally it is preferred to install the means before the membrane
separation device, 1.e., before or after the filter D.

To enhance the effect of this invention, it is preferred that
the devices used for adding the water-treating microbicide,
inorganic acid and corrosion inhibitor can be automatically
controlled, and are respectively provided with a pump capable of
adequately controlling the injected amount. Furthermore, it is
preferred to install the instruments for measuring the pH values
of the liquid undergoing treatment to be fed and the concentrate,

the concentration of the corrosion inhibitor, etc. in the apparatus.
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apparatus as a whole is provided. It is preferred that the conmponents of
the water treatnent apparatus of this invention such as piping and val ves
are made of materials unlikely to be corroded at pH 4 or less. If the
liquid wundergoing treatnent to be fed is kept at pH 4 or less, a high
sterilization effect can be obtained, and the effect of renmoving the scale
in the piping can al so be obtained. To prevent the nenbrane deterioration
caused Morexvelr zite copdinol dhecAngermd ttent. adddsdponefiywateentuedating| s

added as,  the ca may. be, but, si th ter-t ' ' bicid f th
present“ﬁ?ﬁ%‘h’t?s i ft&'g'd,ittjﬁé %I&'%eﬁ’&rea t G&ierﬁﬂl %gg%lﬁn ity f‘%\g?ég#:ﬁﬁmge ©

remar k g i 14 on +Qf oLLna: 1,crabl ci L h.a
ro- ¢ iR 14 4 ANECA 7 1¥ 18 i CDERRRRAIR CRi Gt a2
In the gaserellér A19dwIRY tABRAIEdmSt 1@ \opREat 1FRNHE Atfe wated! BféQtmesYi Ce,
a chlorine-based mcrobicide is continuously or intermttently injected,
for excapparatusamy astwpobé bsiproeldeds A to D. This nethod can al npost
perfectly sterilize the liquid undergoing treatnment to be fed unl ess any

resi stant st rkf iemneferreds thatothge Componenttsr 5i Ehaevwahar chepptment
deteri t IS .nenmb ' dyci

agent HRREERELS (b s, APSEETTR Prah, as dofet S MM SRty as aa S48, Sher or e
the menplade: a PENR PO AQY e coldRWRKAr ati Pl HGod i1l urgetqai ﬂgqu_ia

treatment renmaining after reducing and renoving chlorine by a reducing
agent, umdérgbing Cbhe&bméhy G60be Fedaddi kept dtheHriLrabebess ¢ a0high
variety of mcrobes existing in the raw seawater before the addition of

the m csbertlteatbon effpelircan beeoptadnesd mngr sbeseffactnay pemovithade
many acj duri

addi ti ofP®f séa@‘ﬁféﬁf’%iwﬁéb%iﬁé‘ﬁé&. gilaé [F)’F?O?%l’i’ @1&%@&? & %‘(’j‘%‘iép{‘gﬁd t he

oL Bl GECEAICH MBS ehos A g elts SRR PBCSL O
sodium hydrogensulfite is added as the case may be, but, since the
water-treating microbicide of the present invention is used, the
amount of sodium hydrogensulfite can be remarkably decreased.

The addition of a chlorine-based microbicide 1in a
pre-treatment step is effective for sterilization and is generally
used. In the case of a treatment apparatus having a membrane
separation device, a chlorine-based microbicide 1s continuously
or intermittently injected, for example, in any step of said devices
A to D. This method can almost perfectly sterilize the liquid
undergoing treatment to be fed unless any resistant strain emerges.

A chlorine-based microbicide can chemically deterlorate a reverse
osmosis membrane, and to prevent 1t, a reducing agent such as sodium
hydrogensulfite is generally added immediately before the membrane
separation device. However, in the liquid undergoing treatment
remaining after reducing and removing chlorine by a reducing agent,
microbes can easily grow. In addition, the microbes are not a
variety of microbes existing in the raw seawater before the addition

of the microbicide, but a group of very sorted microbes that may
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inftermttently. This nmethod is also effective for preventing the nenbrane
deterioration. It is preferred that the chlorine-based mcroblcide Is

i njected ance per day to per six nonths for about 30 mnutes to 2 hours
each time, in reference to the quality of raw seawater, i.e., the

exi stence of mcrobes. In adaptation to the timng of adding the

chl ori ne-based m crobicide, and considering the novenent of the water
cont ai mmglude nEnrdglduxise diogriaesbiesiicd; theres pTbierpedblemsaanlhea
reduci ng agent at a position between_ the ﬁre-treat ment devi.ces and the

nbrarﬁ"]s‘é?%réfl she @é\ﬁ:‘(,té%rOﬁ nAcFMeriAg -PRECEN MFSTOLLHdey in the

m cr obi ¢j 0 { 1 0Q, L | | eto
add t ndtaras St rsBknd BB A bE  EahbhR%qdrr dimeRERESy
corr Os'l%‘foi-é‘ fth@ hehbaRfe l4EhA¢d tth SERRVAICR! ¥ré %éﬂeiea%«ae%wwﬁ@awo be
f ad to the nenbrane separation device, f or sterilizing the nenbrane
separ atimtexieit tent e iThisr methedt ishabso rafﬂmﬂﬂdremfmobrevdatmngethe on
method to the pre-treatnent step like this gives an effect of remarkably

decr eagl\ﬂgblt‘#me tdearioraton. sddh igspreéesprd Hba‘éo‘él‘ec@iﬂs‘a?we bigedt he
t d b hi d

