DESCRI PTI ON CLEANI NG AGENT FOR SEPARATI ON MEMBRANE, PROCESS FOR
PREPARI NG THE CLEANI NG AGENT, AND CLEANI NG METHOD 5. Techni cal Field
HDOO1.] The present invention relates §o_a. cleaning agent for

cl eaning a separation nmenbrane used for filtration. treatnent of
drinking water, industrial water, river water, 10l ake water,
underground water, reservoir water, secondary effluent, waste water,
sewage water or the like,: a pr epBFﬁFFERTEP cess for preparing the

merbr anas. ar ST AFHTE or PR TEERR AL N BEMRAN, Pracs S,
industrial valgippddMes ¥kt ehARKRGREERT, WRHCLIEAWAG QLA
secondary Z{.Je é{?ﬁat er,

reservoir water, uent, waste water, of sewad
subst ances suspended in the raw water or substances having a size
greater than the pore sire of the nenbrane (these substancesw ||
her & naf tres-rhe cal |ed14qrenbr ane foul i nsubstances”, Loliewtively) are
bl ocked by the nenbrane, tont concentration poiam-iatio,-, or rake
Layer, andodiod tho Pores LC) increase ilr.e.:31lstanct ay: 0 cause
so-cal ted nmenbrane fceding" As constant flew rate operation is
continued, the tThengmemserane pressigre hffiesence ancreasesg Wyentt he
t ranonenbrane pressure difference reaches a. predetem ned value, it.
nmust be recesslaraniroy o exspathielisepacabironenestdarie rwiftii taadli@aoni ng
solution and restore the filtration flux tb the original one.
It is thecommsmpralctdecenkonuseaaaroxidizshgiagenetsuch ragzer water,
hypochl orite and an al kali such as sodi um hydr oxi de,
10 lake 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.

15 Background Art
[0002]

When membranes are used for filtering raw water such
as drinking water, industrial water, river water, lake
water, underground water, reservoir water, secondary

20 effluent, waste water, or sewage water, substances
suspended in the raw water or substances having a size
greater than the pore size of the membrane (these
substances will hereinafter be called "membrane fouling
substances", collectively) are blocked by the membrane,

28 form concentration polarization or cake layer, and clog the
pores to increase filtration resistance and cause so-called

membrane fouling. As constant flow rate operation is



or a mzture thereof for cleaning off menbrane fouling 1.0substances
derived fromorganic matters. As disclosed in Patent docunent 1, it
is known that a cleaninc. nmethod capabbe_of oxidativoly deconposing
t he nenbrane fouling substances derived fromorganic. matters (which
substances wi Il hereinafter be called "organic fouling substances"”,

sLnply) by. utilizi a Fenton reaction ini:Folvi, hydr ogen per oxi de
and o mEONEoVRlS o ATEHRT RGP BgRRE S SHACC FEanFRg 1Rt Kot forses
separat i rane i ch.use a pexcarbonate_and _an iron, conpound are
disclosegﬂllerr%F aeénr%ﬁ%ﬂéhglén%.g %@uﬁ?e8ﬁ§£g6gpcﬁnggﬁcre%r?the

removi ng U QIBNGe 0110003 Cnfis£ObLNGLBUBSLAYCES LY Lhe gl gani ng
tho the

agent or ne using a VpOCht orite or. enton reacti on

i nvol vi ng hydragen RRd A6 | NehadditboRi ngnsaquequs, selution of the
per car bonaze has a highso that a | atge anount of the iron conpound

added t ogefcheri 1adheesit or tihe 2xuthacerofihhe separation nenbrane as
ferric hydroxdP. al so requires renoval of nenbrane fouling.

subst ancd®0dexr]i ved ftom inorganic matters (which substances WIIl -
3 - hereinafter be called "inorganic fouling substances”, sinply),
Deterioration offtt he séparatirom merdrane: usvakdy @ccursdinihheagent
cl eaning solution used for cleaning the separation nenbrane, but it

i's known stilsdt agsévefo @ Buepar atidnameabkané corposed swalintny hofdmnxide,
pol vvinyl i dene fluoride (which may hereinafter be called "PVDF",
sinply) Pét ar 8- e dethertisriat § oh. cf9004n9| pLfsmRAGwWANEhd©OUds regh aci d

CI? ni ng agant, an 10organic_acid such as oxalic acid or citric acid,
or “&n substances derived from organic matters. As disclosed in

Patent document 1, it is known that a cleaning method
capable of oxidatively decomposing the membrane fouling
substances derived from organic matters (which substances
will hereinafter be called "organic fouling substances",

15 simply) by utilizing a Fenton reaction involving hydrogen
peroxide and a metal. Moreover, a cleaning agent and
cleaning method for separation membrane which use a
percarbonate and an iron compound are disclosed in Patent
document 2. They are however inferior in the removing

20 performance of organic fouling substances to the cleaning
agent or method using a hypochlorite or the Fenton reaction
involving hydrogen peroxide. In addition, an aqueous
solution of the percarbonate has a high pH so that a large
amount of the iron compound added together adheres to the

26 surface of the separation membrane as ferric hydroxide.
This also requires removal of membrane fouling substances

derived from inorganic matters (which substances will



inorganic arid such as hydrochloric acid, sulfuric acid. or nitric
acid, or a mxture thereof is effective against fouling due to

i norpanic matters such as iron and manpapese, A separation nenbrane
after filtration treatnment: usually 15includes therein organic. and
inorganic friling substance as a m xture so that they are renoved
usual I'y g% bot h al kali cl eaning and acid cleaning. Since the

separ at i O ‘RemBraRe iR rfotl G eaneP EoRpl et EPY LBYOt RO St 6dE " sone
filmfouli.ng.sybstances.remai.n ungggﬁﬁgd or it takes Iong. xghour.s
for cl eafifiy NHen QFESFAOZPEAME L A s15RA T bl MacBPEBet Foually

perf or med.. .. addition. Lo, these, propl ee, jrgaction heal o foni ¢ gas
i's generated whéen these cleaninc. agents are brougﬁ PNt o Scontart

W th the SSeRaGatian JIMEYANe. Jhe £t eadl igo,A0ALMSL e Mashed off

inarinsing step with a ge anount of water. at the tinme of

change wisthat-he iorhefemel £ani Ngn39e0h . ndhhsyl eadg 1o 1RFARLAMRSUCh as
use of a large anount of water, prolonged <Cleaning tinme, and

gener ati @nuofr ideChlwridie nasy duerd tnd neeApPhet ealiBsi NYyvoFOQORL 1fs] v)
descri bed above, cleaning is perfornmed when the S transnenbrane

pr essur e rdithirelsente reachesopredet erm ned val ue, but cleaning is
sonetinmes perfornmed periodically at short intervals. Such cleaning-
| a perforl@@d4iln short hours with a cleaning solution having a | ower
concentration than that used for the above-deacribed cleaning, in
this case, 10t hétmémbkanen mistt be creamed inlaashoptagent, sent hat .
the cleaning. agent enployed fbr it contains only a hypochlorlte or
anléci d. OAgaalc esiild Sl et Thel bF ganie PouFiihgisubstidnces om

i norgani ¢ fouling substances cannot be renmpved conpl etely. 15NO06]
On the ot'her9Rand amich Uamhg VWit AChaCEf 8aArag s 6MH S Ccoritiad Mhg
a hypechlorite, chlorine in the hypochl brite may. react. wth an
organi ¢ Retter &rd Gor SHuce Hrihar n%?%ﬁﬁ%fo}stﬁ%fﬁpﬁévﬁaﬁﬂﬁﬁn%Qn

humen healtf 0 20uol d such. & probl et heLs e 2,980 (o dbnese.

A separation membrane after filtration treatment usually

1s includes therein organic and inorganic fouling substances
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 unremoved or it takes long

20 hours for cleaning when alkali cleaning and acid cleaning
are both performed. In addition to these problems,
reaction heat or toxic gas is generated when these cleaning
agents are brought into contact with the separation
membrane. The cleaning agent must be washed off in a

25 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



[ 0007] Deterioration of the separation nmenbrane occurs when it is
brought into contact with chemcals. By using a separation nmenbrane
resistant to deterioration, a cleaning,agent can be used over a w de
range of concentrations and a high cleaning effect. can be achieved
in a short time, Patent docunent 1 : Japanese Patent Application
Lai d apen No. 277568/ 1998 Pat ent docunent 2Japanese Patent
Appl i cat iIFFAETE GISIE NG D02 4285601 DP§cPoSHEE TS mdentdWh tO
Probl ens .t o be Sol ved by the Invention [0009] An object of the
presentiﬁ%ﬁﬁmﬂ%ﬁiei§$qg§?ﬂbvide a 10cl eani ng agent for separation
menbr ane %ﬂhﬁﬂ can overcone The above-descri bed conventi onal probl ens
in cleaning the separation nmenbrane used for filtration of drinking

wat er, industrial ﬁ@%ﬁgib%HV%ﬁd¥gf”clé§ﬂfh t%:pegggfﬁgaouﬂ@dMﬁﬁg,

reservoir water, secondary e uent, waste sewage water, or

thesl i ke tSQrihatndd iR 3k S, AN0NNE £ OF cMBLEE cABRESS Al Y relfe 1G] SR 119
the separation nenbrane are bbth reduced, a risk to human heal th does

not exi stvalanrd. efif ectdatei ¢d eadi senof ihbe pERBHARE C R e Genduc) egd:
by a sinple neans; a process for preparing the cleaninb agent; Z0and
a cl eani mroret Hed,e rVedns. f gucholatigigh e B qanki am&809n short hours
with a cleaning solution having a lower concentration than
that used for the above-described cleaning. In this case,
10 the membrane must be cleaned in a short time so that the
cleaning agent employed for it contains only a hypochlorite
or an acid. As a result, either the organic fouling
substances or inorganic fouling substances cannot be
removed completely.
15 [0006]

On the other hand, when cleaning with a cleaning
solution containing a hypochlorite, chlorine in the
hypochlorite may react with an organic matter and produce
trihalomethane or the like harmful for human health. To

20 avoid such a problem, there is a demand for a chlorine-free
cleaning solution.
(0007]

Deterioration of the separation membrane occurs when

it is brought into contact with chemicals. By using a
25 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.



Wth a view to overcom ne the above -described problens, the present
| A-venters have continued an intensive invev,tiseticn, As a result,
it has been feund that sepa:.alloa nenhranea :iieaaine: agent 10
cont ai ni ng a hydroxydi carboylic acid has no adverse effect on the
environment, does not need rinsing wth water or two-stage cleaning
whi ch the conventional cleaning nmethod requires, and can efficiently

clean of f organfet&R& PREFESAIT U culdaRFsTbt AREBRT| APBAECEFRD | t
has al so_been found th ne nmodul e fouled with a very | arge
amount of” 3 HorgAN g\]‘?'o?n;pn%gﬁﬂgégnces can be cleaned with an acid
W t hout carryin a _rinsi ep, -1 eadi ng. e | eti.on of

t he present invgﬁ?%éﬁ,dffﬁﬁﬁ&&'%y' Jép{b%%gr%%g?%g %%Sgﬁgg%lon

Es. . epar atd;Qn gy ane. Qd&@{)b—f‘éj@%di)on t hereto, when the separation
menbrane 1s 1t porous nenbrane 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 -1.: the
cryst al | idatd 1oy degree ufvdhei FYDP resin by a specific surface area
of the porous nenbrane is 300 (%::.,,,,2,1c,) or greater but not

greater than 2000ocb%n®/ dp, bdeterlivatbwniod thesnebbnane due to the
cl eahi nh agent. used in the present Invention hardiV 20occurs, the

cl eani ng [Agéxt] can be used over a w de concentration ranhe, and high
cl eaning capacity can be acconplished in a. short tinme. [0011] In the
present inventi&n, obhecs arfe throvmstantt |jneentcl eani agtageneviide a
separation nmenbrane, conprising a hydrcxydi carboxylio acid, [21 the
ci é&ni np Sifermtincor F%lr ofEMERbE apR HEEBFARAgWNILH iCEREmMOVELCcome
wherein the hydroxyddcarhoxylic acid, conpiises_at |east one acid

sel ect ed FFoRANE GHoUF i SPPRE bt oA nPECRLEPRS tar CarPdiad dhe

tart i id, cit | i id, d i id, d .di | i
a?ir d zz&lcae%fa#éa]ta%ﬁﬁf%ﬁo%%h%ﬁf%? §§§§§§{L? %%t%éhw;ﬁ%r&%ﬁ%”?@%ﬁ
[tem .Qr , ur er co rsin r n er oxi dm s,0oda eav

mota ety A1 A COBILE D9 DYET PRRE RELEX, IMeaRes 1%

accor di ngtd,t 6 dlyo WGT Ll Ly t NEe DEAYY  JBLRE 1 BERL, - WGl D S at

15 sewage water, or the like so that time and an amount of
water necessary for cleaning the separation membrane are
both 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 cleaning agent;

20 and a cleaning method.

