
DESCRIPTION CLEANING AGENT FOR SEPARATION MEMBRANE, PROCESS FOR
PREPARING THE CLEANING AGENT, AND CLEANING METHOD 5.Technical Field
HD001.] The present invention relates to a. cleaning agent for
cleaning a separation membrane used for filtration. treatment of
drinking water, industrial water, river water, 10lake water,
underground water, reservoir water, secondary effluent, waste water,
sewage water or the like,: a preparation process for preparing the
cleaning agent,. and a cleaning method, 15Backgroung Art [00021 When
membranes are used for filtering raw water such as drinking water,
industrial water, river water, lake watEe7" underground water,
reservoir water, secondary 20effluent, waste water, or sewage water,
substances suspended in the raw water or substances having a size
greater than the pore sire of the membrane (these substanceswill
hereinafter be called 'membrane foulinsubstances", Loliewtively) are
blocked by the membrane, tont concentration poiami-iatio,-, or rake
Layer, and clod tho Pores LC) increase ilr.e.:31stanct ay:0 cause
so-calted membrane fceding" As constant flew rate operation is
continued, the transmembrane pressure difference increases. When the
tranomembrane pressure difference reaches a. predetemined value, it.
must be necessary to clean. the separation meitrane with a clooning
solution and restore the filtration flux tb the original one.
It is the common practice to use an oxidizing agent such as
hypochlorite and an alkali such as sodium hydroxide, 



or a mizture thereof for cleaning off membrane fouling 1.0substances
derived from organic matters. As disclosed in Patent document 1, it
is known that a cleaninc. method capable of oxidativoly decomposing
the membrane fouling substances derived from organic. matters (which
substances will hereinafter be called "organic fouling substances",
sLmply) by. utilizing a Fenton reaction ini:Folving hydrogen peroxide
and a. metal- Mbreover, a. cleaning agent and cleaning method for
separation membrane which use a pexcarbonate and an iron compound are
disclosed in Patent document. 2. They are however inferior in the
removing 20performance of organic f.coling substances to the cleaning
agent or method using a hvpochtorite or. the Fenton reaction
involving hydrogen peroxide. In. addition, an aqueous solution of the
percarbonaze has a highso that a latge amount of the iron compound
added together adhees to the 2xutface of the separation membrane as
ferric hydroxdP.       also requires removal of membrane fouling.
substances derived ftom. inorganic matters (which substances Will  -
3 - hereinafter be called "inorganic fouling substances", simply),
Deterioration of the separation membrane usually occurs in the
cleaning solution used for cleaning the separation membrane, but it
is known that use of a 5separation membrane composed mainly of a.
polvvinylidene fluoride (which may hereinafter be called "PVDF",
simply) retards the deterioration. [0004: It is known that as an acid
cleaning agant, an 10organic acid such as oxalic acid or citric acid,
or an 



inorganic arid such as hydrochloric acid, sulfuric acid. or nitric
acid, or a mixture thereof is effective against fouling due to
inorpanic matters such as iron and manpanese, A separation membrane
after filtration treatment: usually 15includes therein organic. and
inorganic friling substance as a mixture so that they are removed
usually by both alkali cleaning and acid cleaning. Since the
separation membrane is not cleaned completely by this method, some
film fouling substances remain unremovad or it takes long. xghours
for cleaning when alkali cleaning. and arid cleaning are both.
performed. In. addition to these problems, reaction heat or tonic gas
is generated when these cleaninc. agents are brought into contart
with the separation membrane. The cleaning. agent must: be washed off
in a rinsing step with a. large amount of water. at the time of
change with the other. cleaning agent. This leads to problems such as
use of a large amount of water, prolonged  cleaning time, and
generation of a chlorine as due to incomplete rinsing. ;00051 As
described above, cleaning is performed when the S transmembrane
pressure difference reaches a predetermined value, but cleaning is
sometimes performed periodically at short intervals. Such cleaning-
la performed in short hours with a cleaning solution having a lower
concentration than that used for the above-deacribed cleaning, in
this case, 10the membrane. must be cleaned in a short time so that.
the cleaning. agent employed fbr it contains only a hypochlorlte or
an acid. As a. result, either the organic fouling substances or
inorganic fouling substances cannot be removed completely. 15NO06]
On the other hand, when cleaning with. a cleaning solution containing
a hypechlorite, chlorine in the hypochlbrite may. react. with an
organic matter and produce trihalomethane or the like harmful for
human health. To 20avoid such a problem, there is a demand for a
chlorine-free cleaning solution, 



[0007j Deterioration of the separation membrane occurs when it is
brought into contact with chemicals. By using a separation membrane
resistant to deterioration, a cleaning agent can be used over a wide
range of concentrations and a high cleaning effect. can be achieved
in a short time,  Patent document 1 : Japanese Patent Application
Laid apen No. 277568/1998         Patent document 2Japanese Patent
Application Laid-Open No, 2000-126560 Disclosure of invention
Problems to be Solved by the Invention [0009] An object of the
present invention. is to provide a 10cleaning agent for separation
membrane which can overcome The above-described conventional problems
in cleaning the separation membrane used for filtration of drinking
water, industrial water, river water, lake water, underground water,
reservoir water, secondary effluent, waste water, 15 sewage water, or
the like so that time and an amount of water necessary for cleaning
the separation membrane are bbth reduced, a risk to human health does
not exist, and. effective cleaning of the membrane can be conducted
by a simple means; a process for preparing the cleaninb agent; 20and
a cleaning method, Means for Solving the Prcankmia 0009 



With a view to overcomine the above -described problems, the present
IA:venters have continued an intensive invev,tiseticn, As a result,
it has been feund that sepa:.aLloa membranea :iieaaine: agent  10
containing a hydroxydicarboylic acid has no adverse effect on the
environment, does not need rinsing with water or two-stage cleaning
which the conventional cleaning method requires, and can efficiently
clean off organic and inorqsnic fouling substances in one step, It
has also been found that. a membrane module fouled with a very large
amount of inorganic fouling substances can be cleaned with an acid
without carrying out a rinsing step, leading. to the completion of
the present invention, LyULUA          With regards to the
Es..eparation mebrane., in. addition thereto, when the separation
membrane is it porous membrane containing a PVDF resin, a
crystallization degree of the PVDF resin is 50% or greater but: not.
greater than 90%, and 15a. product obtained by multipi -I.: the
crystallization degree of the PVDP resin by a specific surface area
of the porous membrane is 300 (%*::.,,,,2,1c,) or greater but not
greater than 2000 (%4m2/q), deterioration of the membrane due to the
cleahinh agent. used in the present Invention hardiV 20occurs, the
cleaning agent can be used over a wide concentration ranhe, and high
cleaning capacity can be accomplished in a. short time. [0011] In the
present invention, there are provideth fl] a. cleaning agent for
separation membrane, comprising a hydrcxydicarboxylio acid, [21 the
cieaninp ahent for separation membrane according.  to item [1],
wherein the hydroxyddcarboxylic acid compiises at least one acid
selected from the group consistini of maim c acid, tartaric acid,
tartrcnic acid, citramalio acid, ddoxymaleic acid, and dioxymalonic
acid,  [3] the cleaning aqhnt for separation membrane according to
item 111 or [2], further comprising hydrogen peroxidm soda heavy
metal. eomPoehdp  [4] the cleaning agent for separation membrane
according to item [3], wherein the heavy metal cc.);..mt;c1t.nd is at
least. 



