'SPECI FI CATI ON DETERGENT FOR WASHI NG SELECTI VELY PERMEABLE, MEMBRANE

AND METHOD. FOR WASHI NG FI ELD OF THE | NVENTI ON The present
invention relates to a detergent for washing a sel ectively perneabl e
menbr ane conposed of reverse osnpsi;s nenbrane and to a washi ng net hod
usi ng such a detergent. More particularly, it relates to a detergent
for washing a selectively perneabl e nmenbrane, of which perfromance, -
such as flux (perneation flow flux) and so on, has been deteriorated
by bei ng- contam nated through treatnment of, for exanple,
concentration of .sol ution, desal BPEGIFMRITON r eat nent, such as
production of pure water, and other treatnents, for recovery of
performance, as well as to a nmethod for washing by using such a

det er gent . BACKGROUYR S@@TW@NGSELEMWE %ﬁzﬁ\&fz

per neabl e nenbrane conpose reverse osnosis ne rane I'sused for,
for exanpl e, conceniMBVIBRANE AN METHOD RGR WASHING pr oduct i on of
pure water and other water treatnment, the selectively perneable
menbrane will be contam nated by various pollutant substances,

wher eby it suffemgp Hrorapenvendggn the flux to cause

The present ‘invention relates to a detergent for washing a
selectively f:ermeab_le membrane composed of reverse osmosis membrane
and to a washing method using such a detergent. More paxticularly, it
relates to a detergent for washing a selectively permeable membrane, of
which parfromance, such as flux (permeation flow flux) and 2o on, has been
deteriorated by being contaxpjnated tln'm_.lgh treatment of, for example,
concentration of solution, dl'asalting; water treatment, such as produetion of
pure water, and other treatments, for recovery 6f performance, as well as

to a method for washing by using such a detergent.
BACKGROUND OF THE INVENTION

When a selectwely pexmeable membrane composed of reverse
0SMoBis membrane is used for, for example concentration of solution,
_desalting, production of pure water and other water treatment, the
selectively permeable membrane will be contaminated by various

pollutant substances, whereby it suffers from decrease in the flux to cause



reduction in the selective perneability. Therefore, it has been
practised to wash such a sel ectively perneabl e nenbrane deteriorated
inits performance using a detergent in order to recover the

per f or mance. Hitherto, it has often been practised to use an
acid, alkali, organic solvent or surfactant as the detergent in
washing a sel ectively pernmeabl e nenbrane deteriorated in its

per f or manc s st F e at e
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concentration is not allowed.
in which an organic solvent is used at higher
concentrations. However, this technique involves a
danger of causing deterioration of the membrane or the
membrane module, though a high washing effect may be
attained for the case where the bollutant is organic
sﬁbstance: s that the present situation 4is in that
this technigue is not applicable to practical
- apparatuses. For ekample, an organic solvent, such as
methanol, ethanol or acetone, has a high washing
ability for a reverse osmosis membrane or for a
nano-filtration membrane, however, it causes at higher
concentrations deterioration of the membrane or the
membrane module. There is a problem that a high

detergent effect is not attainable at a concentration
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of the present invention is to propose a detergent for
sel ectively perneabl e nenbrane and a nethod for washing,
it is able to realize a high detergent effect for

or environment wi th superior handling easiness and can wash

pe ﬂﬁﬁﬁ! hayvi ng en,deterjorated in.its
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atkdn®d ra@et @batiien of the prefornmance. DI SCLOSURE OF THE
The present invention consists in the follow ng

is disclosed. However, alkyl ethers of ethylene glycol
have both hydrophilic and hydrophobic groups and
exhibit molecular structures close +to monohydric
alcohol. They are highly detrimental and emit strong
irritating smell and, hence, they are designated in the
Law of PRTR (Environmental Pollution Release and
Transfer Registration) and prescribed for their work
environment assessment level to be not higher than 5
ppm, whereby there is a problem that a high application
concentration is not allowed. '

The . object of the present invention is to
propose a detergent for washing a selectively permeable
membrane and a method for washing, with which it is
able to realizé a high detergent effect for selectively
permeable membrane and to cause no deterioration of the
selectively permeable membrane and which are safe not
only for human but also for environment with superior
handling easiness and can wash a selectively permeabie'

membrane having been deteriorated in its performance,

.such as the flux and sc¢ on, efficiently within a brief

time to enable restoration of the preformance.