Means for Solving the Problems
[(0009]
With a view to overcoming the above-described
25 problems, the present inventors have continued an intensive
investigation. As a result, it has been found that

cleaning of a separation membrane with a cleaning agent



10one compound sel ected fromthe group consisting. of chlorides,

sul fides, and oxides of Fe., M1, Co. Ni, Ti and Cu, [5] the cleaning
agent for separation nenbrane according to any one of itens [1] to
[4], whoan anount of the 15hydroxydi carbohylic acid is from1 x 10-1
to 1 x 10 nol per nol of the heavy netal cmmpcund, 16] the cl eaning
agent for separation nenbrane accordihg}to any one of itens [3] to

15], whei%i %%P%ﬂﬁnﬁuh¥ﬁr%§ﬂ?b§%ﬁbﬁéy FdécﬂﬁlPéﬁmqﬂﬂ%?Wirﬁﬁnﬁﬁﬁ%ﬁt
froml. x n1(11) -e-.3 to 201 x 10& nol /L; an am)unt .of the heavy netal.
conpound FaITE W Hi P ahge? 3" f PO NTeY 167510F ¥LEP1g2 Per
| of h ide; [ l.i
ol (oF AR e o 8 A, 1. RUTE oL LBS KT X Gt PR g
i de, X . . . di N
By one o e T o 40 e T T e P on e (s 8

por aus NeIFY @ Ot A N Y 8upot ¥nces| i deBge Elueri decrgakna i skelddhe
cl eani ng agent for separation nenbrane according to item|[7], wherein

a crystaliduat idnedegre=@brihe posous meobeangiics 50%c0r; greajer but
not greater than 30% and a 5 Product obtained by nultiplying the
cryst al | iazaturon «fegireer@inibdef por Obg gebbranecby cans pecidlicarsad fiacen
area of the nenbrane is 300or greater but not greater than 2000(%2/)
[9] the dreaniing.widgenit forrsepagadibnanembeang acelpr, dilregdliftop tid erhe
171L wherein a total anount of p -formcrystals and y -formcrystals
in a crystaPlsgridrorrbfthheoporous wewbnamenis 301 or | ess based on
the total anount of the crystal portion of the porous nenbrane:, a
préébss fk901ﬁﬂeparing a cl eaning- agent for

With regards to the separation membrane, in addition
thereto, when the separation membrane is a porous membrane
containing a PVDF resin, a crystallization degree of the
PVDF resin is 50% or greater but not greater than 90%, and

15 a product obtained by multiplying the crystallization
degree of the PVDF resin by a specific surface area of the
porous membrane is 300 (%omz/g) or greater but not greater
than 2000 (%omz/g), deterioration of the membrane due to
the cleaning agent used in the present invention hardly

20 occurs, the cleaning agent can be used over a wide
concentration range, and high cleaning capacity can be
accomplished in a short time.

[0011]

In the present invention, there are provided:

25 [1] a cleaning agent for separation membrane, comprising a
hydroxydicarboxylic acid,

[2] the cleaning agent for separation membrane according



15separati on nenbrane, conprising m xing hydrogen peroxide, a heavy
met al conpound, and a hydroxydi carboxylic acid, 11: the process for
preparing a cleaning agent for. separati an nmenbrane according to item
[lel, wherein the hydrogen peroxide is addod after the heavy netal
conmpound 20is dissolved in water, .12. a cleaning nethod of a

Py ogen Wer ool L b HARGY® bt SPScBRRBRAY LG iy G Bbyliar 565
id, t i nt tact with th ti nb [LH t

ol eah, | M WaURH Of 5 Sobar 8¢ 5K ombF SRo HecEr iR Ty IHE 121,

wherein the confact sfep %Qeéfégé?gga?%éfﬁ%]i'ce%%tido”%i'{e}aﬁr%dl138'%?Eec?fj

fromthe group consistin ration ¢l eaning, recyc

filtrati onclaaniogl secys! g,g08:peyABaLhan chaaning, | mersion

cl eani ng, backwash cl eani ng-, backwash i nmersion cleaning and

si mi taneous ank ¢heamifgs agent fodheep&F A iok! gaRbREnagertofioring
seParation menmbrane." as used herein neans an agent cont al nl no. one

or nore canpounds BNdt o[ be, usedther ebeamiRgng $LPATRIHOHIRITD @ne
for separating raw water including waste water or the |ike.

10Advant agebus Edectsetodl t hempowedfi on [ 0012] Cl eani ng of a
filtering separation nenbrane with the cleaning agent according to
the presert! i mhentilemnemablagsersi nidt aneousa t eppvaknbofner garios damdy

i norganic tooling substances and has a cleaning effect eqtaal or
superi or % dotivehti ondieetvanihg heergdsesach cagralukal il<claganiawsior
acid cleaning. Even if a large anount of inorganic foulir.g.
suﬂ§¥ancégmhﬂmﬂRPQQﬁt$@4%%b%@a?¥6ﬁ FBRDPAREP, CONEAMTE DOkt he
menbrane with the cleaning agent according to the 20present invention
may be f i1 i 1 et %/l‘g?/sac‘i’”adc%éﬂ?ﬁg Wi tRoutTirnsért ithg T1 and

t her ebet 2en a rinsing step requiring a Sara anount of water and this
i nvol ves nd risk of generating reaction heat or a harnful gas. Thus,

the clearig sgentiassardl N4 the: LEseDL . |aXeALLANLNES Ao o

cl eaning effe eani'ng nethod. accordi ng
oy o L SRR G2 BT L o8 UGS T ATy
15 hydroxydicarboxylic acid is from 1 x 107! to 1 x 10 mol per
mol of the heavy metal compound,
[6] the cleaning agent for separation membrane according
to any one of items [3] to [5], wherein an amount of
hydrogen peroxide falls within a range of from 1 x 1073 to
20 1 x 10" mol/L; an amount of the heavy metal compound falls
within a range of from 1 x 10 to 1 x 10? mol per mol of
hydrogen peroxide; and an amount of the hydroxydicarboxylic
acid is from 1 x 107 to 1 x 10% mol per mol of the hydrogen
peroxide,
25 [7] the cleaning agent for separation membrane according

to any one of items [1] to [6], wherein the separation

membrane is a porous membrane containing a polyvinylidene



is safe without a risk of generation of reactien heat or toxic gas.
Best Mbde for Carryi-i Qut the Invention [0013] The best node
for carrying out the present inventiong(hich wilt. hereinafter be
called "the present enbodinment” sinply) will next be described in
detail. 10Raw water related to the present enbodi nent includes, for
exanpl e, Eﬂri nk,io[;e? wat er, industrial watex, river water, |ake water,
undergro Water T voir. water, secondary affluent, waste water
or sewage ter, en_such raw er is filtered through the .
Separ at Do e ahe e e i Hnet o S5 b BT REHRS aRECPEaIPAg
subst ances, i; e 4-aw . an r r i.ftference

i ncreases dulﬁié;[fgj [71[]i { t%ﬁ%lgpgrgf%%ggzgg??tﬁ%gﬁ gte%%%%o%sf?zgrﬁe fow *°

rata. Thensepalal ion senbrane whose LhansaeMyrane -pr esspr o odi fference
has reached a predeterm ned val ue nust be cl éaned and 20restored to

'tsfbr'W?ﬁﬁdﬁdﬂtdﬁﬁdiﬁb&'b?-mﬁ@@iéiyin the SwRstanaeswWigh @ald.ach
to the nenbrane and cause cl oggi ng can ge classified roughly into

or gahi c et tteres @NthuNangant endvby ensspEol £ ke suefovet aok organiHe
matters, it 1S effective to Use an oxidi zi ng agent such as

hypochl omieté rack airs al k@l | ¢ suichy)as rsadicsmndy dnoxide;, @reatat xtuse

t hereof and deconpose them and renove the clogging. For 11. the
renbval @f0Gthot%gariVc) matters, on the other hand, an aci d- cont ai ni ng
cleaning solution is usually enployed_ Mxing of the alkali

cl ean. i nci?lsolthei 6acand Naciad <lleali'hgs S0t 1a F opn wayngeaee agecarhanaf ul
gas or reaction heat. Wen. both of these cleaning solutions are
used. , a.t%tdEfl tinsityrehe eparati oROHBRDPANE WPER &1VAtge Sarmouht
of water iﬁorequi red %%Es,ol ution changing tinme. _In order to clean the

menbr ane ' 4TS AGKE Eite Wi tth & 6T '¢ani iy’ sttt PontRAVPREORS TEPTane
o b edet ar REd Val e 12 12T Ok al Br et P ORI HIE SYadte Creaiag
operati O%ﬁg‘yci%% NG eﬂ'%{ﬁog&gé&\g&gggeagent such as hypochlorite or

an acid renove ei one an organic or inorganic fouling
substancg,) 0100161 5cess for preparing a cleaning agent for

15 separation 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 [10], wherein the
hydrogen peroxide is added after the heavy metal compound
20 is 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,
25 [13] the cleaning method of a separation membrane
according to item [12], wherein the contact step is

performed by at least one method selected from the group



In the present. enbodi nent, organic an& inorganic fouling substances
attached to the asnmenbrane can be renoved sinultaneously by cleaning
the menbrane with a hydroxydi carboxyli ¢ -aci d-contai ni ng cl eahing
agent for the 20separation nenbrane. In a nore preferred aspect, the
cl eaning agent for the separation nenbrane according to the present
enbodi nent _conprises further h-ydrh: (1, ,E rl peroxide: and a heavy
met al coﬁﬁﬁﬁﬁgB:W%%éD ped T%%?Ig}Tﬁ%@Flanf89?8&§n@0nﬁﬁﬁﬁﬁﬂfpe2') and
hydrogen:@ingxige argLadded to mateg contgining an orgﬁpic.natter, a
hydr oxy radi cal %QQ{E,?égl?%'g Hel & gdn89 PRE"FSIT SWi g%ﬁ@géﬁ%on and

th i i i i i i vel t:hi d
Fadi oed BB s S 4. B R e R R R TS R e i A
use of treatdment, iqaceordanse-withat he Fentonreaction making use of

hydr ogen peroxi de and netal ions can renove organic fouling

subst ances. |t eagnel Roweverad Vet Nor gani Schoubt NGnSHBsbaRGR " as
conpletely and, noreover the netal used 10for cleaning is fixed to

t he surfacedfhdheisepatiati on agahranenandnAust onke el eaned dandhetds
with an acid. Omng to the hydroxydi carboxylic acid added to the
agent, thewdheavypareisdd compouhdandhgsel gepairatapnaqeedusrsol fdd on. |t
Is not fixed to the surface of the nenbrane and can be 15cl eaned
of f,. Thesdmworganic foulvagesubstandenpr esent on tehe csurtfracel idfe t he
separati on nenbrane can al so be renoved sinultaneously.. Two
carbozylic .acd groups of the hydroxydicarboxylic acid exhibit
extel l ent renovi ng performance of inorganic fouhii:g substances in
hydibgen 20per oRide ndrid et He ismes t het e heN#eak 160t const ant
reductive(Pq@ﬁr of the OH groups of the dicarboxy-lic aced is
pr esuned 1% enhance reduction of iron ions which has once been

