CLEANI NG AGENT, CLEANI NG LI QUI D, AND CLEANI NG METHOD FOR
REVERSE OSMOSI S MEMBRANE

Field of Invention

[ 0001] The present invention relates to a cl eani ng agent
and a cleaning liquid that are used for recovering the
properties of reverse osnosis (RO nenbrane, which is used
inthe field of water treatnent, when the properties of the
RO nmenbrane, such as the anpbunt of perneate and salt
rejection rate, are degraded as a result of the RO nenbrane
being fouled with organi c substances and i norganic
substances. The cl eaning agent and the cleaning |iquid
according to the present invention prevent a reduction in
the rejection rate of the nenbrane which may occur when the
menbrane is cleaned. The present invention also relates to
a method for cleaning an RO nenbrane with the cl eaning
['iquid.

Background of Invention

[ 0002] Separation-purification process using an RO

menbr ane system which consunes | ess energy than systens
that use evaporation or electrodialysis, has been w dely
used for desalination of seawater or salt water, production
of industrial water or ultrapure water, recovery of

wast ewat er, and the Iike.

[ 0003] Since the fouling of an RO nenbrane degrades the

properties of the RO nenbrane, RO nenbranes are periodically



cl eaned in order to recover the properties of the RO
menbranes. The devel opnent of a cl eaning agent and a

cl eaning process that are further effective for cleaning RO
menbr anes has been anti ci pat ed.

[ 0004] For cl eaning an RO nmenbrane, for exanple, acids
(e.g., oxalic acid and citric acid), alkalis (e.g., sodium
hydr oxi de), surfactants (e.g., sodium dodecyl sulfate and
sodi um dodecyl benzenesul fonate), chelating agents (e.qg.,
EDTA), conbi ned chl ori ne agents, and oxidi zi ng agents, have
been used dependi ng on the properties of a foul ant that
foul s the nenbrane (Non-patent Literature 1).

[ 0005] The materials of RO nenbranes recently used are
broadly classified into aromati ¢ pol yam des and cel | ul ose
acetates. Aromatic pol yam de RO nenbranes, which have | ow
resi stance to oxidizing agents but high resistance to

al kalis, can be cleaned even under an al kaline condition
where the pHis 10 or nore. |In contrast, cellul ose acetate
RO nmenbr anes, which have hi gher resistance to oxidizing
agents (e.g., chlorine) than aromatic pol yam de RO nenbranes
but | ow resistance to alkalis, cannot be cleaned under an
al kal i ne condition where the pHis 9 or nore.

[ 0006] Patent Literature 1 proposes a m crobiocide for
wat er systens such as paper-naking system the m crobiocide
including free chlorine, urea, and an alkali. It is not

described in Patent Literature 1 that the m crobiocide may



be used as an agent for cleaning nmenbranes. It is also not
described in Patent Literature 1 that urea may prevent RO
menbr anes from bei ng degraded by cl eani ng agents.
[ 0007] Patent Literature 2 proposes an agent for
preventing biof ouling which includes a urea derivative that
stabilizes hal ogens. Although it is described in Patent
Literature 2 that the antifouling agent may be used for
menbranes, in Patent Literature 2, urea is used for
stabilizing hal ogens and it is not described that urea may
prevent RO nmenbranes from bei ng degraded by cl eani ng agents.
[ 0008] Patent Literature 1. Japanese Patent No. 5339921
Patent Literature 2: JP 2012-529496 A
[ 0009] Non- patent Literature 1: "Mku-Shori G jyutsu
Tai kei (Jyou-kan)" ("Qutline of Menbrane Separation
Technology (Vol. 1)" published by Fuji Techno System p. 836
(1991)
Summary of Invention
[ 0010] Wil e cleaning agents are used for recovering the
perneability of RO nmenbranes, cleaning RO nenbranes may
degrade the rejection property of the RO nenbranes. For
exanpl e, when an aromati c pol yam de RO nenbrane is cl eaned
with a cleaning liquid having a high pH, the higher the pH
of the cleaning liquid, the higher the cleaning effect but
the higher the risk of a reduction in the rejection rate of

t he RO nenbr ane.



[ 0011] Al t hough there have been reported studies of the
conponents of a cl eaning agent which enhance the effect of

cl eani ng RO nenbranes as described in Non-patent Literature
1, the conponents of a cleaning agent that prevents a
reduction in the rejection rate of an RO nmenbrane which may
occur when the RO nenbrane is cleaned, that is, that
protects the RO nenbrane, have not been studi ed.

[ 0012] Accordingly, an object of the present invention is
to provide a cleaning agent and a cleaning |liquid that
prevent a reduction in the rejection rate of an RO nenbrane
whi ch may occur when the RO nenbrane is cleaned and a net hod
for cleaning an RO nenbrane with the cleaning |iquid.

[ 0013] The inventor of the present invention studied the
phenonenon in which the rejection property of an RO nenbrane
i s degraded when the RO nenbrane is cleaned and, as a result,
found the follow ng facts.

(1) deaning an RO nenbrane reduces the salt rejection
rate and the silica rejection rate of the RO nenbrane and,
in particular, the percentage at which the RO nenbrane
rejects | PA (isopropyl alcohol), which is a neutral sol ute.

(2) A cleaning liquid that reduces the above rejection
rates is under an al kaline condition where the pHis 10 or
nore. The higher the pH, the larger the inpacts. Conbined
chl orine agent and oxi di zi ng agents al so reduce the above

rejection rates.



[ 0014] The inventor of the present invention also found
that adding a urea derivative, such as urea or biuret, to

t he cl eaning agent prevents a reduction in the rejection
rate of an RO nmenbrane which may occur when the RO nenbrane
i s cleaned.

[ 0015] The summary of the present invention is as foll ows.
Advant ageous Effects of Invention

[ 0016] [1] An agent for cleaning a reverse 0sSnosis

menbr ane, the agent conprising a urea derivative.

[ 0017] [2] The agent for cleaning a reverse osnosis
menbrane according to [1], wherein the urea derivative is
urea and/ or biuret.

[ 0018] [3] The agent for cleaning a reverse osnpsi s
menbrane according to [1] or [2], the agent further
conprising at |east one selected fromthe group consisting
of an al kali ne agent, a conbined chlorine agent, and an
oxi di zi ng agent.

[ 0019] [4] Aliquid for cleaning a reverse 0sSnosis
menbrane, wherein the liquid is an aqueous sol ution produced
by diluting the cleaning agent according to any one of [1]
to [3].

[ 0020] [5] Aliquid for cleaning a reverse 0osnosi s
menbrane, the liquid conprising a urea derivative and at

| east one selected fromthe group consisting of an al kaline

agent, a conbi ned chlorine agent, and an oxidi zi ng agent.



[ 0021] [6] The liquid for cleaning a reverse osnosi s
menbrane according to [4] or [5], wherein the liquid has a
pH of 10 to 14.
[ 0022] [7] A nethod for cleaning a reverse 0osnosis
menbr ane, the nethod conprising bringing a reverse osnpsi s
menbrane into contact with the cleaning |iquid according to
any one of [4] to [6].
[ 0023] [8] The method for cleaning a reverse osnosis
menbrane according to [7], wherein the reverse osnosis
menbrane is an aronmatic pol yam de reverse osnbsi s nmenbrane.
[ 0024] According to the present invention, it is possible
to prevent the degradation of the rejection property of an
RO nmenbrane which may occur due to a high-al kaline condition,
a conbi ned chl ori ne agent, an oxidi zing agent, and the like
when the RO nenbrane is cleaned. This makes it possible to
enploy a cleaning nmethod that is likely to degrade the
rejection property of an RO nenbrane but achieves a |arge
cl eaning effect and clean the RO nenbrane with further
effect.
Brief Description of Draw ngs
[ 0025] Fig. 1 is a systemdiagramillustrating a testing
apparatus used in Tests | to IV.