10one compound selected from the group consisting. of chlorides,
sulfides, and oxides of Fe., Mn, Co. Ni, Ti and Cu,  [5] the cleaning
agent for separation membrane according to any one of items [1] to
[4], whoan amount of the 15hydroxydicarbohylic acid is from 1 x 10-1
to 1 x I0 mol per mol of the heavy metal cmmpcund, 16] the cleaning
agent for separation membrane accordihg to any one of items [3] to
15], wheiein an amount of hydrogen peroxide falls within a. mange of
from I. x 1()--.3 to 201 x 101 mol/L; an amount of the heavy metal.
compound falls within a range of from. 1 x 10-5 to 1 x 102 mol per
mol of hydrogen peroxide; and an amount of the hydroxydicarboxylic
acid is from 1 x 10-4 to I x 102 mol per mol of the hydrogen
peroxide, [71 the cleaning agent for sepaxatioh membrane according to
any one of Items 11] to 16], wherein the separation. membrane is a
porous membrane containing a poly. ' lidene  fluoride resin,  fel the
cleaning agent for separation membrane according to item [7j, wherein
a crystallizatibn degre of the porous membrane is 50% or greater but
not greater than 30% and a 5 Product obtained by multiplying the
crystallization degree of the porous membrane by a specific surface
area of the membrane is 300or greater but not greater than 2000(%m2/)
[9] the cleaning. agent for separation membrane accbrding 10to item
17IL wherein a total amount of p -form crystals and y -form crystals
in a crystal portion of the porous membrane is 301 or less based on
the total amount of the crystal portion of the porous membrane:, a
precess for preparing a cleaning- agent for 



15separation membrane, comprising mixing hydrogen peroxide, a heavy
metal compound, and a hydroxydicarboxylic acid,  11: the process for
preparing a cleaning agent for. separation membrane according to item
[lel, wherein the hydrogen peroxide is addod after the heavy metal
compound 20is dissolved in water,  .12. a cleaning method of a
separation membrane, comprising bringing a cleaning agent. containing
hydrogen peroxide, a heavy metal compound, a hydroxydicarboxylic
acid, and water into contact with the separation membrane, [LH the
clean.imq method of a separation membrane according. to item [121,
wherein the contact step is performed by at least one method selected
from the group  consistinQ of dead-end filtration cleaning, recycle
filtration cleaning/ recycle non-permeation cleaning, immersion
cleaning, backwash cleaning-, backwash immersion cleaning and
simultaneous air cleaning.         The term. 'cleaning agent for
seParation membrane." as used herein means an agent containino. one
or more compounds and to be used for cleaning a separation membrane
for separating raw water including waste water or the like.
10Advantageous Effects of the invention [0012]         Cleaning of a
filtering separation membrane with the cleaning agent according to
the present invention enables simultaneous removal. of organic and
inorganic tooling substances and has a cleaning effect eqtaal or
superior to conventional cleaning methods such as alkali cleaning or
acid cleaning. Even if a large amount of inorganic foulir.g.
substances adhere to the separation membrane., cleaning of the
membrane with the cleaning agent according to the 20present invention
may be followed directly by acid cleening without inserting
therebetween a rinsing step requirIng a Sara amount of water and this
involves no risk of generating reaction heat or a harmful gas. Thus,
the cleaning agent according to the present invention has a high
cleaning effect, while the cleaning method. according to the present
invention is economical because it can reduce time and amount of
water necessary for. cleaninp, and  



is safe without a risk of generation of reactien heat or toxic gas.
Best Mode for Carryi-i Out the Invention [0013]         The best mode
for carrying out the present invention (hich wilt. hereinafter be
called "the present embodiment" simply) will next be described in
detail. 10Raw water related to the present embodiment includes, for
example, drinking water, industrial watex, river water, lake water,
underground water, reservoir. water, secondary affluent, waste water
or sewage water. When such raw water is filtered through the
separation membrane, the membrane 15is fouled with membrane fouling
substances in the raw water and a ttansmembrane pressure difference
increases dunincj filtering operation continued at a constant flow
rata. The separation membrane whose transmeMorane presspre difference
has reached a predetermined value must be cleaned and 20restored to
its original filtration flux. [00151         Substances which attach
to the membrane and cause clogging can be classified roughly into
orgahic matters and inorganic matters, For the removet of organic
matters, it IS effective to Use an oxidizing agent such as
hypochlorite and an alkali such as sodium hydroxide, or a mixture
thereof and decompose them and remove the clogging. For  11. the
rembval of inorganic matters, on the other hand, an acid-containing
cleaning solution is usually employed_ Mixing of the alkali
clean.inci solution and acid cleaning solution way generate a harmful
gas or reaction heat. When. both of these cleaning solutions are
used., a. step of rinsing the separation membrane with a large amount
of water is required at solution changing time. In order to clean the
membrane in a short time with a cleaning solution having a. low
concentration before the transmembrane 10pressure diffeibnce reaches
a predetermined value, it is possible to continue stable cleaning
operation by using either an oxidising agent such as hypochlorite or
an acid and remove either one of an organic or inorganic fouling
substance, [00161 