unt

idized f Fe2* ta Fe3-:- to Pe2'. in. Wen th f..th
Ryl oy car boxyT 641 15 30%15?%3{33? he“ ey et &1 Goes. zvff&ih Ehe
I SSOlv ! | | S . . |
rombr ne, TSRl T 125 Thsur 7 ek R0 c P gai o R e args o <A Ehe

hydr oxydl i Cj t -ha r: t:
I )e/ssenyt h%%ﬁ%%én%uif#%g?gg% g?ggkggﬁ#gu?ﬁr?g lgl&g?%é]n%gsﬁadvlall bl e by

the Fent onyeagtion, aNeehos o2 c1eahfnbhereiase where & Jdatge anount
of inorganic fouling substances adhere to the separation nmenbrane and

they cannainhent emyed- coapl efehythhesekiem ashe inenbr ane cambe, -
cl eaned with an acid solution after cleaning with
acid cleaning. Even i1f a large amount of inorganic fouling
substances adhere to the separation membrane, cleaning of
the membrane with the cleaning agent according to the
20 present invention may be followed directly by acid cleaning
without inserting therebetween a rinsing step requiring a
large 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
25 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 cleaning, and



t he cl eani ng agent according to the present enbodi nent 10w t hout
inserting a rinsing step requiring a |arge anount of water between
these steps. This is acconplished becapse_the cleaning agent
according to the present. enbodi nent does net contain a hypochlorite
or an alkali. such as sodi um hydroxi de so that neither harnful gas
nor reaction heat js generated evgn b¥ cont.act between the cleaning
agent and % He? Hei W TP ntet heSFKi RS AGRCLPET Wi 1 & G g anbitmt of :
wat er is_ggitted cleaning time or us.itqg anount of water can be
reduced andx%$m9%§éaning met hod according to the present. enbodi nent
becones an econom cal. nethod. Also in 20the cleaning. nethod in

whi ch the separation nenbrane is cleaned in. a short tinme with the

cl eani ng moentyiavi agr ack Py, egpcentr ahion hefore, j ts transmenbrane
pressure diffcrence reaches a predeterm ned val ue, uee of the

cl eani ng pgent; according to the present. enbodi nent enabl es

25si nel t aneeous ronovel of organic and inorganic fouling substances.
whi ch wes previ ausd ywdgmossidl @ socdhayiagveny shabbeckichtr ativemtion
operation can be continued conpaxed. with the conventional cleaning
met hod. 0049i1ch will hdheichéaarnpeagentl caccahdi mg dserithenpresentnt”
enbodi nent preferably conprises hydrogen peroxide, a heavy netal
conpound st lay hydr bxydéebr bexsitscrabied, in detailAl t hough no
particular limtation is inposed on. the heavy netal conpound to be
used in tH&¥tlesent enbodinment, it is preferably at |east one
conpound sel ected fromtbe group consisting of chlorides, sulfides
and" bxi des 10c&itai"# iy arf Fetedmtocshenpresendr eopasligifett . 1mpeudes,
heavy netal conpound to be used in the present. enbodi nent is nore

or of er abl \P¥ G UURLehi OF RS R ONPERE " SLRRUSSIIES. G W ubdiiay Hater,

ter, t d tion by filtration by the additi f
al kal | such as" St un 15hy ar Wi e "£o°Fhe CREaNTHG 61 Gt orF S t¥r= ide.

FOn2ni A though.no.partbeular Limcation. sl aposed on Lhe

bydroxydf%%?ﬂg%y ¢ aci e Used I'R°thé presen rbSdimen
o e AT L Ll oL DN QAR P e
15 is fouled with membrane fouling substances in the raw water
and a transmembrane pressure difference increases during
filtering operation continued at a constant flow rate. The
separation membrane whose transmembrane pressure difference
has reached a predetermined value must be cleaned and
20 restored to its original filtration flux.
[0015]

Substances which attach to the membrane and cause
clogging can be classified roughly into organic matters and
inorganic matters. For the removal of organic matters, it

25 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



oitramalic acid, diosymaielc acid and dioxymaionic acid. In the

cl eani ng agent according; to the present enbodi nent, the

hydr oxydi car boxylic acid may be m xed w th another organic and/or

i norganic. acid, 100211 in a. %1e7erred aspect, the cleaning.
agent according to the present enbodinment is a water-containing

cl eaning agent. The cl eaning agent acootding to the present

enbodi menthe prefierabl 9f conpriseschyditges , pemoxinge dtrhean remodintan
ranging froml x 10-1' to 1 x 101 noillh. Wen the anount of the

hydr ogen peroxieetdsniegscihaninaxsedus ipni AlS, Ustve lHyidreogerP yed oxi de
is consumed conpletely prior to_the conpletion of. the renovai of
foul i ng sub&tahces, theadt hglLcCAERBLATEr OO 160 aKe aQichrfiimpreitect
Anmount s of.lthe hydr ogen ger xi de gre%t r than 1 x 101 nti/T, on the
other  hantto! Hor ™ BBSE ARy broBl BRATPT ORS Gredmiand eH St pufinen

10waste liquid tr n ing a_large amount of a reducing agent is
re\é\ﬁ?r ed k|5C(r}1lH§)ro ertet?%g%r%%i grrlnljc ﬁﬁ?g}loglgrrfsp rrgxiucfeedv(hiachscﬁweég Yemai ned
after.. £ahj ng: h ntrat i hydr.egen ti i
thereforgénnrém%r%?%}g §§P§§gﬁﬁl&gﬁg6g%et§q§%hn ﬂ%ﬁﬁﬁﬁéﬂﬁ?¥ﬁ%df%r
limtatiopisyinposed,ppe@ 1bnethodigh enphyjing hydrogen perox.de fo
he used for the cleaning agent according to the present enbodi nent,
it may becsappligd @asnbsafe @ht ar Bsbirve tiink A tomPoUnd WHE 61 ution
gener ates hydrogen peroxide in an aqueon.. solution, fo. etanpie,
sodi um pecarhppfat Boor cseditnrperbar akeoray the 20usedchi3022]
The anpbunt of the hydrczydi carboxylic acid in the cleaning agent.
accldr di ngptas dines pieséateeabodiaentsi s preierabhin fadomallie, 10-1lid0 1
x 10" nol per nol of the heavy 25 netal conpound. Wen the anmount of
t he hydr oxy&l Cakboxyl cenatidei sthess thaaning I@<latoldn dihereing a
hi gh possibility of the netal beino precipitated during cleanThg Wen
the ampumttleir tdre hyddoxyddcagboxybuehaeisd hivoaghdatart & an 411 ac 194
mei, on the other hand, the hydrox.ydicarboxylic acid itself becomnes
a subst arft& t'o°THeY ox¢ HabFveP)Sdeéorpossdandid CFatlinsfaiory rawpviiag.
perfornanqgﬁgf qa%anic foul i ng. substances cannot be achi eved,
Mor eover ,° Yent of the hydr oxydi cartoxylic acid. in the cleaning
soH%gion ﬁﬁiﬂaging to the present enbodinent is preferably' froml x
to 1. e not per nol of the hydrogen. peroxide, \Wen the

amount is |ess HﬂgQﬂe)%f%%é%§ﬂgﬁ%g§iﬁg££9rg%ag%ic and inorganic

fouling substances attached to the separation membrane can
be removed simultaneously by cleaning the membrane with a
hydroxydicarboxylic-acid-containing cleaning agent for the

20 separation membrane. In a more preferred aspect, the
cleaning agent for the separation membrane according to the
present embodiment comprises further hydrogen peroxide and
a heavy metal compound. More specifically, when a ferrous
compound (Fe®') and hydrogen peroxide are added to water

25 containing an organic matter, a hydroxy radical (HOe) is
generated by the following reaction and the organic matter

in water is oxidatively decomposed by this hydroxy radical.



10of nenbrane fouling substances derived frominorganic matters is
not sufficient, Wen the amobunt exceeds | x 102 nol, On the other
hand, the pH of the cl eaning. solution becones too small and the

cl eaning effect brought by the Fenton reaction decteasea, resulting
in deterioration in 15the cl eaning parformance of manbrane fouling
substances derived fromorganic. .37:ftters. The cleating. solution
has a OH of from2 to 3, preferably from2 to 2.5, nore preferably
fron2.4, still nore prefgrably 2,3, not. b 20The cleanini solution
according to thébB?egeﬁ% emodi®ent Py fcoifpri se an additive for
enhanci ng cl eaning such as surfactant or chel ating agent, Specific
exanpl es tharaof include anionic. surfactants such as soaps: higher
al cohol 3@56f§§s, al kyl benzene sul fonates, al kyl haphi hal ene
sul f onat es, and hi ghar al cohol phosphates; cationic surfactants such

as pyimary am n%ns%].tesanisfﬁf%ﬂg@r§e§§g%rg%o§allnéﬁbrgﬁ%ti dyL Y ne salts

and quatarnary anmonium 1 al ts; oteric surféactants, e"q",

am ne oxiwdes, SHeh: as, ahkyh digRERYlamhne nexicde, &l kd it ik am A9 use

fatty acid betaines and al kyl car boxymnet hyl hydr oxyet hyl i m dazol i um

bet ai nes;omr%mgenspléf@ﬁiaat Sn8UERtaS ROINkOX¥el MHehe: Satkyh phenyi
et hers, poi *bvl-.)rbpyl ene al kyl phenyi ethers, polyoxyethyl ene al kyl

et hers, poiybxyethybeuenatkyl eStessnopohyethylenemghycohcaldadic
esters, ethyl ene oxi de adduct of polypropyl ene glycol, and. propyl ene
oxi de adduwilirnf pabypaopyl enepdkyedly; aand. nchelcatd Mg ragemttsa sucheas
sodi um 10salts, potassiumsalts, lithiumsalts, ammoniumsalts, am ne
saltk andfat kahotaimael saf t seof tat theastirdaecofof thadraoxgeetdlyl dene
-1, 1 -di phosphonic acid, ClSC ethyl enedi am net etrat hyl enephosphoni c
aci d, hexereEt raienadi ani pet eer arethgPenephidsphonitd agi gcid. Owing
di et hyl enet ri am nepent anet hyl enephosphonic acid. ndtrilotriacetic
aci d (NTA ‘ethylheneetsni retePriadet peidcird e ¥q ithe agent, the
di et hyl enett| andne entaaceti& gcid TP. A), Lut 1
hydr oxy ot TRA'EX HYT Gnbar ARPRBER| GL8CP VAS) 4'{ AECPRRegHF Solution. It
trlethylgﬂgtﬁg{aglgggeggagﬁglgu% gge(g¥H%%é membrane and can be
15 cleaned off. The inorganic fouling substance present on
the surface of the separation membrane can also be removed
simultaneously. Two carboxylic acid groups of the
hydroxydicarboxylic acid exhibit excellent removing
performance of inorganic fouling substances in hydrogen
20 peroxide and at the same time, the weak but constant
reductive power of the OH groups of the dicarboxylic acid
is presumed to enhance reduction of iron ions which has
once been oxidized from Fe?' to Fe’' to Fe®' again. When the
amount of the hydroxydicarboxylic acid is too small, the
25 heavy metal does not dissolve completely and is fixed to

the surface of the separation membrane, leading to

insufficient cleaning. Too large amounts of the



[0024. 1 The cl eani ng agent accord,no to the present

enbodi nent can be prepared by m xi ng the hydrogen. peroxide, heavy
metal . conpound and hybroxydi carboxyl e acid in a solvent, The m xi ng
in the preparation process accflrging o the present enbodi nent nmay
be perfornmed in a. known manneT., The aient nay be prepared. only. by
m xi ng, The solvent to be used in the present enbodi ment is

pr ef er ablyydieterdiqn consy Heratrod, obnt heei nfthgendersh tieduce the pH
environment, the preparation process of the cleaning acent according
to the praentesijodientlcpniopdef fe6tr €rfo P& e gani [ Hould ne

subst ances and prevent the heavy netal conpound in the cleaning

sol uti on F¥om i hE2t 02 P he ﬁénﬁpﬁnge§ﬁppaé€a‘FHé”hydrogen per oxi de
is prefer dded after conplete dissolution of the heavy netal
conmpound, ré?ﬁrably iron. lons which aye heavy nmet al ions, 10[0025]