Fig. 2 is a graph illustrating the results of the
measurenent of salt perneability conducted in Conparative

exanple V-1 and Exanple V-1



Fig. 3 is a graph illustrating the results of the
measur enent of flux conducted in Conparative exanple V-1 and
Exanpl e V-1.

Fig. 4 is a graph illustrating the results of the
nmeasur enent of salt perneability conducted in Conparative
exanple V-2 and Exanple V-2.

Fig. 5is a graph illustrating the results of the
measur enent of flux conducted in Conparative exanple V-2 and
Exanpl e V-2.

Fig. 6 is a graph illustrating the results of the
measurenent of salt perneability conducted in Exanples V-3
and V-4.

Fig. 7 is a graph illustrating the results of the
measur enent of flux conducted in Exanples V-3 and V-4.
Descri ption of Enbodi nents
[ 0026] Enbodi ments of the present invention are described
bel ow i n detail.

[ 0027] [ Mechani sm of Acti on]

The nmechani sm of action according to the present

invention is as foll ows.

[ 0028] Urea derivatives, such as urea (HN CO NH) and

bi uret (HN CO NH CO NH;), adsorb onto an RO nmenbrane and
protect the nmenbrane froma cleaning liquid. In particular,
urea and biuret have a structure anal ogous to am de bonds

i ncluded in aromatic pol yam de RO nenbranes and a strong



affinity for am de bond portions. Urea and biuret are
therefore considered to adsorb onto the am de bond portions
of aromatic pol yam de RO nenbranes, and prevent the am de
bonds from bei ng broken by a cleaning |iquid.

[ 0029] Urea and biuret, which are | ow nol ecul ar compounds,
are renmoved when flushing is done with the cleaning |iquid
and do not remain adsorbed on the am de bond porti ons.

[ 0030] [ RO Menbr ane]

The RO nenbrane that is to be cleaned in the present
invention may be an aromatic pol yam de RO nenbrane or a
cellul ose acetate RO nenbrane. The present invention is
effective for the cleaning of aromatic pol yam de RO
menbranes in consideration of the action of a urea
derivative adsorbing onto the am de bond portions of
aromati ¢ pol yam de RO nenbr anes.

[ 0031] [ Ol eani ng Agent ]

The cl eani ng agent according to the present invention
includes a urea derivative. The cleaning agent according to
the present invention is normally prepared by dissolving, in
wat er, the urea derivative and optional conponents such as
an al kaline agent, a conbined chlorine agent, and ot her
chem cal s.

[ 0032] The term "cl eani ng agent” used herein refers to an
agent that is prepared for the distribution and storage of

the products and contains chem cals at concentrations higher



t han those required when the chem cals are used for cleaning
menbranes. The term "cleaning |iquid" used herein refers to
a liquid prepared by diluting the cleaning agent with water
to the chem cal concentrations at which nenbranes are
cl eaned with the chem cal s.
[ 0033] <Urea Derivative>

The urea derivative included in the cleaning agent
according to the present invention is preferably a | ow
nmol ecul ar conpound havi ng a nol ecul ar wei ght of about 300 or
less in order to elimnate the risk of the urea derivative
remai ning after flushing. Exanples of the urea derivative
i ncl ude conpounds represented by General Fornula (1) bel ow
Speci fic exanples thereof include urea (H;N-CO NH), biuret
(HeN- CO- NH CO- NH,), pol yurea, sem carbazi de, allantoin,
citrulline, thiourea, thiosem carbazide, and thiourea
derivati ves.
[ 0034] (R) (R)N-C(O - N(R) (R (1)

(In General Fornula (1), R, R, R} and R each
i ndependently represent a hydrogen atom an al kyl group, an
aryl group, or an am deacyl group including - RCONH, (where
R is a single bond or an al kyl ene group).)
[ 0035] The above urea derivatives may be used alone or in
a mxture of two or nore.
[ 0036] Anmong t he above urea derivatives, urea and biuret

are particularly preferable in consideration of the RO



menbrane protection effect, solubility, and availability.
[ 0037] <O her Conponent s>

The cl eani ng agent according to the present invention
may optionally include, in addition to the urea derivative,
an al kaline agent, a conbined chlorine agent, an oxidizing
agent, other chemcals, a solvent other than water, and the
i ke which are required for cleaning RO nenbranes.
[ 0038] Exanpl es of the al kaline agent included in the
cl eani ng agent according to the present invention include
hydr oxi des of al kali netals, such as sodi um hydroxi de and
pot assi um hydr oxi de.
[ 0039] Exanpl es of the conbined chl ori ne agent include
chl or am ne conpounds.
[ 0040] The chl oram ne conpounds are preferably produced by
m xi ng any of a conpound including a primry am no group,
ammoni a, and an ammonium salt (hereinafter, these conpounds
are referred to as "NH, conpounds”) w th hypochl orous acid
and/ or a hypochlorite. Exanples of the conpound including a
primary am no group include aliphatic amnes, aromatic
am nes, sulfamc acid, sulfanilic acid, sulfanoyl benzoic
acid, and am no acid. Exanples of the anmonium salt include
anmoni um chl ori de and ammoni um sul fate. The above conpounds
may be used alone or in a mxture of two or nore. Anong the
above NH, conpounds, sulfamc acid (NHL,SG,OH) is preferable.

Monochl or osul fam ne prepared fromsulfamc acid is a stable



chl oram ne conpound. Sulfam c acid, which does not include
carbon, does not increase the TOC of the cleaning agent. It
is possible to produce a markedly effective cl eani ng agent
by using sulfamc acid in conbination with the al kaline
agent .

[ 0041] Exanpl es of the hypochlorite reacted with the NH
conmpound i nclude al kali-nmetal salts of hypochl orous acid,
such as sodi um hypochlorite, and al kaline-earth-netal salts
of hypochl orous acid, such as cal cium hypochlorite. The
above hypochlorites may be used alone or in a mxture of two
or nore.

[ 0042] When the chl oram ne conpound is produced by m xi ng
the NH, conpound wi th hypochl orous acid and/or the
hypochlorite, it is preferable to use the NH, conpound and
hypochl orous acid and/ or the hypochlorite such that the
nol ar ratio between avail able chlorine (C,) originating
from hypochl orous acid and/or the hypochlorite and nitrogen
atom N originating fromthe NH, conpound, that is, C ./ N
molar ratio, is 0.1 to 1 in consideration of the efficiency
and consi stency of the production of chloram ne.

[ 0043] If the AN nolar ratio is larger than the upper
[imt, free chlorine may be produced. If the C 5/ N nol ar
ratio is smaller than the lower limt, the efficiency of the
production of chloram ne nay be | ow conpared with the anount

of NH, conpound used.



