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- 1 - DESCRI PTI ON CLEANI NG AGENT FOR SEPARATI ON
MEMBRANE, PROCESS FOR PREPARI NG THE CLEANI NG AGENT
AND CLEANI NG METHOD 5 Technical Field [0001] The
present invention relates to a cleaning agent for

cl eaning a separation nmenbrane used for filtration
treatnment of drinking water, industrial water, river
wat er, 10 | ake water, WiiGimmgly water, reservoir
wat er, secondary effluent, waste water, sewage water

Or CHEANING AGENTO 'FIRISEPARATICN MEMERANE), (BROCERE (FOR
cl eaning agent; and a cleaning nethod. 15 Background
Art PHEFNRANG WHHN CIEANING AGENT UXND fCHEANING INBEHODAW
wat er such as drinking water, industrial water, river
wat er, |ake water, underground water, reservoir
wat er, secondary 20 effluent, waste water, or sewage
Tagdirgrca lsdistlghces suspended in the raw water or
substances having a size (greater than the pore size
[&0the menbrane (these substances will hereinafter
call ed "nmenbrane foulin subst ances” coIIectlver

are bFB@kBHeﬁﬁthénﬁﬁﬁE SReTe28LE6r hPcBnEeRePafPoAdent
t K dclo
g ?S%ﬁ%ﬁ%ﬂy Fembenm ot s s g on
arg?nr I’Le ffoglrjltr}ﬁ(el Srt ar}LtncILJSQ:VJ\élaalt %Jaocge%{ atlll%f %\Iater,

|nue ansneﬁbrane pressur f erence
léﬁ?&%ﬁ%ﬁ% 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.

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
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,
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



10

15

20

25

When the transnmenbrane pressure difference reaches a
predeterm ned value, it nust be necessary to clean the
separation nmenbrane with a cl eaning solution and
restore 5 the filtration ftuk to the original one.
[0003) It is the commobn practice to use an oxidi zing
agent such as hypochlorite and an al kali such as

c&ﬁqrﬂm&‘ydd'}%%jﬁansn%mkﬂriﬂé(tp%@sém eof £ fOFertd @A deases.
of f nenbrane fouling 10 substances derived from

WHHrgadHe trRdrd Ricinb A «&lisred stk | di f Retande docanresd 4.,
it is known that a cleaning nethod capable of

pradaatinialed declargositngnidte bremrarnesdoplticigclean the
subst ances derived fromorganic matters (which
sepgrsttange snem tdneheridima tcelreajeirtsalf’rceldlt'mrgaiﬂ@ restore
foul i ng substances", 15 sinply) by utilizing a Fenton
theeddit)i tore tiimro | f4 vy de?ftﬁgmlw i and a netal .
Mor eover, a cl eaning agent and cl eaning nmethod for
ration menbr ane whi ch use a percarbonate and an
iron conpound are disclosed.in Patent docunent .2.
They arelfo 9eF°WWP8rP&FCtﬁCFhéorQﬁﬁvﬁﬁgoﬁddlZlng agent

for nce qf oqggnlc fouI|l fubst nces to

i he
Y PAGER I mithS pocafﬁ osrol Jeunbrmf%%omde'

t .
OLF?““?' gll%aegnﬂh;.é’}ueedofju\slﬂfll g?t%}glﬁ{gg%{]ﬁ]e percar onat ell}]gds
dé%ag%ew &%N@i B Gy a P Y 1 4 he algr @ris%q%%nqn

ded together adheres to the 25 surface of

Péﬁﬂﬁﬁfﬂddﬂhéﬁ&UQIaG&:aﬁsf%HJWﬁiHH@HCH“dE%an£HBSMéﬂHBH
requires renoval of nenbrane fouling substances

caiRid e ff rodNddHargaN W ddnes Si g e nsdmistane eSowl ing

- 3 hereinafter be called "inorganic fouling
sudtstrarceslerived from organic matters (which substances
will hereinafter be called "organic fouling substances",
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
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
surface of the separation membrane as ferric hydroxide.

This also requires removal of membrane fouling substances

derived from inorganic matters (which substances will
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sinmply). Deterioration of the separation nenbrane

usually occurs in the cleaning solution used for

cl eaning the separation nenbrane, but it is known

that use of a 5 separation nenbrane conposed mainly of

a polyvinylidene fluoride (which may herei nafter be

called "PVDF", sinply) retards the deterioration.
hel:QA0AF Iy ik koW d haﬂncﬁsga@ﬁ@cﬂcqllqrfgawtgsms" an

10 organic acid such as oxalic acid or” citric acid,
siaiply)NOr ganke iaehd isSHCBrashby depakhenos @%m@ra&@|h@ﬁley
acid or nitric acid, or a mxture thereof is
ocﬁftfr%CUere:kﬁgajMnirfg)Lﬁdlng:idire Used Mogatlieamatd ertse
such as iron and manganese. A separation nmenbrane
segfatrext ifan treathreme,r dattmeint s daldwn thdthalaslest tdherein
organi c and inorganic fouling substances as a mxture
sep@ naftdton meyntaren e e askb ued ind oy hat poldfwigiylidene
cl eaning and acid cleaning. Since the separation
e(w@qlfbtmacyl el redifi etk wadyl ahi PR hosimply)
sone | m fouling substances remai n unrenoved or it
r%ﬁ%&ﬁ?l?ﬂﬁ;@ﬁ?ﬁﬁiﬂ%ﬁ 61 ¢l eani ng when al kal i cl eani ng
[6qﬁ§ acid cleaning are both perforned. In addition to
de problens reaction heat or toxic gas is

gener i‘% %h%ﬁSt ?aghngc1ag%ﬂte§n§%x§ ng%@ht apnt 0
cont ac e separ at’i on e cleani ng
ozt @{:S_Ltd %ef@@%%e%&ffla BALDS [ NSNGE SR
["ar ge anount water at the tinme of ange with the

1 ied %@Y@%Lﬁgﬁ@s hWr%dlﬁQﬁs.Lé QaCJFH Ot}ltﬁrﬁlr&l@@c@.&i or
use of a | arge anount of water, prolonged -
niGlr@aniakd d,i 9 And geney africadd i @ﬁﬁdﬂi&reﬂaﬁ;a&u%ﬁ 0
fouling due to inorganic matters such as iron and manganese.
A separation membrane after filtration treatment usually
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
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
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
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i nconpl ete rinsing. [0005] As described above,,
cleaning is perfornmed when the 5 transnenbrane
pressure difference reaches a predeterm ned val ue,
but cleaning is sonetines peffornmed periodically at
short intervals. Such cleaning is perfornmed in short
hours wth a cleaning solution having a | ower

clf‘e%@ﬁ% ratdon dhaneddiale used 4 o éﬁleoraik}%’e%'éj%gﬂé beg

cleaning. In this tase, 10 the nenbrane nus

ifdgdedd riaqshyt time so that the cleaning agent
enpl oyed for it contains only a hypochlorite or an

[omxisd. As a result, either the organic fouling
substances or inorganic fouling substances cannot be
renovad desplrébeldy abdye], 0606bhndnat he eerdio rivgddd whelmerthe
cleaning with a cleaning solution containing a

t neyosimbyrantee o dd e al i fif e renceygraotian ia ©rege reiaeined
with an organic matter and produce _trihal onethane or

valve | i hgtrqﬁrmnq ors rRaRet inen mer iy R/NPSent Y at
problem there is a demand for .a chlarine-free

shArdariti¢ A it i oRUCROGE PRIBBGer SoPEFITORTEN e ShOTT hours
LS RIS OCCULS HET, U148 IO LS, chan
BP0 e B o A0,
o SR PSP SET SIS et ane
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.

[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
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
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.
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Lai d- Open No. 277568/1998 Patent docunent 2 : Japanese
Pat ent Application Laid-Open No. 2000-126560 5

Di scl osure of Invention Problens to be Sol ved by the

I nvention [0008] An object f-the present invention
is to provide a 10 cleaning agent for separation
menbr ane whi ch can overcone the above-described

convephigpgl detcgl%tegms 1i 0 gheaniae tpaeen%en@ atiic@R ion
menbr ane used for ltration of drinking water,

Ldﬂgmﬁkﬁimo\Mﬁxﬂ56gﬁngggmater | ake wat er, underground
wat er, reservoir water, secondary effluent wast e

wat er Paiéneeuagamwatee 00abhﬁe|slek@a$@nthAppfliinfata'mh
an anount of water necessary for cleaning the
Lasiepaipan oo .metftaie ered bot h reduced, a risk to human
health does not exist, and effective cleaning of the
menbrane can be conducted by a sinple neans; a
process for_ preparing the cleaning agent; 20 and a
Digcdqfiusg At Haw e for Sol ving the Probl ems

[0009% Wth a view to overcon1ng t he above-descri bed
25 pr 8BPBREMSt ke BPesenternbent Ps IRY¢ELLGRt i nued an

g ﬁnsive investigation. As a result, it has been
[499FHd t hat cl eaning of a separation menbrane with a

L Canhidogeal or0ngPBasahig A andlary dkoatoprhlife o

acid has™n verse ef he enV|ronnent

Cl%%trlll?l%e%gréﬂ?if& Vgetﬂ"éf’?él%n Hembrane which can overcome

the above-described conventional problems in cleaning the
separation membrane used for filtration of drinking water,
industrial water, river water, lake water, underground
water, reservoir water, secondary effluent, waste water,
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;

and a cleaning method.

Means for Solving the Problems
[0009]

With a view to overcoming the above-described
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
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t wo- st age cl eani ng which the conventional cl eaning
nmet hod requires, and can efficiently clean off
organic and 5 inorganic fouling substances in one
step. It has also been foun@ that a nmenbrane nodul e
fouled with a very large anount of inorganic fouling
substances can be cleaned with an acid w thout
cSRd M NGy Wth P Fd D 1 B8Py 11 ek 1Y HHs t® adverse effect
conple?g%n oﬁﬂ%héaiéesenfﬁ?%vention. 10 [0010] Wth
or egdd dsndirdritersepaddds b teds@neind inqQddi th otater or
t heret o, when the separation nenbrane is a porous
twrendtraayee ¢l indniwigi éh PR c@asvent tomaly s¢ bddn izag i et hod
degree of the PVDF resin is 50% or greater but not
reeates, tdrah G0%e Ghid il prokan obf abreanby and
_multiplying the crystallization degree of the PVDF
inqeganisy uhiad fseostiatere H nofstdR. gér bgs also been
menbrane is 300 (% R/ g) or greater but not greater
fQungh Bvdo ] BRMRPRYSE R AT O IVIHR Ferank? iR

o 5o SRR OB S LS Y SR YEILASY o

wi.d caoncentration range,_ and high cl eani .
B A S T Gl RV e
cc!nfbltékeia{ e&fﬂ{h% BB’PéEérPJ"jtﬁJEer{tei € provided: 25 [1] a
cl'eani'ng agen I separati on nenbrane, conprising a
[dydyoxydi carboxylic acid, [2] the cleaning agent for
separation menbrane according - 7 to item[1],
wher ey thhe clyeduex ¥di ¢akb@eyaire taeind meaiiainggs indtaddition
| east one acid selected fromthe group consisting of
thereto, when the separation membrane is a porous membrane

a
an
C

containing a PVDF resin, a crystallization degree of the
PVDF resin is 50% or greater but not greater than 90%, and
a product obtained by multiplying the crystallization
degree of the PVDF resin by a specific surface area of the
porous membrane is 300 (%em?/g) or greater but not greater
than 2000 (%om?/g), deterioration of the membrane due to
the cleaning agent used in the present invention hardly
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:
[1] a cleaning agent for separation membrane, comprising a
hydroxydicarboxylic acid,