In the present. embodiment, organic an& inorganic fouling substances
attached to the asmembrane can be removed simultaneously by cleaning
the membrane with a hydroxydicarboxylic -acid-containing cleahing
agent for the 20separation membrane. In a more preferred aspect, the
cleaning agent for the separation membrane according to the present
embodiment comprises further h-ydrh:(1,,E,r1 peroxide: and a heavy
metal compound. Mbre specifically, when a ferrous compound (Pe2') and
hydrogen peroxide are added to water containing an organic matter, a
hydroxy radical (,H0,,,.) is genelated by the following reaction and
the organic matter in water is osidatively decomposed by this hydroxy
radioed,  H2L)  Fe2OH1-.7e14- 5.In cleanirK the separation membrane,
use of treatment in accordance with the Fenton reaction making use of
hydrogen peroxide and metal ions can remove organic fouling
substances. It cannot however remove inorganic fouling substance
completely and, moreover the metal used 10for cleaning is fixed to
the surface of the separation membrane and must. be cleaned further
with an acid. Owing to the hydroxydicarboxylic acid added to the
agent, the heavy metal compound. dissolves in an aqueous solution. It
Is not fixed to the surface of the membrane and can be 15cleaned
off,. The inorganic fouling substance present on the surface of the
separation membrane can also be removed simultaneously.. Two
carbozylic .acd groups of the hydroxydicarboxylic acid exhibit
extellent removing performance of inorganic fouhii:g substances in
hydrbqen 20peroxide and at the same time, the weak but constant
reductive power of the OH groups of the dicarboxy-lic aced is
presumed to enhance reduction of iron ions which has once been
oxidized from Fe2* to Fe3-:- to Pe2' again. When the amount of the
hydroxydicarboxylic acid is too small, the heavy metal does. not
dissolve completey and is. fixed to the surlace of the separation
membrne, leading to insufficient cleaning. T3o large amounts cif the
hydroxydlearbezylic acid, on the other hand, reduce the pfl and
lessen the cleaning effect of organic fouling substances available by
the Fenton reaction, Nnel         In the ciase where a. large amount
of inorganic fouling substances adhere to the separation membrane and
they cannot be removed completely therefrom, the membrane can be
cleaned with an acid solution after cleaning with 



the cleaning agent according to the present embodiment 10without
inserting a rinsing step requiring a large amount of water between
these steps. This is accomplished because the cleaning agent
according to the present. embodiment does net contain a hypochlorite
or an alkali. such as sodium hydroxide so that neither harmful gas
nor reaction heat is generated even by contact between the cleaning
agent and the acid_ Since the rinsino. step with a laxge amount of:
water is omitted, cleaning time or us.itq amount of water can be
reduced and the cleaning method according to the present. embodiment
becomes an economical. method. Also in 20the cleaning. method in
which the separation membrane is cleaned in. a short time with the
cleaning agent having a low concentration before its transmembrane
pressure diffcrence reaches a predetermined value, uee of the
cleaning agent. according to the present. embodiment enables
25simeltaneeous romovel of organic and inorganic fouling substances.
which wes previously impossible so that a very stable filtration
operation can be continued compaxed. with  the conventional cleaning
method. 00191         The cleaning agent according to the present
embodiment preferably comprises hydrogen peroxide, a heavy metal
compound and a hydroxydicorboxylic acid,         Although no
particular limitation is imposed on. the heavy metal compound to be
used in the present embodiment, it is preferably at least one
compound selected from tbe group consisting of chlorides, sulfides
and oxides 10containing an Fe, Mn, Co, Ni, Ti or Cu element. The
heavy metal compound to be used in the present embodiment is more
preferablv ferrous chloride from the standpoints of solubdlity in
weter, cost, and easy separation by filtration by the addition of an
alkali such as sodium 15hydroxide to the cleaning solution after use.
FOn2ni         Although no particular limitation. is imposed on the
bydroxydicarhozylic acid to be used in the present embodiment, it is
at least one acid selected from the group :20consisting of mail::
acid, tartaxic acid, tartronic acid, 



oitramalic acid, diosymaielc acid and dioxymaionic acid. In the
cleaning agent according; to the present embodiment, the
hydroxydicarboxylic acid may be mixed with another organic and/or
inorganic. acid, 100211         in a. preferred aspect, the cleaning.
agent according to the present embodiment is a water-containing
cleaning  agent. The cleaning agent acootding to the present
embodiment. preferably comprises hydrogen peroxide in an amount
ranging from I x 10-1' to 1 x 101 moillh. When the amount of the
hydrogen peroxide is less than I x 10-3 moi/L, the hydrogen peroxide
is consumed completely prior to the completion of. the removai of
fouling substances, leading Lc deterioration of. the cleaning effect,
Amounts of. the hydrogen peroxide greater than 1 x 101 mci/T, on the
other hand, do not pose any problein. in the cleaning effect, but
10waste liquid treatment using a large amount of a reducing agent is
required in order to treat much hydrogen peroxide which has remained
after.. cleaning:. The concentration of hydrogen perotide is
therefore more preferably from 1 x 10-1 to 3 mol/T- No particular
limitation is imposed on a 15method of e plying hydrogen peroxide to
he used for the cleaning agent according to the present embodiment,
it may be supplied as is or alternstive.i.y, a compound which
generates hydrogen peroxide in an aqueon.. solution, fo. etampie,
sodium pecarbppfate or sedium perborate may be 20used 1.0022]
The amount of the hydrczydicarboxylic acid in the cleaning agent.
according to the present embodiment is preferably from. 1 x 10-1 to 1
x 10' mol per mol of the heavy 25 metal compound. When the amount of
the hydroxydicarboxylic acid is less than I x 10-1 molt, there is a
high possibility of the metal beino precipitated during cleanThq When
the  amount of the hydroxydicarboxylic acid is greater than It x 104
mei, on the other hand, the hydrox.ydicarboxylic acid itself becomes
a substance to be oxidatively decomposed. and satisfactory removing.
performance of organic fouling. substances cannot be achieved,
Moreover, an amount of the hydroxydicartoxylic acid. in the cleaning
solution according to the present embodiment is preferably' from I x
10-4 to 1. x 10e not per mol of the hydrogen. peroxide, When the
amount is less than I x 10-4removing performance 



10of membrane fouling substances derived from inorganic matters is
not sufficient, When the amount exceeds I x 102 mol, On the other
hand, the pH of the cleaning. solution becomes too small and the
cleaning effect brought by the Fenton reaction decteasea, resulting
in deterioration in 15the cleaning parformance of mambrane fouling
substances derived from organic. .37:ftters. The cleating. solution
has a OH of from 2 to 3, preferably from 2 to 2.5, more preferably
from2.4, still more preferably 2,3, not. b 20The cleanini solution
according to the present embodiment may comprise an additive for
enhancing cleaning such as surfactant or chelating agent, Specific
examples tharaof include anionic. surfactants such as soaps: higher
alcohol sulfates, alkylbenzene sulfonates, alkyl haphihalene
sulfonates, and highar alcohol phosphates; cationic surfactants such
as primary amine salts, secondary 555100 salts, tertiary amine salts
and quatarnary ammonium  1'7 salts; amphoteric surfactants, e"q",
amine oxides such as alkyldimethylamine oxide, alkyldimethylamino
fatty acid betaines and alkylcarboxymethylhydroxyethylimidazolium
betaines; nonionic. surfactants such as poiyoxyethylehe 5alkylphenyi
ethers, poi *bv1-.)rbpylene alkylphenyi ethers, polyoxyethylene alkyl
ethers, poiyoxyethyleue alkyl esters, polyethylene glycol alkyl
esters, ethylene oxide adduct of polypropylene glycol, and. propylene
oxide adduct. of polypropylene glycol; and. chelating agents such as
sodium 10salts, potassium salts, lithium salts, ammonium salts, amine
salts and alkanolamine salts of at least one of - hydroxyethylidene
-1,1 -diphosphonic acid, CISC ethylenediaminetetrathylenephosphonic
acid, hexamethyienediaminetetramethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid. ndtrilotriacetic
acid (NTA), ethylenediaminetetraacetic acid (E[Yrii,),
diethylenettlandnepentaacetic acid CDTP.A),
hydroxyethylethylenediaminetriacetio acid (HEOTA) and
triethylenetetraminehexaacetic acid (TTHA), 