The anmpbunt of hypochl orous acid and/ or the hypochlorite
is equal to the amount of chl oram ne conpound included in
t he cl eani ng agent.
[ 0044] Exanpl es of the oxidizing agent include hydrogen
per oxi de; peracetic acid; percarbonic acid; oxoacids of
hal ogens, such as hypochl orous acid; salts of these acids
(e.g., alkali-netal salts and al kaline-earth-nmetal salts);
per oxi des; and hal ogens such as chlorine, brom ne, and
i odi de. The above oxidi zing agents nmay be used alone or in
conbi nati on of two or nore.
[ 0045] Exanpl es of the solvent include al cohols such as
et hanol ; polyols such as ethylene glycol, propylene glycol,
and but anedi ol ; am nes such as nonoet hanol am ne,
di et hanol am ne, and triethanol am ne; ketones such as
acetone; and ethers such as dinethyl ether, diethyl ether,
and di et hyl ene gl ycol nononet hyl ether.
[ 0046] Exanpl es of the other chem cals include a
surfactant and a di spersant. Exanples of the surfactant
i ncl ude anionic surfactants such as al kyl benzene sul f onat es
(e.g., sodium dodecyl benzenesul fonate) and al kyl sulfates
(e.g., sodiumdodecyl sulfate) and nonionic surfactants such
as pol yal kyl ene gl ycol nonoal kyl ethers (e.g., diethylene
gl ycol nononet hyl ether).
[ 0047] Anmong t he above surfactants, in particular, anionic

surfactants are preferable in consideration of dispersion



effect.

[ 0048] Exanpl es of the dispersant include ethylenedi am ne
tetraacetate (EDTA), glycol ether diam ne tetraacetate
(EGTA), pol yphosphoric acid, phosphonobutanetricarboxylic
acid (PBTC), phosphonic acid, polynmaleic acid, citric acid,
oxalic acid, gluconic acid, and the salts of the above acids.
[ 0049] The above di spersants may be used al one or in

conbi nati on of two or nore.

[ 0050] The cl eaning agent may be a one-part cl eaning agent
prepared by m xing the urea derivative with the al kaline
agent, the conbined chlorine agent, the oxidizing agent, the
ot her chem cals, the solvent, and the |ike. The cleaning
agent may al so be a two-part cleaning agent, that is, sonme
of the above conponents may be separately provided in the
formof a second part of the agent. Alternatively, the

cl eani ng agent may be constituted by three or nore parts.

[ 0051] The cleaning liquid according to the present

i nvention, which is prepared by diluting the cleaning agent
according to the present invention with water, may al so be
constituted by one part, tw parts, or three or nore parts.
In the case where the cleaning liquid is constituted by two
parts or three or nore parts, for exanple, an RO nenbrane is
cleaned with a cleaning liquid including the urea derivative
and subsequently with another cleaning liquid including

ot her chem cals such as an aci d.



[ 0052] The concentration of each chem cal in the cleaning
agent according to the present invention is controlled to be
about 5 to 100 tinmes by weight the concentration of the
chemcal in the cleaning |iquid according to the present
i nvention such that the preferable concentration of the
chemcal in the cleaning liquid, which is described bel ow,
is achieved by diluting the cleaning agent with water, which
is preferably pure water, about 5 to 100 tinmes by weight.
[ 0053] [ O eani ng Li qui d]

The cleaning liquid according to the present invention
is an aqueous solution prepared by diluting the above-
descri bed cl eaning agent according to the present invention
with water. The cleaning liquid according to the present
invention may al so be prepared by diluting the cleaning
agent according to the present invention with water and
optionally adding the al kaline agent, the conbined chlorine
agent, the oxidizing agent, the other chem cals, the solvent,
and the like to the diluted cleaning agent at the
predeterm ned concentrati ons.
[ 0054] The cleaning liquid according to the present
invention is not necessarily prepared fromthe cl eaning
agent according to the present invention and may be directly
prepared such that the predeterm ned chem cal concentrations
are achi eved.

[ 0055] The concentration of the urea derivative in the



cleaning liquid according to the present invention varies
with, for exanple, the pH of the cleaning liquid and the
concentrations of the other cleaning chemcals and is
preferably about 0.01%to 10% by weight. |If the
concentration of the urea derivative is |ower than the | ower
limt, it is not possible to sufficiently protect an RO
menbrane by using the urea derivative and the rejection rate
may be reduced when the nmenbrane is cleaned. If the
concentration of the urea derivative is higher than the
upper limt, the cleaning effect nmay be reduced.

Furthernore, the nitrogen content in the waste cl eaning
liquid may unnecessarily increased.

[ 0056] The pH of the cleaning liquid according to the
present invention is preferably 10 to 14 in consideration of
the cl eaning effect.

[ 0057] If the pH of the cleaning liquid is | ess than 10,
the perneability of a nmenbrane may fail to be sufficiently
recovered when the nenbrane is cleaned. The higher the pH
of the cleaning liquid, the larger the cleaning effect.
However, if the pH of the cleaning liquid is excessively

hi gh, ease of handling of the cleaning liquid is reduced and
the risk of the degradation of the RO nenbrane is increased.
The pH of the cleaning liquid is preferably 14 or |ess and
is nore preferably 11 or nore and 13 or |ess.

[ 0058] The pH of the cleaning liquid according to the



present invention is controlled to be the above preferable
pH by the addition of the al kaline agent.

[ 0059] In the case where the cleaning liquid according to
the present invention includes the conbined chlorine agent,
which is preferably the chloram ne conpound, the
concentration of the chloram ne conpound in the cleaning
liquid according to the present invention is preferably
0.0001 to 0.5 Mand is particularly preferably 0.001 to 0.05
M |If the concentration of the chloram ne conpound in the
cleaning liquid is excessively low, a sufficient cleaning
effect may fail to be achieved. If the concentration of the
chl oram ne conpound i s excessively high, RO nmenbranes may be
degraded. A chloram ne conpound concentration of 0.0001 to
0.5 Mis equivalent to a total chlorine concentration of 7.1
to 35,500 ng-d /L. The total chlorine concentration can be
measured by the DPD nethod defined in, for exanple, JIS
K0400- 33-10. 1999.

[ 0060] In the case where the cleaning liquid according to
the present invention includes the oxidizing agent, the
concentration of the oxidizing agent in the cleaning liquid
according to the present invention is preferably 0.000001%
to 10% by weight and is particularly preferably 0.00001%to
1% by weight. |If the concentration of the oxidizing agent
in the cleaning liquid is excessively low, a sufficient

cleaning effect nmay fail to be achieved. |If the



concentration of the oxidizing agent in the cleaning liquid
i s excessively high, RO nenbranes may be degraded.

[ 0061] In the case where the cleaning liquid according to
the present invention includes the surfactant, the
concentration of the surfactant in the cleaning liquid
according to the present invention is preferably 0.005%to
2% by weight and is particularly preferably 0.02%to 0.5% by
weight. |If the concentration of the surfactant is
excessively low, a sufficient dispersion effect of the
surfactant may fail to be achieved. In addition, the

cl eaning action may fail to be sufficiently enhanced by
using the surfactant. |If the concentration of the
surfactant is excessively high, the degree of association of
surfactant nolecules is increased. This may reduce the

cl eaning effect.