[2] the cleaning agent for separation membrane according
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malic acid, tartaric acid, tartronic acid, citramalic
acid, dioxynmaleic acid, and dioxymalonic acid, 5 [3]
the cl eaning agent for separation nenbrane accordi ng
toitem[1] or [2], further tonprising hydrogen
peroxi de and a heavy netal conpound, [4] the cleaning
agent for separation nenbrane according to item][3],

tovMiareh N the Jfieamy: dretid  IRiRound: dsrisdxy BaStacild @iorises

conmpound sel ected fromthe group consisting of
atthleddtdasne S fd daslectvt oxddlestid ouphcok®istNing Tof
and Cu, [5] the cleaning agent for separation
mateinbraaied accorti migs dai dnytaneraiic taemsd,] Iditoafalic acid,
wherei n an anmobunt of the 15 hydroxydi carboxylic acid
diexymaim ilc »aditd,1 arod diodp®ehmiipercidml of the heavy
metal conpound, [6] the cleaning agent for separation
[ Henbhanelgeodndi rgento fagy sepa reft lione menajancy e rding
wherei n an amount of hydrogen peroxide falls mﬁthin,g
tq drifgan ofL ¥ rom b2 it ey 26PmPSE 9 Y 1CISHh RefRmtde
91 tq%Eheav netal conpound falls wthin a range of
GG fnle3Vy glet3ly GOPAYE ol per nol of  hydrogen
er oxi de;; and_an _amount. of the hydroxydi carboxylic ..
(7 §hes SREBRLTS, B £6 1 PRS2 ST FEMTRGT Sof g ding
A e per,oxi d: [/ I t.
tJ‘fUé@ ﬁgd &K é%% é%% h%ﬁ%ifh%%é%”ﬁ AYR 1é(%t %jSt

separ at menorane accor 0 any one of Itens

oﬁ%%ﬂpomrﬂl%é% SERSH %Hé’;&irm&{@lé@lﬁg ROfF ous

brane containing a polyvinylidene - 8 - fluoride
cH1& Hed Blsdihel fd LAY Saeds fof Bepat@t iQd, nenpreneand

accordi ng
Cu,
[5] the cleaning agent for separation membrane according
to any one of items [1] to [4], wherein an amount of the
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
1 x 10" mol/L; an amount of the heavy metal compound falls
within a range of from 1 x 107> to 1 x 102 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,
[7] the cleaning agent for separation membrane according
to any one of items [1l] to [6], wherein the separation

membrane is a porous membrane containing a polyvinylidene
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toitem[7], wherein a crystallization degree of the
porous nenbrane is 50% or greater but not greater
than 90% and a 5 product obtained by nultiplying the
crystallization degree of-the porous nenbrane by a
specific surface area of the nenbrane is 300 (%2/ Q)
or greater but not greater than 2000 (%®/g) , [9]
£l ideeand dich agent for separation nenbrane according
10 to item[7], wherein a total anpunt of n-form
[&r yshal 1aadiny- boemtC st dlepaira td ofr yidlr ap@r tacedrefing
the porous nenbrane is 30%or |ess based on the total
tcanonent [Of] t hvhexreyiat ad cportd loni oft 1dre gegoes enthaneorous
[10] a process for preparing a cleaning agent for 15
megdpyATE | ion JETinareeatmpriiwt i od et dwy deloaren90% and a
peroxi de, a heavy netal conpound, and a __ _
PRI R tedimssk Y a1l ying thee protesklfzrtion degree
jgreparing a cl eaning agent for  separation nmenbrane
o AHPUD HIERFIDLY vihetRE G e SUR ARGy er grroki e
I § added after the,heavy netal compound 20 is
neRRZ0I S 139 et B/ F LoV AOEPBERE nChe P RGP a5eT than
arat kon, menbrane, conprising bringing a cleaning
(gggn‘agb 95fning hydrogen peroxi de, a heavy netal
0 N, ydr iL.carho [ i.d ter,d
onEaet Cur PRt HERL 20 Spetaratn msBRtplfY Bedd¥ling
td 8 ngr methpd of, 3 SeRarRtdRIL R EY e o e COFH M 4 Qind
item|[12], wherein the contact step is perforned by
y-&brheasl sene snehhad cselseatiedolritant be @heUporots membrane

consi sting of dead-end filtration cleaning, recycle
id 130y atr aresd e, o e [t N -esureatd O od eaydigs 1
portion of the porous membrane,
[10] a process for preparing a cleaning agent for
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
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,
[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
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i mrer si on cl eani ng, backwash cl eani ng, backwash

i mrersion cleaning and sinultaneous air cleaning. 5
The term "cl eani ng agent for separation nmenbrane" as
used herein neans an agent- cdntai ni ng one or nore
conmpounds and to be used for cleaning a separation
menbrane for separating raw water including waste

cHR €t Qg tde ddke end Advardaaaoust &daed s cfdre

Inventlon [0012] C eaning of a f||ter|ng separation
f MBIy @i Widhdiey, Gaapi Ty regeie Breof dhmgcIsaihey,
present invention ‘enabl’es si mul't aneous renoval of
inGtegaiah afitkdmiargarbac vt nol dén isup,s tisanclesa sin dilresr i on
cl eaning effect equal or superior to conventiona
cldagdmqgmitdiods] sareows @l katieariigani ng or  aci d
cleaning. Even if a large anmount of inorganic fouling
subst Fhees ezohécd epd inlge agepar 0o s SPEmRtLPa, H@I@mq@d' as
of the nmenbrane with the cl eaning agent according t
ugseh qualrregr@ﬁns A rRITH re@nttﬁelmcnq AR A r’?é?:‘f‘? ycmpounds

aci d clean w t hout jnserti t her ebet

g A RF st r%mmﬂﬁwﬁwvm ChroHD IR ofRE
this nvoIves no r|s eneratin eactlon he

S§ aﬁa?r% fd %a"ﬁ%tgeg@ae S o ]fe

t he present |nvent|on has a 25 high cl eaning effect,
whil e the cl eaning nethod according to the present

| NVenhighok S REAN0RAAlhecRUS el tpcRRcigduCe i e

and anount wat er necessary for cleaning, and - 10
[deLsafe without a risk of generation of reaction heat
or toxic gas. Best Mdde for Carrying Qut the

I nventileBning of a filtering separation membrane with the
cleaning agent according to the present invention enables
simultaneous removal of organic and inorganic fouling
substances and has a cleaning effect equal or superior to
conventional cleaning methods such as alkali cleaning or
acid cleaning. Even if a large amount of inorganic fouling
substances adhere to the separation membrane, cleaning of
the membrane with the cleaning agent according to the
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
high cleaning effect, while the cleaning method according
to the present invention 1s economical because it can

reduce time and amount of water necessary for cleaning, and
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5 [0013] The best node for carrying out the present
invention (which will hereinafter be called "the
present enbodi nent” sinply) will next be described in
detail. [0014] 10 Raw watedOrel ated to the present
enbodi nent includes, for exanple, drinking water,

i ndustrial water, river water, |ake water,

i UNdsfOnpUKb At L1y i J18SSF de ME BSn  SLCRNMIE Yon heat or
effluent, waste water or sewage water. Wien such raw

toMeitergad s filtered through the separation nmenbrane,
the nmenbrane 15 is fouled with nenbrane fouling
substances in the raw water and a transnenbrane
pressure difference increases during filtering

BeggeMideonf @ortd mueich@tOwt comstamterdtiomrate. The
separati on nenbrane whose transnenbrane pressure

[Mfi¥Flerence has reached a predeterm ned val ue nust be
cl eaned and 20 restored to its origLnaI filtratian

f1 ux. TREOBESE BOESt &R&e SARKIYAR Ja U i Do PHISS SRgnHngf& t 1on
nd cause .clogging can be classified roughly into.. "
(GG T S 1 5 it L {85 07 9RRRY bodinent
rempval .of. argani.c tter jt. 25,1 s effective to e
Slér}PnJgQi m%%&%ber‘\?e g%ecshcra%j%@p%hqeotr? " and an al EZI [

“gﬂgg as sodi um hydroxide, or a mxture thereof and
econpose them and renove the clogging. For - 11 the

remoyal, Qf+ieR0rganerald gcgfeutg?%sté}{ac U a Ntk Aeludes,

aci d-contai ni ng cl eani ng n i1s usually enpl oyed.

£ Xd:ngdfe t Rer @l ikddd W @an] Nth st i On @b ACi dliver water,
cl eaning 'solution may generate a harnful gas or
ldieacidtdy haglde M¥und water, reservoir water, secondary
effluent, waste water or sewage water. When such raw water
is filtered through the separation membrane, the membrane
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
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
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
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5 both of these cleaning solutions are used, a step of
rinsing the separation nenbrane with a | arge anount of
water is required at solution changing tine. In order
to clean the nenbrane in-aldhort time with a cleaning
solution having a | ow concentration before the
transnenbrane 10 pressure difference reaches a

tHY edstsrdn ned Ml Mfanid St tPOSSIA cHO SOMdd nd, an
stabl e cl eani ng operation by using either an

add - ol i raigentc Isdkahi rag SyRocihdori § exfla Ay asngsil o wadl.
renove either one of an organic or inorganic fouling

Mistihgs anft echel & 6] c lewrt irey preisent orerdyodli areid ,cleaning
organi ¢ and inorganic fouling substances attached to

salhg iseparat i geneamtty andraant u beyaenmw ek aiadn drevus| yWhen
by cl eaning the nenbrane with a

bafydrax ydiass bobedn inacgdl womns Mg wednih@wemifor
the 20 separation nenbrane. In a nore preferred

riggiatd | thehesqRaati i) SRRrIe Wi sepEds AdEHbrhe
according to th resent, enbadi nent conprises further

wahR GgerF SRR U AP L U Hb AP IS Cotifound P (EEE? t0
speci fical | when. a ferrous . compound (Fe2+) and :

C]he%cﬂ’ Jdbh PG e Hi € asc;boergz ttolr%%\twell;g}?5ES c‘%n?garil%ril Faprtion

. e t 0 { cal ' generat ed
hag{/lq}ad; & flo o%nncgeq}%%c l|80(r¥n %%%%et%%ga%ﬁ%%n%t ter éai n

L0 2 . e
e
pd0¥ e &d a8 SePe iR JF@ih weeuding

treatnent in accordance with the Fenton reaction
eiMdMGiriSskidizing agent such as hypochlorite or an acid
and remove either one of an organic or inorganic fouling
substance.
[0016]