DISCLOSURE OF THE INVENTION

The present invention consists in the following

detergent for washing of selectively permeable membrane

a



__deteriorated perneation flow flux due to adhesion thereto of
cont am nant substncces, conprising a polyol having a nol ecul ar wei ght
not greater than 400. (2). The detergent s defined in the above (1),
wherein it further conprises an organic solvent. (3) The detergent
as defined it the above (1) or (2), wherein the said polyol is
selected fromthe group consisting of ethylene glycol, diethylene
glycol, propylene glycol, glycerin, polyglycols and sugar al cohols.
ggl) dThe det er gearllltd ne;gthgggrqveadshljnré t-he above (2) or (3), wherein the
| (1) A detergent which is a washing liquid for washing a selectively
| permeable membrane compo_sed of reverse oomosis memhrtaﬁe exhibiting
deteriorated permeotion flow ﬂox due to adhesion thereto of contaminant
substncces, comprising a polyol baw_ring a molecular weight not greater
than 400. . _ |
©) The detergent as defined in the ahove (1), wherein it further
comprises an organic solvent.
(3) The detergent as defmeo'i in,.the above (1) or (2), wherein the said
polyol is selected from the group consisti.ng of ethylene glycol, diethylene
glycol, pfopylene glycol glycerin, polyglycols and sugar alooho]s |
(4) | The detergent as defined in the above (2) or (3), wherein the sald
organic solvent comprises a compound selected from the group consmtmg
of monchydric aleohols, ethers, ketones and amides. |
(5) The detergent as defined in any one of the above (1) to (4), wherein
the contaminant substance is nonionic surfactant.
(6) A method for washing a seleotively permeable membrane
composed of reverse .osmosis membrane exhibiting detenorated
permeation flow flux due to adhesion thereto of contaminant suhstuces
comprising washing the membrane w1th a washing liquid comprising a
polyol having a molecular weight not gr eator than 400.

O The method as defined in the! bove (6), wherein the washing

liquid contains further an organic solvent
(8) The method as defined in t‘he ‘above (8) or (7), wherem the

membyrane is subjected, before and/ox ‘aftor the washing with the washing

lquid, to a pretreatment



organi ¢ sol vent conprises a conpound selected fromthe group

consi sting of nmonohydric al cohols, ethers, ketones and am des. (5)
The detergent as defined in any one of the above (1) to (4), wherein
t he contam nant substance is nonionic surfactant. (6) A nmethod for
washi ng a sel ectively perneabl e nenbrane conposed of reverse .
osnosi s nenbrane exhibiting deteriorated perneation flow flux due to
adhesi on thereto of contam nant substnees, conprising washing the
menbrane with a washing-liquid conprising a polyol having a nol ecul ar
vei ght not gr eaisehirighaid/ctQ6 afte:eahentRRishing basthadeiidhest iaiidae Above

(6), wherein thg VoS thetho s a6mned tn any one of the bove () to @), whoven
the washing i3 performed by contacting the washing lquid with the
selectively permeable membrane,

The selectively permeable membrane to be washed accorci‘mg to
the present invention is one composed of reverse osmosis membrane in’
which any performance, such as flux, selective permeability or the like, has
been decreased due to adhesion thereto of contaminant substnces. 'i‘he
reverse osmosis membrane is a semipermeable membrane which permits
to permeate specific ofxes; of substance, component and others selectively,
Wherein there is no limitation in their application and they are applied for
general uses. As to the material of the selectively permeable membrane,
there is no special limitation and, for example, permeable membranes
based on polyamide, polysulfoha. polyimide and cellulose may be
gnumerated. The ohject _td be washed may be not ouly a selectively
permeable membrane itself but also 2 membrane module. There is no
special limitation for the membrane module to be washed and there
may be recited, for examp']e, tubular membrane module, flat membrane
module, spil;al membrane -module and hollow fiber membrane module.