[ 0062] In the case where the cleaning liquid according to
the present invention includes the dispersant, the
concentration of the dispersant in the cleaning liquid
according to the present invention is preferably 0.01%to 5%
by weight and is particularly preferably 0.1%to 2% by
weight. |If the concentration of the dispersant is
excessively low, the dispersion effect of the dispersant may
fail to be achieved to a sufficient degree. |If the
concentration of the dispersant is excessively high, the

cleaning effect is small conpared with the concentration of



t he di spersant.
[ 0063] <Met hod for Producing O eaning Agent and C eani ng
Li qui d>

The cl eani ng agent according to the present invention
is prepared by m xing the urea derivative and the optional
conponents such as the al kaline agent, the conbined chlorine
agent, the oxidizing agent, the other chem cals, and the
solvent with water.
[ 0064] In the case where a cl eaning agent including the
chl oram ne conpound i s prepared, an NH, conpound such as
sulfamc acid is dissolved in an aqueous sol ution of an
al kal i ne agent and hypochl orous acid and/or the hypochlorite
is added to and m xed with the resulting aqueous sol ution of
the NH, conpound. The proportion of the anmobunt of water in
t he aqueous solution of an al kaline agent is preferably 50%
to 90% by wei ght.
[ 0065] In the case where a cl eaning agent including the
surfactant is prepared, the surfactant may be used in any of
the steps for preparing the cleaning agent. That is, the
surfactant may be added to the aqueous sol ution of an
al kaline agent. Alternatively, the surfactant nay be added
to the aqueous solution of the NH, conpound together with
hypochl orous acid and/ or the hypochlorite or prior or
subsequent to the addition of hypochl orous acid and/or the

hypochlorite. It is preferable to add the surfactant to the



aqueous sol ution of the NH, conmpound subsequent to the
addi ti on of hypochl orous acid and/or the hypochlorite.

[ 0066] The conpound including a primary am no group, such
as sulfamc acid, may be used in the formof a salt.
Exanpl es of the salt include sodium sul famate, potassi um
sul famat e, and ammoni um sul famate, which are soluble in the
cleaning liquid according to the present invention.

[ 0067] The NH, conpound is used such that the
concentration of the chloram ne conpound in the cleaning
liquid according to the present invention, which is prepared
by diluting the cleaning agent according to the present
invention, is the above concentration. It is preferable to
determ ne the anount of NH, conmpound used such that the
rati o between the anount of al kaline agent and the anmount of
NH, conpound, that is, Nalkali nmetal (nolar ratio), is 0.5
to 0.7. The NH, conpound is used in the formof a powder or
an aqueous solution. In the case where a sulfamc acid salt
is used as an NH, conpound, the anobunt of al kali netal
included in the sulfamc acid salt is included in the

cal cul ation of the amount of alkali. In the case where an
aqueous solution is used, the amount of water included in

t he aqueous solution is included in the calculation of the
anount of water included in the agueous al kaline sol ution.

[ 0068] Hypochl orous acid and/or the hypochlorite is

preferably used in the formof an aqueous solution in which



the concentration of available chlorine () is 5%to 20%
by weight and is preferably 10% to 15% by wei ght.

Hypochl orous acid and/or the hypochlorite is used such that
the concentration of the chloram ne conpound in the cleaning
liquid according to the present invention, which is prepared
by diluting the cleaning agent according to the present
invention, is the above concentration and the ratio between
t he amount of NH, compound and the anpbunt of hypochl orous
acid and/or the hypochlorite is the above O,/ N nolar ratio.
This makes it possible to efficiently produce the cleaning
agent according to the present invention which includes
aqueous sol ution agents, has high reactivity and high
stability, and is easy to handle and free of chlorine snell
wi t hout foam ng or generation of chlorine snmell. It is
preferable to gradually m x hypochl orous acid and/or the
hypochlorite with the aqueous sol ution of the NH, conmpound.

[ 0069] The cleaning liquid according to the present
invention is produced by diluting the cleaning agent
according to the present invention which is produced in the
above-descri bed manner, wth water, which is preferably pure
wat er, and optionally adding the al kaline agent, the

conbi ned chl ori ne agent, the oxidizing agent, the other

chem cals, the solvent, and the like to the diluted cl eaning
agent. The cleaning liquid according to the present

invention is not necessarily produced fromthe cl eaning



agent according to the present invention and nay be directly
produced by the above-described nethod.
[ 0070] <Cl eani ng Met hod>

For cleaning an RO nmenbrane with the cleaning |iquid
according to the present invention, any nmethod in which the
cleaning liquid is brought into contact with the RO nmenbrane
may be enployed. One of the common nethods is inmersion
cleaning, in which the cleaning liquid is introduced into a
raw wat er-si de portion of an RO nenbrane nodul e and the RO
menbrane nodul e i s subsequently left to stand.
[ 0071] In the case where the cleaning agent and the
cleaning liquid according to the present invention are
constituted by two parts or three or nore parts, the parts
may be m xed together before used for cleaning.
Alternatively, the parts may be each separately used and
cl eaning may be performed in nmultiple stages with the
respective parts. For exanple, after cleaning has been
performed with a cleaning liquid including the urea
derivative, another cleaning is perfornmed with a cleaning
liquid including an acid and/or another cleaning agent.
[ 0072] Cl eani ng using anot her cleaning liquid may be
performed prior or subsequent to the cleaning using the
cleaning liquid according to the present invention. For
exanpl e, C eaning using an aqueous al kaline solution or an

aqueous acidic solution may be performed prior or subsequent



to the cleaning using the cleaning liquid according to the
present invention. The cleaning using another cleaning
liquid is comonly perforned also by the i mmersion cleaning
met hod as descri bed above.

[ 0073] An exanpl e of cleaning using a cleaning liquid
other than the cleaning liquid according to the present
invention is cleaning using an aqueous al kal i ne sol ution
that does not contain the urea derivative which is perforned
subsequent to the cleaning using the cleaning liquid
according to the present invention. Exanples of an al kaline
agent included in the aqueous al kaline solution are the sane
as the above-described al kaline agents included in the
cleaning liquid according to the present invention. The pH
of the aqueous al kaline solution is preferably 10 or nore
and is particularly preferably 11 to 13 in consideration of
the cleaning effect and ease of handling.

[ 0074] Cl eani ng usi ng an aqueous acidic solution, which is
effective for the renoval of scale and netal colloid
particles, may optionally be perforned. For performng

cl eani ng usi ng an aqueous acidic solution, an aqueous
solution that includes one or nore acids selected from
hydrochloric acid, nitric acid, citric acid, oxalic acid,
and the |like may be used. The pH of the aqueous acidic
solution is preferably 4 or less and is particularly

preferably 1 to 3 in consideration of the cleaning effect



and ease of handling.

[ 0075] The amount of time during which i mersion cleaning
using the cleaning liquid according to the present invention
or the other cleaning liquid is perfornmed is not limted and
may be set such that the properties of a nmenbrane are
recovered to a desired degree. Immersion cleaning is
commonly performed for about 2 to 24 hours.

[ 0076] In the case where the cleaning using the cleaning
liquid according to the present invention and the cl eaning
usi ng the aqueous al kaline solution and/or the aqueous
acidic solution are perforned in a conbi ned manner, the
order in which the cleaning steps are conducted is not
l[imted. Using the aqueous acidic solution prior to the

cl eaning using the cleaning liquid according to the present

i nvention enables efficient renoval of scal e conponents.

[ 0077] Subsequent to the cleaning using the above cl eani ng
[iquids, commonly, high-purity water such as pure water is
passed t hrough a nenbrane in order to performfinish-

cl eaning. Subsequently, the operation of an RO nmenbrane
systemis restarted.

EXAMPLE

[ 0078] The present invention is described bel ow further
specifically with reference to Exanpl es.

[ 0079] The followi ng reagents were used in Tests | to V

bel ow. Sodi um chl ori de, sodium netasilicate nonahydrate



(for preparation of silica solution), hydrochloric acid,

i sopropyl al cohol (1PA), urea, biuret, and sodi um hydroxi de
wer e obtai ned from Wako Pure Chemical Industries, Ltd.