In the present embodiment, organic 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
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
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.
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of hydrogen peroxide and netal ions can renpve organic
foul i ng substances. It cannot however renove inorganic
fouling substance conpl etely and, noreover the netal
used 10 for cleaning is fixé@ to the surface of the
separation nenbrane and nust be cleaned further with
an acid. Omng to the hydroxydi carboxylic acid added
to the agent, the heavy netal conpound dissolves in
an aqueous solution. It is not fixed to the surface
of the,opnbreste apd poan+beui5+ ckedned of f. The
i norgani ¢ fouling substance present on the surface of
the separati on nenbrane can al so be renoved
si mul t aneously. Two carboxylic acid groups of the
[0y dtoxydi carboxylic acid exhibit excellent renoving
performance of inorganic fouling substances in
hydr odén ci@apdmexitde Sepagta ttilpn embnangy, uSfe deak
but constant reductive power of_the OH groups of the
R ARk T AereEIance grenele t TP RPNt FetRR t TR Y use
#ron i ons whi ch n$s ﬁace been, oxi di zed from Fe 2+ to
O YA QPSR FIT. 2RI the T AMDURT of SRRES organic
hydr oxydi.carboxylic.acid is.teo snmall, the 25 heavy .
FOR T MR ot s es Sl et ey Rghic
. Sur i O
e L LR El P R Ryt S ey s
£ 4 A i GRAT POX] 1 &g 3G e ONs i Pe. 4 N Hedds e £EMCEon

the pH and lessen the cleaning effect of organic

mdri3d 0 SRSl AN0RS vadhad| fubyhd hes Fenton 48881 | @wing
[0018] 5 In the case where a | arge anount of

td N anydr ostywdt ¢ 1o SUPBL Angesd asliiis® to the sSepat At tlon
menbr ane and
heavy metal compound dissolves in an aqueous solution. It
is not fixed to the surface of the membrane and can be
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
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
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
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t hey cannot be renoved conpletely therefrom the
menbrane can be cleaned with an acid solution after
cleaning with the cleaning agent according to the
present enbodi ment 10 withodB inserting a rinsing step
requiring a large amount of water between these
steps. This is acconplished because the cleaning

hROEHy RCEOFSENE {10 4484 Pr&s eftie ebash Mpdiq doeSdud@tthe pH
contain a hypochlorite or an al kali such as sodi um

aty drapddie 9t tdladanigid hef £ &t nd fil o Ggen 1OT £ S @BLig ON
heat is 15 generated even by contact between the
s sarides agentl itk bhetlaei BentSmcoeeddieion nsi ng st ep
with a large amount of water is omtted, cleaning
(G4 or using amount of water can be reduced and the
cl eani ng nethod according to the present enbodi nent
becongsd &heecenemvbglremet RadgeAlgeunt 24 iR rdaddifi ng
met hod in which the separation nenbrane is cleaned in
fop ki tsURFRARGEYh aHE LS dehi e RRPAT HalRhgnembrpe and

D e L ST e BSOS mrrane

o A R S A L e B SR PR IR s

eI B040 ORI S S eyt St ladene |

widalb e G £opal feh Wi} 14 gui P FUVEM ONBhount
cl eani ng method. [0019] The cl eaning agent accordi ng

oft G dther Masfin aihadi SRl s pr ehersallsy ceHriPJ1S@hed because

hydr ogen peroxi de, a heavy 5 nmetal conpound and a

tHyy drleartireardamot ifc@st dh.nd tdhotigh pwee parit i embb@diment does
limtation is inposed on the
not contain a hypochlorite or an alkali such as sodium
hydroxide so that neither harmful gas nor reaction heat is
generated even by contact between the cleaning agent and
the acid. Since the 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
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
simultaneous removal of organic and inorganic fouling

substances which was previously impossible so that a very

stable filtration operation can be continued compared with
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heavy netal conpound to be used in the present

enbodi nent, it is preferably at |east one conpound
selected fromthe group consisting of chlorides,

sul fides and oxides 10 contdéning an Fe, M, Co, N,

Ti or Cu elenent. The heavy netal conpound to be used
in the present enbodinent is nore preferably ferrous

£ Dl QI A T 1 e SEANPQidtfopf  sol ubiTity in water,

cost, and easy separation by filtration by the
[@ddijtion of an alkali such as sodium 15 hydroxide to

the cleaning solution after use. [0020] Although no

parti ghkatlllafihat boRnits aickpeshgorct e present

hydr oxydi carboxylic acid to be used in the present
engrdihidierentprafierablat deastiore acd tbesl que ok fdeom a Heeavy

group 20 consisting of malic acid, tartaric acid,
mettardt raymipowed dind @ thryedhed % yod faed thoxi by rat ed ¢ acid and

di oxymal onic acid. In the cleaning agent according to

t he pPResbBRUIBNBEdPREHLCUlEKe IRditati@c dthdPISedadiy the

may be m xed with another organic and/or inorganic.
hegsiy met § g ouny & Hrks a1l W petd | PEIRERY e%ﬁ?%glmentf

I AR LA 9 T 0 B S
t or.di to t ) t di bl
o B BEAPE 48 Y B GEeT o SRR TR BBty

cc%my‘%lri%% tach ]F@(, ]1«8-{[, A,/ LNi Wl'lein épecl%%?{f tSIl?lt%héleavy

ogerr peroxi‘de i's Tess t’han 1 'x /
me B QIS REION A& d 3 LADNSIHEBG € U &40 Yerbd PImd ik tHe more

conpl etion of the renoval of fouling substances,
prgadidil  Ferrous chloride from the standpoints of
solubility in water, cost, and easy separation by
filtration by the addition of an alkali such as sodium
hydroxide to the cleaning solution after use.
[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
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.

[0021]

In a preferred aspect, the cleaning agent according

to the present embodiment is a water-containing cleaning
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deterioration of the cleaning effect. Anounts of the
hydr ogen peroxi de greater than 1 x 101 nol/L, on the
ot her hand, do not pose any problemin the cleaning
effect, but 10 waste |iquirdlbreatnent using a |arge
anmount of a reducing agent is required in order to
treat nmuch hydrogen peroxide which has remained after

addriRani Rge ?El‘ﬂ@aﬁ%@eat;@attl Qﬁc%frdlmédrt%g%ﬁep%ﬁ:@éb@lﬁ i's
therefore nore préferably from1 10-1 to 3 nol /L.

en¥d 3adenitc lﬁﬁféﬁdﬁﬂﬁtd&rpm%esmq&ﬁdog&h Ppelfoxipidoich ain
suppl yi ng hydrogen peroxide to be used for the

angheaninhagentf mecdr di NP fotdhe presentolefhodivient thiet
may be supplied as is or alternatively, a conpound

amghinth o fyerfer dtedr el ogeropedexideleasahhaguéons 107> mol/L,
solution, for exanple, sodium percarbonate or sodi um

t hge AhysheRGe nEe e iZiP dsﬁed:ons{'@wg]cortr&al%ﬁﬂwhtplblfon Heo the
hydr oxydi carboxylic acid in the  cl eani ng agent

coatf@@rtmqm afp thfe r@w@rﬁ Hrifst gt ﬁ%bst;ﬂré%%?rablr%ﬁdlng to
from1l x 10-1 to 1 104 ol g of the he%v¥ 25
dehgryio Lﬁ e(ﬁt.t pémounts o he

aC| is l.ess .than

di o] I 0- I
hvt%eoig%% S0 'esatbaa A& dF 5% i nledr Beerh nétﬂ% other
cfckﬂngﬁgegxgﬂglg§§ ,{5@}4%3 \Ngﬂézégﬁa?%g% (ﬁ?Ut

€ hydroxydicarb cidis gre
wa'gcge 19 utll?ne tqté}ed'mé?ﬁf;%sfdbe st e Y dén%frﬁo@/f i£ laé‘du%lng

self econes tance to be oxi datively

g%eﬁormaosﬁ%lﬁ%d sig icxfRGt (Y Ry i J IRt HHoxide
organic fouling 5 substances cannot be achi eved.

wHNRITE Y ,r eild i BRI F tQfr tdie arhitdy OX YeleC abhexyitire taond of
in the cleaning solution according
hydrogen peroxide is therefore more preferably from 1 x
107! to 3 mol/L. No particular limitation is imposed on a
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
used.
[0022]

The amount of the hydroxydicarboxylic acid in the
cleaning agent according to the present embodiment is
preferably from 1 x 10™* to 1 x 10? mol per mol of the heavy
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
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to the present enbodinment is preferably from1l x 10-4
to 1 x 102 nol per nol of the hydrogen peroxide. \Wen
the anount is less than 1 x 10-4 nol, the renoving
performance 10 of menbrane féuli ng substances derived
frominorganic matters is not sufficient. Wen the
anount exceeds 1 x 102 nol, on the other hand, the pH

anguﬁ@%ﬁlﬁﬁf“%ﬁﬁlﬂlﬁkb&%ﬂ%@saéw Seddeh thean 1 x

cl eani ng effect brought by tthe Fenton reaction

10degbeases, thesulche?dhandjetde oralroaydikakbokii@ic acid
cl eani ng performance of nenbrane fouling substances
itdaylifvetk doneyB of garb £t dradd e . bel hex iddagainiallgy st adnmssed and
has a pHof from2 to 3, preferably from2 to 2.5,
s atoirsef a qiraefye Moy ffrme: o tmark:el o fstatdgamipr efouling
preferably 2.3. [0023] 20 The cl eani ng sol ution
sulsdandiany qanndte e exdrite vashbotfiorentefay agogpougé gf the
addi tive for enhanC|ng cl eaning . such as surfactant or

hyQazatd Wré?@?ﬁll%ﬁéblt i st leaa niTHe iU G RN Lﬂa%cordlng
t t h
to?Eﬁré’eZ'tpégess“e%mi‘;’aWa” Laen La""sfﬁéaa%g oDy oms 1 SO0
hth | | f d h | cahol
B B8 PRkt 0 $PELEHOROSET! REFy den QQ?Pﬁ@ﬁt o
aﬁ%ﬁéyu¥gjﬁe§§nﬂ% %!R§£g§@rﬁ#?gytﬁg1ﬁg 89&53 gggformance

er nar anmonli Um -

J@g} gc}_%r@% uﬁéa e

IL&L nmet h e oxli {yl I met hyl aorrnn nlon?‘ra c_ﬂt%/lc

mé%%é%sk¥§ 5%&¥¥ic1ent When the amount exceeds 1 x 102
al kyl carboxynethylhydroxyethylln1dazollun1 bet ai nes;

md1gNicNithes WHast afdrid, Sudle asH A wWhey edhedreingy Ssolution
alkylphenyl et hers, polyoxypropylene al kyl phenyl

begtdieyrss ,t oo EmeiXly edrity taree clldat iref kel s ctpdd noagiet oyt ertes
al kyl esters,
Fenton reaction decreases, resulting in deterioration in
the cleaning performance of membrane fouling substances
derived from organic matters. The cleaning solution has a
pH 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]