[0024.1         The cleaning agent accord,no to the present
embodiment can be prepared by mixing the hydrogen. peroxide, heavy
metal. compound and hybroxydicarboxyle acid in a solvent, The mixing
in the preparation process accflrging  to the present embodiment may
be performed in a. known manneT., The aient may be prepared. only. by
mixing, The  solvent to be used in the present embodiment is
preferably water in consideration of the influence on the
environment, the preparation process of the cleaning acent according
to the present embodiment, in order to remove organic foulinc
substances and prevent the heavy metal compound in the cleaning
solution from adherinc to the membrane surface, the hydrogen peroxide
is preferably added after complete dissolution of the heavy metal
compound, -relerably iron. Ions which aye heavy metal ions, 10[0025]
In the cleaning method of ideseparation mexbrane by udinc the
cleaning agent according to the present embodiment, the cleaning
solution according to the present embodiment may be brought into
contact with the separation 15membrane by passing or not passing the
cleaning solution in the cross-sectional direction of the membrane.
When the cleaninc solution. is passed in the cross--sectional
direction of. the membrane, it may be passed either from the membrane
surface on the raw watr.. side or from the membrane 20surface on the
filtration side, rr,flflr, Luvr-O.:         Specific examples of the
cleaninc method include a method of cleaninc while supplying. the
cleaning solution. from the raw water side and causing all the
solution to pass through the membrane (dead-end fitralion cleaning),
and a method of circulating the cleaning solution from the raw water
side and cleaning while filtering (recycle  filtration cleaning.) or
without filtering. (recy ,e non-permeation cleaning) the solution,
Additional examples of thb cleaning method include a method of
filling the separation membrane with the cleaning solution and
immersing it therein for a predetermined time ijimmersion cleaning) a
method of backv,,,,ashinq while feeding the cleaning solution from
the filtration side (backwash cleaning), a. method of accumulating.,
in the separation membrane, the cleaning solution reversed from the 



10filtration side and immersing the membrane in the solution for a
predetermined time (backwash immersion cleaning), These mathods may
be. used eithbr sirtQlv or in combination. Further examples includes
method of introducing air bubbles on the raw water side
simultaneously with each of 15the above-described cleaning methods
(simultaneous air. cleaning) and a. methoci of introducing air
bubbles on the raw water site following each of these cleaning
methods. In any cleaning method, the separation membrane is not
cicamed with the heavy metal compound because the compound 20is
dissolved completely, [00271         Although the material of the
separation membrane to be cleaned by the cleaeing method aceoreinq to
the present embodiment is not particularly limited, a polyvinylldene
fluoride (P1VDT) film and a polysulfone film are preferred, more
preferably a polyainylidene fluoride film. Thb kind of the separation
menbrane is not. particularly limited,   For example, reverse osmosis
membrane. NE membrane, ultrafiltration (UF) membrane, and
microfiltration (MT) membrane are preferred. It. is however noted
that for the cleaning of a reverse osmosis membrane., recycle
non-permeation cleaning is employed in order to avoid the possibility
of the membrane being clogged with the heavy metal compound dissolved
in the cleaning solution- [0028] A hydroxy radical (2i..,.) generated
from the cleaning 10sent: accbrding to the present embodiment is
highly oxidative so that it might severely. deteriorate the
separation membrane. In the present embodiment, a polyvinylidene
fluoride film is used as at preferable separation membrane_ When a
porous membrane characterized lhin that the pblyvanylidene fluoride
film. has a. crystallization degree of 50% or greater but not greater
than 90% and a product obtained by multiplying the crystallization
degree by a. specific. surface area of the porous membrane is 300
C,YfAmi.2,1g) or greater but not greater 2:0than 2000 (%...,1m2./c0
is used as the separation membrane, the cleaning agent according to
the present embodiment does not. deteriorate the separation membrane
itself, can be used over a wide range of concentrations and can
exhibit. high. cleaning effects in short hours, Deterioration of the
PVDF 



25resin due to exbbsure to chemicals is presumed to occur from an
amorphous portion of it responsible for the flexibility of the
resin., When the PVDF resin has a  crystallization degree of 50% or
greater but. not greater than 90%, the whole porous membrane does not
become brittle easily and has high rigidity even if the amorpthous
portion decomposes and deteriorates by the cleaning chemical. Based
on these findings., in the porous membrane excellent in water
permeation and chemical resistance, the product obtained by
multiplyino the crystallization degree by a specific surface area. of
the porous membrane must fall. within the above-described range,
preferably 300 10or greater but not greater than 1500 preferably $00
(%.,.$11-.,2/1c) or greater but not. greater than 1000The porous
membrane within the above-. described range has a. water permeation
capacity suited. for filtration and does not easily deteriorate even.
when 15exposed to chemicals, because a contact area between the
porous membrane and a cleaning chemical is not too large. To further.
improve chemical resistahcb, the total amount of 13-form crystals and
y form etystala in the crystal portion OX the PVDTI resin
constituting the porous membrane is 20preferably 30% or less, more
preferably. 25% or less, still more pteferably 20% or less based on
the total amount of the crybtal portion. As the crystal structure ot
a PVDF resin,         three structures, that is, a---form, p -form
and y---torn structures are known and a. PVOF resin having a
25crystallization degree of 50% or greater but not greater than 90%
May contain these three structures in its crystal portion. Since the
h--tore and y -form crystal structures  are thenmodynamically
unstable, the PVDF resin containing 



them much in the crystals thereof is presumed to havm a portion
susceptible to deterioration due to chemicals at the boundary between
the crystal portion and amorphous 0:portion. This Tn.ay lead to
deterioration in chemical resistance of the whole porous membrane, A
porous membrane having a smaller content of p -form. crystals and
y--form crystals therefore does not undergo deterioration due to
chemicals. Although no particular limitation is imposed on 10the
lower limit of the total amount of 4-form crystals and y -form
crystals, the total amount. closer to 0% is preferred, The PJDF resin
may have, in the crystal portion thereof, either one of 0-form
crystal structure and y -form crystal ructure , Examples [00291 The
present invention will hereinafter be describeC3. in further detail
by Examples and Comparative Examples, it 20should ha. ever be borne
in mind that the present invention IS not limited by them_ The
following are various measurement methods employed in Examples and
Comparative Examples, 10030;  - 23 fiber microfiltration (MF)
membrane, manufactured. by Asahi Kasei Chemicals, having an average
pore size of 0,1 pm, and made of polyvinylidene fluoride (PVDF)" The
membrane area of the module is 50 M2,         In Examples and
Comparative, examples, constant flow rate filtration in which
filtration was perfarmed while maintaining a. predetermined
filtration flux was employed in a cross flow filtration mode,
For cleaning, a separatioh membrane module used for filtration fore
predetermined term and having a transmembrane pressure difference
increased to 200 kPa was used_ 