I I
cl cani ng. agont _40edrd g 1 TR or bsht I Embad AentE (he CRLA ng
sol ution @gcordi %Eé’térli'@egrﬁéﬁl%%ee'ﬁgo‘ﬂb@e%% %tQ%rpr ahd tgn?he

contact with the separation 15nenbrane sing or not passin
cl eani ng sa ptdomén E@er&ﬁ8§§dségﬁlbqg@el?'hﬁ:%@r'e@}d?rf the 'ﬁ?é’f%@é‘ﬁe

When the cleaninc solution. is passed e cross--sectional

di recti orcaf .bd hel swidd anechi knhay ibe spassedreidther: faamdhe; by ane
surface on the raw watr.. side or fromthe nenbrane 20surface on the
fIItraU(ﬂhéﬂ@&ﬁaminj|i@éthHdCoEﬁlng to theSpeeiddrmt exarpliaseof the
cl eani nc nethod include a nethod of cleaninc while supplying. the

cl édhi ng widihutionindeom thear annvaher ssiege ranah icaus) rg lad gd hemount
solution to pass through the nmenbrane (dead-end fitralion cleaning),
and a methodvafercibvelatnnghehe ckeani nngsesuusoacf:pmmltllseeuda\bawLme
side and cleaning while filtering (recycle filtration cleaning.) or
wi t hout fiile eFi9RN1iNY e2gene ABROPERABaticofNE Safist thd abingiondoes
Addi t i onal exanples of thb c| eaning nmethod include a nmethod of
filling tH& é%ﬁ%ﬁ%&@o% %%HBFQ%@r&F?hOFhéncPéﬁﬁhﬁ;%ﬁﬂQHQ%nﬁ%ﬁkPm

innersin therein for a dgter ﬁ|ne i jimrersion cleaning) a
et hod of? W,?,%%h?%tmﬁ F5hPee ia esing <ol uton tom
i:ltr t|on SI backwash Ie n h a. net d of. accumul atin
%I Aratd on nehb? ang, C?Pi gl e g “8ol tlfte SRS e $ ot e

the acid. Since the rinsing step with a large amount of
water is omitted, cleaning time or using amount of water
can be reduced and the cleaning method according to the
present embodiment becomes an economical method. Also in
20 the 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
difference reaches a predetermined value, use of the
cleaning agent according to the present embodiment enables
25 simultaneous removal of organic and inorganic fouling
substances which was previously impossible so that a very

stable filtration operation can be continued compared with



10filtration side and i mersing the nenbrane in the solution for a
predeterm ned tine (backwash i mrersion cleaning), These mat hods may
be. used eithbr sirtQv or in conbinatjpn. Further exanples includes
met hod of introducing air bubbles on the raw water side

si mul taneously with each of 15t he above-descri bed cl eani ng net hods
(simul taneous air. cleaning% and a. nmethoci of introducing air
bubbl es of¢ hecreminwatler L st eanohPowengocach of these cl eaning

nmet hods. | n any cleaning nethod, the separation nmenbrane i s not

ci canmed mﬁQ%l?ﬁe heavy nmetal conpound because the conpound 20is

di ssol ved conpl h the material of the

ely, [00271 Al tho
separation nenbﬁ%ﬁ%¥¥%g%ﬁ9QﬁeﬁﬂﬁﬁFb?c?ﬂﬁgﬁgaaEPn§hﬁepﬁ8&e§€eoreinq to
th epbodinent s n articularly limted, a polyvinyl]dene
1 uor de CBITOMO | H Sha 20 bel S elPFare ot I A st PP et nr nSE0
preﬁ?ram&kfhfm%é%%5ﬂ$&dﬁﬂﬁ glﬁgﬁkgﬁ Hilom nggﬂﬂéugégdﬁhe separation
menbrane 1s not. particuiarly [imted, For “éxanple, Teverse 0Smosis

menbrane. NE nebrang, wul i t hr.ane,
mcrofiltrati onm?MT) rrge}*rjrbr?cgglfééﬁ{e@%%g?e%{g%l.tgﬁgghi E%hé\;\ﬂ%s)es’rednootnedthe

that for ndes¢lean Ngc&hpauhBVeHSec0sRRSI S RN g sed€CHBbEdiment ,
non- perneation cleaning is enployed in order to avoid the possibility
of the nenbranebeiagasl pggediveth bhe heayyuret ale conpoung:-eh sspkved
in the cleaning solution- [0028] A hydroxy radical (2i..,.) generated
fromt he ot@ani agndOsenty accbhdbmgdes,t e lpriesentarehbodident i s

hi ghly oxidative so that it mght severely. deteriorate the

sepdt at i oromerbr ame. ah nEeheMpy eSent Nenbddi mentCu e lpotani ny ITihdeesavy
fluoride filmis used as at preferable separation nenbrane_ Wen a
porous neEMbraheceharactefpzed PREA tlhatt hiehe sisigpiampl géimec it ubs i dere
film has a. crystallization degree of 50% or greater but not greater
t han 90%FRarfef & PP bduEer 6B aI RBdOBY ARuITEiop! yilky X dr3/sttad |9 %at i on
degree by a. specific. surface area of the porous nenbrane is 300

C, Yf Ani . ZAGIP ot g eht eV 2 bif - n6PSGr e40Er €250t FEPPT00- (%Y , 1. / c0

i d . t.h ti - an t | i t J t
the.pr esont. Sbolt Rl BBSSHAt L LBt B 6Fard NG SOl AT o Wiy ane

it f, ﬁe used, ov a_wi.de.range,of .concentrations and can
exhibit. %]?x%ﬁ%a%?ngﬁgf?g% SR &Pflﬁghﬁg&qﬁﬂ%ﬁ?bration of the
PVDF (0020]

Although no particular limitation is imposed on the
hydroxydicarboxylic acid to be used in the present
embodiment, it is at least one acid selected from the group

20 consisting of malic acid, tartaric acid, tartronic acid,
citramalic acid, dioxymaleic acid and dioxymalonic acid.
In the cleaning agent according to the present embodiment,
the hydroxydicarboxylic acid may be mixed with another
organic and/or inorganic acid.
25 [0021]
In a preferred aspect, the cleaning agent according

to the present embodiment is a water-containing cleaning



25resin due to exbbsure to chemicals is presuned to occur from an
anor phous portion of it responsible for the flexibility of the
resin., Wien the PVDF resin has a cryf%\zl lization degree of 50% or
greater but. not greater than 90% the ol e porous nenbrane does not
becone brittle easily and has high rigidity even if the anorpthous
portion deconposes and deteriorates by the cleaning chem cal. Based
on these 499ni ngsihe iqil dvel pprowsn eabranediegcebl ente pmewaer
perneati on and chenical resistance, the product obtained by

mul ti pl yi HePRhENeRysp s f ¢ Eabl BnCaegraechy hy dsmasT ire i fdelarea. of
the porous nenbrane nust fall. wthin the above-described range,

pr ef er abl FBO0" 10079 Gréaf BPMbit *ndf grté%lt]er t%%n 500 pr @P@ﬂatﬂ}}ﬁ $00

%, .%$11- 2/1 but t t h 1000T

onbr ane WIH S @ het Bho0La ot PTG hheos. Chater fotioat FoA/L
t t fi : t y_ det t

R

porous nerdy; and grcl angﬂﬁggﬁnb%akobﬁfﬁg ég% o %&{ ana

i nprove chem cal resistahch e total anount” of orm ‘crys
y form etystal i1 hHe SEY§B§Ic@@éhhﬁgpg%f%@%.PVQ%buﬁ%§'Bf the

constituting the porous nenbrane is 20preferably 30% or |ess, nore

pr ef er ablyyd 259 ©rpé £88i dst gkéaﬂ'@&etﬂbﬁf er ably) ' 20% 01, | ess chased 1on.
the total anmount of the crybtal portion. As the crystal structure ot

a PVDF resimj, do not phgeeasyrpebunes, ithhahd $1crmridPrdifdet f opat
and y---torn structures are known and a. PVOF resin having a
25cr(yst ald ziat | bhgdegr eecofmb0% osigpeat éarbut anaturgr eat er #dvanc 90806
May contain these three structures in its crystal portion. Since the
h--tore @byt -fornegryseal ist pudeur €9 tarett hemindymamoal lyeroxide
unstabl e, the PVDF resin containing
'which has remained after cleaning. The concentration of
hydrogen peroxide is therefore more preferably from 1 x
107! to 3 mol/L. No particular limitation is imposed on a
15 method of supplying hydrogen peroxide to be used for the
cleaning agent according to the present embodiment, it may
be supplied as is or alternatively, a compound which
generates hydrogen peroxide in an aqueous solution, for
example, sodium percarbonate or sodium perborate may be
20 used.
[0022]

The amount of the hydroxydicarboxylic acid in the
cleaning agent according to the present embodiment is
preferably from 1 x 107" to 1 x 10* mol per mol of the heavy

25 metal compound. When the amount of the hydroxydicarboxylic

acid is less than 1 x 107" mol, there is a high possibility

of the metal being precipitated during cleaning. When the



them much in the crystals thereof is presuned to havm a portion
susceptible to deterioration due to chem cals at the boundary between
the crystal portion and anorphous O;poiéipn. This Tn.ay lead to
deterioration in chem cal resistance of the whol e porous nenbrane, A
por ous nenbrane having a smaller content of p -form crystals and
y--formcrystals therefore does not undergo deterioration due to
cheni cal At houlght ¥ %@f@émﬁaﬁalfpﬁ?(b’étllcoﬁqléj ifpoEEd Gt 10tde 1~

| ower of the to I unt of 4- forn1cr stals a
crystalsrﬁ!(%hgmtlotéV1 ?ﬂ(ﬁﬁﬂd C o9 i ¥ng§VgFF€Hg°¥HélﬁUEF”#%Sln
may have,..in t por n thereo ei t.her .one of 0O-form
crystal é&fﬁc&ﬂ @ -f%? ?QS?aFO ggtﬁfédatéf' € G591 Fhand

t II f t tail
E;eﬁgmi%lﬁ%%& PROZL 08! bt cBenffRel lhothaddt d “‘l S horne
in mMnd thatsthe. o eégmotnysngbﬁmebédnowbwbb@g by nt Qﬁ%n{h%f the

follow ng are various neasurenent nethods enployed in Exanples an

Conpar at inkes Exarpl €5y dP080: acid3ihi bee whenefidd ranion (Mlccording
menbr ane, nanufactured y Asahi Kasei Chenicals, having an average

pore size®oftik 1p1péﬁer&@derﬂﬁe@lﬁénﬂoh}évp@;‘é|fled%mﬁyf lfuQind de { PMDF) toThe
menbrane area of the nodule is 50 M, I n Exanpl es and

Conpar at iwve,0%exanples; nednsifanthd |loywirayenf bkrpatien inhahi che
filtration was perfarned while maintaining a. predeterm ned

filtrati omdunix waslenpl oyed inxal6ioss | ovnd i temarion pedéprmance
For cleaning, a separatioh nenbrane nodul e used for filtration fore
pr édbt er it haeETtar M anto havi figs abBEansmenbeans epr dssur e i fdarence

increased to 200 kPa was used_ 5
matters is not sufficient. When the amount exceeds 1 x 10

mol, on the other hand, the pH of the cleaning solution
becomes too small and the cleaning effect brought by the
Fenton reaction decreases, resulting in deterioration in

1.5 the cleaning performance of membrane fouling substances
derived from organic matters. The cleaning solution has a
pPH of from 2 to 3, preferably from 2 to 2.5, more
preferably from 2.2 to 2.4, still more preferably 2.3.
[0023]

20 The cleaning solution according to the present
embodiment may comprise an additive for enhancing cleaning
such as surfactant or chelating agent. Specific examples
thereof include anionic surfactants such as soaps, higher
alcohol sulfates, alkylbenzene sulfonates, alkyl