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
naphthalene sulfonates, and higher alcohol phosphates;

cationic surfactants such as primary amine salts, secondary

amine salts, tertiary amine salts and quaternary ammonium
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pol yet hyl ene gl ycol al kyl esters, ethylene oxide
adduct of pol ypropyl ene glycol, and propyl ene oxide
adduct of pol ypropyl ene glycol; and chel ati ng agents
such as sodium 10 salts, -pét/assiumsalts, |ithium
salts, amoniumsalts, amne salts and al kanol am ne
salts of at |east one of 1- hydroxyethylidene-1,

sdrh PhasPhond £i ACd ¢y fa B MOS | | a8 hy| SAERHOSRI@SE Csuch as
aci d, ethylenedlan1netetranethy enephosphonlc aci d,

aﬂkyiaﬁméﬁﬁimﬁmﬂméh@ﬁﬂd@ﬂeﬁIEwmmim@t%w¢$m5@@Oﬁatt@cadld
di et hyl enet ri am nepent anet hyl enephosphoni ¢ aci d

betidindontandicel k¢l @ilb P hylhydroxyethylimidazolium
et hyl enedi am netetraacetic acid (EDTA),

betiatigsd enmeeniem aepenfacicatts siechl DTPA)yoxyethylene
hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA) and

abigy kphen | etrea 23 r e hedreviaeky lenqca bkymheyyl ¢ooens,
The cleanlng agent according to the present

1enmh e pk e%fanee%%yp%wﬁ@ewh@%%r%lgl&ﬁl esters,
p%@%%%r%fﬁa@a Ceros ShhuAnre s, st of
Ml SN %C&yer%ref? ?élag&ﬁ 59%2%%56 ARG e
L
sPred eradl ¥s s Wt &8a1 ¢ COI‘f'&r?'ﬁEr@tééDI‘th Ao Nh ugglp@spn

tthe ‘environment.” In the preparation process of the

arfl (RANE 410 AGEN RIS A nd Oséi‘@s ps £sent 1 epbodbmEends 1-
in order to renove organic 5 fouling substances and

hyadesepd t Hylel deayyl Netdd pleesmosiike i acid he cl eani ng

solution from adhering to the nenbrane surface,
aminotrimethylenephosphonic acid,

ethylenediaminetetramethylenephosphonic acid,
hexamethylenediaminetetramethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid
nitrilotriacetic acid (NTA), ethylenediaminetetraacetic
acid (EDTA), diethylenetriaminepentaacetic acid (DTPA),
hydroxyethylethylenediaminetriacetic acid (HEDTA) and
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
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
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t he hydrogen peroxide is preferably added after
conplete dissolution of the heavy netal conpound,
preferably iron ions which are heavy netal ions. 10
[0025] In the cleaning nethd8 of the separation
menbrane by using the cleaning agent according to the
present enbodi nent, the cleaning solution according

sdrdite t¥ esentse&Mo i Hend r dBn Db Suhént 1 ® SESESL4b1y
with the separation 15 nmenbrane by passing or not

wiassi g ddres tdeadt 1gh Sof Uthonih fl uddee CEOSShS eshv dNGhment .
direction of the nenbrane. When the cleaning solution

In slipagsesbdmatien gsossesectf orted clearettdg cagedft tdecording
menbrane, it may be passed either fromthe nenbrane

tsuwtaqe arenthemevd e, sineoxter riomn 1dmone nbrgaei 20
surface on the filtration side. [0026] Specific _

faudais esakpftanres| atahi e vt hodhe megaide et bt foapeEnd in
cl eani ng whil e supplying the cleaning solution from

EheheC hoat iR eo S nkr TR 119 thetRoIRToRRS Partace,
o S o B S PR e L e

soluti.on fromthe . raw water, si de and, cl eanin ile
i (TR pM WL XfM e Pty From
. \M t o fi r r | e - perneation cl eaning)
16{}11% o) Cu}{ ic—iofne.e %%%P% ingér:%{l 2%(%}%1 es of the cleaning
od include a nethod of filling the separation
menbrane with the cleaning solution and 5 imersing it

thereitp ko 21RaedeLENIMRE UM hE FRaSa@lon membrane by

cl eani ng), a method of backwashing while feeding the
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
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
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
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
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cleaning solution fromthe filtration side (backwash
cl eaning), a nethod of accumulating, in the separation
menbrane, the cl eaning solution reversed fromthe 10
filtration side and i mrersi A§ the nenbrane in the
solution for a predeterm ned tinme (backwash inmersion
cl eaning). These nethods may be used either singly or

filrtféﬁ%rmﬂéghin@uraﬁewi@wml@ﬁlﬁ@ﬁm@e(@e Todeh-
introducing air ubbl es on the raw water side
pesinBd tiadte atisd 3h Wid )h g hs @futlfort he pldavd-cdrscrasdeetbles of

cl eani ng net hods (sinultaneous air cleaning) and a
tnetdicshrofng migtdoud i ivge Aide it E@sodno £ hied 1 Y avg walter

side follow ng each of these cleaning nethods. In any
seplazat nn memdoong hel e peraat ¢ ore miemd rsmkeut somoind

clogged with the heavy netal conpound because the _
irgehpoln 1 R0 herglin sty e potgstaErinedq ogoorg  NRRpRERHeN

the material of the separation nenbrane to be cleaned
clgpniiglol eafisi o tHod i i twrthe inedng the

enbodi ment is,not:$articuggr limted,  a

X

CIRARARyIq e D e 44 i 197 | Hidpg(gpckash

G R T L T

me%ﬁ%r?é' JTEHLANG, 4 S Qe PR L Pééé’l\#éﬁt - 20
or exa{rrp e, revers osnosi s ne rane, me rane,

fitill\s,tFr)ra"éciidﬂ S { PRI BB AN 6 b A R 144 F8ld Mblution

r
menbrane are preferred. It 1s however noted that

£d10ra the g Sani il ofinge I QVRF166 5 'MThSr SRS MEaning) .
recycle non 5 perneation cleaning is enployed in order

THes A tthddie mfypIsd hiddd Ye ifhd hes Ivefby asie hei dignbination.
cl ogged with the heavy
Further examples include a method of introducing air
bubbles on the raw water side simultaneously with each of
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
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
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.
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metal conpound di ssolved in the cleaning solution.
[0028] A hydroxy radical (HO*) generated fromthe

cl eaning 10 agent according to the present enbodi nent
is highly oxidative so that2dt- mi ght severely
deteriorate the separation nmenbrane. In the present
enbodi nent, a polyvinylidene fluoride filmis used as

Fr PERLAP D] re5EPIE abiRDs TBMREABEan Y eRFamBRb L e,
menbrane characterized 15 in that the pol yvi nyl i dene

uftveriderdtiohhasrp menyshae| i Z2a8i acdegr eerat i6AY(HF)
greater but not greater than 90% and a product

mahb adnedaby potfeprydng Itheis diopsded 1t irzaitednt ey riser byhe
a specific surface area of the porous nenbrane is 300

clempingy of grraversbuosmosigrwemerane,thaay2deonon-
(%2/g) is used as the separation nenbrane, the

pereaat hon agkpeniegol 8 AYPieyefeipresenr babadpienthe
does not deterjorate the separation nmenbrane itself,

Peapibblikedot obke @empa@n?ah@én@fCé@ﬂ@@ﬁtwthoheeahaavy
can. exhi bi t hl% Le@g effecis i n shorL ours.
Mekt br FOPRPTRA Ot SEREYBVDE 2507 eS1 R20URIt 8Otk pdSlire to
[ @g cals is presuned to occur from an anorphous
g gion of it responsible for the flexibility of the

resin.p 2R les ??e?xera?t]ed "]‘.rr%?i{ﬁlﬂei é:gteia?ﬁng

degree o) o"or greater reater

agbet “Q@&&‘r&?ﬁguﬁo "Pl@@fﬁPésQHESeﬂﬁédPﬁéﬁﬁelgf hi%
ha ous

easlly and Igh rigidity even i f the anorp

oRPALE DR HECORNROSES ﬁﬂﬁh@eééﬁéﬁéﬁyeéebérlb?a@éeaﬂéng
chem cal. 5 Based on these findings, in the porous

s &pabs anen exerbrend . 1 Th waleep eddreatdniiodinskrohend cal

resi stance, the product
polyvinylidene fluoride film is used as a preferable
separation membrane. When a porous membrane characterized
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
than 2000 (%omz/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
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
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obtained by nmultiplying the crystallization degree by
a specific surface area of the porous nenbrane nust
fall wthin the above-described range, preferably 300
(% n2/g) 10 or greater but Bdét-greater than 1500
(%2/g), nore preferably 300 (%®/g) or greater but
not greater than 1000 (%%®2/g). The porous nenbrane

cWiddH N ithe ek rsgdes I bRk ranga-ase @ IR &lot greater

permeation capacity suited for Tiltration and does

thaet o@asi IbhadirRylico iy eemieihel WP ot Yerome brittle
chem cal s, because a contact area between the porous

edwlyr anel ang aigjreanigiglicherdweal ifS it dmeorgheonge.porfioion
further inprove chem cal resistance, the total anpunt
degfomp®-sfecr mngt \dettad sl canedt o6 flayr rhfey yshtedrsinion altrmigradst al
portion of the PVDF resin constituting the porous
Baggthraan & hes e imdafnarsabliyn 3098 dronass memdrart efxgabignt
25%or less, still nore preferably 20% or | ess based
ingyatiee msgleadininenst chamd &y siel i FdGon. the Rypduct
crystal structure of a PVDF resin,. three structures,
S RS I o g B EE S BB
kna and PVDF resi ving a 25 crystallizatia
SEf&gre€ &urgf@%eorargeraear%e& Sutt ot  greater % I’ﬁnélﬁsbo%)lr%ay
: ai,n t t t t i o o2
w337 shd SRS USRS AR R R Joo aen/e)

oz MG ot ?x’éa@@cr rdynay ol {den@ngs abhgret he

resin containing themnuch in the crystals

prdRITeEf1 Y SV eSunRAg | OohayBedte POPhit ORoEU§EEREEDI €hEA
deterioration due to chemcals at the boundary

1008t wesh’r§p. Criyd gorld intdniach i iU st e pOsdven.

This may lead to deterioration in chem cal resistance
degfc rtile dhGirgyep Tl s Wertiera pe rok gadraouscapadiranesuited for
filtration and does not easily deteriorate even when
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
B-form crystals and y-form crystals in the crystal portion
of the PVDF resin constituting the porous membrane is
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, P-form and y-form
structures are known and a PVDF resin having a
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
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having a smaller content of O-formcrystals and y-form
crystals therefore does not undergo deterioration due
to chemcals. Although no particular limtation is

i nposed on 10 the lower |im32 of the total anmount of
a-formcrystals and y-formcrystals, the total anount
closer to 0%is preferred. The PVDF resin nmay have,

at8 tRermbyshahieolionnkhereef. thei bher eB88iAf cBntaiAling
crystal structure and y-formcrystal structure. 15

tiamphes ih00R8] cryBeapsesrBtebivVest peasunkl to have a
herei nafter be described in further detail by Exanples

panti&onpasa¢pveb Exanpl éstertorafishodhd howekiemibels at
borne in mnd that the present invention is not
thenboeddbyyt hehvedhethel towehglapervarinoasd amorphous
measur ement net hods enpl oyed in Exanples and
PCohpanat il s Manplesd (oodpjer porasien separhenibral
menbr ane nodul e, enployed is an external_ pressure
regpetanaal ef whpehvhade PArevs ¢@E@Eﬁ§?ngAArRRﬁQEFeWembrane
| epgth of 2 and a di anete f 6 inches, a hqllow -
hai g Bermad LPbf FPEFSRE ont (RFSORBrbF GRS HnBR Aot U
b hi,. Kasei Chenmicals, having an _average, pore siz
ooy I T haREORRAR ST PO VN PN T barf BLorPe) o
: ra t - le is . In .
HDE SRR 200 BLA%, Yo IO £ 15 B0 44 dmposed on
thel tERLEON hDe VOECPRE T LEERTT QRoURE BETBOEDRA ¥Ry b€als and
y-form crystals, the total amount closer to 0% is preferred.
The PVDF resin may have, in the crystal portion thereof,
either one of PB-form crystal structure and y-form crystal

structure.