In the present embodiment, a predetermined amount of a cleaning
solution was poured into the separation membrane 15module and the
separation membrane was cleaned by recycle filtration cleaning, A
filtration capacity was evaluated. based on a water permeation
capacity and the water permeation capacity was calculated from a
ratio to an initial transmembrane pressure difference, 20Note that
the cleaning step and separation membrane described in these examples
are provided only. for illustrative purposes and are not intended to
limit the carrying out. of the present. invention. Znn-":11
25Chemical resistance test of the separation membrane was performed
in the following manner, After immersion of the membrane in a
cleaning solution for a predetermined   time, tensile test was
performed and tensile elongation at break was measured before and
after immersion. Elongation retention (%) was determined, in
accordance with the following formula, from elongation at break (EC)
before 5immersion and elongation at break ()):1-1) after
deterioration due to chemical exposure by immersion for n days,
Elongation retention. (%) .--. (En/E0) x 100 Tensile elongation was
measured using "Shimadzu        Autograph )S-H" (trade name; product
of ShiM.a.d2:1 Corp) at 10a grip distance of 50 mm and a pulling rate
of 100 mm/min, {0032) Example 1         A membrane module whose
transmembrane pressure difference reached. 200 kPa after 6-month
operation using, 



15as raw water, surface water of river. having a turbidity of from 1
to 5 mg/L ;based on the kaoli.n standard solution produced by Kanto
Chemical) and a total organic carbon  (TOC) of from 0,5 mg/L to 1,5
mgJE was cleaned as described. below. 20A cleaning solution was
prepured by adding-, to an aqueouc hydrogen peroxide solution (0,88
mo)./TD, ferrous chloride and malic acid to give concentrations of.
0,0008 mol/A and. 0,05 mol/L, respectively. The membrane modfde was
subjected t0 recycle filtration cleaning with it for 6 25hours. The
cleaning solution was then removed from the module and the separation
membrane was rinsed with 500 L of ultrafiltration water for 2,5
hours,          1=.1s a result of the cleaning by the aboye-descidbed
method, supposing that the membrane fditration capacity before use
was 100%, the membrane recovered 100% of the. membrane filtration
capacity which had once reduced to 10% 5of it before cleaning. The
total cleaning time in this cleaninq method. waa 8.5 hours. During
cleaning, generation of neither a chlorine gas nor react ion heat was
observad,         fhe cleaning allowed filtration operation through
the resulting membrane foT further 6 months, In the 10present
embodiment, the filtratioh capacity was evaluated by a term until the
pressure during the filtration operation increased to 200 kPa. {0083]
Example 2 15For cleaning the fouled membrane mbdale of Example 1, a
cleaning solution was prepared by adding, ta an agueobs hydrogen
peroxide solution (0.88 mol/L) ferrous chloride and tartaric. acid to
give concentrations of. 0.0008 mol/L and 0,05 moi/L, respectively.
The membrane module was 20subjected to recycle filtration cleaning
with it for 6 



houra. The cleaning solution was then remeved from the module and the
separation membrane was rinsed with 500 L of ultrafiitration water
for 2,5 hours.         Asa result of the cleaning by the
above-described method, supposing. that the mbmbrane fil.tr;oarion
capfirtv before use was 100%, the membrane recovered 100% of the
membrane filtration capacity which had once feiuuui 10 10%  - 26 - of
it before cleaning. The total cleaning time in this cleaning method
was 8.5 hours. During cleaning, generation of neither a chlorine gas
nor reaction heat was observed.         The cleaning allowed
filtratich operation through the resulting. membrane for further 6
months, [0034] Example 3        For cleaning the fouled membrane
medule of Example I, a cleaning solution was prepared by adding, to
an aqueous 10hydrogen peroxide solution (0.013 mol/L), ferrous
chloride and tartronic acid to give concentrations of 0.0003 mol/L
and 0.05 mol/i, respectively. The membrane module was subjected to
recycle filtration cleaning with it tar 6 hours. The cleaning
solution was then removed from the 15module and the separation
membrane was rinsed with 500 L of ultrafiltration water. for 2.5
hours-         As a result of the cleaning by the above-described
method, supposing that the membrane filtration capacity befoxe use
was 100%, the membrane recovered 100% of. the 20 membrane filtration
capacity which had once reduced to 101 of it before cleaning. The
total cleaning time in this cleaning method was 8.5 hours. During
cleaning, generation of neither a chlorine gas nor reaction heat was
observed. The cleaning allowed filtration operation tbrhugh 25the
resulting membrane for further 6 months. i.0035] Example 4 



For cleaning the fouled membrane module of. Example I. a cleaning
solution. was prepared by. adding, to ab aqueous hydrogen peroxide
solution (0,88 mol/L), ferrous chloride and citramalic acid to give
concentrations of 0.0009 mol/L and 0,05 mol/i, respectively, The
membrane module was subjected to recycle filtration cleaning for. E
hours, The cleaning solution was then removed from the module and the
separation membrane was rinsed with. 500 ultrafiltration water Intl,5
hours,         As a result of the cleaning by the above -described
method, supposing that the membrane filtration capacity before use
was 100%, the membrane recovered 100% of the membrane filtration
capacity which had once reduced to 10% of it. before cleaning. The
total cleaning time in this 15cleaning method was 8,5 hours, During.
cleaning, generation. of neither a chlorine gas nor reaction heat was
observed,         The cleaning allowed filtration operation through
the resulting membrane for further 6 months, (0036] 20Example 5
For cleaning the fouled membrane module of Example I. a. cleaning
solution was prepare& by ad.cling, to an aqueous hydrogen peroxide
solution (0.88 mo1/1"), ferrous chloride and dioxymaleic acid to give
concentrations of. 0,0008 mel/L and 0,05 molfl, respectively, The
membrane models was subjected. to recycle filtration cleaning with it
for 6 houis, The cleaning solution was then removed from the  - 28 -
module and the separation membrane was rinsed. with 500 L of
ultrafiltration water for 2,5 houxs.          ns a result of the
cleaning by the above-described method, supposing that the membrane
filtration capacity abefore use was 100%, the membrane recovered 100%
of the membrane filtration capacity which. had once reduced to 10% of
it before cleaning,. The total cleaning time in this. cleaning method
was 8.8 hours. During cleaning, generation of neither a. chlorine gas
nor reaction heat was observed, 10The cleaning allowed filtration
operation through. the resulting membrane fbr further 6 months, 