Cohe wiittorarleide s AnfRdiad ARdR Pedt Bwe 15, BSEnLx, NOBHRP ohohomhelt he

wat er - ti@arﬁilﬁlgté‘% CEHLY 31‘1%@:9%5&? ebhd, a0y F8feré&R éoﬁbof'hénguﬁ %P{r @nd

coul d never achi eve t he conventi onal ster| I zati on S” sl nce

the st efdv i gadwareef f£d. J Shd RStifdtieticiof Tieredes. t rAaddrptatedhotoand
apparatus of this invention can be suitably used f or the water treatnent

with a teebredmeirg sebaraddbmg dethee. clPborinetbasgdi tmtanObéctéet abagdused
for water refini nrgt processes such as desalination of seawat

desal i rERRSiehing thenerenss & oL E‘i’%&’ﬂc?ﬁroW%'Fa*%%ttheth%\%?%?e bagedicti on
of  ultyARULE: YBIE! 19 1 PPEEEIRLER t PERPPTY PRe8licTRY Y abW SolPt £6n

between the pre-treatment devices and the membrane separation
device for inactivating the chlorine-based microbicide. In
addition, in adaptation to the timing, it is desirable to add the
water-treatingmicrobicide of this invention or to add the corrosion
inhibitor and the acid separately to the aqueous solution to be
fed to the membrane separation device, for sterilizing the membrane
separation device.

The intermittent chlorine-based microbicide injection method
to the pre-treatment step like this gives an effect of remarkably
decreasing the treatment cost such as microbicide cost compared
with the continuous injection of microbicide. This can be achieved
for the first time with the water treatment method of the present
invention using the water-treating microbicide or the acid and the
corrosion inhibitor, and could never be achieved by the conventional
sterilization methods since the sterilization effect |is
insufficient.

The water treatment method and apparatus of this invention

can be suitably used for the water treatment with a membrane
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clarification of raw tap water, and advanced treatnent of tap water.
Furthernore also in the concentration of food, also in the case where
organic materials, etc. likely to be deconposed by conventional oxidizing
m crobi ci des are separated or concentrated, they can be concentrated or
recovered w thout being deconposed. So, the effect of this invention is

| arge. Mbreover, in the case of producing drinking water, this invention
has an %ﬁpmt;m@eﬁﬁ@e-geﬁeir&tlr:uﬂ»a@wt e qari bgl suttabhe ysestferdvaten

hl ori t | i zati ted. Still_ furth t
{r eat oHRE e%é@%%és‘:%ﬁvgﬁ?? 7l fiton s, sEhatate depal FRdtich

pr oduct ”%1@ th f nly
can be él’gerb c)@_{é | za:‘n(irmd o o npl es %ﬁ%@rﬁﬂﬁ&e‘ﬁ’? :tg% lg?gggg?f%ﬁ of
parti C%.’@fi‘a!pthfle rﬂ@izeas:epﬁ@e v@t@”ﬂol prodhetion #PmddiIB il pheecwhater,
thereby. First of all, the synthe5|s of the chem cal solution used in the

exanpl eslarsifibsat idmed firaw wapwikenplandoddegncéé sireatmen thof \tapowgterci nat e
> An epoxysucci nate was synt hesi zed as described bel ow according to the
met hod BHarthgyroretakso in. t@?g°°@%@h¥ra?3°n5ﬂf faodp)glsq 30| thercase

t hree-neck flask was char ed wth % hydride and 428 nl of
ul t r apufe®Hfat eqrqagf a\(,)iis T(f“ c:n‘e Sol gFl ofieceBBegedr B8 wt %

pot assi e%fa &'f oa;qlm%g rﬁ%i:’&bi?&&@é a%d_dgépéfa@%%@: Y5h8enerdE8api N9
f unnel Cc00 |ng to keep the tenperature at” roomtenperature. Then,

18. 8 g theposlan & 2contgst fhtedosSr atiéedverad eubhequenéiryg?uaacq:npésea%
hydr ogen peroxi de water was added dropw se. The m xture was stirred for
about 3%0, rthritefifecin@fithig dnvastien, botbargem Maneoveds é@uéb@scgéﬁut i on

was gr adi? a lgldu%di%egd drli?xkg.?xlgswg S étt]fs f:l.ln%selﬁt\%sn HUI ckl yefcfO teq:hat the
generation of the trihalomethane produced with chlorine
sterilization can be prevented. Still furthermore, the water
treatment method of this invention is especially suitable for the
production of drinking water, since compounds with high food safety
only can be used for sterilization.
Examples

This invention is described particularly in reference to
examples, but i1s not limited thereto or thereby.

First of all, the synthesis of the chemical solution used in
the examples is described below.
< Example of synthesizing a polyepoxysuccinate >

An epoxysuccinate was synthesized as described below
according to the method of Payne, et al. (J. Org. Chem., 24, 54
(1959)).