Examples
[0029]

The present invention will hereinafter be described
in further detail by Examples and Comparative Examples. It
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]

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
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mai ntaining a predetermned filtration flux was
enployed in a cross flow filtration node. For

cl eani ng, a separation nenbrane nodul e used for 10
filtration for a predeterm A8d-term and having a
transmenbrane pressure difference increased to 200 kPa
was used. In the present enbodi nent, a predeterm ned

£ HEUH Ho £ A KAVNINED) W 108 ROkt ESy IHE Asahi
separation nmenbrane 15 nodul e and the separation

KJBRND e was) £ eaiechPyar ecyst £5d ipdratd e cheah NumA and
filtration capacity was eval uated based on a water

maaRy ety dnyeiapaci deneantl ddwel deat ervDPer nthlel arenbapads tarea
was cal culated froma ratio to an initia

oft rdres menhrianel pressfre di fference. 20 Note that the
cl eaning step and separati on nenbrane described in
t hese Iax&rphed egr engr Sonped agiivig fegampiligsyscomsitpat flow
purposes and are not intended to limt the «carryin

regi ol it e siehtwhiihent § orcatioys jas perdmedivhile
resi stance test of the separati on nenbrane was ,

MY TR i%h RIRAG IS TR ﬁﬂg]rﬁfear’%l%t W AT STt gyed 1n

t he negag?ne.Hﬂla cl eaning solution for a
a Sretfet _“ﬁéav-EﬁF%QQrﬂﬁ ensil e test was perforned
and t %LEﬁe%hqg%atQOEF%%raQH%%kn%@?g%?@%ﬁﬁf%%ﬂ%iﬁ?@é for

and aft I er siFon. ngation _
FRLATaEdol ) RSN U AN o1 kg L0 o
t RIrRH Ahalp R fale d s A ts{cdel it Hdd oo Z0E kB was
chem cal exposure by imersion for n days.
used.

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

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]
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
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El ongation retention (% = (En/EO) x 100 Tensile

el ongati on was neasured using "Shi madzu Autograph
AGS-H' (trade name; product of Shimadzu Corp) at 10 a
grip distance of 50 nm and &4pulling rate of 100
mimn. [0032] Exanple 1 A nenbrane nodul e whose
transnenbrane pressure difference reached 200 kPa

t i¥fd ere S haperagtd Pe Ul fted AR aSed SV Mad BSngation at
surface water of river having a turbidity of from1l to

predW0/Wad Basad) iy ther kaoldriy S rghar dusob sid®N Elongation
produced by Kanto Chemical) and a total organic carbon
rdtE@)icaf (¥)omds TempAmirced, 5imtHdcowdacdeantch ashe
descri bed below 20 A cleaning solution was prepared
fdyl cadidiongfortnoilay,  farpe crilsorigadr ioge e tpared ke(Bol uve bore
(0.88 mol /L), ferrous chloride and malic acid to give,
imgsrcaay a@ridrsl @fgdk Go0gt fuieak atfino. o epldeterioration
respectively. The nmenbrane nodul e was subjected to
dyee dre | e Galatg P i hg MR S 390 fRT 2 R ¥dur s.
The cl eani ng solution was then renoved fromthe
modul Elaﬁaagﬁenséﬁéﬁattilaﬁ tenbrané )rixn?@(ﬁ) with 500

L of _ultrafil rati%n water for

( 2. 5dhour.s_. -,.S%Slm éﬁzua
r esul £ SBf 1t e SEPEFRTAG oY 2ChE A5 E 4 &S e d " HETRSU,
. e e . :
e e R
a trd(;ig&e'%@aq{@e fid tdALION LARAGLHTY WY chy 1ad ONCR) mm/min.

to 10% 5 of it before cleanihg. The total
(@=eaning time in this cleaning nmethod was 8.5 hours.
During cl eani ng, generation

Example 1

A membrane module whose transmembrane pressure
difference reached 200 kPa after 6-month operation using,
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.

A cleaning solution was prepared by adding, to an
agueous 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
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.
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of neither a chlorine gas nor reaction heat was
observed. The cleaning allowed filtration operation
through the resulting nmenbrane for further 6 nonths.
In the 10 present enbodi ment25 the filtration capacity
was evaluated by a termuntil the pressure during the
filtration operation increased to 200 kPa. [0033]

Exanplgy 2 1% g dealdGildi iy IRf diRmisie tRdid € bed

of Exanple 1, a cleaning solution was prepared by

meeielbdg, s&;@a@@ix@@u‘@%@ thY MO Aa PET DX1 €82 60bNT E@Pacity
(0.88 nol/L), ferrous chloride and tartaric acid to

b@fyee coscenis ald00ns oiie n&OBan®| técoaaded. D60%DLL LLthe
respectively. The nenbrane nodul e was 20 subjected to
megoyzie filtratiom cipacing whichibhadloonée hedusedThe 10%
cl eaning solution was then renoved fromthe nodule
ofantt thef eepar kedwingrenfitend otesl dlesading tthirgooin. tdfis
ultrafiltration water for 2.5 hours. As a result of ,
clepnEngdre HeeBywahed aboeuBescriwed 9 25 afdtifyy, generation

supposi ng that_the nenbrane filtration capacity
oPetbt ke VRl ABEE IR ReRLFSREL 1 0B 0bes b aBOs BFE Ved -

h nb fil ' ' which h .
the RIS 1L 3en £9psc Ll e 6oy
ofd AnL oo, LigE L Lls 6L eant g pes odoups 8.5, haw's.
ring clreaning, generation ~of nelthér a chlorine gas

p{%%eﬁ@a§$$5ﬁﬁ$@ﬁ%,m@ﬁeOpffﬁﬁgg%oghgaééggﬁ%n@a@'é@ dated

tration operation throug t he i ng nmenbr ane

by o4 {ah hede 61 "o NSred 9034l during the filtration
operation increased to 200 kPa.
[0033]
Example 2

For cleaning the fouled membrane module of Example 1,
a cleaning solution was prepared by adding, to an agqueous
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
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
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%
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Exanpl e 3 For cleaning the foul ed nmenbrane nodul e of
Exanple 1, a cleaning solution was prepared by
addi ng, to an aqueous 10 hydrogen peroxide sol ution
(0.88 nol /L), ferrous chloriée-and tartronic acid to
gi ve concentrations of 0.0008 nol/L and 0.05 nol/L,
respectively. The nenbrane nodul e was subjected to
off 6y Her diid tdtd o) eaneng ovalih ciileah@hn g + iRUriS: tHAS
cl eaning solution was then renoved from'the 15 nodul e
claithitrte rEaPRI At QN TEMHANS WaDuliinged 1Waini n900 genefrat ion
ultrafiltration water for 2.5 hours. As a result of
oft heeideaniangHlw tire: ajuy exdle segd dieibn rreddtodya s upipsost e .
that the nmenbrane filtration capacity before use was
100% Thee cieabiage aléoseer €d 1t00%ioh per2® ivanthaesgh
filtration capacity which had once reduced to 10% of
the nssfdrteing eeamgpnerieon diwitidednimepthise in this
cl eani ng nethod was 8.5 hours. During cleaning,
ration of neither a chlorine gas nor reaction

heat mgg observed. The cleaning allowed filtration
EX3 & in through 25 the resul ting menbrane for

furt 6 t.hs. [00 le 4 - 27 F I '
o Ber, AT OOl SAmle b Sl 1
| uti. . i ng. .
- SO0 R B SFLA B AR o] S ARy anueous
RS AT B AT, 50 L 1809 Conceniatieria
arfe AN Imdy & yas, %?Hf@&%é&f%§ df ¢ regdPmol1/L

cl eaning for 6 hours.
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
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
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
the resulting membrane for further 6 months.

[0035]

Example 4
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cl eaning solution was then renoved fromthe nodul e and
the separation nmenbrane was rinsed with 500 L of
ultrafiltration water for 2.5 hours. 10 As a result of
the cl eaning by the above-déslcri bed method, supposing
that the nenbrane filtration capacity before use was
100% the nmenbrane recovered 100% of the nenbrane

filtragd o &apacd tthahi &l dadnemsLak€du66861600E08kafble 1,
it before cleaning. The total cleaning tinme in this 15

a Ct Bédh g N6 Nedi vasw8s Sphepa sed Duyi 8gdeheant8gan aqueous
generation of neither a chlorine gas nor reaction

hye¢adgeaspebsei dedsolTheonl ¢anBdgmal yDywedférkbnat chhoride
operation through the resulting nmenbrane for further

ald noht hama ] D038¢1d 200 Eyavipl eobcentrattansngft Ae0PBBI ®dl/L
menbrane nodul e of Exanple 1, a cleaning solution was

apdl epaf 2dndy/ hddragpe bl ual nquddis mamkirase Mmsii bk wres
solution (0.88 nDI/Lg%%ferrous chloride _and

syphRyHefete BRFUCE® fiikrebhernfiadnsng 5probobprrs. The

/L 25 d 0.05 /L, t
o [Reied vaal e o cer at b BebeT e Fr oot he enaha fgd the

S?%%%%aorh%ﬂmﬁfeﬁ%f% Sas oS a0 BE, %lgb!%fpéfatw?int hen
0
u[EFRE 2R nggalw§€grw;sp 509 hogks ultrafiltration

a resu of the cleaning by

t he a%\’% X 1ibegk ¢1Rt hod 45t g&;gqi} NG d t’!@!?15oxﬁé"—‘f%:lesch.bed

menbr ane ation capacity ef'ore use was 100%

méﬂeo@”enm%@sm oves ede 1008 ahrihe FEIPFADEcHI Ehpation
capaC|ty ad once reduced to 10%
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.
The cleaning allowed filtration operation through
the resulting membrane for further 6 months.
[0036]
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
and 0.05 mol/L, respectively. The membrane module was

subjected to recycle filtration cleaning with it for ©

hours. The cleaning solution was then removed from the
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of it before cleaning. The total cleaning tinme in this
cl eaning nethod was 8.5 hours. During cleaning,
generation of neither a chlorine gas nor reaction
heat was observed. 10 The —<lZ8ani ng al l owed filtration
operation through the resulting nmenbrane for further
6 nonths. [0037] Exanple 6 For cleaning the foul ed

nOBEPE aReq "PAU! 80 0f - EX TR ferkbrade Ra! 8AALDE SOLHI500 L of
was prepared by adding, to an aqueous hydrogen

uPeF oKl dersel shi PacéP. B8l sLhoutgrrous chloride and
di oxymal oni ¢ acid to give concentrations of 0.0008