It is no matter what the cause may be for the decrease in the
performance of selectively permeable membrane, but such decrease in the

performance is caused, in general, due to contamination through the



(8) The nethod as defined in-the above (6) or (7), wherein the
nenbrane i s subjected, before and/or after the washing with the
washing liquid, to a pretreatnent washing and/or an aftertreatraent
washi ng by other washi ng nethod. (9)The nethod as defined in. any one
of the above (6) to (8), wherein the washing is performed by
contacting the washing liquid with the selectively perneable
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least 400.

Polyalkylene glycol, such as polyethylene
glvcol, polypropylene glycol and so on, espécially
polyethylene glycol, or nonionic surfactants composed
of such polyalkylgne glycols will adhéré onto the
surféces or‘the‘fine pores of the se;ectively permeable
membrane due to their high affinity to selectively
permeable membrane and cause deterioration of the
membrane performance. Among them, those ﬁaving
molecular weights not higher than 400 will easily bDbe
washed out by water wash or the like due %to their high
bydrophiliqity, whefeas selectively permeable membrane
contaminated, by adhering thereto, with polymeric
contaminants of polyalkylene - glycols or nonionic
surfactants -having molecular weights greater than 400
will not attain removal of the adherent contaminants by
permeation of water and may cause deterioration of
performance due to difficulty of beiﬁg washed out and
of removal thereof with water.

The inventors had performed repeated researches



It is no matter what the cause may be for the decrease in the
performance of selectively perneabl e nenbrane, but such decrease in
the performance is caused, in general, due to contam nation through
the use of the reverse osnosis nenbrane for; for exanple,
concentration of solution, desalting, water treatnent, such as
production of pure water and so on, process treatment and ot her

treatnents sAI%B ‘:ngew sp&f‘,i elecrp E.'Br]?ng‘;é%mtegbig membran
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repeated researc
- selectively permeable membrane according to the present

invention may further comprise other component(s). The
detergent- for waghing of seélectively permeable membrane
according to the present invention may often be used in
the practice as an aquebus solution, though it may not
contain water in the form of product of manufacture.

The po]:yol is a compound having a p;urality of
OH groups, for which there may be exemplified alkylene
glycols, such as ethylene glycol, propylene glycol,
frimethYlene ~ glycol and thé like; giycerin;
polyglycols, such '~ as diethylene glycol and other
polyalkylene glycols; and sugar alcohols, such a&as
erythritol, mannitol and the like. For the above
polyols, - preference 1= given o hydrophilic ones,
wherein those having number of carbon atoms of 2 to 6
and OH/C ratio in the range of 0.5 to 1 are preferred.
These polyols may be used each alone but preferably be

used in a mixture of two or more of them, as the



as to the washing of selectively perneabl e nenbrane contam nated with
such ‘cont am nants and obtai ned a know edge that a material to be used
as the detergent should have OH group and that a material having, in
particular, plural OH groups is effective for renoving such nenbrane
contam nants. The present invention has been conpl eted based on such
know edge. : The detergent for washing sel ectively perneabl e
nmenbrane age@edyaftt Oef AECPr GFLNEhERYBH | Ofc£HBEd SeS anPotyel &ise
nol ecul ar wei ght not hi gher than 400 and preferably conprises further
an or gani cwbereenttha . aduwintiaminaott hesphs yasicesThe idefl sdgentndmionic
washi ng sel ectively, perpgabl e nenbrane according to the pyresent

i nvention ﬁ’d{j%f'ﬁg?ﬁiéf cbhprige Bfﬁé?r%%ﬁ%on%%t (‘gﬁ‘? The ﬁ‘g{%‘? %r
washi ng of g§§l:8?§' VEh¥n Pesdreadl & HRENANG19669! di REntoridet B eSEitn
invention iy often be used in the practice as an aqueous sol ution,
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manuf act ur e. ~ The polyol is a conpound having a plurality of
OH groups, ther \iftieniger eSREY2BRaARK e B0; f | HRPEAVS/| e%éegl yasergenich
as. et hyl ene glxgol,=propylene glycol, trinethylene glycol and the
like; gl yc&FFfi®Tpol yglycol's, such as diethyl ene glycol -and ot her