Sodi um hypochl orite (avail able chlorine concentration: 10%
was obtai ned from Sigma-Aldrich Co. LLC

Propyl ene glycol (PG, sodium dodecyl sulfate (SDS),
gl uconic acid, and triethanolam ne (TEA) were obtained from
Wako Pure Chemical Industries, Ltd.

[ 0080] In the tests described below, in the test in which
a nmenbrane was inmersed in a cleaning liquid, it is
preferable that the rejection rate does not decrease or the
salt perneability does not increase and that an increase in
the flux is limted. It is unfavorable that the fl ux
increases after the imersion test has been conducted
because the flux increases when the nenbrane is degraded by
the cleaning |iquid.

[ 0081] However, it is preferable that the flux of a foul ed
menbr ane increases after the nmenbrane has been cl eaned.

[ 0082] [ Test |]

A test was conducted under the follow ng conditions in
order to determine the inpacts of the nunber of tines a
menbrane was imersed in a cleaning liquid on the rejection
rate and the pure-water flux and an ability to clean a
foul ed nmenbr ane.

[ 0083] <RO Menbr ane>



(1) New nenbrane: Aronmatic pol yanmi de RO nenbrane "ES20"
(produced by Nitto Denko Corporation), unused item

(2) Foul ed nmenbrane: A nenbrane having a smaller flux
than the new nenbrane which is prepared by passing an
aqueous sol ution including a nonionic surfactant (200-ng/L
aqueous solution of Sem C ean KG (produced by Yokohana Qs
& Fats Industry Co., Ltd.)) through the new nmenbrane at 0.75
MPa for 3 days.

[ 0084] <Testing Apparatus and Cal cul ati on For nul a>

The fl at-nmenbrane testing apparatus shown in Fig. 1 was
used.

In the flat-nmenbrane testing apparatus, RO nmenbrane
feed is fed to a rawwater chanber 1A included in a closed
container 1 with a high-pressure punp 4 through a pipe 11
The raw water chanber 1A is |ocated bel ow an RO nmenbrane
cell 2 including an RO nenbrane. The inside of the raw
wat er chanber 1A, which is |ocated bel ow the RO nenbrane
cell 2, is stirred by a stirrer 3 rotating a stirring bar 5.
Wat er perneated through the RO nenbrane is passed to a
per neat e chanber 1B | ocated above the RO nenbrane cell 2 and
subsequent|ly extracted through a pipe 12. The concentrate
is extracted through a pipe 13. The pressure inside the
closed container 1 is adjusted with a pressure gage 6
di sposed on the feed pipe 11 and a pressure control valve 7

di sposed on the concentrate-extraction pipe 13.



[ 0085] The flux and rejection rate of the RO nenbrane were
cal cul ated using the foll ow ng fornul ae.

Fl ux [nfday] =

Flow Rate of Perneate [n?/day]/Area of Menbrane

[nf] x Tenperature Conversion Coefficient [-]

Rejection Rate [%4 =

{1 - (Concentration of Perneate

[ mg/ L]/ Concentration of Concentrate [ng/L])} x 100
[ 0086] <Test Procedure>

<l nmpacts of Nunber of Tinmes Menbrane WAs I mmersed in
Cl eaning Liquid on Rejection Rate and Pure-Water Fl ux>

(1) The pure-water flux of the new nenbrane was
nmeasured. A reference solution for the nmeasurenent of
rejection rate (aqueous solution containing 500 ng/L of
sodiumchloride, 20 ng/L of silica, and 15.7 ng/L of |PA,
whi ch was prepared by m xi ng sodi um chl ori de, sodi um
nmetasilicate nonahydrate, and IPA with water) was passed
t hrough the nmenbrane at 0.75 MPa and 25°C. Subsequently, the
rejection rates at which sodiumchloride (Nad ), silica, and
| PA were rejected by the nmenbrane were neasured.
[ 0087] (2) The nenbrane used in (1) was inmersed in a
cleaning liquid for 15 hours and then flushed with pure
water for 2 hours. Subsequently, the pure-water flux of the
menbrane and the rejection rates at which sodi um chl oride

(Nad ), silica, and I PA were rejected by the nenbrane were



measured using the rejection-rate-nmeasuring reference
sol uti on.
[ 0088] (3) Acycle of imersing the nenbrane in the
cleaning liquid for 15 hours and subsequently flushing the
menbrane with pure water for 2 hours as in (1) was repeated.
The pure-water flux of the nmenbrane and the rejection rates
at which sodiumchloride (NaCl), silica, and | PA were
rejected by the nenbrane were neasured using the rejection
rate-neasuring reference solution after the fourth, eighth,
and twelfth cycles of inmersion and flushing (an accel erated
test simulating multiple cleanings was conduct ed by
repeatedly i mrersing the nenbrane in the cleaning |liquid).
[ 0089] <Ability to C ean Foul ed Menbrane>

The pure-water flux of the new nmenbrane was neasured. A
foul ed nmenbrane was prepared by the above-descri bed net hod.
The pure-water flux of the foul ed nenbrane was neasured.
Subsequently, the foul ed nenbrane was i mersed in a cl eaning
liquid for 15 hours and subsequently flushed with pure water
for 2 hours. The pure-water flux of the cleaned nmenbrane
was nmeasur ed.
[ 0090] Hereinafter, the pure-water flux of the new
menbrane is referred to as "pure-water flux before fouling",
the pure-water flux of the fouled nenbrane is referred to as
"pure-water flux after fouling", and the pure-water flux of

the cl eaned nenbrane is referred to as "pure-water fl ux



after cl eaning".
[ 0091] <Conparative Exanple |-1>

The above-described test was conducted using an aqueous
sodi um hydroxi de solution having a pH of 12 as a cl eaning
['iquid.
[ 0092] <Exanmple I-1>

A 0. 8-wei ght % aqueous sodi um hydr oxi de sol ution
cont ai ni ng 40% by wei ght of urea was prepared and used as a
cl eaning agent. This cleaning agent was diluted to 5% by
weight (20 tines) with pure water to form an aqueous sodi um
hydr oxi de sol uti on containing 2% by wei ght of urea and
having a pH of 12. The above test was conducted using this
cl eaning Iiquid.
[ 0093] <Exanple |-2>

The above test was conducted using, as a cleaning
liquid, an aqueous sodi um hydroxi de sol ution containing 2%
by wei ght of biuret and having a pH of 12.
[ 0094] <Resul t s>

Tables la to 1c show the results of the test <lnpacts
of Nunber of Tinmes Menbrane WAs Immersed in C eaning Liquid
on Rejection Rate and Pure-Water Flux> conducted in
Conparative exanple 1-1, Exanple I-1, and Exanple |-2,
respectively. Table 2 shows the results of the test

<Ability to Cl ean Foul ed Menbrane>.