25 naphthalene sulfonates, and higher alcohol phosphates;
cationic surfactants such as primary amine salts, secondary

amine salts, tertiary amine salts and quaternary ammonium



In the present enbodi ment, a predeterm ned anount of a cl eaning
solution was poured into the separation nenbrane 15nodul e and the
separati on nenbrane was cl eaned by rgcizlg filtration cleaning, A
filtration capacity was eval uated. bas on a water perneation
capacity and the water perneation capacity was calculated froma
ratio to an initial transnmenbrane pressure difference, 20Note that
the cl eanPayt st epriandtsepar atirén cirembrsane .descrarbete | ot fesesexanplses
are provided only. for illustrative purposes and are not intended to
limt theth¥riRgtbutansnet R pEesentcy idiasitibanizmn-fagly acid
25Chem cal resistance test _of the separation nmenbrane was perforned
1 the. { OPF bR o® MM e L kK CBF DOMBIELT o PO e SHaRbr HESR Hodt o

| i i f edet i d ti , 1 i t est

er or mod ara T ERG | Tan e A e A BN 8a0 b Foatth Lo Ger Y LeaRd
erion . . . e i

ccor dance ol R TTeE T aF TSt ho P TR A Ghga e b bR P
before 5i W&éﬂ(?@tﬁﬁgeﬁéOQQQPEO@tﬁ%r%r,e?)éli@%ceae’stﬂ%%?%%€ranl}a%)l/ cesters,

deterioration due to chem cal exposure ( _
El ongati oporetemyi®Ofe §Wcoi- a1l Q/%@ke&s%0%£ﬂﬂﬁﬂﬂé’&%f@@aéﬁgﬁc@aéf

measur ed using " Shi madzu ut ograph )S-H" (trade nanme; product
of Shi M apdlydr&oeypenat glaogri pndi strance ofe 20k imm antha-pubking rate
of 100 mm m n, {0032) Exanple 1 A menbr ane nodul e whose

t ransnentwaheo pregsene difteleneedr eached.ir20GdRe af4erh 6208681 um
oper atil on usi ng,

10 salts, potassium salts, lithium salts, ammonium salts,
amine salts and alkanolamine salts of at least one of 1-
hydroxyethylidene-1, 1-diphosphonic acid,
aminotrimethylenephosphonic acid,
ethylenediaminetetramethylenephosphonic acid,

15 hexamethylenediaminetetramethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid
nitrilotriacetic acid (NTA), ethylenediaminetetraacetic
acid (EDTA), diethylenetriaminepentaacetic acid (DTPA),
hydroxyethylethylenediaminetriacetic acid (HEDTA) and

20 triethylenetetraminehexaacetic acid (TTHA).

[0024]

The cleaning agent according to the present
embodiment can be prepared by mixing the hydrogen peroxide,
heavy metal compound and hydroxydicarboxylic acid in a

25 solvent. The mixing in the preparation process according
to the present embodiment may be performed in a known

manner. The agent may be prepared only by mixing. The



15as raw water, surface water of river. having a turbidity of from1
to 5 ng/L ;based on the kaoli.n standard sol uti on produced by Kanto
Chem cal) and a total organic carbon §TII) of fromO,5 ng/L to 1,5
ngJE was cl eaned as descri bed. bel ow. %A‘cleaning sol uti on was
prepured by adding-, to an aqgueouc hydrogen peroxi de solution (0O, 88
no)./TD, ferrous chloride and nalic acid to give concentrations of.

0, 0008 not9 A HHd.t D, 05 Word LNy EEPeBERVENY. SThedHEBane Mydt deralasy
subjected t0 recycle filtration cleaning with it for 6 25hours. The
cl eani ng "Eo1Ut ildﬁ GRSt heh? F enbved FESn&P}g&uﬁﬁl&ﬂ Elakd'& 18 sepaiBe T bn
menbr ane rinsed with. 500 L of ultrafiltration water for 2,5
hours, 11 the BEendt At} QL pFogr P na  cFBSn G By he Kbty & Hied ibed

met hod, S4PRARl N8 Jdal. the, gBReape LA LiaLhon Lanaelly felol & use

was 100% the rane recovere the. menbrane ration

capagity Mlﬁ%%‘%@é‘@@n&@gugﬁﬁ f)s?e;lrg?{ocSEBei hebefore clieaning, , Jhe;

total cleaning time in this cleaning method. waa“8.5 hours. ring
cl eani ng,trgeneradn oy ofo net L BeT rackhbahkne ngas Nahd easth 0k heat ¢
observad, fhe cleaning allowed filtration operation throug

the resulttienghyerdyaned odxfaet her pbementhsy briddie kApeseitplete
enbodi nent, the filtratioh capacity was evaluated by a termuntil the
pressur e duwrsaigittthen fof triat i baaopenatbancongbeased pre f20G1KRa. 1 {§983]
Exanpl e 2 15For cleaning the foul ed nenbrane nbdal e of Exanple 1, a
cl eani ng sglutvtoiciwasr priepavednbyaaddbng,, ta an agueobs hydrogen
peroxi de solution (0.88 nol/L) ferrous chloride and tartaric. acid to
gi V@ concéttadlti ons of . 0.0008 mol /L and 0,05 noi/L, respectively.

The nenbrane nodul e was 20subj ected to recgcle filtration cleaning
with it for 6 In the cleaning method of the separation membrane by

using the cleaning agent according to the present
embodiment, the cleaning solution according to the present
embodiment may be brought into contact with the separation
15 membrane by passing or not passing the cleaning solution in
the cross-sectional direction of the membrane. When the
cleaning solution is passed in the cross-sectional
direction of the membrane, it may be passed either from the
membrane surface on the raw water side or from the membrane
20 surface on the filtration side.
[0026]

Specific examples of the cleaning method include a
method of cleaning while supplying the cleaning solution
from the raw water side and causing all the solution to

25 pass through the membrane (dead-end filtration cleaning),
and a method of circulating the cleaning solution from the

raw water side and cleaning while filtering (recycle



houra. The cleaning solution was then reneved fromthe nodul e and the
separation nmenbrane was rinsed with 500 L of ultrafiitration water
for 2,5 hours. Asa result of_the cleaning by the

above-descri bed net hod, supposing. that the nbnbrane fil.tr;oarion
capfirtv before use was 100% the nenbrane recovered 100% of the
menbrane filtration capacity which had once feiuuui 10 10% - 26 - of
it beforée cleaiiyy) Thertbtal eFedniragUti e iGF iM% A iy hethod

vas 8 IR OUEL08, SLoan, 10, 8NE1aN .o psiiter g ol rine o2

filtrati operation thr he-resulLtin faor further 6
nmont hs, f%b%?ﬁeieé(%%? em%gHgg Rng&%rggcﬁeglﬁi%%lﬁ%teg ?}S'llelg{%e ‘%ane
medul e of , i o] i r.ed ing, to
an aqueouss 10 y&?%rlée%&g%%%ﬁlgdggggl E%‘l%o%ﬂ{%?%f%r er?glﬁl‘%jf&?earar?cgus

chlofide jane tartd oni coigeidihorgi-ve poaeenthalins ofnd. gﬂ%f@léh
and 0.05 nol /i, respectively. The nenbrane nodul e was subjected to

recycl e faldarati@n, ci eadt RGAWbEhpht ktvakhB nROWHS.1 eThe: «d Bani hige
solution was then renoved fromthe 15nodul e and the separation

menbr ane aasarntimgeso Wit hob500rbmot huel traftiratiriati on dsat @rackwrsi2. 5
hour s- As a result of the cleaning by the above-described
nmet hod, sujpposimg t hatmeheodeabr aneufullirtatioon icapdct taedrefoxeonse
was 100% the nmenbrane recovered 100% of. the 20 nenbrane filtration
capaci t y 'whilgtahad oneectednced solu0loof rievehefest & wirearnisng. The
total cleaning tine in this cleaning nethod was 8.5 hours. During

cl edhi ng, T igeiertat ¢ons bfe neRehefmgrehner ithe Fesiorn e edettifon frehtthas
observed._The cleaning allowed filtration operation tbrhugh 25the

resul ti ngf Werbrafed? of TR P eHef LBendREREY S IO 035)e Bdidiipl @ P ning) -

These methods may be used either singly or in combination.
Further examples include a method of introducing air
bubbles on the raw water side simultaneously with each of
15 the above-described cleaning methods (simultaneous air
cleaning) and a method of introducing air bubbles on the
raw water side following each of these cleaning methods.
In any cleaning method, the separation membrane is not
clogged with the heavy metal compound because the compound
20 is dissolved completely.
[0027]

Although the material of the separation membrane to
be cleaned by the cleaning method according to the present
embodiment is not particularly limited, a polyvinylidene

25 fluoride (PVDF) film and a polysulfone film are preferred,
more preferably a polyvinylidene fluoride film. The kind

of the separation membrane is not particularly limited.



For cleaning the foul ed nmenbrane nodul e of. Exanple |I. a cl eaning
solution. was prepared by. adding, to ab aqueous hydrogen peroxide
solution (0,88 nol/L), ferrous chlorldgoand citramalic acid to give
concentrations of 0.0009 nol/L and 0,05 nol/i, respectively, The
menbr ane nodul e was subjected to recycle filtration cleaning for. E
hours, The cl eaning solution was then renoved fromthe nodul e and the
separatioﬁoﬁEﬁﬁ?%ﬂgema§eV?ﬁ§§dOﬁWPﬁFSSG@mHRQQﬁdINE&%@Q#ﬁ@@?er Intl,5
hour s, t he cl eaning by the above -descri bed

/ It (
net hod, sﬁbbﬁ%Fﬁgt?ﬂgfgghéU%Lnﬁﬁgﬁéqq9wr%ﬂq(ﬂ%Q£ﬁﬁ&§§5@Tkﬁ%réMﬁée
100% nb d 100% of . th nb filt
ves 00 Lhe, et e, ecavered 1005 o L, ety ane, 1 railon
total cl e@ﬂé&ﬁiﬁ!{; Bl QO%Q{rér%gcbgﬂl%'s%% meLhod, was ?ecf%é?%‘rx‘?ong”' ng.

cl eani ng, generation. nei ther a chlorine gas 'nor action heat was

obses ved, oA N KNg.a fq 1. I rapl ough
t he resul%?E%e%%ﬁ%aaﬁég%g?HPu?Fh%&&%ﬁﬁ%ﬁ%ﬁg{Q;éggé?ﬂgo (%%%I%Hé

For cleanpogstbelfoyl ed prabrane mpdule iof; Bxa)&s lvid ©heaning
sol ution was prepare& by ad.cling, to an agueous hydrogen perOX|d¥

sol ution r(&: 88 sodpdidd Hessousecehlioricde anddioxyneici@ci d to give
concentrations of. 0,0008 nel/L and 0,05 nolfl, respectively, The
menbr ane hdess was subjected. to recycle filtration cleaning with it
for 6 houis, The cleaning solution was then renoved fromthe - 28 -
nodul e and the depardaatdzon meibrahe (Was) rgasedatailt Ar500theoftleaning
ultrafiltration water for 2,5 houxs. ns a result of the

cl edhi ng Byt heaaboveidestpi bbd mpeekedt supposinm it Hat tiehhenbr ane
filtration capacity abefore use was 100% the nenbrane recovered 100%
of the membtamelT¢1¢pPathoh éhpRePhy WhiVERelhadadifee et dd ¢ o 10% of
it before cleaning,. The total cleaning tinme in this. cleaning nethod
was 8.8 ﬁﬁﬁ%?afbg?n@eﬁpééﬂ?ng,I@eﬁ%?a??%ﬁeBF RBPPREFe&L /¢l ori ne gas

nor reaction heat observed,, 10The cl eaning allowed filtration
oper at i or#)? BUghtt %%erggﬂ\féfilﬁﬁ %éﬁﬁr arve I fatfrtahéc?r%g%ﬁ?rﬁ%%l,

separation membrane. When a porous membrane characterized

15 in that the polyvinylidene 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 (%em?/g) or greater but not greater