pol val kylene gl ycorsy ak S dfardl CORYITentUCoaSHEM Yidkd  ogetner
mannitol and the |Iike. For the above polyols, preference-is given to
hydr ophi | i gioResthevhebeydll hoseodwmy whd churtbere okcoasebhonoabdhg diech t o
6 and OH Cratio in the range of 0.5 to | are preferred. These
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two or nor he s .t he ent c S [ faned. In
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surfact ant polari sopeef eqakl e pdre Feseed, powhakkyheneglogeol ofSuctemmon '
diret hyl ene gl ycol, concurrently with other polyol(s) in order to

i ncrease thembefsbidfity of Bhanfonpvaferaild.act HATt shenphvahadidc
detergent effect For .t he organi.c solvent. to.be us

o0t her whHHOBRES pol K «BSe M EREAR0N: chRFnPRoNgEPy HESPAned
such as mopARYdihengh¢cONGlsy Eld1CEEne kS OPRSréNflad MhdeShe TREGDE For
enpl oyed. For the organic solvents, polar ones are preferred, wherein
t hose of caxbeplaunteaheref 4f- thear abpvefmsstbimed-omohhalaohohy drarc
al cohol s, there may be recited, for eianple, nethanol and_ethanol .

For the etRBIEOLEher eFRfy HNE r BEEPBAS. f JMeFLanBPE, R hERSiEEd hdor

above- nentleggl%glgpnoﬂe(\t%n%,s Qcetylacetone and so on. For the

amides, .there may be recited, for example, formamide
and so on. Alsc, these organic seolvents may be used
each alone but preferably be used in a mixture of two
or more of them.

The polyol and the mixture of polyol with
organic solvent to be.used as the detergent for washing .
selectively permeable membrane may be used each in a
state without water content but may be used in a form
of aqgueous solution. The concentration of the aqueous
solution may not specifically be restricted, while it
may, in general, be in the range from 15 to 90 % by

weight, preferably from 35 to 60 % by weight. In the



pol yol s. For the ketones, .there may be recited, for exanple, acetone,
acetyl acetone and so on. For the am des, there nmay be recited, for
exanpl e, formam de and so on. Al so, these organic solvents may be
used each al one but preferably be used in a m xture of two or nore of
t hem ' The pol yol and the m xture of polyol wth organic
solvent to be used as the detergent for washing selectively perneabl e
menbr ane may be q;ed each_in gy;gate Wi t hout water content but nmay be
n

used in a form ot- agtiedlis?s8P angy, & A IS SNV 1 hBSURtBHus
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wei ght, pr &PeVEBIEy™M8Y begpnof IRTRAFHON &Fd 5t e 38r §ah¥ cwebphent may
be in a proportion,Qf - 30 % wej ght.. 1 hg_a pol yal
solely as the det epgéﬁg, ?hep%%sa‘%llamsr?grﬁtlg caf bghﬁfash%l&eoﬁ?nghd the
removed, Wabh@aminSAe8 CASESbel W&skéd heyutPr gher akinfvied , USGna 180! 40!
and an organi c solvent concurrently in order to reduce the operation
cost or toserprmesesheitashi ngtdkeiregire f@mdnliec tsol went ahgs Iyicdlhearnd
been used and thereby superior washing effect has_been attai ned,
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of the selectively permeable membrane due to inevitable
use t_heredf at highér concentfations and is not safe to
human and to environment together with inferior aspect
in handling. In contrast thereto, use of.an organic
solvent in a mixture with polyo; rermits to reduce the
application concentration of the organic seolvent to
thereby avoid such a problem and, in addition, can
attain a synergistically superior washing effect.

The mgthod for washing of selectively permeable
membrane accerding to the present invention coeonsists in
washing a selectively permeable membrane deteriorated
in its performance, such as flux, with a washing liquid
comprising the above-mentioned polyol or with a washing
liquid comprising the polyol and the organic solvent.
One concrete practice of the washing method comprises
bringing the selectively permeable memb;'ane into
contact with the washing 1liquid, in which soaking in

the washing liquid or washing in laminar flow or in a



The net hod for washing of selectively perneabl e nenbrane according to
t he present invention consists in washing a selectively perneable
menbrane deteriorated in its performance, such as flux, with a
washi ng liquid conprising. the. above-nentioned polyol or with a
washing Iiquid conprising the polyol and the organic solvent. One
concrete practice of the washing nmethod conprises bringing the