[ 0095]
[ Tabl e 1]

<Table 1a: Comparative example 1-1

(Cleaning liquid:pH12 Sodium hydroxide aqueous solution>

29 -

Number of NaCl IPA Silica
immersion L CL C Pure wate flux
times rejection rate | rejection rate | rejection rate [m/day]
: [%] [%] [%]
[times]
0 99.1 82.9 98.4 1.50
1 99.0 74.8 97.9 1.74
4 98.9 69.5 974 1.90
8 98.8 65.8 97.3 1.97
12 98.7 64.8 971 2.01

<Table 1b:Example I-1(Cleaning liquid:pH12 2wt% urea aqueous solution>

Number of

. ) NaCl IPA Silica
immersion L CL C Pure wate flux
times rejection rate | rejection rate | rejection rate [m/day]
: [%] [%] [%]
[times]
0 98.5 80.7 97.9 1.50
1 98.5 84.8 98.1 1.33
4 98.6 85.1 97.8 1.39
8 98.7 86.7 98.3 1.28
12 98.4 84.2 97.9 143

< Tabke 1c:Example I-2 (Cleaning liquid:pH12 2wt% biuret aqueous solution) >

Number of NaCl IPA Silica
immersion L CL C Pure wate flux
times rejection rate | rejection rate | rejection rate [m/day]
: [%] [%] [%]
[times]
0 99.0 82.8 98.2 1.54
1 98.7 75.6 97.8 1.72
4 98.6 73.5 974 1.67
8 98.5 73.6 97.2 1.61
12 98.5 72.9 971 1.50




[0096] [Table 2]

Pure wate flux [m/day]
Before After After
fouling fouling cleaning
Comparative 150 0.66 1.15
example I -1
Example I -1 1.50 0.64 1.11
Example I -2 1.54 0.65 1.22
[ 0097] <Di scussi on>

As is clear fromthe results shown in Table 1, while
the Nad, IPA and silica rejection rates were reduced and
the pure-water flux was increased in Conparative exanple I|-1,
the rejection rates were not reduced and the pure-water flux
was substantially consistent in Exanple I1-1. In Exanple 1-2,
al though the NaCl and silica rejection rates were
substantially equal to those neasured in Conparative exanpl e
-1, the IPArejection rate was relatively high and the
pure-water flux was consistent.
[ 0098] The results shown in Table 2 confirmthat the
ability to clean the foul ed nenbrane neasured in Exanple |-1
was substantially equal to that nmeasured in Conparative
exanple I-1 and that the cleaning effect achieved in Exanple
-2 was | arger than that achieved in Conparative exanple [-1
[ 0099] [ Test 11]

A test was conducted under the follow ng conditions in



order to determine the inpacts of imMmersing a nenbrane in a
cleaning liquid on the rejection rate and the pure-water
flux and an ability to clean a foul ed nmenbrane.
[ 0100] <RO Menbr ane>

(1) New nenbrane: Aronmatic pol yanmi de RO nenbrane "ES20"
(produced by Nitto Denko Corporation), unused item

(2) Foul ed nmenbrane: A nenbrane having a smaller flux
than the new nmenbrane which is prepared by passing an
aqueous sol ution including a nonionic surfactant (200-ng/L
aqueous sol ution of Sem C ean KG (produced by Yokohama QOls
& Fats Industry Co., Ltd.)) through the new nenbrane at 0.75
MPa and 25°C for 3 days.
[ 0101] <Conbi ned Chl ori ne C eani ng Agent >

A cl eani ng agent containing 0.85 M of
nmonochl orosul fam ¢ acid, which is a conbined chlorine
conmpound, was prepared by m xing sulfam c acid, an aqueous
sodi um hypochl orite solution (available chlorine: 12
wei ght %, sodi um hydroxi de, and water in the proportions of
18:50: 11: 21 by weight (O 2/ N nolar ratio: 0.46).
[ 0102] <Testing Apparatus and Cal cul ati on For nul a>

As in Test |
[ 0103] <Test Procedure>

<Inmpacts of |Imersing Menbrane in C eaning Liquid on
Rej ection Rate and Pure-Water Fl ux>

(1) The pure-water flux of the new nenbrane was



nmeasured. A reference solution for the nmeasurenent of
rejection rate (aqueous solution containing 500 ng/L of
sodium chloride and 15.7 ng/L of |IPA, which was prepared by
m xi ng sodium chloride and IPA wth water) was passed
t hrough the nmenbrane at 0.75 MPa and 25°C. Subsequently, the
rejection rates at which sodiumchloride (Nad ) and | PA were
rejected by the nenbrane were neasur ed.
[ 0104] (2) The nenbrane used in (1) was inmersed in a
cleaning liquid for 15 hours and then flushed with pure
water for 2 hours. Subsequently, the pure-water flux of the
menbrane and the rejection rates at which sodi um chl oride
(NaC) and I PA were rejected by the nenbrane were neasured
using the rejection-rate-neasuring reference sol ution.
[ 0105] <Ability to C ean Foul ed Menbrane>

The pure-water flux of the new nenbrane was neasured. A
foul ed menbrane was prepared by the above-described nethod.
The pure-water flux of the foul ed nenbrane was neasured.
Subsequently, the foul ed nenbrane was i mrersed in a cl eani ng
l[iquid for 15 hours and then flushed with pure water for 2
hours. The pure-water flux of the cleaned nenbrane was
nmeasur ed.
[ 0106] Hereinafter, the pure-water flux of the new
menbrane is referred to as "pure-water flux before fouling",
the pure-water flux of the fouled nenbrane is referred to as

"pure-water flux after fouling", and the pure-water flux of



the cl eaned nenbrane is referred to as "pure-water fl ux
after cleaning".
[ 0107] <Conparative Exanple I1-1>

The above-descri bed test was conducted using, as a
cl eaning liquid, water whose pH had been adjusted to be 6.5
by the addition of hydrochloric acid and sodi um hydr oxi de.
[ 0108] <Conparative Exanple I1-2>

The above-described test was conducted using, as a
cl eaning liquid, an aqueous sol ution whose pH had been
adjusted to be 6.5 by the addition of hydrochloric acid, the
aqueous sol ution containing 2% by wei ght of a conbi ned
chl orine cl eani ng agent.
[ 0109] <Example I11-1>

The above-described test was conducted using, as a
cl eaning liquid, an aqueous sol uti on whose pH had been
adjusted to be 6.5 by the addition of hydrochloric acid, the
aqueous sol ution containing 2% by wei ght of a conbi ned
chl orine cl eani ng agent and 2% by wei ght of urea.
[ 0110] <Resul t s>

Tables 3a to 3c show the results of the test <lnpacts
of Imrersing Menbrane in Cleaning Liquid on Rejection Rate
and Pure-Water Flux> conducted in Conparative exanple I1-1,
Conparative exanple 11-2, and Exanple I1-1, respectively.
Tabl e 4 shows the results of the test <Ability to O ean

Foul ed Menbr ane>.



[0111] [Table 3]
<Table 3a: Comparative example I -1 (Cleaning liquid: pH6.5 Water) >
NaCl IPA
. o . Pure wate flux
Immersion rejection rate | rejection rate [m/day]
[%] [%] Y
Before 99.1 84.7 1.54
After 99.1 84.7 1.54

< Table 3b: Comparative example II —1
(Cleaning liquid: pH6.5 2wt% combined chlorine aqueous solution >

NaCl IPA
. o 0 Pure wate flux
Immersion rejection rate | rejection rate [m/day]
[%] [9%] ’
Before 99.1 84.8 1.54
After 99.1 83.5 1.58

<Table 3c:Example II -1
(Cleaning liquid: pH6.5 2wt% combined chlorine aqueous solution,

2wt% urea aqueous solution) >

NaCl IPA
. C C Pure wate flux
Immersion rejection rate | rejection rate [m/day]
[%)] [%)] Y
Before 99.1 84.7 1.54
After 99.1 86.5 1.50
[0112] [ Tabl e 4]
Pure wate flux [m/day]
Before After After
fouling fouling cleaning
Comparative 154 0.67 0.69
example II -1
Comparative 154 0.67 0.81
example II -2
Example I -1 1.54 0.67 0.80




[0113] <Di scussi on>

As is clear fromthe results shown in Table 3, in
Conparative exanple 11-2, the IPA rejection rate was
slightly I ower and the pure-water flux was slightly |arger
t han those neasured in Conparative exanple Il1-1. In Exanple
I1-1, the IPArejection rate was not reduced and the pure-

water flux was slightly reduced.