A 2-liter three-neck flask was charged with 280 g of maleic
anhydride and 428 ml of ultrapure water for dissolution. To the
aqueous solution, 500 g of 48 wt% potassium hydroxide aqueous
solution was added dropwise using a dropping funnel with cooling

to keep the temperature at room temperature. Then, 18.8 g of sodium

22



to'keep the reaction tenperature at 55 to 650C. Then, the reaction mxture
was kept at 65 to 600C for 30 minutes, to obtain a potassium
epoxysucci.nat e aqueous sol ution. The aqueous solution was cooled to room
tenperature and concentrated to 300 m, and it was poured into | liter of
acetone. The produced precipitate was secured by filtration, for Isolation
as pot assi um epoxysucci nate. Then, a 200 ml round bottom fl ask was charged
with 10tunggtate wascaddedsandnsubsaguentlnBe gof 39% hydrogen pgrexidat er,
and 48 w % potassi um hydroxide was added, to adjust the pH of the agueous
sol uti ofAter 1¥as. agded héF‘PrB‘f’%,seO. f8he, 'B’fx*clh?eci‘iﬁ;r hS B8 d et W saPAled? and

react i W1 GCes ariﬂafq.lgugogk §9Q&§ tp%ta%él% ﬁ?ﬁé’%."%?écﬁﬁﬁébﬁ% ﬁ%?&t\}\%gﬁd i on

m xture WaS cobled to ' rcdomtenperature, and

secur edydy diradu@iipradded Ot amy thikapakal OtheagldsRdwhs geIBKEYV8bEledl a
bath tenperature of 400C, to obtain a white solid. The nol ecul ar wei ght of

t he obt o b ehgepoxytion i temipe nturdratsss amb BB °ceatheri, ghle peacehdhon
chromat ography (GPC). Concretely a sanple was prepared at a concentration
of 200 mputurewhsakeptsatibfate &6Asfanci0 misuteshytemdgin a porassiurnown
nmol ecul ar _weight. was used, to draw.a caljbration curve, f. or _calculating
The’ ol SeerEs S iffe Sfidoi< sBt 3ae 8P Hatinls Rpuntstluab 2 SHLelht o
t he obtgj neg, Wiﬁd i ' = ~rdag 00) .
Exanpl e?’l to‘pg nty wel g tdcggﬁggﬁﬁgg:yguré(a??@ n<('£‘| aan;dr)lgtOW%l\i\?\?%l/go? a
corrosi Ditd Mhilliterr oEhavetbhelablive |pr@ivceadigaddipitate walscseddredl Bgtric
conductivity 10 RS/cn), to prepare a water-treating mcrobicide (pH 0.6).
St ai nl eEtltration esfopi beelation s xpgbagpiunr epaxysweginate sUS316L and

pol i shed wi thya R0 380 11! o0l Wik e Ph28K Ughootianled WED BYeg"BLe"

the potassium epoxysuccinate and 50 g of ultrapure water, and 48
wt% potassium hydroxide was added, to adjust the pH of the aqueous
solution to 10.3. Furthermore, 0.41 g of calclium hydroxide was
added, and reaction was carried out at 80°C for 6 hours. In
succession, the reaction mixture was cooled to room temperature,
and the insoluble matter was secured by filtration. A rotary
evaporator was used to remove water at a bath temperature of 40°C,
to obtain a white solid.

The molecular welght of the obtained polyepoxysuccinate was
measured by means of gel permeation chromatography (GPC).
Concretely a sample was prepared at a concentration of 200 ppm,
and as a standard substance, polyethylene glycol with a known
molecular weight was used, to draw a calibration curve, for
calculating the molecular weight of the sample. The weight average
molecular weight of the obtained polyepoxysuccinic acid was Mw =
20900 (n = 100, Mw/Mn = 1.00).

Examples 1 to 3
Twenty weight percent of sulfuric acid and 0.1 wt% of a

corrosion inhibitor shown in Table 1 were added to pure water
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ul trasoni ¢ washer, washed wth acetone for 60 mnutes, and dried in air.
Said water-treating mcrobicide was diluted with seawater (electric
conductivity 100 nS/cn) to 100 times (mcrobicide concentration 1 wt.%,
to make 100 m of a testing liquid. (pH 1. 2), and it was placed in each
of ten 100 m polyethyl ene containers. Said stainless steel test pieces
were immersed in the containers one by one. The containers were allowed to
stand i(eksctBi cohduobiviatyc 1Ohaithom) Onto hprépareda watle?-theattinaft er
start of immersion, the test pieces were taken out, and \ge%iﬂghed. The test

pi eces TRFORECHIRY WH 0 -Hlre REALPLESS, SEealchiRS PIRRGR ¥ Xc3PdMR  for
5 seconds, '8“[ GHadd %%{%U@ﬁ‘fjeﬂ‘eérgcﬁ‘zg%*fsﬁeé'xbiﬁ?.Qe%{)g(rﬁfﬁlng_ﬂ%ﬁéﬁh?ﬁg

usi ng ah ‘el'ectronic nce capa werghing in € average

val ue ofuffdee WeTk RIARSd WIStRPIREAvatde ebrf eimifbtaddiiddd Can
corrosion inhibitor was eval uated as described bel ow. The weight loss in

t he perubkirdsomictwashenf, iwantrexl oritiho aideconé tford69 mahused,t apdwadrbéd | oss
in the period f romthe 4th day to 7 th day (b) were obtained respectively

as foll irpei §ald waker drealing merabigideovas i luked wikhf seawater

I mer si - _wejght of. test .piec n_t th d Syrface area of test

pi ece %}%ﬁr#%sgop&ucﬁ.ﬁrﬁ%}r j?@‘éi"&{x‘mﬁf t#gsta]}/dpé eg&m(?ﬁ tﬁ'@fﬁr? 1‘8@?