sel ecti vel yuppueabl eEmabmeaye ikt 0 perefeaaebla) t hthdeghasimstgirg qooyd,
in which soaking in the washing liquid or washing in |amnar flow or

in a turbBPERESHIRA el b¥35PEPEr abl®11q nddFRUshERG B3P IRG e dlivhg
t he washin ek%%%ﬁger}]@ér%%gﬁgggﬁg brg_?h‘ng?nggbl e nmenbrane may

al so be poSsi eci-al ron for the pressure
applied during theryeshi Bg. hp t&eecppe 0imsoakidWw, rappltheatd My Rfreany
pressure i s unnecessary.ln the case of washing in | am nar or

turbul ent &pphied Eprpegrethéeonasdhipgessuria nbhehiqgiser bHarsddkding,
during the perneation of the liquor-to-be-treated in service run_may
be appl i edePThécatien | oif o WasRIAGSBERr at§ oMNNEEREFP Y he tihe 1@ d
under contact with the mashigg

specific c6Rafti v (ﬁaﬁﬁiﬁﬁée ofl#%%i%%fg?%5¥%%¥gﬁ,%?%glggﬁ%iﬁ%?S??bh
of the waspipgebt fthd @ HSeddure\hde highBy hSdn gefer abrifgt e
range from1l to 8 hours.

. permeation of the liquor-to-be-treated in service run
may be applied. The duration of washing' operation,
namely, the time held under contact with the washing
liquid, may wvary according to each specific condition of
degree of the deterioration, the concentration of the
washing liquid or so.on, while it may be in general in
the range from 1 to & hours.

By carrying out the washing by the \éas_hing'
liquid mentioned above, the contaminants adhering onto
the selectively permeable membrane will dissolve in the
washing liquid and are eluted out, whereby  the
deteriorated performance of the selectively permeable
membrane, such as the flux, the selective permeability
and so on, can be restored. The detergent according to
the present invention brings about a higher detergent
effect for selectiveiy permeable membrane without
causing deterioration of = the selectively permeable
membrane and is safe to human and to environment with
superior handling aspect and can wash a selectively
permeable membrane deteriorated in. its performance,

such as the flux, efficiently within a brief time to.'

restore the performance. Here, the selectively

10



By carrying out the washing by the washing |iquid nentioned above,
the contam nants adhering onto the sel ectively perneabl e nenbrane
w Il dissolve in the washing liquid and are el uted out, whereby the
deteriorated performance of the selectively perneabl e nenbrane, such
as the flux, the selective perneability and so on, can be restored.
The detergent according to the present invention brings about a

hi gher det gfggRbL kS e‘&ﬁamf:?ﬁnéa oy ivwgly {8 eorfen‘ﬁ%@neom§ho%e
causi ng deterioration of the selectively perneabl e nenbrane and 1s
saf e to huremtandnagtenvi abbhaeindd Wi tEdheurpeyi or therete ng dazpagt atide
can wash a sel ectively perneabl e nenbrane deteriorated in its

per f or mranc ESHER a¥8SeheP¥F u@lssr f tpenPPY Wk amE n sbstiesresi neaying

restore th rfar L nhe, t | ect.i vel r meabl e Jrenbr ane
may be dep%!d{i/)lg'3 e%f no{ g)lﬁﬂg;l?he.tg%rﬁ%gl% nabn %%ttgtgheed Sapti%velrcfeng use.,
thereto dukjnRgeithe SEh¥i CRidégRebUlofl SGdRReRY | USANT 1$1eDSt ARG Sane
having adhered originally thereto before the Service use, whereby the
degree of mpecdeemanck thhg oceods e Xigr feorommdc evieay 100casi onal |y
exceed over 100 % The ggyol -‘havi ng a nol ecul ar wei ght not
hi gher than 400 coAb& P70t thaRvg ep gBplesuéardwedahs ik priahsr

i nvention hi_bi a strong affinity not. only to water hut also to
pol yreric g':_ay e%@oglﬁl%no aslq‘oe% t8™no eonfic?%?(’]‘%?ﬁgp att St ¥ 8% he i the
provi des aghiegnéet eroemticd f echisyes fHr seeBhani A8ALS: GPNabt uder, of
pol yal kyl ene gl ycol or nonionic surfactant of nol ecul ar weights