ol / L randh Gulldd tHesplecdni M) Yoy Titee s erescribed
nodul e was subjected to recycle filtration cleaning
matididj tshppobiRd tivat sthdheembeanenfji soration wvapathen
renmoved fromthe nodule and the separation nmenbrane
bebsre i msedvas t h0G9) thefmembranéi recarveoadwaber ©6rthe
2.5 hours. As a result of the cleaning by the .
nemevane ettt brtlionetapaci tyippbsrhghafapneaeragdnpedneo 10%
filtration capacity 25 before use was 100% the ,
ohrehbrpkoFecover RN 009Nt e hetitfiathie g i timatiprthis
capacity which had once reduced to 10%._ of it before .
c EPUEH AR TS (811 6 oF caARRE ¢ DK 111F (HheAningy generation
| eanj n nethg was 8.5 hours., During cleanin
oL eRer o Or He eReion THT of PRECHAS o L kagt PRReTved:
heat rv%$ The cl eani | owg% [t rati h
oper at e LRBUa ACEh e Tl e T by
tﬁ%r@%@ﬁ@%iﬁﬁ[ﬁgﬁﬁganébﬁgfr?ﬁfﬂﬁeﬁxénﬁ$ﬁtﬂs.
[0037]
Example 6
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 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
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
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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For cleaning the foul ed nenbrane nodul e of Exanple 1,
an aqueous m xed sol ution containing 0.08 nol/L of
nitric acid and 0.06 nol/L of oxalic acid was
prepared as a 10 cl eani ng sdt+ion. The nenbrane
nodul e was subjected to recycle filtration cleaning
with it for 2 hours. The cleaning solution was then

c[@gQY§§ ﬁé@ﬂb&hﬁagnﬁubehéﬁgstheDu§§ﬂ@Téﬁé§Wiﬁ@, éﬁ@&atlon
was rinsed with 500 L of wultrafiltrati on water

oﬁ.ﬁeh@Méﬁ,aweﬁlsbynéh@aﬁEﬂbfaB@aéélbﬁcaaatpwbﬁ.oEB@rpéb.
not greater than 6 because of insufficient rinsing
W t h viltteerc Inmyh ey aa lawsed foil tgehiesatopsrafien through
chlorine gas or reaction heat. Then, the nenbrane was
thebresteding memlycaeef fotrr Aurvhec| éambnghsor 8 hours
W th an aqueous m xed sol ution prepared to contain 20
[0038] nol /L of sodi um hypochlorite and 0.25 nol/L of
sodi um hydroxi de. The aqueous m xed sol uti on was
ComppyBi Ve ohx@Relembdul e and the separation nmenbrane
was then washed with 500 L of ultrafiltration_water

for fﬁ?lﬁﬁﬁ%ﬁlqg;QP?eﬁﬁﬁtﬁ%fm?%%r%?%aﬂ?ﬂ@l%yofh@xample 1,
2R orEeRes T 54, paPfincroytabRr B 00 0 hal Y088, nihstc
RBEIOLANE" SEost ) 9% ol e crmnicane, LiLLelhon.

capacl once re
T t
R o R i S R R e P s

réegzclél P81 082 VBSn LW £8n 88g MWEEn st gL peguhrsd fiie
the cleaning solution deScribed in each Exanpl e of

cléenPigsest ubi A04s MeRén Féhbvedi PRoAPERat hO®AuYBSand the
performed with the

separation membrane was rinsed with 500 1 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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separati on nenbrane thus cleaned. Then, the pressure
i ncreased to 200 kPa after 4-nonth operation. [0039]
10 Conparative Exanple 2 For cleaning the foul ed
menbr ane nodul e of Exanple 30 -an aqueous m xed
solution was prepared as a cleaning solution by
addi ng, to an aqueous hydrogen peroxi de solution

ofl B8 dmld )a1dBIRYS ehlOkicdalt @1@a¥8 nd *3me in this
concentration of 0.0008 nol/L and the ménbrane nodul e

cMasirf it das reswedierd | tthat g ueled¥ Mg et liseld for
for 6 hours. The aqueous m xed sol ution was then
riremuvedvdy aniddaadmtlidie andlidte separsdd ofo et arieeaning
was rinsed with 500 L of ultrafiltration water for
sd & impurdes@0iAd alr esaght E¥anihie of earhegoiysdhe
above-descri bed nethod, supposing that the nenbrane
enflddaimariton capacity before use was 100% the nenbrane
recovered 70% of the nenbrane filtration capacity
whi chFRd§ rekdenr eggEedirs Yo% BELfOrBeroMd th 8% ng.
Such | ow recovery was presuned to__25 occur because
S SRR MERP LA Y 144 ng NEBY UEP6n PEREG TS
. inconpl ete r v of ..i norgani ¢ .foul i ng substances
lWﬁ%ﬁ%%@£1§%ﬁ§ﬂgﬂﬁ%hEﬂ%ﬁﬁfa?ﬁonﬁﬁaQQﬁEék%ﬁ%aning tine
[Qg%g]Sl - this cleaning nethod was 8.5 hours.
I'"t'rati on operation was performed with the

R SRS s el e, L e

Conpabat k1eaBXagPkee3 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
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.

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
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



10

15

20

25

For cleaning the foul ed nenbrane nodul e of Exanple 1,
an aqueous hydrogen peroxi de solution (0.88 nol/L) was
prepared as a cl eaning solution. The nmenbrane nodul e
was 10 subjected to recycle3fliltration cleaning with
it for 6 hours. The aqueous m xed solution was then
renmoved from the nodule and rinsed with 500 L of

thH 4 redfddd 18 |0 N8d 8Fas fOrs Zhdubours. As a result of
the cl eaning by the above-described 15 nethod,

Ssupposgiing rahdtort kg drRMicaN&ald Iddrdid e agad tohe

bef ore use was 100% the nenbrane recovered 65% of the
s eyeH taien fridisedneont loapaci ¢ynaddi ciThead amee preduscad t o

10% of it before cleaning. The separati on nmenbrane
iveseasid tod eahedkRonpf eeel 3-yntn cerredusosol ut i on

containing only 20 hydrogen peroxi de. The total
[4Bhing tine of this cleaning nethod was 8.5 hours.

Filtratjon operation was perfornmed with the

CamRparat i oh Wredfkhe3 t hus cl eaned. Then, the pressure
e 40,200 W 3e Fomin sl B et 1

L i COAT o B Tl 5L W T a e 8 B b o e

e Toimbind HetEi N nd i AL e R s

PR 4 Lo, el il 5 e for 00
hd! e TaRd AR c2@P afi Heldo R JTRIFR AN § MR % NS RRchodd £3Qh
the module and 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 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
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.

[0041]
Comparative Example 4

For cleaning the fouled membrane module of Example 1,
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L of ultrafiltration water for 2.5 hours. As a result
of the cleaning by the above-described nethod,
supposi ng that the nenbrane filtration capacity 10
before use was 100% the ned¥ ane recovered 82% of the
menbrane filtration capacity which had once reduced to
10% of it before cleaning. The separation nenbrane was

aﬁ%%u&w@r}ﬁﬁx&@n@&%@wn p&@ﬁygmkzwg b@C?QSﬁoﬁ/ﬁ%E' 88dium
ferrous chloride which had renmni ned

peeh sisohyed oning. 6 004 Smb DL pbk of et hou €| €RDOAYde was
solution as high as from10 to 11 adhered to the

pEepared i o9 aeabeanengdusohgt toeaniTie mdmbrdrod adas
cleaning tine of this cleaning nmethod was 8.5 hours.

s} ¢ciadd oo opecytlenf whsr peidorobdansnggwibe it for 6
separati on nenbrane thus cl eaned. Then, the pressure

hQ@rs herldsf agvsrcass aul tesl 200 WHprafag themmepoved from
operati on. %%0042 Conpar ati ve Exanple 5 For cleanlng

tfmem@@al%da n*bla%n%em%%fm@%ﬁw% yas washgdeBtish 500
m xed. sol utj on was pregared as_a_cj eani ng 25 sol ution

L p9t et FRyt L+ or &t QR uddteT hyof ofen PRYHRi de  sol uti on

é?vgsé*gsn"'ca/eL%saﬁ R Sty 3 Sk deyerivea
m§§h0693£5§é+% e PESQ&Qﬂ§r¥@gi?f$%§g%fﬁ tgapaqhty

recycl e |on cl eaning w OUurs

b@f’%?%sé“v@ 1(§(§’SL ut{ipD Madst f@g&‘/éﬁeérﬁf'%tgf the

e and t separ ati on nmenbrane was was

mé@@rém@ffﬁl@féi%ﬁ I ééﬁéé?ﬁ‘}(\/\@ﬁf&hf}%d 2oRcHOBESGucds Bo 10%

result of the cleaning b he above-descri bed
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
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
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
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,



nmet hod, supposing that the nenbrane filtration
capacity before use was 100% the nenbrane recovered
87% of the nenbrane filtration capacity which had
once reduced to 10% 10 of - t3defore cl eaning. The
total cleaning tine of this cleaning nethod was 8.5
hours. The cl eaning was perforned wusing lactic acid

r¥bh &b Y881 9N e NEIPOHBPNALATNAYE dfed a5 USecycle
however, resulting in inconplete recovery of the

£t £5t PER NBBEAATnGapatht Yt £6rFel hoatkon Tperafiesusasi xed
perfornmed using the separation nenbrane thus cl eaned.

sdhebioh heapresenr eembnedeised the2@bdkPa ahtiethd- nonth
operation. [0043] Conparative Exanple 6 20 For

sepeaaat hgn t hembp vahedwasnbaanedneduheS00 Exafple 1, an
aqueous sol ution was prepared as a cl eani ng sol ution,

ubyragtttngtion wateyueonsZhydhogea. peroxi de sol ution
(0.88 nol/L), ferrous chloride and citric acid to
gi ve PorcertsHt oifs e cclouslnmI YL vl Ao 1R gEribed
res ectivel%$%25 The nenbrane was subjected to rec%cle

m?FT Yat FORPLF 3R hgetwrhe PembpRng ﬁthg?t?ﬂ@ GAR_GLEY
i t hen, d _f t he modul
o880kt LiPer aenbithe DES Percbait FrocveiedsBof b tne
il i on. vat . f .
kéf;%tlé £{f{£%€l¥\ﬁe8£%£8£t %h?S@[egadﬁé?g%g?éHLEeS £g410%

eani ng _a ove_— escri ( , Supposin
oL, BPpFETE R AL oy S cppbid gt e v
c1dh 188 1 R IKERAGLE Y8 Wi ghubhad onge drduchth twhd Pbr R rmed

it before cleaning. The total cleaning time of this
using lactic acid which was one of hydroxymonocarboxylic
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.