Wi ght ' tyhe r {ac ireger Then, the
rati os %@A?ﬁgﬁv\%ﬁ:‘g tql %ls%ge)é Eé)ﬂ&;a'lﬁ%al{% ﬁg'aégeﬁ %ﬁlﬂ{ t}tg‘i{?ggoé?ﬁc%F?g’si on

i nhi bi tada toe s \Wiagdd lieseaeh( of &ed (0) miapsEdethibene tbetasgeds.
corrosion inhibitor were obtained respectively as described bel ow. 24

Wei ght Sabd stainlkass stemy Jlast pledes) wexgsdnmprseduin thecoentainers

i nhibitor /Wight loss (a) caused wi thout use of_ corrosion inhibitor

Wi ght 9REsbybpneat i dThe vepRhainess werecAkkawed t housdagd by rani §8°C
0 1l 04 iy €450l ot 2005801 g6 LT BAL o
immersion, the test pieces were taken out and weighed. The test
pleces were washed with pure water for 5 seconds, washed with acetone
for 5 seconds, dried in air, and weighed in a silica gel-dried
atmosphere using an electronic balance capable of weighing in 0.01
mg. The average value of five test pieces was obtained. The effect
of adding the corrosion inhibitor was evaluated as described below.
The weight loss in the period from start of immersion to the
4™ day (a) and the weight loss in the period from the 4™ day to
7*" day (b) were obtained respectively as follows.
Weight loss (a) (g/m?) = (Weight of.test plece before immersion -
weight of test piece on the 4™ day)/Surface area of test piece
Weight loss (b) (g/m?) = (Weight of test piece on the 4" day - Weight
of test piece on the 7" day)/Surface area of test piece
Then, the ratios of the weight losses (a) and (b) caused with
the use of corrosion inhibitor to the weight losses (a) and (b)

caused without the use of corrosion inhiblitor were obtained

regspectively as described below.
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|l oss (b) ratio was enpl oyed as the weight loss rate. The result is shown
in Table 1. (I.n the table, potassium polyepoxysuccinate 1is abbreviated as
PES, tetrasodi um ethyl enedi am netetraacetate, as EDTA, and pol yacrylic
acid, as PA.) Conparative Exanple 1 An experinment was carried out as
described for Exanple 1, except that no corrosion inhibitor was added. The
result is shown in Table 1. In this conparative exanple w thout using any
corr osiWgighthRosist ba) natd oreifgikghtodossal @) wiandest wéthiuas ofheeeresion

Exanpl e 1 to 3, to .sh that. the test. pi ded i . Tabl
P i S e o (o Cansed e ERGH € Uphrd coreaton (Rathiter ag

Exanpl r.afdve_Ni a uric
acid vvgwsgfa%&egztsgogggmﬁfg}o (yf‘ie%%?go%ngﬁé:%%e& %ggmrgg%é%goa JJ”Est i ng
i ts pH {rhilbi 2wl Wéi @i ok sa( B catsedwi t bl ulse o £ kot oisl ohabhigi Bi 66
added to the seawater, to prepare a testing liquid. Test pieces (20 nm X
30 nm x 1 mMThedverag8Usdlde cfhithpoveiglet hMagsh (a)Noat Be2@rid theoweidgint
surface were washed with pure water for 60 m nutes using an ultrasonic
washer ,1le@sHR) watilo sas emplaedb@shithe #eldhtd 19siScgdats -ai The reswlifidr ed

T o o ARG £ L A, b BERR R SO Bk UG ARRL co
in the COUNBO St CadVPEIE tdtFadbdYGh WERPE AL ANINE e VPiECetate,
as EDTA, and polyacrylic acid, as PA.)
Comparative Example 1
An experiment was carried out as described for Example 1,
except that no corrosion inhibitor was added. The result is shown
in Table 1. In this comparative example without using any corrosion
inhibitor, the weight loss rate was larger than those in Examples

1 to 3, to show that the test pieces were corroded heavily.

Table 1

Corrosion inhibitor Weight loss rate
Example 1 PES 0.37
Example 2 EDTA 0.58
Example 3 PA 0.67
g::ﬂ:i:tive Nil 1.00

Examples 4 to 7

Sulfuric acid was added to seawater (electric conductivity
100 mS/cm) for adjusting its pH to 1, and 10 ppm of a corrosion
inhibitor shown in Table 2 was added to the_seawater, to prepare
a testing liquid. Test pieces (20 mm x 30 mm x 1 mm) made of SUS304
and polished with a No. 320 file on the surface were washed with
pure water for 60 minutes using an ultrasonic washer, washed with

acetone for 60 minutes, and dried in air. One hundred milliliters
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allowed to stand in a 35C thernostatic chanber for 3 days, heated to 80C
and allowed tg stand continuously for 17 hours. The test pieces were taken
out, washed with pure water for 30 seconds and washed with acetone for 10
seconds. The weight | oss due to corrosion was neasured as descri bed bel ow.
The wei ght | oss was obtained from the followi ng fornula, and the average
val ue of five sanples was adopted. Weight loss (g/n2) = (Weight of test

pi ece bef sadd vestingAdiquidi yas plaicedetn egichcef ffimer 160 ddypobyethykeneon)

/[ Surface area of test_piece The result i.s shown in Table 2. (In the table,

pot assi G ERIBRBBx AR St 31N 1aRs SFesledesd PESCesePPEEiMARFSed 1n
et hyl ecnglgé ag\opggghrgggce%}t gbjﬁa%n%'?TAzT@dp%gggﬁ&igﬁgca&&@%ﬂ s 3\9%%% as

BTC.) nparative rrpq n -experinent arirred out as descri for

Exanpl e%:F']_o\%é&Ct?dﬁsttalﬁﬁt 1H0a%°@Eh89mb§959?.&06h&ﬁﬁefsf& F\aa§8" REatEEN
e , pH 1,

from Ta at a strong acid condition o In the caSe where a
corrosits 800 Andoalleweddteds tandi @nt Lmid sl prEdm ibhouis .ef Thet tess
shown conpared with the case where no corrosion inhibitor was added. 26
Tabl e PieeeeMe%R i toHWR At 1 sashest wddho purenhwBitesr EPPVE P gP RPPNER AR e

APESLO0, 19, EXARYS, SR 09: 1 EXBERS . OO0 18P AR 82l TEE9Ho810n
was measured as described below. The weight loss was obtained from
the following formula, and the average value of five samples was
adopted.