(.0037j ll:xample 6 For cleaning the fouled membrane module of
Ezemple 1, 15a cleaning solution. was prepared by adding, to an
aclitebus hydrogen peroxide solution (0,68 mol/L), ferrous chloride
and dioxymalonic acid to give concehtrations of 0.0008 mot/Land 0.05
mci/T, respectively. The membrane module was subjected to recycle
filtration cleaning with it for 6 20hours, The cleaning solution was
then removed from the module and the separation membrane was rinsed
with 500 L of ultrafiltration water for 2,5 hours,         As a
result. of the cleaning by the above-described method, supposing.
that the membrane filtration capacity 2tbefore use was 100%, the
membrane recovered 100% of the membrane filtration capacity which.
had once rednced to 10% of it before cleaning, The Lot-ti cleaning
time in this  29 a cleaning method was 8.5 hours, During cleaning,
generation of neither a chlorine gas nor reaction heat was observed.
The cleaning allowed filtration operation through the resulting
membrane for further 6 months, [0038] Comparative 1.-7::ample I
Fbr cleaning the fouled membrane meduie of Example 1, an aqueous
mixed solution containing 0.08 mol/L of nitric acid and 0,06 mol/T of
oxalic acid was prepared as a 



10cleaning solution. The membrane module was subjected to recycle
filtration cleaning with it for 2 hours. The cleaning solution was
then removed from the module and the separation membrane was rinsed
with 500 3 of ultrafiltratiob water for 2,5 hours, whereby the
membrane ihbecame pH 6. The pH not greater than 6 because of
insufficient. rinsing with water may be a cause for generation of a
chlorine gas or reaction heat. Then, the membrane was subjected to
recycle filtration cleaning. for 8 hours with an aqueous mixed
solution prepared to contain. 0.13 mol/li of sodium hypochlorite and
0,25 mol/L of sodium hydroxide. The agpeous mixed solution was
removed from the module and the separation membrane was then washed
with 500 101: ultrafiltration water for 2.5 hours,         As a
result of the cleaning by the above-described method: supposing that
the meMprane filtration capacity before use was 100%, the membrane
recovered 90% of: the membrane filtration capacity which had once
reduced to 10%  30 of it before cleanThe total cleaning time in this
cleaninb method. was 15 hours. The amount of water used for rinsinq.
was twice as mach as that required for the cleaning solution
described in each Example of the present embodiment, Filtration
operation was performed. with the separation membrane thus cleaned.
Then, the pressure increased to 200 kPa after 4-month. flr,-`j01
LUv..)": 10ComparativeComparati-ve Example 2 For cleaning- the fouled
membrane module of Example 1, an aqueous mixed solution was prepared
as a cleaning solution by. adding, to an agneous hydrogen. peroxide
solution (o,se mol/Li, ferrbua chloride to give a 15concentration of
0.0008 mol/L and the membrane module was subjected to recycle
filtration cleaning with it for 6 



The aqueous mixed solution was then removed from the module and the
separation membrane was rinsed with 500 L of ultrafiliration water
for 2.5 hours. 20As a result of the cleaning by. the above -dencilbed
method, supposing that the membrane filtration capacity before use
was 100%, the membrane recovered. 70% of the membrane filtration
capacity which had once reduced to 10% of it before cleaning. Such
low recovery was presumed to occur beceuse absence of an acid in the
oleaninb solution led to incomplete rembvai of inorganic fouling
substances from the separation. membrane. The total cleaning time in
this cleaning rathbd was 8,5 hours, Fi%LI:nation operation was
performed with the separation membrane thus cleaned_ Then, the
pressure increased to 200 kPa after 2-menth operation, 5[0040]
Comparative bze "rEi        For cleaning the fouled membrane module
of Example 1, an aqueous hydrogen peroxide solution (O ea moi/L) was
prepared as a cleaning solution. The membrane modulo was 10subjected
to recycle filtration cleaning with it for 6 hours, The aqueous mixed
solution was then removed froni. the module and rdhsed wdth 500 1, of
ultrafiltration water for 2.5 hours- As a result of the cleaning by
the above-described itmethod, supposing that the membrane filtration
capacity before use was 100%, the membrane reovered 65% of the
membrane filtration capacity which had once reduced to 10% of it
before cleaning.. The separation membrane was not cleaneC' corpletely
by an aqueous solution contag only 20hydrogen peroxide. The total
cleaning time of this cleaning method was 8.5 hours, Filtration
operation was performeh with the separation membrana thuh cleaned-
Then, the pressure increased to 200 kl[a after 2-month operation, 



Zo[0041 Comparative Example 4 Fur cleaning the fouled membrane module
of Example 1,  an aqueous mixed solution containing 0,16 moll': of
sodium percarbonate and 0,0008 mol/L of ferrous chloride was prepared
as a cleaning solution. The membrane was subjected to recycle
filtration cleaning with it for 6 hours. The aquepus mixed solution
was then removed from the module and the. separation membrane was
washed. with 500 L Cu: ultrafiltratlon water. for 2.5 hours.
Ass result of the cleaning by the above-described. method, supposing
that the membrane filtration capacity 10before use:? was 100%, the
membrane recovered 32% of the membrane filtration capacity which had
once reduced to 10% of it before cleaning. The separation membrane
was not claned completely presumably because a portion of the ferrous
chloride which had remained undissolved owing to 15 the pH of the
cleaning. solution as high as from 10 toll acme red to the separation
membrane during cleaning. The total cleaning time of this cleaning
method. was 8,5 hours, Filtration operation was performed using the
separation membrane thus cleaned. Theb, the pressure 20thereof
increased to 200 kPa after 4-month operation, 100421 Comparedli.ve
Example 5 For cleaning the fouled membrane. module of. Example 1, an
aqueous mixed solution was prepared as a cleaning 25solution by
adding., to an aqueous hydrogen peroxide 