20 than 2000 (%om?/g) 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

25 resin due to exposure 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



(.0037) Il:xanple 6 For cleaning the foul ed nenbrane nodul e of
Ezenple 1, 15a cleaning solution. was prepared by adding, to an
acl it ebus hydrogen peroxide solution_(g 68 nol /L), ferrous chloride
and di oxymal onic acid to give concehtr tions of 0.0008 not/Land 0. 05
nci/ T, respectively. The nenbrane nodul e was subjected to recycle
filtration cleaning with it for 6 20hours, The cl eaning sol ution was
t hen renovedstabhi thelapddeerand otthé Osepar a;ﬁaateﬁertbﬂaneot/vagrehnsed

wi th 500 L of uItraflltratlon water for 2,5 hours,

result. of¢heteanifgvhylEheCabovegassstrediars ot kmpcm@uhglttle
that the nenbLane filtration capacity 2tbefore use was 100% the

menbr ane T&tb %r%ﬂdl@®§6BFgPhélﬁéﬁBF§h§qut%@nﬁhﬁ1%ﬁﬂﬁﬁﬁ?@smﬁPéhlon

had d dt t .bef | The Lot-ti cleanin
time in t .es”rﬁéasagcf% nﬁﬁg'eﬁép%s%% N e T ST SR g

genes o ool neh Uner 2 ¢LAcL0e 925 nor eactlon.Jl, vee, obeeyed

The cl eaning al éperat|on

nenbr ane I@rw$9é£hﬁé ﬁeQPQB Sanb003 gLEQQﬁPQE%E! e, /it 'ﬁ%E# Lodiuct

Fbr cl eaning the fou rane ne e of e 1, a ueous

m xed sol & Hn,EQNE @i xnwglgl_%ngolt/hle %fry@ttarlllclzaé%ldo@@e&@@ POl LT of
oxalic acid was prepared

specific surface area of the porous membrane must fall
within the above-described range, preferably 300 (%omz/g)

10 Or greater but not greater than 1500 (%om?/g), more
preferably 300 (%em®/g) or greater but not greater than
1000 (%em?’/g). The porous membrane within the above-
described range has a water permeation capacity suited for
filtration and does not easily deteriorate even when

15 exposed to chemicals, because a contact area between the
porous membrane and a cleaning chemical is not too large.
To further improve chemical resistance, the total amount of
p-form crystals and y-form crystals in the crystal portion
of the PVDF resin constituting the porous membrane is

20 preferably 30% or less, more preferably 25% or less, still
more preferably 20% or less based on the total amount of
the crystal portion. As the crystal structure of a PVDF
resin, three structures, that is, a-form, B-form and y-form
structures are known and a PVDF resin having a

25 crystallization degree of 50% or greater but not greater
than 90% may contain these three structures in its crystal

portion. Since the B-form and y-form crystal structures



10cl eani ng sol ution. The nenbrane nodul e was subjected to recycle
filtration cleaning with it for 2 hours. The cleaning solution was
then renoved fromthe nodul e and the. separ ation nenbrane was rinsed
with 500 3 of ultrafiltratiob water for 2,5 hours, whereby the
menbr ane i hbecame pH 6. The pH not greater than 6 because of
insufficient. rinsing wth water may be a cause for generation of a
chl ori ne Yds dreTeAacti YRt hehtY TREA2PLRe MBRLFANE WES SuUbjEtt &b {9
recycle filtratiqn cl eaning. forig ?rgurs \g/it,h an aqueous m xed

sol uti on PreparEd’ 10’ cont afhySH2 FFEP Toft Ss SdiaimfrpochI6t 1§ €2 and
0, 25 nol / f. sodi hyd ide. Th i xed [ ut i
rermvgg fgpor%%cfs{g ?I’}g%n‘ﬁ?%tjgﬁgletﬁg g%ﬁ%?gg i?gﬁﬁéSi 3 Xuaene%wg: Iet%ﬁeerﬂf‘@g%s?}téd

ith 500 X il i . ,
fesul t of ThodridBiy Seeveh BLTEL8Eat: Bl ane amsrstiod  na
the mENbg%ggcfdA.t ratiion capacily oefore: Hsg, was,100% ihe;penbrane

recovere % of: the nenbrane filtration capacity which had once
reduced t:@:sli0%a30: ofrithbefopeccheanibBentalaland . eani pe rbiRe e
cl eani nb nmet hod. was 15 hours. The anmpunt of water used for rinsing.
was tw cenasinmpch @asathat cequenedofop-themclkeanitag ssaelndt iyoform
descri bed in each Exanpl e of the present enbodinent, Filtration

oper at i orcmest ey fiareedf omk t Hothensepandtirgn menerdne dthus) clweaned.
Then, the pressure increased to 200 kPa after 4-nonth. flr,-"jO01
LW..)": d0GCoinparat i VeéConparhatic ves Exampl @r 21 Fottekéani ng- itipe sfeguled
menbr ane nodul e of Exanple 1, an aqueous m xed sol uti on was prepared
as & cl eding @ttt} i byof atldengoted amcagheods Pmidreyar.y Sierloxi aded
solution (o,se nol/Li, ferrbua chloride to give a 15concentration of
0. 0008 oI APTENG I afevbridie hobtl eafasnsubjlested to GRechiclereferred.

filtrati cl eanin fth it for 6
%%e PVDF eggn may have, in the crystal portion thereof,

either one of P-form crystal structure and y-form crystal

structure.
15
Examples
[0029]
The present invention will hereinafter be described
in further detail by Examples and Comparative Examples. It
20 should however 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.
{0030]
25 As a separation membrane module, employed is an

external pressure type module which has, in its ABS casing

having a length of 2 m and a diameter of 6 inches, a hollow



The aqueous m xed sol ution was then renoved fromthe nodul e and the
separation nmenbrane was rinsed with 500 L of ultrafiliration water
for 2.5 hours. 20As a result of the_plfyning by. the above -dencil bed
nmet hod, supposing that the nenbrane filtration capacity before use
was 100% the nenbrane recovered. 70% of the nmenbrane filtration
capacity which had once reduced to 10% of it before cleaning. Such

| ow r ecoVerSEndsl Presunett t 5oBcetiF) bBeBhsaNghESREE 36T Wdir adid ek he

ol eaninb solutign led to inCOﬂR|ete r embvai inon%gnic fouling

f
subst ance@ TF o9 Gl 13 BHDO neRbrIRE2OThBOLS: &1 28 exnihrg. tHive 37
t hi | i t hbd h Fi. %l : i ti
0TS o S0 PR IR, B R0, P 00000 OBRLALLALARS oo
pressure(ipqggggﬁgﬂyﬁazgg ggégafter 2-ment h operation, 5[0040]

Conmparative r' cleaning the foul ed nmenbrane nodul e

of Exanple 1, a&na%&%méydc{rggeébrpﬁéloﬁﬁ@eSgk%wesﬁOcsas%ir{}t)ﬂw

prepared as a cleaning solution. The nenbrane nodul o was 10subj ected

to recyclendd | tration cheani pgivht RiitrEOR o6 hew $e e raquepus: & xed
solution was then renpved froni. the npdul e and rdhsed wdth 500 1, of

ul trafil tragitriton matera fore 2= be haunsd Aslareesuhnt fafuxt hei<cleead dgedyin
t he above-described itnmethod, supposing that the nenbrane filtration
capaci ty sdeforses uSlkeowasi 10084 i bhempeabr ane reovered 65% of the
menbrane filtration capacity which had once reduced to 10% of it

bef ore cl eani ngForThe eseparat izorsemwnbr ahen wasninoénel raneCe corpl el vy
by an aqueous sol ution contag only 20hydrogen peroxide. The total

cl ééhi ng il a1 qrhi &0 | ®ant age rethodedas e8M5 ahsuhs v iFid tr at i on
operation was perforneh with the separation nenbrana thuh cl eaned-
Then, thé PHedsRRr 3 rieeRed e 206LRIPACE! L8 r2a%61t  pdttatim, was

used.
In the present embodiment, a predetermined amount of
a cleaning solution was poured into the separation membrane

15 module 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.

20 Note 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.

[0031]

25 Chemical resistance test of the separation membrane

was performed in the following manner. After immersion of

the membrane in a cleaning solution for a predetermined



Zo[ 0041 Conparative Exanple 4 Fur cleaning the foul ed nenbrane nodul e
of Exanple 1, an aqueous m xed solution containing 0,16 noll"': of
sodi um per carbonate and 0,0008 nol /L of,ferrous chloride was prepared
as a cleaning solution. The nmenbrane was subjected to recycle
filtration cleaning with it for 6 hours. The aquepus m xed sol ution
was then renoved fromthe nodul e and the. separation nenbrane was
washed. witPe500P1SEe uPtEalfPt PEEFOATREL end o218 owrggation at

Ass result of the cleaning bg %he above- descri bed. nethod, supposing
that the Wembf afe® fTF47 3k FON BABAEI £ OBEFSr ¢ THSE S Qs FOOU6I A Heon

nb d 32% of _t nb filtrati it ich had
once roQUECH 1oL S0%h bl T0° bAFbrENaT B 6. “PAE CBRAaCt o Hefbr ane
t I ti the f
i or i de whr o' nal T enet Fah ERATbrogE ang  SUES K DT oG

cleaning.iseb i gn asy héggnﬁét%f)ﬁma%obgfgla!k a8 red 4,0 &é’@eff&%@m?“

menbrane during cleaning. T otal cleaning tinme of this cleaning
met hod. wase 8:& housea Fibipatien Bﬁeriﬁﬁn'e(i@i‘éﬁls Rar frordmd; using the
separation nmenbrane thus cleaned. Theb, the pressure 20t hereof
increased to 20@1kPaaafiter “t@ hoopesat+onen100421 Copparedli . ve
Exanpl e 5 For cleaning the foul ed nenbrane. nodul e of. Exanple 1, an
aqueous m xed sdleutsiidre wESSprepasedvas @eekeantings2hsol'ghiiom
addi ng., to an aqueous hydrogen peroxide

Autograph AGS-H" (trade name; product of Shimadzu Corp) at

10 a 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,

15 as raw water, surface water of river having a turbidity of
from 1 to 5 mg/L (based on the kaolin standard solution
produced by Kanto Chemical) and a total organic carbon
(TOC) of from 0.5 mg/L to 1.5 mg/L was cleaned as described
below.

20 A cleaning solution was 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, respectively. The membrane module
was subjected to recycle filtration cleaning with it for 6

25 hours. 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.



solution (0.88 nolt]..-): ferrous chloride and lactib acid to give
concentrations of 0.0008 nol/E and 0.05 nol/L, respectively, The
menbr ane was subj ected to recycle fijtj§ujon cleaning with it for 6
hours, The agueone sol ution was then renoved. fromthe nodule and the
separation nmenbrane was washed with 500 L of ultrafaitration water
for 2.5 hours. As a result of the cleaning by the
above- descri bed 2fefhd@ S UsiippdsiHtf thetan Hed n%hb?laﬁeagm’@rdﬁmﬁibed
caparity before use was, 100% the nenbrane recoverbd 87% of the

menbr ane 15 113%t | DIPRAPHRT t Y ki ERShBE™BReBer éddiéd oL CFPETOTEY t
bef | ing. The tot | I t] f thi | i hod

55 hour SETHE it (BE pef Fbr HEHPER Ry tPAETEC o Chicch Wi one
f hyd : i id ; |t in_i t .
Ccover v RRERL DO L B O By s RS P ol A DR it

vas erf orrd usi 1.4 he sepanal | ofhdrert ancet dus: £ eemgbaﬂfﬂié he

pressure increased to 200 k2a after 4-nonth opbratron.