Weight loss (g/m?) = (Weight of test piece before immersion - Weight
of test plece after 3 days of immersion)/Surface area of test piece

The result is shown in Table 2. (In the table, potassium
polyepoxysuccinate is abbreviated as PES, tetrasodium
ethylenediaminetetraacetate, as EDTA, and butanetetracarboxylic
aclid, as BTC.)
Comparative Example 2

An experiment was carried out as described for Example 4,
except that no corrosion inhibitor was used.

As can be seen from Table 2, at a strong acid condition of
pPH 1, in the case where a corrosion inhibitor was added, a high
corrosion-inhibiting effect was shown compared with the case where

no corrosion inhibitor was added.
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11" Exanpl e 2 Exanple 8 and Conparative Exanples 3 and 4 Twenty wei ght
percent of sulfuric acid and 0.1 wt% of a corrosion inhibitor shown in
Table 3 were added to pure water (electric conductivity 10 RS/cnm), to
prepare a mcrobicide for a water treatnent apparatus. In Exanple 8, 0.5
wt % each of sodium citrate and malic acid were further added.as storage
stabilizers. Stainless steel test pieces (20 mmx 30 mMmm x 1 nm) nmade of
SUS304 Talmtie p2l i shed with a No. 320 file on the surfaces were washed with
pure water for GO0Tm Nutes usiNg_an Ui U TEnRBhtrab@enicr ;| Was falg¥ Ghss acetjone
for 60 m nutes, andegFePE@ni HMPLOTThen, t hepgmid)ai nl ess| steel (gymdt pi ecqs
were ifmersed in 00C 20% nitric acj{d water for passjvation tieatnent for
1 hour| *®8RE ‘out | washed®™¥th acetpne andried in hir. Sai’d*%icrobidide
was di Iéjxt eglgvisth gseawat erp (100 nB/¢em to 1QQ times (m crobi gi d
concentr n-1 %, to ke a testing liquid (pH 1, 4), and the test|ing
I qui d pasppd aced|in five pal00 m pPI yet hyl gge contaijers. Sai ggstainl gss
steel ftest pieces! were inmmersed inithe containers one-by one The

pol yet [mudatpee 7cONtiai Nners wece all owed to staed in an BO0C tharmmstatic
chanbef-—Opthe—4—th—dayafter—staft—of —+rmersitonm—thetest—pieces—were
t aken Q}mpiigl weilghed. TN&ltest pieces were-washed wth puré@water for] 5
seconds, wastied W tiTacetone for 5 Seconds, dried Tm air, and  Weighed in a
silica gel-dried atnosphere using an el ectronic bal ance 27 capabl e of

wei ghi In 0.0 I cal ajed as described for
Exanpl gg’ﬁ‘?-‘f‘ﬂ-ﬂ% %e%ngljﬁltg&gpgs\ﬁ%gmjﬁ]‘B? nﬁ’?galﬁﬁ‘\gé%. 95%“5%1& ely seawater with a salt
concentrati onpgdn & Swdi gh¥eperabheWRE st it adcBfCandeoNiiohty bf a _
stabilize the plat'e count, "and diluted wth sterile water to 3.5 W% (this
i s cal | esrsosion otnhibitde showat dm (Palebs r3 cwepsdadded tho IfirerSiater 0. 1
wt % of a

(electric conductivity 10 uS/cm), to prepare a microbicide for a

water treatment apparatus. In Example 8, 0.5 wt% each of sodium
citrate and malic acid were further added as storage stabilizers.
Stainless steel test pieces (20 mm x 30 mm x 1 mm) made of SUS304
and polished with a No. 320 file on the surfaces were washed with
pure water for 60 minutes using an ultrasonic washer, washed with
acetone for 60 minutes, and dried in air. Then, the stainless steel
test pieces were immersed in 50°C 20% nitric acid water for
passivation treatment for 1 hour, taken out, washed with acetone
and dried in air. Said microbicide was diluted with seawater (100
mS/cm) to 100 times (microbicide concentration 1 wt%), to make a
testing liquid (pH 1.4), and the testing liquid was placed in five
100 ml polyethylene containers. Salid stainless steel test pieces
were immersed in the containers one by one. The polyethylene
containers were allowed to stand in an 80°C thermostatic chamber.
On the 6" day after start of immersion, the test pieces were taken
out and weighed. The test pleces were washed with pure water for
5 seconds, washed with acetone for 5 seconds, dried in air, and

welghed inasilica gel-dried atmosphere using an electronic balance
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m ¢robi ci de shown in Table 3 was added (pH 3.1) and the solution was
allowed to stand at 30C for 30 mnutes (this is called solution B). For
obtaining the plate count, a mediumfor marine bacteria was used to
culture at 30C for 6 days, and the nunber of energing colonies was
counted. The plate count remaining rate to the plate count obtained’

w thout pH regulation (solution A) was obtained. That is, the plate count
remai nicapable ofayedighdngednf@ A s Tbel wel oyt flrsmwas Padculetedtas

remai ni ng rate?#{/% u‘% (Plate count after reaction (solution B))/(Plate
count \HSFFEAD G UFEATRIL (40l TS FeRWEt 18 fRewidn éczﬂ}?]te shown in