[ 0114] As is clear fromthe results shown in Table 4, the
cl eaning effect achieved in Exanple I1-1 was conparable to
t hat achieved in Conparative exanple I1-2.

[0115] [Test 111]

A test was conducted under the follow ng conditions in
order to determine the inpacts of imMmersing a nenbrane in a
cleaning liquid on the rejection rate and the pure-water
fl ux.

[0116] <RO Menbr ane>

(1) New nenbrane: Aronmatic pol yanmi de RO nmenbrane "ES20"
(produced by Nitto Denko Corporation), unused item
[0117] <Testing Apparatus and Cal cul ati on For nul a>

As in Test |
[0118] <Exanple IIl-1>

The pure-water flux of the new nmenbrane was neasured. A
reference solution for the neasurenent of rejection rate

(aqueous solution containing 500 ng/L of sodium chloride and



15.7 nmg/ L of I PA) was passed through the nmenbrane at 0.75
MPa and 25°C as in Test Il. Subsequently, the rejection
rates at which sodiumchloride (NaC) and |IPA were rejected
by the nenbrane were neasured.
[0119] An aqueous sodi um hydr oxi de sol ution having a pH of
12 and containing 0.5% by wei ght of urea was used as a
cleaning liquid. The menbrane was i mersed in the cleaning
liquid for 15 hours and then flushed with pure water for 2
hours. Subsequently, the pure-water flux of the nmenbrane
and the rejection rates at which sodiumchloride (NaCd) and
| PA were rejected by the nenbrane were neasured using the
rejection-rate-measuring reference sol ution.
[ 0120] <Resul t s>

Tabl e 5 shows the results.

[0121] [ Tabl e 5]

<Example -1 (Cleaning liquid: pH12 0.5wt% urea aqueous solution) >

NaCl IPA
. o . Pure wate flux
Immersion rejection rate rejection rate [m/day]
[%] [%] Y
Before 99.0 82.3 1.41
After 98.9 81.2 143
[0122] <Di scussi on>
The results obtained in Exanple I11-1 confirmthat the

reduction in the IPArejection rate and the increase in the
pure-water flux were limted conpared with those neasured

after the first cycle of imrersion in Conparative exanple |-



1 (Test 1), where an aqueous sodi um hydroxi de sol ution
having a pH of 12 was used as a cleaning |iquid.
[0123] [ Test 1V]

A test was conducted under the follow ng conditions in
order to determine the inpacts of imMmersing a nenbrane in a
cleaning liquid on the rejection rate and the pure-water
flux and an ability to clean a foul ed nmenbrane.

[ 0124] <RO Menbr ane>

(1) New nenbrane: Aromatic pol yam de RO nenbrane "ES20"
(produced by Nitto Denko Corporation), unused item

(2) Foul ed nmenbrane: A nenbrane having a smaller flux
than the new nmenbrane which is prepared by passing an
aqueous sol ution including a nonionic surfactant (200-ng/L
aqueous sol ution of Sem C ean KG (produced by Yokohama QO ls
& Fats Industry Co., Ltd.)) through the new nenbrane at 0.75
MPa and 25°C for 3 days.

[ 0125] <Testing Apparatus and Cal cul ati on For nul a>

As in Test |
[ 0126] <Test Conditions>

<Inmpacts of I mmersing Menbrane in C eaning Liquid on
Rej ection Rate and Pure-Water Fl ux>

(1) The pure-water flux of the new nenbrane was
nmeasured. A reference solution for the nmeasurenent of
rejection rate (aqueous solution containing 500 ng/L of

sodium chloride and 15.7 ng/L of |IPA) was passed through the



menbrane at 0.75 MPa and 25°C as in Test Il. Subsequently,
the rejection rates at which sodiumchloride (NaC) and | PA
were rejected by the nmenbrane were neasured.
[0127] (2) The nenbrane used in (1) was immersed in a
cleaning liquid for 15 hours and then flushed with pure
water for 2 hours. Subsequently, the pure-water flux of the
menbrane and the rejection rates at which sodi um chl oride
(NaC) and I PA were rejected by the nenbrane were neasured
using the rejection rate-neasuring reference sol ution.
[ 0128] <Ability to C ean Foul ed Menbrane>

The pure-water flux of the new nenbrane was neasured. A
foul ed menbrane was prepared by the above-described nethod.
The pure-water flux of the foul ed nenbrane was neasured.
Subsequently, the foul ed nenbrane was i mrersed in a cl eani ng
l[iquid for 15 hours and then flushed with pure water for 2
hours. The pure-water flux of the cleaned nenbrane was
measur ed.
[0129] Hereinafter, the pure-water flux of the new
menbrane is referred to as "pure-water flux before fouling",
the pure-water flux of the fouled nenbrane is referred to as
"pure-water flux after fouling", and the pure-water flux of
the cleaned nenbrane is referred to as "pure-water fl ux
after cleaning”.
[ 0130] <Conparati ve Exanple |IV-1>

The above-described test was conducted using, as a



cl eaning liquid, an aqueous sodi um hydroxi de sol ution havi ng
a pH of 13.
[ 0131] <Exanpl e |V-1>

The above-descri bed test was conducted using, as a
cl eaning liquid, an aqueous sodi um hydroxi de sol ution havi ng
a pH of 13 and contai ning 2% by wei ght of urea.
[ 0132] <Resul t s>

Tabl es 6a and 6b show the results of the test <Inpacts
of I mersing Menbrane in Cleaning Liquid on Rejection Rate
and Pure-Water Flux> conducted in Conparative exanple IV-1
and Exanple |1V-1, respectively. Table 7 shows the results
of the test <Ability to O ean Foul ed Menbrane>.
[ 0133] [ Tabl e 6]

< Table 6a: Comparative exampleIV—1
(Cleaning liquid: pH13 Sodium hydroxide aqueous solution) >

NaCl IPA
. L . Pure wate flux
Immersion rejection rate rejection rate [m/day]
[%)] [%)] Y
Before 98.9 80.5 1.58
After 984 66.4 2.03

<Table 6b:ExampleIV-1(Cleaning liquid: pH13 2wt% urea aqueous solution) >

NaCl IPA
. N 0 Pure wate flux
Immersion rejection rate rejection rate [m/day]
[9%] [%] ’
Before 98.7 81.0 1.54
After 98.5 70.6 1.92




[0134] [Table 7]

Pure wate flux [m/day]
Before After After
fouling fouling cleaning
Comparative 158 066 136
exampleIV-1 ' ' '
ExampleIV-1 1.54 0.65 1.33

[ 0135] <Di scussi on>

The results shown in Table 6 confirmthat, in Exanple
V-1, the reduction in the IPA rejection rate and the
increase in the pure-water flux were limted conpared with
t hose neasured in Conparative exanple |V-1.

[ 0136] The results shown in Table 7 confirmthat, in
Conparative exanple IV-1 and Exanple 1V-1, setting the pHto
13 increased the cleaning effect conpared with that achieved
in Conparative exanple I-1 (Test 1).

[ 0137] [ Test V]

A test was conducted under the follow ng conditions in
order to determine the changes in the salt perneability and
the flux of a nenbrane which were caused by i mrersing the
menbrane in a cleaning |iquid.