solution (0.88 molt]..-): ferrous chloride and lactib acid to give
concentrations of 0.0008 mol/E and 0.05 mol/L,  respectively, The
membrane was subjected to recycle filtration cleaning with it for 6
hours, The agueone solution was then removed. from the module and the
separation membrane was washed with 500 L of ultrafaitration water
for 2.5 hours.         As a result of the cleaning by the
above-described method, supposing that the membrane filtration
caparity before use was 100%, the membrane recoverbd 87% of the
membrane filtration capacity which had once reduced to 10% 10of it
before cleaning. The total cleaning time of this cleaning method was
8.5 hours- The cleaning was performed using lactic acid which was one
of hydroxymonocarboxylic acids, however, resulting in incomplete
recovery of the water permeation capacity, 11.5Filtration operation
was performbd using the separation membrane thus cleaned- Then, the
pressure increased to 200 k2a after 4-month opbration. [0043]
Cbmarative Example 6 20For cleaning the fouled membrane module of
Ezample 1, an aqueous solution was prepared as a cleaning solution,
by adding, toss aqueous hydrogen peroxide solution (0.88
ferrous chloride and citric acid to give concentrations of 00008
mol/h and 0,05 mol/E, respbctively, 25The membrane was subjected to
recycle filtration cleaning 



with it for 6 hours- The aqueous solution was then removed from the
module and the separation membrane was rinsed with  500 L. of
ultrafiltration water for 2,5 hours.         As a result of the
cleaning by the above-described method, supposing that the membrane
filtration capacity before use was 100'%, the membrane recovered 88%
of- the membrane filtration capacity which had once reduced to 10% of
it before cleaning. The total cleaning time of this cleaning method
was 8,5 hours. The cleaning was performed using citric acid which was
one of hydroxytricarboxylic acids, however, resulting in incomplete
recovery. of the 10water permeation capacity. Filtration operation
was performed using the separation membrane thus cleaned. Then, the
pressure therebf increased to 200 kPa after 4-month operation,.
[0044] 15Comparative Example 7        For clbaninb the fouled
membrane module of Example 1, an aqueous solution was prepared as a
cleaning solution by adding, to an aqueous hydrogen peroxide solution
(0,88 ferrous chloride and oxalic acid to give 20 concentrations of
0.0008 mol/L and 0.05 mol/L., respectively. The membrane was
subjected to recycle filtration cleaning with it for 6 hours, The
ague:aura solution was then removed from the module and the
separation membrane was rinsed with 500 L of ultrafiltration water
for 2,5 hours-         As a result of the cleaning by the
above-described method, supposing that thm membrane filtration
capacity before use was 100%, the membrane recovered as% of the
membrane filtration capacity which had once reduced to 10% of it.
before cleaning. The total cleaning time of this cleaning method was
8.5 hours, The cleaning was performed. using citric acid which was
one of OH-free dicarboxylic acids, however, resulting in incomplete
recovery of the water permeation capacity.         Filtration
operation was performed using the separation. membrane. thus cleaned_
Then, the pressure increased to 200after 4-month operation, 10[00451 



Comparative Ezample        For cleaning the fouled membrane module of
Example 1, an aqueous solution was prepared as a. cleaning solution
by addinc, to an agueoum hydrogen peroxide solution (0.88 mol/L),
ferrous chloride and fumaric acid to give concentrations of 0.0008
poi/Lad 0.05respectivbiy. The membrane was sublected to recycle
filtration cleaning with it for 6 hours. The aqueous solution was
then removed from the modiJie and the separation membrane was washed
with 20500 L of ultrafiltration infor 2.5 hours, As a. result of: the
cleaning by the above-described mbthod, supposing that the membrane
filtration. capacity before use was 100%, the membrane recovered 83%
of the membrane filtration capacity which had once rediAced to 10%
25of it. before cleaningThe total cleaning time of. this cleaninp
method was 8,5 hours,. The cleaning was performed using numeric. acid
which was one of CH-free dicerboxylic  acids, however,
resultingincomplete recovery of the water permeation capacity.
Filtration. operation was performed using the separation membrane
thus cleaned. The pressure increased to 200 kPa after 4-month
operation. 10046: Comparative Example 9        For cleaning the
fouled membrane medeie of Example I. an aqueous solution was prepared
by adding, to an aqneous 10hydrogen peroxide solution 10.88 mol/h),
ferrous chloride and citric acid to give concentrations of 0.0008
mol/L and 0.05 mol/L, respectively. The membrane was subjected to
recycle filtration cleaning with it for 10 hours, The aqueous
solution was then removed from the module and the Ismembrane was
washed with 500 L of ultrafiltratiob water for 



2.5 hours,         As a result of the cleaning by the
above-described. method, supposing that the membrane filtration
capacity before use was 100%, the membrane recovered 88% of the
20membrane filtration capacity which had once reduced to 10% of it
before cleaning. The total cleaning time of this cleaning method was
12.5 hours. The cleaning was performed for prolonged hours by using
citric acid which was one of hydrexytricarbosylic acids, however,
resultinb in inc()..mplete recovery of the water permeation.
capacity. Filtration operation was performed using the separation
membrane thus cleaned, Then, the pressure  -Y 0 0 Table _ to 200 kPa
-month oper  Example 1  Example 2  ExamMe 



Example 4  Example 5  Example 6  Sodium peroxide Sodium percarbonate
Sodium hydroxide Mahe acid  0.88 moil 0.05 moll  0.88 moll  0.68
rriol/L.  9.88 moilL   



Tartronic acid Citramalic acid  0.05 moil  0.05 moliL     Ferrous
chloride0.0008 rnok Water permeation capacity before cleaning Water
permeation capacity after cleaning  0.0008 me/IL 10% 100%  0.0098
moll 



10% 100%  Total cleaning time Sodium 0eroxrdu  8.5 hr Comp Ex 2 0.88
L8.5 hr8 5 hr Comp. Ex. 3Comp Ex.. 4 1188 tacilL  Sodium percaibonaM
lSOaliall hydroxide  0.1011)oill 0.25 rriotit,  ralie Kid [Tartaric
acid !Lactic add Citric acid 



SiribaK K1(1 aypeCifte Fcproip:i  VatEt permeation cepac4y before
deanirre Water min-ma:mum impeety after Meaning  -- 38 -  Comp. Ex, 5
Comp. Ex. 6FComp. Ex, 7 Comp. Ex. 8 Comp. Ex. 9 Sodium peroxde 0,88
molt!. 0 88 mot0,88 moll 0.88 mot 



0.88 mon Sodium percarbohate     Sodium hydroxide      Malic add
Tartaric acid  



Lactic acid 0,05 molt!.     Citric acid  0.05 molt!.   0.05 moll
Oxalic add   0.05 moll 



Fumaric acid    0.05 moll  ISodiunt hypochlonte      Ferrous chloride
0.0008 moll 0.0008 mot 0.0008 moil 0.0008 mai& 0.0008 mat 



Water permeation capacity      before cleaning 10% 10% 10% 10% 1C.)%
Water permeation capacity      after cleaning 87% 