[0043]
Comparative Example 6

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.
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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cl eani ng nethod was 8.5 hours. The cl eani ng was
performed wusing citric acid which was one of

hydr oxytri carboxylic acids, however, resulting in

i nconpl ete recovery of the 10! water perneation
capacity. Filtration operation was perforned using the
separati on nenbrane thus cl eaned. Then, the pressure

5?@e£e?f u99£59§99r591890w55@ra%&@f24snpeﬁhsoperatIon
15 Conparative Exanple For cleaning the

f oul e%mqr@g}ﬂml@]@fc@@m Py tid ashedUSescribed
sol ution was prepared as a cleanlng sol ution by

métEbag, stPpasiAguenst bydraeabrareoxillersoliuhi capk0i8s
nol /L), ferrous chloride and oxalic acid to give 20
bebocentsat vanslo0% . 0088mambtanandebo@bradl BB of the
respectively. The nenbrane was subjected to recycle
némbramei bl trebhongcaphchtyt whbchehadupesce Thedugadots 10%
solution was then renoved fromthe nodule and the |
ofeplarbefone nehprRRIwasTe risecp hi¢kearsigny |tigre of this
ultrafiltration water for 2.5 hqurs. . 25 As a result_of
c%%n%m%arﬁ?*ﬁ@o%ywwef; abobeuBescribedl srR R, Wast gt argred
e menbrane filtration capacjt bef ore_use S
95509 S REL roRBranEh HEEoter canSaoE oY EReRY t SkSa kB Tie
i on._capac whi ch. had once, Ledu 0
2t {7 R FEanf R TheS et P BERe E FEreV I KE s Bhe
wg{gfgégg%gg{bgg @Q§?§1§yh°“rs The cl eani ng was

usin ric’acid which was one of OHfree

d' car %leéfé‘t%ra%&raﬂ%ws SEst A i dpop! ete

recovery of wat er per nmeation capacity.
separation membrane thus cleaned. Then, the pressure

thereof increased to 200 kPa after 4-month operation.
[0044]
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
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 rinsed with
500 L of ultrafiltration water for 2.5 hours.

As a result of the cleaning by the above-described
method, supposing that the membrane filtration capacity

before use was 100%, the membrane recovered 88% of the
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Filtration operation was perfornmed using the
separati on nenbrane thus cl eaned. Then, the pressure

i ncreased to 200 kPa after 4-nonth operation. 10

[ 0045] Conparative Exanple3® For cleaning the foul ed
menbr ane nodul e of Exanple 1, an aqueous sol ution was
prepared as a cleaning solution by adding, to an

néHBEMS P OF OPILPEE XA der $Ohi E0MAL- 88cd Sr8Bhétd  to 10%
ferrous chloride and fumaric acid to give

o £ONE Y f @t d 0B A i fly 00GB dmlddaland dingmide of this
respectively. The nenbrane was subjected to recycle

clédnig imsticdeam 108 . 5viliduts. f Ahdd Nearsingl wasaqgeaditsrmed
solution was then renoved fromthe nodul e and the
usaparat i oic necbd anel slasvamshree of t GH20r&90dicafboxylic
ultrafiltrati on water for'2.5 hours. As a result of
aqids cl e v byr ¢ hiel tiboy el nlebredipbe t erer¢eeve Y ppbsi g
that the nmenbrane filtration capacity before use was
wWalRn, P e He kR grPReteYer ed 83% of the nmenbrane
filtration capacity which had once reduced to 10% 25
of it deftdrd Qe AFieTE t 1fe Wt AT h ¢ Sinte this
cl eani ng net hod was, 8.5 hours. . The, cl eani,ng was
SR T R TORVIRT CHAT <& SERE i Ghaltte TG FE G ee
1 LEALDOIN] G0 36, ACLESy PONSHEL opesulibng 1D
| iconpl et e recovery o e water Fmeati on capacity.
ddddyation operation was perfornmed using the
[ fatl
separation nenbrane thus cl eaned. The pressure

Cgéygfgggﬁg BxdRp 200 kPa after 4-month operation.
[ 00461

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 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
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%
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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Conparative Exanple 9 For cleaning the foul ed nenbrane
nodul e of Exanple 1, an aqueous sol ution was prepared
by addi ng, to an aqueous 10 hydrogen peroxi de
solution (0.88 nol/L), ferrdifs thloride and citric
acid to give concentrations of 0.0008 nol/L and 0.05
nmol /L, respectively. The nenbrane was subjected to

aéf&yclﬁo&ébéfatfggugtﬁﬁalnﬂ PYhEBmbleter rdBoheuyseor ThRe
aqueous sol ution was then renoved fromthe nodul e and

wiber 15e ARadt 0L vaepavashed with 500 L of
ultrafiltration water for 2.5 hours. As a result of

t he clreia ray inh tdpee mven dess rpdaettb romed hosh, ng udposi ng
that the nmenbrane filtration capacity before use was
sdipdPetibe membrane tkesveledn88% dthe hereds umarbirarreased
filtration capacity which had once reduced to 10% of
tot2pefloPe afeani dignomhle epeaptEéPRaning tine of this

cl eaning nethod was 12.5 hours. The cl eani ng was
(P@#®brmed for prolonged hours by using citric acid
Cwhlch was one of %droxytricarboxylic aci ds, however,
?%%%?TFhﬁelﬂxﬁgp%%c npl ete recovery of the water

per tio aci t € t|o erati nvvas

per f ﬁ%d: §1 qt#& ?%i%. %%ran hus®t| Bxpggle b

“ 3 Sﬁ? 395 B

i%@ﬂ?ﬁ@%pﬁég PERT W7 oas%ﬁ?%f%? 4 Anfraegus

AJRL L ﬁeﬁ%ﬁf@é élﬁ%égﬂ'?? SgExanplg) 6 fé@QbH§1chlorlde

perOX|de 3 T8E ol 7L 0 B ol 1L 0788 mbl /10 88 nol T
alfd 881 6P ¢ La®i 88 D41 e SOsl-uHt BSE £315088t €. 0068 -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



Sodi um hydr oxi

de -

Malic acid 0.05 nmol/L -

- - - Tartaric acid - 0.05 mol/L - - - - Tartronic
acid - - 005 mol/L - - - Citramalic acid - - - 0.05
mol /L - - Dioxymaleic acid -3~ = - 0.05 nol/L -

D oxymal onic acid -

0.05 nmol /L Ferrous

chl oride 0.0008 nol /L 0.0008 nol /L 0.0008 nol /L 0.0008
1 ROLéLsO3 00982001 kba 029008 WohbhthVBhEEabEHARAL I ON

capacity 10% 10% 10% 10% 10% 10%

bef ore cl eani ng

[0@aer perneation capacity 100% 100% 100% 100% 100%

100% after cleaning Total cleaning tinme 8.5 hr 8.5 hr
T&8obeht 8.5 hr 8.5 hr 8.5 hr Conp. Ex.1 Conp. Ex. 2
EOE’E E.X', . 3 Cf‘rﬂilampFe)i- ExampIcld U"Etx%k@)(i E*@n)‘pled{? &galm'ﬁ[@b/ LExample 6
SR oo e Ao AT ], e ighc [0 L | 086 mot
Sofiem pesserbavateci d |- --- -| Lacticlacid - |- --- Ctric adid -
sgummwm,dde()(al ti acid O 06 .mol fL -. -] Ni t.lri c af:id _O: 08 .
MR o 71 ] OO P el br i de o 10,0008 holiL |
Ta@ario&U8 nol / L - 0.05 mol/l. - - - -
Tartronic acid - - 0.05 mol/lL - - -
Citramalic acid - - - 0.05 mol/L - -
Dioxymaleic acid - - - - 0.05 mol/L -
Dioxymalonic acid - - - - - 0.05 mol/L
Ferrous chioride 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 perméation capacity 10% 10% 10% 10% 10% 10%
before cleaning
Water perrT\eation capacily 100% 100% 100% 100% 100% 100%
after cleaning
Total cleaning time 8.5hr 8.5 hr 85hr 8.5hr 85hr 8.5Nhr
Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4
Sodium peroxide - 0.88 mol/L 0.88 mol/L -
Sodium percarbonate - - 0.16 mollL
Sodium hydroxide 0.25 mollL - - -
Méalic acid - - -
Tartaric acid - - - -
Lactic acid - - - -
Citric acid - - - -
Oxalic acid 0.06 mol/L - -
Nitric acid 0.08 mol/L - - -
Fumaric acid - - -
Sodium hypochlorite 0.13 mol/lL - - -
Ferrous chioride - 0.0008 mol/L - 0.0008 mol/L
Water permeation capacity
i 10% 10% 10% 10%
before cleaning
Water permeation capacity
) 90% 70% 65% 82%
after cleaning
Total cleaning time 15 hr 8.5hr 8.5hr 8.5hr
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Wat er

82%

pernmeation capacity 10% 10% 10% 10%
cl eani ng Wat er

bef ore

perneation capacity 90% o 70% 0 65% O

after cleaning Total

8.5 hr 8.5 hr - 38 Conp. 88 5 Conp. Ex. 6 Conp.
7 Conmp. Ex. 8 Conp. Ex. 9 Sodium peroxide 0.88 nol/L
0.88 nol/L 0.88 nol/L 0.88 nol/L 0.88 nol/L Sodi um

Sodi um hydr oxi de -

per car bonat e

cleaning time 15 hr 8.5 hr

Ex.

i e 005 rros i Core:Ex.8 1T b Ex ] Cha Ex >f’°n%.“5?‘§[ “Comp. Ex.
SogjurmBsrones / L Oqal%8Bmelle d D88 meylos @aBmail. [ o i ¢ 0:88moll
Sodi@m gbrcarbonate 0. Q5 nol /L - Sodi um hypochl orifte - - -|- - -

- S cni orijde 0. 0008 nol /L U.]0U0Us, ol /L 0. 00Us
SoTiTh IO 0008 ol /L 00008k L |Vt or BeF FRat-oR i
Meficasici ty 10% 10% 10% 10% 10% before cl eaning Water -
Tafdi sat i on capgacity 87% 88% 88%83%-88% |after -
nin |0ta| | jNg Tine 8.9 hr 8.5 hir 8.5 hr[8.5
E§#§$° Rgh do4 é?ﬁ@%ekresu1ts shown—i-r—Fable 1 have—
Q?%W@aled that the - 0.05 mol/L - - 0.05 mollL
Oxalic acid - - 0.05 mollL - -
Fumaric acid - - - 0.05 mollL -
Sodium hypochlorite - - - - -
Ferrous chloride 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%

before cleaning
Water permeation capacit

P . pacty 87% 88% 88% 83% 88%
after cleaning
Total cleaning time 8.5hr 85hr 8.5hr 8.5hr 12.5hr

[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

(sem?/q),

and proportion of P type crystals was 4%

was used.