[ 0138] <RO Menbr ane>

(1) New nenbrane: Aronmatic pol yanm de RO nenbrane for

seawat er desalination "TM 810-V" (produced by Toray

| ndustries, Inc.), unused item



[ 0139] <Testing Apparatus and Cal cul ati on For nul a>

The testing apparatus used was a fl at-nenbrane testing
machi ne SEPA CF2 unit (produced by GE Energy Japan, Ltd.).
[ 0140] Salt perneability and flux were cal cul ated using
the foll ow ng formul ae.
[ 0141]

Salt Concentrationin Permeate[mg / L] x 2 o
Salt Concentrationin Feed[mg / L] + Salt Concentration in Concentrate[mg / L]

Salt Permeability [%] = 100

Flow Rate of Permeate[m/ day]

Flux[m/day] =
Areacof Membrane[mz]

x Temperature Conversion Factor [—]

[0142] <Test Procedure>

(1) A reference solution for the measurenent of
rejection rate (aqueous solution containing 32000 ng/L of
sodium chl oride, pH 8) for seawater desalination was passed
t hrough the new nenbrane at 5.5 MPa and 25°C. Subsequently,
t he percentage at which sodium chl oride was perneated
t hrough the nmenbrane (salt perneability) and the flux was
nmeasur ed.
[ 0143] (2) The nenbrane used in (1) was immersed in a
cleaning liquid for 150 hours and then immersed in pure
wat er for 24 hours. Subsequently, the salt perneability and
the flux of the nmenbrane were neasured using the rejection-
rat e-neasuring reference solution for seawater desalination
(an accelerated test simulating rmultiple cleanings was

conducted by inmersing the nmenbrane in the cleaning |iquid



for the prolonged period of tine).
[ 0144] <Conpar ative Exanple V-1>

The above-described test was conducted using, as a
cleaning liquid, an aqueous sodi um hydroxi de sol ution having
a pH of 12.
[ 0145] <Exanpl e V-1>

The above-described test was conducted using, as a
cl eaning liquid, an aqueous sodi um hydroxi de sol ution
containing 1% by wei ght of urea and having a pH of 12.
[ 0146] <Conparative Exanple V-2>

The above-descri bed test was conducted using, as a
cl eaning liquid, an aqueous sodi um hydroxi de sol ution havi ng
a pH of 12 and contai ning 2% by wei ght of propyl ene glycol
(PG, 0.15% by wei ght of sodi um dodecyl sulfate (SDS), and
0. 5% by wei ght of gluconic acid.
[0147] <Exanpl e V-2>

The above-descri bed test was conducted using, as a
cl eaning liquid, an aqueous sodi um hydroxi de sol ution havi ng
a pH of 12 and contai ning 2% by wei ght of PG 0.15% by
wei ght of SDS, 0.5% by wei ght of gluconic acid, and 0.5% by
wei ght of urea.
[ 0148] <Exanpl e V-3>

The above-described test was conducted using, as a
cleaning liquid, an aqueous sodi um hydroxi de sol ution having

a pH of 12 and contai ning 2% by wei ght of triethanol am ne



(TEA), 0.15% by wei ght of SDS, 0.5% by wei ght of gl uconic
acid, and 0.5% by wei ght of urea.
[ 0149] <Exanpl e V-4>

The above-descri bed test was conducted using, as a
cl eaning liquid, an aqueous sodi um hydroxi de sol ution havi ng
a pH of 12 and contai ning 2% by wei ght of TEA, 0.15% by
wei ght of SDS, 0.5% by wei ght of gluconic acid, and 1% by
wei ght of urea.
[ 0150] <Resul t s>

Figs. 2 and 3 show the results of the nmeasurenent of
salt perneability and flux conducted in Conparative exanple
V-1 and Exanple V-1. Figs. 4 and 5 show the results of the
measurenent of salt perneability and flux conducted in
Conparati ve exanple V-2 and Exanple V-2. Figs. 6 and 7 show
the results of the neasurenent of salt perneability and fl ux
conducted in Exanples V-3 and V-4.
[ 0151] <Di scussi on>

The results shown in Figs. 2 and 3 confirmthat, in
Exanple V-1, where the cleaning liquid contained 1% by
wei ght of urea, the increases in salt perneability and fl ux
were limted. It is considered that, when a nmenbrane is
damaged from an aqueous al kaline solution, the denseness of
the nenbrane is degraded and, as a result, the rejection
property of the nenbrane is degraded and the flux of the

menbrane is increased. It is considered that adding urea to



the cleaning liquid reduced the danage to the nenbrane.

[ 0152] The results shown in Figs. 4 and 5 confirmthat, in
Exanpl e V-2, where the cleaning liquid contained 0.5% by

wei ght of urea, the increase in salt perneability was
limted, that is, the damage to the nenbrane was reduced.

The sl ope of the increase in flux was smaller in Exanple V-2
than in Conparative exanple V-2

[ 0153] The results shown in Figs. 6 and 7 confirmthat, in
Exanpl e V-4, where the cleaning liquid contained 1% by

wei ght of urea, the increases in salt perneability and fl ux
were limted, that is, the damage to the nenbrane was
reduced, conpared with Exanple V-3, where the concentration
of urea was 0.5% by wei ght.

[ 0154] Al t hough the present invention has been described
in detail with reference to particular enbodinents, it is
apparent to a person skilled in the art that various

nodi fications can be made therein w thout departing fromthe
spirit and scope of the present invention.

The present application is based on Japanese Patent
Application No. 2014-205704 filed on Cctober 6, 2014, which
is incorporated herein by reference in its entirety.
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[ 0155] 1 CONTAI NER
2 RO MEMBRANE CELL
3 STIRRER



N oo o1 b~

HI GH PRESSURE PUMWP

STI RRI NG BAR

PRESSURE GAGE

PRESSURE CONTROL VALVE



CLAI M5
[Caim1]

An agent for cleaning a reverse osnpbsis nenbrane, the
agent conprising a urea derivative.
[ O ai m2]

The agent for cleaning a reverse osnosis nenbrane
according to Claim1l, wherein the urea derivative is urea
and/ or biuret.

[ aim 3]

The agent for cleaning a reverse osnosi s nmenbrane
according to Caim1l or 2, the agent further conprising at
| east one selected fromthe group consisting of an al kaline
agent, a conbi ned chlorine agent, and an oxidi zi ng agent.

[ A ai m 4]

A liquid for cleaning a reverse osnosis nenbrane,
wherein the liquid is an aqueous sol ution produced by
diluting the cleaning agent according to any one of Clains 1
to 3.

[ aimb5]

A liquid for cleaning a reverse osnosis nenbrane, the
liquid conprising a urea derivative and at | east one
selected fromthe group consisting of an al kaline agent, a
conbi ned chl ori ne agent, and an oxi di zi ng agent.

[ aim 6]

The liquid for cleaning a reverse osnbsi s nmenbrane



according to Claim4 or 5 wherein the liquid has a pH of 10
to 14.
[Caim7]

A nethod for cleaning a reverse osnobsis nmenbrane, the
nmet hod conprising bringing a reverse osnposis nenbrane into
contact with the cleaning liquid according to any one of
Clains 4 to 6.

[ O ai m 8]

The nmethod for cleaning a reverse osnobsis nmenbrane

according to Claim?7, wherein the reverse osnpbsis nmenbrane

is an aromati c pol yam de reverse osnobsi s nmenbrane.