Conar at i e d2xamp) 6nd: ZOkona €l eani pgutbe fowl edymembrangqmodale ok i on
Ezanpl e 1, an aqueous solution was prepared as a cl eaning Solution,

by addi ngf trosis: ragueoush hy €l 0gegapenoxi deaselivhi 0Ra(0+88 observed.
ferrous chloride and citric acid to give concentrations of 00008

mol /h and 0, 05 mbk/ E1e=esiphctd Medwed 25Ther srendr anpewas i stbpaebednt o
recycle filtration cl eaning
the resulting membrane for further 6 months. In the
10 present embodiment, the filtration capacity was evaluated
by a term until the pressure during the filtration
operation increased to 200 kPa.
[0033]
Example 2
15 For cleaning the fouled membrane module of Example 1,
a cleaning solution was prepared by adding, to an aqueous
hydrogen peroxide solution (0.88 mol/L), ferrous chloride
and tartaric acid to give concentrations of 0.0008 mol/L
and 0.05 mol/L, respectively. The membrane module was
20 subjected to recycle filtration cleaning with it for 6
hours. 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
25 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%



with it for 6 hours- The aqueous solution was then renoved fromthe
nmodul e and the separation nenbrane was rinsed with 500 L. of
ultrafiltration water for 2,5 hours. As a result of the

cl eaning by the above-descri bed nethbd?6sﬂpposing t hat the nmenbrane
filtration capacity before use was 100' % the nmenbrane recovered 88%
of - the nenbrane filtration capacity which had once reduced to 10% of
it beforectleanbageordhelesnahgcl ednengotairecdtanhing clie@niimg tretdod
was 8,5 hours. The cl eaning was perfornmed using citric acid which was
one of hydkdxytre caeboss| vesadi @s hohewevePuriasukiieng iing i neonptat eon
recovery. of the 10water perneation capacity. Filtration operation
was perfo?ﬁefaeh%hl%ﬁ thehsepanst Pes meFbrane tiis dadanstE dhenr vefe
pressure therebf increased to 200 kPa_after 4-nonth operation,.

[0044] 15Conpar ativé Bedhgte 5t Lowed fPLFréFEJSHi RB St Re 1Pgultée ough

me ane ul e of, Exanple 1, an_aqueous.solution was prepared as a
clggaing g@?u%?%%i%§n%gﬁ?ﬂafap8 gﬁ%agﬁég&frh3%W56§H“%Eroxide sol ution
(0, 88 ferF@@§4Fhloride and oxalic acid to give 20 concentrations of
0.0008 mol /L and 0.05 nol/L., respectively. The nenbrane was

subj ectedetopecygl e filtration cleaning with it for 6 hours, The
ague: aura solution was then renoved fromthe nodul e and the

separ ati on nenbrane Mas, fidisede WebN1 880k r@fr st rfdditd ald on wat er 1
for 2,5 hours- As a result of the cleaning by the

above- desgrd besh ned hed] usupposhkBg pirBak reimpeang) fidd rat i &hueous
capacity before use was 100% the nenbrane recovered as% of the
menddt ane Hydtoa@tn ope capadéet yovhicdbnhad .escealeduceddar 0% @f1dtide
before cleaning. The total cleaning tine of this cleaning nethod was
8.5 hour ssndheaxct eani nganas per Hoveedonagsing adiitarisc i @ Wil € hmaoasL
one of OHfree dicarboxylic acids, however, resulting in inconplete
recovery &d thed watet/per neapreohnivapaci t yhe membranpi pdatlicowas
operation was perforned using the separation. nenbrane. thus cleaned
Then, theS'ERSHR@ Fackeasedst 6i200atten 4leomtimopertat iloh, fa0[©0451

hours. The cleaning solution was then removed from the

15 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 100% of the

20 membrane filtration capacity which had once reduced to 10%
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 through

28 the resulting membrane for further 6 months.
[0035]

Example 4



Conpar ati ve Ezanpl e For cl eaning the foul ed nenbrane nodul e of
Exanpl e 1, an aqueous solution was prepared as a. cleaning solution
by addinc, to an agueoum hydrogen peroxjde solution (0.88 nmol/L),
ferrous chloride and fumaric acid to give concentrations of 0.0008
poi / Lad 0. O5respectivbiy. The nenbrane was subl ected to recycle
filtration cleaning wth it for 6 hours. The aqueous sol ution was
then renpved fré tHeatndiitdandothedsepaPaenen welBrame esawashed

with 20500 of ultrafjltration infor 2.5 hours, As a. result of: the
cl eani ng by tHE bVl de'str bédS nBt ABA L SSupFoSidy thatt ¢ e mewbrans

filtratiaon, ity bef 0% the menb d. 83%
of 't he maMSPEREY (YTt Oh EAPSELE) WAr R FA4/dnce TadiAed T bo1b
250f it. i ngThe total . cleaning time of _ thi i
mothod it B RO e LC TREL] BanPhg Wl BPT PRad hei Ny CHangr cOA¢kd

whi ¢h WEQuQPQH%S(%ti/E? Pé§ﬁé§9§ﬁ%h . aphds, NBYWEVEr nodule was

resul tingi nconpl ete recovery o ter perneation capacity.

Filtrati ofub &l ian wesyperf or med usibng ke nseparad an Hmbs anery o
t hus cl eaned. The pressure increased to 200 kPa after 4-nonth

operati on:1d0046; £onpas abi ves Exaepl eeBoved frdmorhe eatuig: thed the
foul ed nenbrane nedei e of Exanple |I. an aqueous sol ution was prepared

by addi ngsegarain @gneatisr 108ydaegennpedoxiide $aoloutri ar 10. 88 nol / h),
ferrous chloride and citric acid to give concentrations of 0.0008
nol / L and2 1051086 niot ¥4t 1 oespeceirvEby. 2The hoemisr.ane was subj ected to
recycle filtration cleaning with it for 10 hours, The aqueous
solliti on was t héw rermead f rom tlhe abedanenandyt hbel sherbrases avesed

washed with 500 L of ultrafiltratiob water for
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
15 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.
[0036]
20 Example 5
For cleaning the fouled membrane module of Example 1,
a cleaning solution was prepared by adding, to an aqueous
hydrogen peroxide solution (0.88 mol/L), ferrous chloride
and dioxymaleic acid to give concentrations of 0.0008 mol/L
29 and 0.05 mol/L, respectively. The membrane module was
subjected to recycle filtration cleaning with it for 6

hours. The cleaning solution was then removed from the



2.5 hours, As a result of the cleaning by the
above-descri bed. nethod, supposing that the nenbrane filtration
capacity before use was 100% the nmenbyane recovered 88% of the
20menbrane filtration capacity which had once reduced to 10% of it
before cleaning. The total cleaning tine of this cleaning nethod was
12.5 hours. The cleaning was perforned for prolonged hours by using
citric aditfii cHhels DnecoR r AYHPBXFERPEaFBoSYAS & laiads, W Honebep, L of

resultinb in ipnc()..nplete recovery_of the water perneation.
capaci ty."Fiid %&eQﬁgih%r%ﬁF%ﬁ Wa& perf 8PNEG ‘usi ng the separation

menbr ane thus cleaned, Then, ressure -Y O Tabl e to 200 kPa
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method, supposing that the membrane filtration capacity

g

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
cleaning method was 8.5 hours. During cleaning, generation
of neither a chlorine gas nor reaction heat was observed.
10 The cleaning allowed filtration operation through
the resulting membrane for further 6 months.
(0037]
Example 6
For cleaning the fouled membrane module of Example 1,
15 a cleaning solution was prepared by adding, to an aqueous
hydrogen peroxide solution (0.88 mol/L), ferrous chloride
and dioxymalonic acid to give concentrations of 0.0008
mol/L and 0.05 mol/L, respectively. The membrane module
was subjected to recycle filtration cleaning with it for 6
20 hours. 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
25 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
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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 Example 1

For cleaning the fouled membrane module of Example 1,
an aqueous mixed solution containing 0.08 mol/L of nitric
acid and 0.06 mol/L of oxalic acid was prepared as a
cleaning 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 L of
ultrafiltration water for 2.5 hours, whereby the membrane
became 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/L of sodium hypochlorite and 0.25 mol/L of sodium
hydroxide. The aqueous mixed solution was removed from the
module and the separation membrane was then washed 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 90% of the

membrane filtration capacity which had once reduced to 10%
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of it before cleaning. The total cleaning time in this
cleaning method was 15 hours. The amount of water used for
rinsing was twice as much as that required for the cleaning
solution described in each Example of the present

9 embodiment.

Filtration operation was performed with the
separation membrane thus cleaned. Then, the pressure
increased to 200 kPa after 4-month operation.

[0039]
10 Comparative 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 aqueous hydrogen peroxide
solution (0.88 mol/L), ferrous chloride to give a

15 concentration of 0.0008 mol/L and the membrane module was
subjected to recycle filtration cleaning with it for 6
hours. The aqueous mixed solution was then removed from
the module and the separation membrane was rinsed with 500
L of ultrafiltration water for 2.5 hours.

20 As a result of the cleaning by the above-described
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

25 occur because absence of an acid in the cleaning solution
led to incomplete removal of inorganic fouling substances

from the separation membrane. The total cleaning time in
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this cleaning method was 8.5 hours.

Filtration operation was performed with the
separation membrane thus cleaned. Then, the pressure
increased to 200 kPa after 2-month operation.

5 [0040]
Comparative Example 3
For cleaning the fouled membrane module of Example 1,
an aqueous hydrogen peroxide solution (0.88 mol/L) was
prepared as a cleaning solution. The membrane module was
10 subjected to recycle filtration cleaning with it for 6
hours. The aqueous mixed solution was then removed from
the module and rinsed with 500 L of ultrafiltration water
for 2.5 hours.

As a result of the cleaning by the above-described

LS method, supposing that the membrane filtration capacity
before use was 100%, the membrane recovered 65% of the
membrane filtration capacity which had once reduced to 10%
of it before cleaning. The separation membrane was not
cleaned completely by an aqueous solution containing only

20 hydrogen peroxide. The total cleaning time of this
cleaning method was 8.5 hours.

Filtration operation was performed with the
separation membrane thus cleaned. Then, the pressure
increased to 200 kPa after 2-month operation.

25 [0041]

Comparative Example 4

For cleaning the fouled membrane module of Example 1,
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an aqueous mixed solution containing 0.16 mol/L 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

L

hours. The aqueous mixed solution was then removed from
the module and the separation membrane was washed 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
10 before use was 100%, the membrane recovered 82% of the
membrane filtration capacity which had once reduced to 10%
of it before cleaning. The separation membrane was not
cleaned 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 to 11
adhered 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. Then, the pressure
20 thereof increased to 200 kPa after 4-month operation.
[0042]
Comparative Example 5
For cleaning the fouled membrane module of Example 1,
an aqueous mixed solution was prepared as a cleaning
25 solution by adding, to an aqueous hydrogen peroxide
solution (0.88 mol/L), ferrous chloride and lactic acid to

give concentrations of 0.0008 mol/L and 0.05 mol/L,
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respectively. The membrane was subjected to recycle
filtration cleaning with it for 6 hours. The aqueous mixed
solution was then removed from the module and the
separation membrane was washed with 500 L of

5 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 87% of the
membrane filtration capacity which had once reduced to 10%

10 of 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.

15 Filtration operation was performed using the
separation membrane thus cleaned. Then, the pressure
increased to 200 kPa after 4-month operation.

[0043]
Comparative Example 6

20 For cleaning 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
mol/L), ferrous chloride and citric acid to give
concentrations of 0.0008 mol/L and 0.05 mol/L, respectively.

25 The 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
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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

3 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

10 water permeation capacity.

Filtration operation was performed using the
separation membrane thus cleaned. Then, the pressure
thereof increased to 200 kPa after 4-month operation.
(0044]

15 Comparative Example 7

For cleaning 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
mol/L), 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 i£ 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.

25 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
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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

5 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 200 kPa after 4-month operation.

10 [0045]
Comparative Example 8

For cleaning 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

15 mol/L), ferrous chloride and fumaric 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 6 hours. The aqueous solution was then removed
from the module and the separation membrane was washed with

20 500 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 83% of the
membrane filtration capacity which had once reduced to 10%

25 of it before cleaning. The total cleaning time of this
cleaning method was 8.5 hours. The cleaning was performed

using fumaric acid which was one of OH-free dicarboxylic
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acids, however, resulting in incomplete 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.