Table. 3. The ca{rége}{recig%g‘é@%t%‘ipﬁiﬁg% %alllt QURAhIREEBA OF & LRES was,

therm)statlcc e SO € Was COI’]II’I’T’E

day. The { ted Ss t rSO-Bébl)@e%niﬁh@ ftBeﬁthBkEizQ%%é%ﬂicS c?&ﬁf", 'S
abbrevi ated as PA sodiumcitrate, as CA, mal 1 ¢ acl as MA) As can
be seerarid dblletidce wdthcstpaikd watér Ganpabawt ¥ e thimilsecalled sdlation

storage stabilizer was added, Exanple 8 in which a storage stabl lizer was

added shbmeé'%lsgﬁé’iatﬁror(@é@@tra& copduct 1vidy 40@nmBicmhe 0.1 wtd of a
o by (betel e Fhden M 2eutE Y Fag maned ol 3ot ) el fhecealSbSR.Dl e
i bi SR L8, W%ﬂ%ﬁ% 28R LB 5 SPadee ot i ELSn
Conpar ag) vepd¥ ldbt2Ad i Rahleeplateudvunt, a medium for marine bacteria
was used to culture at 30°C for 6 days, and the number of emerging
colonies was counted. The plate count remaining rate to the plate
count obtained without pH regulation (solution A) was obtained.
That is, the plate count remaining rate was obtained from the
following formula.
Plate count remaining rate (%) = [{Plate count after reaction
(solution B)}/{Plate count without pH regulation (solution A)}]
x 100

The result is shown in Table 3.

The microbicide was separately allowed to stand in a 25°C
thermostatic chamber, and the solution state was confirmed on the
19t day. The result is shown in Table 3. (In the table, polyacrylic
acid is abbreviated as PA, sodium citrate, as CA, and malic acid,
as MA.)

As can be seen from Table 3, compared with Comparative Example
3 in which no storage stabillizer was added, Example 8 in which a
storage stabilizer was added showed higher storage stability in
addition to the corrosion-inhibiting effect. Comparative Example
4 in which no corrosion inhibitor was added was large in the weight

loss of test pileces.
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Exanpl e 3 ConparativeNo Ni I Nil1.080.16 Exanple 4precipitation |Industrial
Applicability: The present
while inhibiting the corrosion of equipnent piping in water
sterilization frequency can

usi ng a nenbrane separation devi ce.

be increased, and pH can be | owered

Ther ef or e,

further,

treat nent

i nvention can achi eve effective sterilization

to increase the sterilization

effect. Furthernore, in the case where a storage stabilizer is added to

t he watBableexting m crobicide of this invention, high storage stability
can berreatTzed yWhite the gterTtizatTon ef fect pp e onne

corrosf on-prevent i feFres¥odet| aBEOTagRst o FRIANt JPRE prasfiihg b ol 1ok @Batas
especijal |y suitabl QBT gr “YRE2BE dces ¥80f keawator desal i nation,
bracki{sh water deésalinationf, etc. 29 CLAIMS 1| A water-trfeatin

M cr obfi Bxesige &onpri siPg an |i ncrgai c |aci d.1& cprrod.h i nhj meggitgﬂqn
carboxylic acid hhaving 8 orl less carbdon atons pr any of aJkall netal galts
thereorch,,l rafgater-treatirng m crobidide, accor di ng to claim wherein the
corrommggmm bi for i % pol acryic agid. B2 A wat er -%PRating R?‘F?‘EIF Gb3@¥ de,
accor dj Yerg-n—the :.organ.u a5 oulfur:c acte—4—A
wat er - mnanhwgenlcroqhglde acggrding to chaiml, pgin the  No
concent¥a8nt of |the inorgdnic acid ijs in a range of 50 ppm P¥RELRjRYI"tlo 50
W % and the concentration of the corrosion inhrbitor is in _a range of 50

ppm (weight) to 50 w% 5. A water-treating ncrobicide,
2, wherfifudffial Applicability:

The present invention can achieve effective sterilization

according to claim

while inhibiting the corrosion of equipment piping in water

treatment using a membrane separation device. Therefore,
sterilization frequency can be increased, and pH can be lowered
further, to increase the sterilization effect.

Furthermore, in the case where a storage stabilizer is added
to the water-treating microbicide of this invention, high storage
stability can be realized while the sterilization effect and the
corrosion-preventing effect are sustained.