The membrane was immersed in a cleaning solution prepared
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5 cl eaning agents according to the present enbodi nent
cont ai ni ng hydrogen peroxide, ferrous chloride which
is a heavy netal conpound, and a hydroxydi carboxylic
acid show excellent effects3%f cleaning the
separation nmenbrane. [0049] 10 Exanple 7 A porous
menbr ane nmade of pol yvinylidene fluoride (PVDF) whose
%ra/é?&ﬁﬂngl zgdi 9N H89E6Es ?d)’.sggér@pePBQQélétso@QE@bHe‘dO 88
y mul tlplylng the crystallization degree by specific
mSL) f peef &F eau Of ch her P& oalsd neabi angcvast 5641 &
(%2/ g), and proportion of (3 type crystals was 4% was
coseeht rdhomendf ahe0 08 mohELSendi 0. a5chedrilpgrespectively,
solution prepared - 39 by adding, to an aqueous
fow dr ogey, peroxysle Bodays oand0288daysl / LAftdrrimusrsion for
chloride and nalic acid to give concentrations of
tioeosay®l / thanse: 05t hoh /mempespecvavetykenfont 1fdap, the
5 days, 7 days and 20 days. After immersion for 5
c}erRRENG a5_l Ut Hen sefat kv e %n%%ﬁzecmgttak@ﬁlwtwwlam

t he cleanln sol uti on, foII f| i en r|nS| %
A S At PEERULLYY t ey rSpd s
results ar e mn |n Tabl e 2. [0050] 10 Conparative

RS AP 15 A “menbr ane made of pol yvi nyl i dene

é@ flde ( PVDF) mhose crystallization degree was 71
j$9 pr oduct obtained by multiplying the

6¢?§4§Q1¢gaﬁxgﬂb ge by specific surface area of
e porous nenb ane mas 2899 15 (%®/g), and

propomrt ifr Rfs G YRR M5 14ANWMNAS dene fluoride

(PVDF) whose crystallization degree was 71 (%), product
obtained by multiplying the crystallization degree by
specific surface area of the porous membrane was 2899
(%om?/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.
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used. The nmenbrane was i mersed in a cleaning solution
prepared by addi ng, to an aqueous hydrogen peroxi de
solution (0.88 nol/L), ferrous chloride and malic acid
to give concentrations of- 300608 nol/L and 0.05

nmol /L, 20 respectively, for 1 day, 5 days, 7 days and
20 days. After imersion for those says, the

ation nmenbrane was taken out fromthe cl eaning

solution, followed by sufficient rinsing wth water.
[Taw1d ensil e test was then performed. The results are

shown i n Table 2. ﬁkﬂmﬁﬂ% lUUbl#Obé%Qhﬁléé E&quh € 1o

Conmnar.at i Ve Evn m\l 100 Im%=tV] 50/
U700 IJJ70

le
WII’JMI Ul A>3 u\ull’Jl VAYERE 2\%4

0 3%hvs 100% 83% 7| Days HUT% 82%| 20 Days 9748%19%

1[m¥p2] 5 Accordingjto theoesults shown in Bable 2,

5% I no deteritoratio oS obsdgrved Tromg g

o r\‘F [aV=Y RVIVEIR=tvi|

ar-i—da
1%

anar At An nrdar A Ha PN H-O¥4
ST ot T Ut 1Te1Trot u.ll u UT PUTyfvrTiynrt ucuc L UuUtl

7T Rt ned in Exanple 7 Wi  product  obt ai n€d3py

2imbdypl ying the criystall pZati on degree by dpécific

Surface area of the porous nenbrane was 300 10 (Y27 g)

or greater but not greater than 2000 (%mR/g) even if

it was cleaned with the cl eaning agent of the present
[ Gdsbdi nent .

According to the results shown in Table 2, almost no
deterioration was observed from the separation membrane
made of polyvinylidene fluoride obtained in Example 7 whose
product obtained by multiplying the crystallization degree
by specific surface area of the porous membrane was 300
($em?/g) or greater but not greater than 2000 (3em*/g) even
if it was cleaned with the cleaning agent of the present
embodiment.

[0053]

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, citric acid which is a hydroxytricarboxylic acid,
and ferrous chloride, among the cleaning results of the
separation membranes with the cleaning agents of the
present 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
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[0053] FIG 1 shows the relationship between recovery

of 15 water perneation and cleaning tine of a

separation nmenbrane wth the cleaning agent (Exanple
1) containing hydrogen perod¥ide, citric acid which is

a hydroxytricarboxylic acid, and ferrous chlori
anong the cleaning results of the separation

de,

egsaaiﬁ@ﬁg @h&@eahﬁﬁﬁhaamgyggégeghg_QECBO@rgoo@rﬁﬁ@nt

nmbodi nent. Note that Fl al so i ncludes™t he

fiEﬁHét§oﬁfc5@HE§E§tEMﬁFg%éHD%EtB Eﬁétc@ﬁp@bhﬁﬁﬂatﬁﬁeis
e

apparent fromthe results shown in FIG 1, t

Exenblane. clreaneshivtdrie tdiee ol @fniigh agedtc beoith nggémwt of
the present - 41 enbodi nent showed rapid 100 percent

Compavet yvef Exhmpléi Pt dadi notcapawi 1§0cpapaent wethvery
that of Conparative Exanple 9. The nenbrane cl eaned

ewenhafher ctbaanhggafent lohgeCohparati ve Exanpl e

9 did

not show 100 percent recovery 5 even after cl eaning
for longer hours. Industrial Applicability [0054]

The cl eani ng agent according to the present 10
invenﬁQﬂP§§¥%§ﬁt&ﬁpk%ﬁankﬁﬁ% the fields which
[géggring of a menbrane for renoving therefrom cl

ances during nenbrane filtration using, as
wat er ,. dri-nking water,. I ndushghgl wat.er r}éggn

need
0ggi ng
raw
wat er

| ake V\T/a eerc,leagnrl%llﬂmav%etﬂetr R Y rt?/vatt & F secontdar y

iﬁi%é?f€£§i¥@§ﬁfté§ EeﬁsE;EM@QEe“@%gggg{wBESh'hé@d

cription of the aw ngs

cleaning of a membrane for removing therefrom clogging

substances during membrane filtration using, as raw water,

drinking water, industrial water, river water, lake water,

groundwater, reservoir water, secondary effluent,

water, sewage water or the like.

Brief Description of the Drawings
[0055]

FIG. 1 shows, among the cleaning results o

waste

f 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)

containing hydrogen peroxide, citric acid which is a

hydroxytricarboxylic acid, and ferrous chloride,

the results of Comparative Example 6.

as well as
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FIG 1 shows, anong the cleaning results of a 20
separati on nenbrane with cl eani ng agents according to
the present enbodinent, the results on the

rel ati onship between recoveltd -of water perneation and
cleaning tine of a separation nenbrane with a

cl eani ng agent (Exanple 1) containing hydrogen
peroxide, citric acid whi iy 25

hydr oxytri carboxylic acid, and ferrous chloride, as
well as the results of Conparative Exanple 6. - 42 -
CLAIMS 1. A cleaning agent for separation nenbrane,
conpriisi N & lkysahrioxy digearth @oH isepadiat i orb mémbiame,

cl eani ng agent for separation nmenbrane according to
A ai mdgmpwhiesimaqn & Hey dwyaht yodkiyeh 0@y hpkixd | acati d
conprises at |east one acid selected fromthe group
consisting of malic acid, tartaric acid, tartronic
acid, 10 citramalic acid, dioxymaleic aC|d and
dloxyﬁhloﬁh@ géegning, a@ﬁ@tcﬁééhﬁﬁ@aé@éﬁpnf6ﬁmbrane
separati on nenbrane accordlnggto Caim1l, or

2 F SO TRERS CoRpET SF oL hyBNGBEM" LBF oRVAEORKA L aepBayyLic acid
| d. 5 4. Th |
Qe sf S Re s et attor aP R Lot by BF st REAGFRrR ¢ he

cOERYY. TELab e CQUPOUNGL LS| L Lensl Q0ESCOMROUNGy o acid,
Sefected’from e group COHSIS I nNg 0 or|

cgt‘}_érrhgff' 989d9X898§¥ﬁ%l§§c Mp; g Coap dﬁ%kgﬂggongg Qid.
. e cleaning agent for separafion nenbrane

3. The cleaning agent for separation membrane
according to Claim 1 or 2, further comprising hydrogen

peroxide and a heavy metal compound.

4. The cleaning agent for separation membrane
according to Claim 3, wherein the heavy metal compound is
at least one compound selected from the group consisting of
chlorides, sulfides, and oxides of Fe, Mn, Co, Ni, Ti and

Cu.

5. The cleaning agent for separation membrane
according to any one of Claims 1 to 4, wherein an amount of
the 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
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according to any one of Clainms 1 to 4, wherein an
anount of the hydroxydi carboxylic acid is from1l x
10-1 to 1 x 104 nol 25 per nol of the heavy netal
conpound. 6. The cl eani ng—agént- for separation
menbrane - 43 according to any one of Clainms 3 to 5,
wherei n an anount of hydrogen peroxide falls within a
ad@We R dd URY Sned BB dByinds X3 1AL o0l e r&ih AU @it of
t he heavy netdl conmpound falls wthin a range of from
hydrogkdr drosdide U2 lwpeiin™ Afnde hydrogan 1 x 107° to
peroxi de; and an anount of the hydroxydi carboxylic
1 acilddli mofiyom hnx ahiduktt @ fl thelB2ar®y meefa Inalomplounie falls
hydrogen peroxide. 7. The cl eaning agent for
widdpar & iemgeenbf afheom 10 sackbrdtoglt® a0y ke pér Ghal nsf
1 to 6, wherein the separation nenbrane is a porous
hydndgemeamiidar mpd arpaneumy | dtieie fhydroxiedvesibpoxylic
8. The cl eaning agent for seggration menbr ane 15
acGictordifipm o & ditn 7towher el B &k \2R@IMG L 2 orh@idyrdrogen
of the porous nenbrane is 50% or greater but not
PEREdS than 90% and a product obtai ned by
mul tiplying the crystallization degree of the porous
menbrane by a specific surface area of the nenbrane
is 300 (%R/9),or _greater but 20 _no eat e 000
oo gy e S Ean g atr R obat O s Eh Pl hehoREnE

SR « PO Ul 0 D Ty G E1hdyd 4 Apgrotnt

: m_ cr S an m cryst’al's i'na crystal
SRR OB PInddift AR PY QHSHIRITY agnd S0 % Nt d BsshPased

on the total anount of "the crystal portion of the
pdAGHRAYS, IRIBHA . uoride resin.

8. The cleaning agent for separation membrane
according to Claim 7, wherein a 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 (%omz/g) or greater but

not greater than 2000 (%em?/g).

9. The cleaning agent for separation membrane
according to Claim 7, wherein a total amount of P-form
crystals and y-form crystals in a crystal portion of the
porous membrane is 30% or less based on the total amount of

the crystal portion of the porous membrane.
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- 44 10. A process for preparing a cleaning agent for
separati on nenbrane, conprising m xing hydrogen
peroxi de, a heavy netal conpound, and a

hydr oxydi car boxyli ¢ acid. -5481- The process for
preparing a cleaning agent for separation nmenbrane
according to Caim 10, wherein the hydrogen peroxide

is added aﬁtsgokegsh§e¥yp9€b§k1ﬁenaoem@anaﬁgdb@éﬁkV%@r
in water. 10 12. A cleaning neth of a separation

sSSP ANSh m&RPRAAS, NGk 19 19 I@l}@il@@nhmr&?@lmperox1de, a

cont ai ni ng hydrogen peroxi de, a heavy net conpound,
hetahy diteaydi €sigenueyd i Candica thy sk yéd € ribdk g1 CoOnd @cd .

with the separation nmenbrane. 15 13. The cl eani ng

met hod of a separation nenbrane according to Claim

12, wherein the contact step is perforned by at | east

one métlhodTkel peoedssr 6art heeprodpy eondksning eapent for

dead-end filtration cleaning, recycle filtration
SQﬂ%ﬁﬂﬁ#ﬁP ReIgRARE RFCPed Gt orC kR Eant g, wherein the
mmer si on cl eani ng, backwash cl eani ng, backwash

thCiﬁﬁsQ‘%ri‘ RETR iy 2ARPSi M aldRRICA VY dMekmt rigompound

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.

13. The cleaning method of a separation membrane
according to Claim 12, 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.