88% 88% 83% 88% Total cleaning time 8.5 hr 8,5 hr 8.5 hr 8.5 hr 12.5
hr The results shown in Table I have revealed that the mieuHng agents
according to the present embodiment  mmulmtlhiny hydlogenE-_,Lcous
chimlide willch is a heavy metal compound, and a hydroxydicarboxylic
amid show exceleffects of cleaning the separar.:Lon membrane, [0049;
Exiimpie 7 A urmouspoi yvM (PVDF) whoedecree was 58 HI, product ohita
Med bytthr-uon dcg rr:e 



qflPCH f:careauorou,,,was (%(*.:,m2,Mf,, and proporticn of 13 type
crystals was 4't was used, The membrane was immerscd lu  by adding,
to an aqueous hydrbgbn peroxide solution (0.88 mol/LD, ferrous
chloride and malic acid to give concentrations of (Loops mol/L and
0.05 mol/L, respectively, for 1 day, 5 days, 7 days and 20 days,
After immersion for those says, the separation. membrane was taken
out from the  cleaning solution, followeb by sufficient rinsing with
water. The tensile test was then performed. The results are shown in
Table 2, 10Comparative Example 10 A porous membrane made of
poi.lidene fluoride         whose crystallization degree wac 71 (%),
product obtained by multiplying the crystallization degree by
specific surface area of the porous membrane was 2899 15q), and
proportion of 11 type. crystals wus 44% was used_ The membrane was
immersed in a cleaning solution. prepared by adding, to an aqueous
hydrogen peroxide solution. (0.88 mol/L), ferrous chloride and malic
acid to give concentrations of 0.0008 mol/L and 0.05 mol/L,
20respectively, for I day, 5 days, 7 days and 20 days, After
immersion for those says, the separation membrane was taken out. from
the elea)z.ifik solution, followed by sufficient rinsing with water.
The tensile test was then performed. The results are shown in Table
2,  - 40   Example 7'Comparative Example 10 0 Day 



100% 100%  100% 95=t 5 Days 100%1 o 7 Days L,LL  82% 20 Days 97%  41%



According to the results shown in Table 2, almost no deterioratien
was observed from the separation membrane made of polyvinylidene
fluoride obtained in Example 7 whose product. obtained by multiplying
the crystallization degree 10by specific surface area of the porous
membmane was 300 (%ssr,t2./q) or greater but not. greater than 2000
(m,2/q) even. if it was cleaned with the cleaning. agent. of the
present embodiment. [00531         FIG. 1 showo the relationship
between recovery of. water permeation and cleaning time of a
smparotion memProne with the cleaning. agent (Example I) containing
hydrogen peroxide, malic acid which is a hydrexytricarboxyiic acid,
and ferrous chloride, among the cleaninCi. results of the separation
membranes with the cleaning agents of the presant embodiment. Note
that FIG. 1 also includes the results of Comparative Example 9 for
comporison. As is apparent from the results shown in FIG. 1, the
membrane clI aned with the cleaning agent acbordInb to the present
embodiment showed rapid 100 percent recovery of. the fIi tration
capacity compared with that of Comparative Example 9. The membrane
cleaned with the cleaning agent of 5Comparative Example 9 did not
show 100 percent recovery. even after cleaning for longer hours,
Industrial Applicability [0054] 10The cleaning agent according to the
present.  invention is suited for use in the fields which need
cleaning of a membrane for removing therefrom clogging substances
during membrane filtration using, as raw water, drinking water,
industrial water, river water, lake water, 15groundwater, reservoir
water, secondary effluent, waste water, sewage water or the like,
Brief Description of the Drawings 



[0055] 20DIG. 1 shows, among the cleaning results of a  separation
membrane with cleaning agents according to the present embsdiment,
the results. on the relationship between recovery of water permeation
and cleaning time of a separation membrane with a. cleaning agent
(hxample I) 25containing- hydrogen peroxide, citric acid. which is a
hydroxydicarboxylic acid, and ferrous chloride, as well as the
reaults of Comparative Dsample 6,  42 CLAIMS z.A cleaning agent for a
separation membrane comprising at least one hydroxydicarboxylic acid
selected from the 5 group consisting of malic acid, tartaric acid,
tartronic acid, citramalic acid, dioxymaleic acid, and dioxymalonic
acid; hydrogen peroxide; and a heavy metal compound,       wherein
the separation, membrane is a porous membrane containing a
polyvinylidene fluoride resin, and 10the amount of the
hydroxydicarboxylic acid is from 1 x 10' to 1 x 104 mol per mol of
the heavy metal compound.  2. The cleaning agent for separation
membrane according to Claim 1, wherein the heavy metal compound is at
least one 15 compound selected from the group consisting of
chlorides, sulfides, and oxides of Fe, Mn, Co, Ni, Ti and Cu.  3. The
cleaning agent aCCOxding to Claim 1 or 2, wherein the amount of
hydrogen peroxide falls within a. range of from I x 10-3 to I. x 101
mblitg the amount of the heavy- metal 20 compound. fails within a
range Of from 1 x 10-3' to 1. x 102 mol per mol of. hydrogen peroxide
and the amount of the hydroxydicarhoxylic acid is from 1. x 10-4 to 1
x 102 eel pet mol of the hydrogen peroxide. cLThe cleaning agent
according to Claim I, wherein a 



crystallizatioa degree of the Porous mem'ossoP is 50% or greater but
not greater than 90% and a product: obtained by multiplying the
crystallization degree of the porous membrane by a. specific surface
area of the membrane is 300 or greater but not greater. than 2000
fAm2/(0.  43 crystal portion of the porous membrane is 30% or less
based on the total amount of the crystal portion of the porous
membrane,  6. A process for preparing a cleaning agent for a
sepaxation membrane, comprising mixing hydrogen peroxide, a heavy
metal compound, and at least one hydroxydicarboxylic acid selected
from the group consisting of malic acid, tartaric acid, tartronic
acid, citramalic acid, dioxymaleic 10 acid, and dioxymalonic acid,
wherein the separation membrane is a porous membrane containing a
polyvinylidene fluoride resin,     7. The process for preparing a
cleaning agent according to Claim 5, wherein the hydrogen peroxide is
added after the 15 heavy metal compound is dissolved in water, B.A
cleaning method of a separation membrane, comprising bringing a
cleaning agent containing hydrogen peroxide, a heavy metal compound,
at least one hvdroxydicarboxylic acid, 20 selected from the group
consisting of malic acid, tartaric acid, tartronic acid, citramalic
acid, dioxvmaleic acid, and dicxymaionic acid, and water into contact
with the separation membrane,            wherein the separation
membrane is a porous membrane 25 containing a polyvinylidene fluoride
resin.      The cdeardhg method aocarding no Claim 8, wnnrein tbe
contact step is porformed by an least one method selected. from the
group consisting of dead-and filtration cleaning, reoynde filtration.
cleaning, recycle non-permeation 30 cleaning, immersion cleaning,
backwash cleaning, backwash immernion cleaning and simnitshends air
cleaning, 