The present invention can be especially suitably used for the
processes of seawater desalination, brackish water desalination,

etc.
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nol ecul ar wei ght of polyacrylic acid is 500 to 10,000. 6. A water-treating
m cr obi ci de, according to claim1l, wherein the carboxylic acid having 8 or
| ess carban atonms is at | east one selected fromacetic acid, tartaric
acid, succinic acid, citric acid and nalic acid. 7. A water-treating

m crobi ci de, according to claim1, which is wused in a water treatnent
process using a separation nmenbrane. 8. A water-treating m crobicide,
according to claim?7, wherein a re®¢AdMSosnpsis nenbrane is used as the

ot a5 b SREAET renktald AeHORIR R o LORE NG, B LPREORPACPREdnckcr

10. A vg} oél&??i%bi‘?&dé‘e%qfd %082?58 ﬂﬂi&@@é%&%né@%&gl& § carbon

wat er -treating nicrobici as set forthin cla o a liqui under goi ng

treat Meftond SPYaky oPE helIaEL ameEaADr SAELSeMREBEGON Step in a water
treat nent process using a separation nenbrane. 30 11. A water treatnent

met hod, 2 adcweatiergtreatiagmi€rombheide h adoordiatgetot ckaimrly wherelincthe is
added in a range of ;0_g$n1(meight) to 10 wt% 12. A water treatnent
met hod, CQEERS Hemglrlikl o 19 Pokvrernligeaci@ier-treating mcrobicide is

dded i pt i tt ly. . 13. hod, di laim 12,
pded |91 SRR L3 MU LS IR AT SRS PRaLsf! 8RO,
hours eggbrgdhi® adfa fsVGifFuti&aheEAt nethod, according to claim 12,

wherein the  water-treating mcrobicide |Is added at a frequency of once per
day to4pey waeirhtréatiAgwaierobiebder dcomidiany tacebaimry, whetlednnthe,
wherein the water-treating mcrobicide is added during nenbrane

separ at¢ercentrat jop@fethe rinaraanigraciddis dacaxandge od 29 Ppm (weighbtlein a

reverse osnosis menhrane i s used as,the separation nbr a
to 50 wt%, an %ﬁe concengragion [o] e corrosion 1n%ibitor is in

a range of 50 ppm (weight) to 50 wt%.

5. A water-treating microbicide, according to claim 2, wherein the
molecular weight of polyacrylic acid is 500 to 10,000.

6. A water-treating microbicide, according to claim 1, wherein the
carboxylic acid having 8 or less carbon atoms is at least one
selected from acetic acid, tartaric acid, succinic acid, citric
acid and malic acid.

7. A water-treating microbicide, according to claim 1, which is
used in a water treatment process using a separation membrane.
8. A water-treating microbicide, according to claim 7, wherein a
reverse osmosis membrane 1s used as the separation membrane.

9. A water-treating microbicide, according to claim 1, which is
used in a water treatment process for producing drinking water.
10. A water treatment method, comprising the step of adding the
water-treating microbicide as set forth in claim 1 to a liquid
undergoing treatment in any step before a membrane separation step

in a water treatment process using a separation membrane.
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17 A water treatnment nethod, according to claim 10, which is used for
produci ng drinking water. 18. A water treatnent nmethod, according to claim
10, wherei.n seawater is used as the liquid undergoing treatnment. 19. A
wat er treatnent nethod, conprising the steps of adding an inorganic acid
to a liquid undergoing treatnent for Intermttently keeping the liquid at
pH 4 or less and adding a corrosion inhibitor to the |Iiquid undergoing
treat neht, A watigr dingadnesfto methadeniacoerdingpioaciladmsibp whenehnt the
treatment. process using a separation _menbrane. 20. A water treatpent

et hod WaRAHT RSt 189 ARETAREEL i i PAUBRo R R FMR O%Hd0GPPE (et SARe
for O. 50$i.$kgours each tinme. 21. A water treatnent nethod, according to
claim19, erein the inorganic acid is added at a frequency of once per

day to pel AGiiter ¥redtmeh taietthdd,caldtvHaiim) kedclasmondi nghbéteshathe 19,
wherein in the steps for intermttently keeping the liquid at pH 4 or

| ess, wakep+Hireatipd reicBobicidssistaddédeimberyibtenhte. per 2 to 1, 000
times, and the pHis kept at larger than 3 in the other cases. 23. A water

treat meh? - fetRkPT d&estment method marsorgi@geite chaim Adr gwheEedRi thes
| furi id._ 24, A t t t h [ im19 [
The cOrFESt ohrERRTY ACHap IR TR KPRt Rbapd 2% (. §rd % % Boflep eadR®r®' "

m crobigife, according to claim24, wherein the nolecular weight of

pol yacrylic acid is 500 to 10,000. 26. A water treatnent method, according
to claimlA witsritrddtern thaiedhvd, adicdrdinzddedcilaim 1angehetel then
(weight) to 1 wt%and the corrosion inhibitor is added in a range of 0.1
ppm (wewgtey-treating micrpbirige ds addedmhi@ fregyencicedrafiqegpPes 8% m

19, wherein the jnorganic acid is added on the downstream si de of addi ng
t he to per month.

15. A water treatment method, according to claim 10, wherein the
water-treating microbicide is added during membrane separation.
16. A water treatment method, according to claim 10, wherein a
reverse osmosis membrane is used as the separation membrane.
17. A water treatment method, according to claim 10, which is used
for producing drinking water.

18. A water treatment method, according to claim 10, wherein
seawater 1s used as the liquid undergoing treatment.

19. A water treatment method, comprising the steps of adding an
inorganic acid to a liquid undergoing treatment for intermittently
keeping the liquid at pH 4 or less and adding a corrosion inhibitor
to the liquid undergoing treatment, in any steps before a membrane
separation step in a water treatment process using a separation
membrane.