[0046]
Comparative Example 9

For cleaning the fouled membrane module of Example 1,
an aqueous solution was prepared by adding, to an aqueous
hydrogen peroxide solution (0.88 mol/L), 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
membrane was washed 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 12.5 hours. The cleaning was performed
for prolonged hours by using citric acid which was one of
hydroxytricarboxylic acids, however, resulting in
incomplete recovery of the water permeation capacity.

Filtration operation was performed using the

separation membrane thus cleaned. Then, the pressure
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Table 1
Example 1 | Example 2 | Example3 | Example4 | Example § | Example 6
Sodium peroxide 0.88mol/L | 0.88mol/lL | 0.88mol/L | 0.88mol/L | 0.88 mol/L | 0.88 mol/L
Sodium percarbonate - . -
Sodium hydroxide - .
Malic acid 0.05 mol/L e
Tartaric acid - - 0.05 mol/L - -
Tartronic acidl _0_.(25__r_r_1_c_)_!/L -
Citramalic acid : - | - 005moll | - :
Dioxymaleic acid - - - 0.05 mol/L -
Dioxymalonic acid - - : 0.05 mol/L
Ferrous chloride 0.0008 mol/L | 0.0008 mol/L | 0.0008 mol/L [ 0.0008 mol/L | 0.0008 mol/L | 0.0008 mol/L
Water permeation capacity
10% 10% 10% 10% 10% 10%
before cleaning
Water permeation capacity
, 100% 100% 100% 100% 100% 100%
after cleaning
Total cleaning time 8.5 hr 8.5hr 85hr 8.5hr 8.5hr 8.5 hr
Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4
Sodium peroxide 0.88 mollL 0.88 mollL
Sodium percarbonate 0.16 mol/L
Sodium hydroxide | 0.25 mollL .
Malic acid - i - - )
Tartaric acid - B - -
Lactic acid -
Citric acid
Oxalic acid 0.06 mol/L il . :
Nitric acid 0.08 mol/L 2
Fumaric acid_ O
.@um hypochlorite 0.13 moliL D ) [
Ferrous chloride I 0.0008 mol/L - 0.0008 mol/L
mter pern_leation capacity I N )
before dleaning 10% 10% 10% 10%
Water p_ermeation capacity i
after cleaning 90% 70% 65% 82%
Total ciéahing time 15 hr 8.5 hr 8.5 hr 8.5 hr
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Ferrous chloride 0.0008 mollL | 0.0008 mollL | 0.0008 mol/L | 0.0008 moll | 0.0008 moll
Water permeation capacity

, 10% 10% 10% 10% 10%
before cleaning
Water permeation capacity 1

) 87% 88% 88% 83% 88%
after cleaning
Total cleaning time 8.5hr 8.5hr 8.5hr 8.5hr 12.5 hr

[0048]

The results shown in Table 1 have revealed that the

cleaning agents according to the present embodiment

containing hydrogen peroxide,

heavy metal compound,

ferrous chloride which is a

and a hydroxydicarboxylic acid show

excellent effects of cleaning the separation membrane.

[0049]

Example 7

A porous membrane made of polyvinylidene fluoride

{(PVDF)

whose crystallization degree was 58

(),

product

obtained by multiplying the crystallization degree by

specific surface area of the porous membrane was 562

(3em®/g) ,

and proportion of B type crystals was 4% was used.

The membrane was immersed in a cleaning solution prepared
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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, 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, followed by sufficient rinsing with
water. The tensile test was then performed. The results
are shown in Table 2.
[0050]
Comparative Example 10

A porous membrane made of polyvinylidene fluoride
(PVDF) whose crystallization degree was 71 (%), product
obtained by multiplying the crystallization degree by
specific surface area of the porous membrane was 2899
(3em’/g), and proportion of B type crystals was 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,
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, followed by sufficient
rinsing with water. The tensile test was then performed.

The results are shown in Table 2.



According to the results shown in Table 2, alnpst no deterioratien
was observed fromthe separation nenbrane made of pol yvinylidene
fluori de obtained in Exanple 7 whose product. obtained by nultiplying
the crystallization degree 10by specific surface area of the porous
menbmane was 300 (%ssr,t2./q) or greater but not. greater than 2000
(m2/qg) even. if it was cleaned with the cleaning. agent. of the
present enbodi nent. [00531 FIG 1 showo the relationship
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V | . | Mor dari
Cl 6aned wih THE: cl eani ng. agent of  SGanpar athve. Bxampl 6.6 di d ot
show 100 percent recovery. even after cleaning for |onger hours,
| ndustrial Applicability [0054] 10The cl eani ng agent according to the
present. yﬂy ion is suited for use in the fields which need
cl eaning of a nbrane for renoving therefrom cl oggi ng substances

during nmembrane fidtyabion (s A5 [ 1AW "Q{cgﬁn ﬁhfv\%%f& Ml &imost no

industrial water, river water, |ake water, 15groun er, reservolr
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Brief Description of the Draw ngs

made of polyvinylidene fluoride obtained in Example 7 whose

product obtained by multiplying the crystallization degree

10 by specific surface area of the porous membrane was 300
(3em®/g) or greater but not greater than 2000 (%em?/g) even
if it was cleaned with the cleaning agent of the present
embodiment.

[0053]

15 FIG. 1 shows the relationship between recovery of
water permeation and cleaning time of a separation membrane
with the cleaning agent (Example 1) containing hydrogen
peroxide, malic acid which is a hydroxytricarboxylic
acid, and ferrous chloride, among the cleaning results of

20 the separation membranes with the cleaning agents of the
presant embodiment. Note that FIG. 1 also includes the
results of Comparative Example 9 for comparison. As is

apparent from the results shown in FIG. 1, the membrane

cleaned with the cleaning agent according to the present



[ 0055] 20DIG 1 shows, anobng the cleaning results of a separation
menbrane with cleaning agents according,{o_the present enbsdi nent,
the results. on the relationship between recovery of water perneation
and cleaning tinme of a separation nenbrane with a. cleaning agent
(hxanpl e 1) 25contai ni ng- hydrogen peroxide, citric acid. which is a
hydr oxydi carboxylic acid, and ferrous chloride, as well as the

It f L Ds le 6 CLAIM5 z. A cl ' t f
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the separation, nmenbrane is a porous nenbrane contain

pol yvbnyl i demgathuovédexaesia, sandqlAbhesappunboobekBent recovery
hydr oxydi carboxylic acid is from1l x 10' to 1 x 104 nol per nol of

t he heavy eetal atoapouhdani?g The tbeasirngoagent for separation
menbrane according to Claim1, wherein the heavy netal conpound is at
| east one 15 conpound sel ected fromthe group consisting of

chlorides, sulfides, and oxides of Fe, Mh, Co, N, Ti and Cu. 3. The
cl eani ng agent aGookditrigialo Adiraiimabiokit2y wherein the amount of

hydr ogen pﬁgoxide falls within a. range of froml x 10-3 to |I. x 101
nmblitg the dtht of the heavy- netal 20 conpound. fails within a

rangf O from1l ﬁ,lo- ' to 1. x 102 nol per nol of. hydrogen peroxide
and the anmount of ¢hé& A FEATE RS 09 sthe orraseRt 10-4 to 1
x 102 eel {E% | of.the hydrogen peroxide, cLThe cleani pg agent
according 10 %§%%?HI%SV&%&%$% gpr use 1n the %1e?ds W 1cg ne%d
cleaning of a membrane for removing therefrom clogging
substances during membrane filtration using, as raw water,
drinking water, industrial water, river water, lake water,

15 groundwater, reservoir water, secondary effluent, waste

water, sewage water or the like.

Brief Description of the Drawings
[0055]

20 FIG. 1 shows, among the cleaning results of a
separation membrane with cleaning agents according to the
present embodiment, the results on the relationship between
recovery of water permeation and cleaning time of a
separation membrane with a cleaning agent (Example 1)

25 containing hydrogen peroxide, citric acid which is a

hydroxydicarboxylic acid, and ferrous

chloride, as well as the results of Comparative Example 6.



crystallizatioa degree of the Porous nmem ossoP is 50% or greater but
not greater than 90% and a product: obtained by nultiplying the
-crystallization degree of the porous nenbrane by a. specific surface
area of the nenbrane is 300 or greater but not greater. than 2000
fA2/ (0. 43 crystal portion of the poro% menbrane is 30% or |ess
based on the total anount of the crystal %ortion of the porous

menbrane, 6. A s for preparing a cleaning agent for a
sepaxati on nenbrglgﬂig,ﬁ—?%orrpri sing m xi ng hydrogen peroxi de, a heavy

nmet al conpound, and at | east one hydroxydi carboxylic acid sel ected
fromthe group co sigtinfg of rralicfacid, tartari.c acid, tartronic .
acid, citranmalic AcFdS*BrakyREFRFc TP6 i TP H oyl g% Gergrising
wher ei n t he separ&atd tonoreniadeoesd fc NN ikendt ade seanricaicd Ngram the
pol yvi nylé'adene fluoride resin, Z The process _for prepari ng a L
cl eani ng agefFORRcSPHG 890 Af M8 1 Ghet %l tﬁ%rﬁ%’r%gg‘ﬁl%ero pHbreRic
added after &bedls Heawhanetal acQpoandxisarhissobyed, i it @ oxBudlon:c
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at | east one hvdrgpyektar baxy|depaaeitd on2hea@lreeleedi d r amddivud OMBrbrane
consisting of malic acid, tartaric acid, tartronic acid, citramalic

aci d, di oxvnBPRFRIAEIE, 2 RRLGICRITEEER ELHEF 49 ahes Wat 612 nt o cont act

with theigeparati gRe "BAOEANEf the hydroxYHFSIMb:HNE SeRARLHIDONEron 1 x
menbrane is a porous nenbrane 25 containi ng a polyvinylidene fluoride
8

resin. The &@edrdh§lméthoPexodeldicfigthe TRaAYYh B Cathrir@iP Yt
contact step is porformed by an | east one nmethod sel ected. fromthe
group consisting of dead-and filtration cleaning, reoynde filtration.

cl eani ng, reéycl eTmonchermes iarer80 foiresepagationemnsibnaseeancogding to

Efgg‘r’]"fﬁg clegl ng. 1PaGHIREN | TR MONF! GAMU I ARG haME ESRRNAS &l (e
1’5 compound selected from the group consisting of chlorides,

sulfides, and oxides of Fe, Mn, Co, Ni, Ti and Cu.

3. The cleaning agent according to Claim 1 or 2, wherein
the amount of hydrogen peroxide falls within a range of from
1 x 107 to 1 x 10' mol/L; the amount of the heavy metal
20 compound falls within a range of from 1 x 20 to 1 x 10? mol
per mol of hydrogen peroxide; and the amount of the
kydroxydicarboxylic acid is from 1 x 107" to 1 x 10? mol per

mol of the hydrogen peroxide.

4. The cleaning agent according to Claim 1, wherein a
25 crystallization degree of the porous membrane 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

(%'m’/g) or greater but not greater than 2000 (%em?/q).

30 s, The cleaning agent according to Claim 1 or 4, wherein a

total amount of 8-form crystals and ¥Y-form crystals in a
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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
separation membrane, compriging 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
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 6, wherein the hydrogen peroxide is added after the

heavy metal compound is dissolved in water.

8. A cleaning method of a separation membrane, comprising
bringing a cleaning agent containing hydrogen peroxide, a
heavy metal compound, at least one hydroxydicarboxylic acid,
selected from the group consisting of malic acid, tartaric
acid, tartronic acid, citramalic acid, dioxymaleic acid, and
dioxymalonic acid, and water into <contact with the
separation membrane,

wherein the separation membrane is a porous membrane

containing a polyvinylidene fluoride resin.

9. The cleaning method according to Claim 8, wherein the
contact step is performed by at least one method selected
from the group consisting of dead-end filtration cleaning,
recycle filtration cleaning, recycle non-permeation
cleaning, immersion cleaning, backwash cleaning, backwash

immersion cleaning and simultaneous air cleaning.