20. A water treatment method, according to claim 19, wherein the
inorganic acid is kept added for 0.5 to 2.5 hours each time.
21. A water treatment method, according to claim 19, wherein the

inorganic acid is added at a frequency of once per day to per month.
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cofrosion inhibitor to the liquid undergoing treatnent. 28. A water
treatment nmethod, according to claim22, wherein the corrosion inhibitor

i s added when the pH of the liquid undergoing treatnment is 3 or less. 29.
A water treatnment method, according to claim19, wherein the separation
menbrane is a reverse osnosis nenbrane. 30. A water treatnent nethod,
according to claim19, which is used for producing drinking water. 31. A
wat er t22athewatempttoeatmenbrmethodo acednding tweebaim k%awuhereis imed as
t he quéég under oin treatment. 32. A water treatnent nethod, r|S|ng

the stefRedit ‘ﬂ?ﬁ ] mittently keening fhe diguid atqpH éo?Fo%
| nhi bi tglgt fk%’é:od% g?d§£99é99 4L et *ﬂiuéone?ﬁ%@ %\ﬁ%e Rlabes §04iNhag

remalnlng rate o ess I n any s re a ne rane sepafalon

step i Nt fme?, V@@ thé Ol MBS kP OCEESLABHES EnaRPE £ | Oe "BEREANEaSES . O
achieve a piate count remaining rate of 15% or less at a frequency of once

per 2 t231,00tenardatnsmtd mettdyesl ,oladcoirdimng tentclgimddidngwhéeeinhnthgani c
acid. 33. A water treatnent apparatus having a nenbrane separation device,
conprlsi?@F@Pm%%n%ci@ri%dﬂ@hﬁuﬁhca@%@%us solutlon contai ning an inorganic

o sar hefbraresdiaaiiair Rapbd srBtraiisiorPadinnt apiaratotRayi ng
a nenbrg&grggg@ﬁaiﬁﬁqb£@3}c§s p& éffif& gcﬂ§ans for feeding an aqueous

solution containing an acid neans for feeding an aqueous sol ution
cont ai n2%g Aawazszrf-afnatwnnma@;rbﬂaa | agidotaimnde tgocngiir 22t eHéréon be

fed to said nenbrane separation device. 35. A water-treating m crobicide,
accor di tiie tmolecuhaBweighity, of welyacryhic cactdsion5S00htdi 10,008.
polyacryllc acid. 36. A water treatnent Ip@g{atus according to claim33 or
34, wh & water treatment method, according to claim 19, wherein the
inorganic acid is added in a range of 10 ppm (welght) to 1 wt% and
the corrosion inhibitor is added in a range of 0.1 ppm (weight)
to 1 wt%.
27. A water treatment method, according to claim 19, wherein the
inorganic acid is added on the downstream side of adding the
corrosion inhibitor to the liquid undergoing treatment.
28. A water treatment method, according to claim 22, wherein the
corrosion inhibitor is added when the pH of the liquid undergoing
treatment is 3 or less.
29. A water treatment method, according to claim 19, wherein the
separation membrane i1s a reverse osmosis membrane.
30. A water treatment method, according to claim 19, which is used
for producing drinking water.
31. A water treatment method, according to claim 19, wherein
seawater is used as the liquid undergoing treatment.
32. Awater treatment method, comprising the steps of intermittently
adding an inorganic acid and a corrosion inhibitor to a liquid

undergoing treatment to achieve a plate count remaining rate of

30% or less in any steps before a membrane separation step in a
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the acid is sulfuric acid. 37. A water treatnent apparatus, according to
claim 33, wherein said aqueous solution contains further a carboxylic acid
having 8 .or |less carbon atons or any of alkali netal salts thereof. 38. A
wat er treatnent apparatus, according to claim33 or 34, wherein the means
for feedlng said agqueous solution (s) is/are a nmean/ neans for
Intermttently feeding the agqueous solution(s). 39. A water treatnent

appar atwatendoeatimentt process 83ing a3sepameitdion memeraneHnd itonackheveane i s
a reverse osnosi s nenbrane. 40. A water_ treatnent aﬁgaratus, according to

cl ai m 3% Rhate, copmtcRemaindag rate of ddk PRglaFF AT ) Thed@ency: Of ongE or
Laggﬁ ggé‘%:é Peo ?inb“(?]?o ﬁgfrgéegil\gﬁe%&ggé{é‘bé?’ofr iftfert{PEERP1y  D8ath g tfle
' inorganic acid.

33. Awater treatment apparatus having a membrane separation device,
comprising a means for adding an aqueous solution containing an
inorganic acid and a corrosion inhibitor to a liquid undergoing
treatment to be fed to said membrane separation device.

34. Awater treatment apparatus having a membrane separation device,
comprising a means for feeding an aqueous solution containing an
acld and a means for feeding an aqueous solution containing a
corrosion inhibitor to a liquid undergoing treatment to be fed to
salid membrane separation device.

35. A water-treating microbicide, according to claim 33 or 34,
wherein the corrosion inhibitor is polyacrylic acid.

36. Awater treatment apparatus, according to claim 33 or 34, wherein
the aclid is sulfuric acid.

37. A water treatment apparatus, according to claim 33, wherein
sald aqueous solution contains further a carboxylic acid having
8 or less carbon atoms or any of alkall metal salts thereof.
38. Awater treatment apparatus, according to claim 33 or 34, wherein
the means for feeding said aqueous solution(s) is/are a mean/means
for intermittently feeding the aqueous solution(s).

39. Awater treatment apparatus, according to claim 33 or 34, wherein
the separation membrane is a reverse osmosis membrane.

40. A water treatment apparatus, according to.clain|33 or 34, which
is used for producing drinking water.

41. Awater treatment apparatus, according to claim 33 or 34, wherein

the liquid undergoing treatment 1is seawater.
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