hi gher t harro40@etethebiifig o the rodiveetriicel 3l iaedrarea by by oeldbr eme, to
wher eby the cqontanm nants are shed away. effi¢ciently within a Qrjef
te by i SSBROAG | FHECRaBEng 19Ul thTb atbal REPLLOVEr v 20 T
menbrane paLiArgBEALe YEEOOLT KAUST BYraYodtelf Ol | QBnQtitREea of
sel ectively perireabl e nmenbrane. According to the present

i nventi on, pbll yaskpleher afilyecihadr t henDebe ake rifactdhf e ¢ife dno heforar
and/ or after the washing with the washing liquid, to a pretreatnment
washi ng an#edohis diiehey edhannt 4Q@s leidhgripgot ereko wadlei neeegihiogly

i ncl udi ng .use of _ot her shing Liquid, for exanple, ter, an alkali,
such s SoHEAPRYAF ORIt e, ahany tBh SEPLBninerE aors. ukped
physi cal waghinte #efdQtheisich: asidl lasppie &igaNiKY. all8olving in
pretreatnent washing provides a prelimnary cleansing as a

pr et r eat rethebywashing oflhgnidadin ngttaimi dewoveayhi oy ttbehmenisrane
effect prelim naréﬂFrel ease or to render ease _of rel ease of tige the

adherent cBRTAATHANEE. WHINHst HRAEINGhe AT ¥he SBERTAATAEIRY £
adheri ng fgggb%tiggfgng?{lmgg?g Qg @ state easy to be detached,
e, C

by effecting, for ex eansi.ng Wi th other washing |iquid, such
as an al kali sol utheser@ingl t tasorine Wayeeddnindi ahventidm, or ger tis
make ease the washing by the detergent.
preferable that the ' membrane is subjected, before
and/or after the washing with the washing liquid, to a
pretreatment washing and/or an aftertreatment washing
by other washing method including use of other washing
liquid, for example, water, an alkali, such as sodium
hydroxide, or an acid, such as sulfuric acid; and
physical washing method, such as ultrasonic cleaning.
. The pretreatment washing provides a preliminary

cleansing as a pretreatment by using other washing

liquid or washing technique to effect preliminary



Theaft ertreat ment washi ngprovi desa suppl enentary washi ng as an
aftertreatment by using other.washing liquid or washing technique to
renove the remaining detergent and the detached contam nant rests. A
wat er wash may be enough for a case where a rest of the | ow nol ecul ar
wei ght pol yol used as the detergent remains. However, as the

nol ecul ar wei ght of the polyol cones closer to 400, it tends to be
det ai ned norg1dacd | idrat €6l YrenHd@: I €88 NidE) POl ¥de CHT €8BE | YadMRrent
renoved by washing with an al kaline washing liquid. Wile the

concentr at i eeniodmigaaiig. i n ¥dre ahkbanee, wawdenngtie ggpitamynants are
voluntarily %(? choseﬁ, i# ma¥ be an aqueqQus sol ution haﬁiﬂ a gH
pref er abl y” P9PEHEPS ahyB™ ¥ omt8%Y 0 €28, DEnPIP &% a8hf g EBERnitQue
my. be efplgyehetalcidas oy a8 rabkarhge ol Mindil, ach BRI AYCwitn
simlar to that using the washing |1 quid nmentioned above can Dbe

enpl oyed. other wdshihg t bequi@shisughvi &8 aderlwashi ngolweiom, abter
t he proper washing with the washing liquid according to the present

i nvention, dhieraspnimi Hanes ixaddiatagnw tifou@ TR ngor diirededse t ke
washi ng Ii%%}are vvast[}red t and renoved, whereby the performance of
the sel ecti ek dtie : ‘is recovered sufficiently and.any
elution of contam ng ir]%f%é At U ealiBRly CoUusey4aBshe 4
prevented. The washi ng nmethod according to the présent i nvention can
be real i zedsupp e treaty orwadtingot ey washigfideleitgeatusbyg akhiaty
washi ng |iquid. o Since the detergent for washing of

sel ecti vel YO8 FreHBFBingnBignéd SFcorFHED otetenimesche raVEYei dhe
conprises a yol hayi a | ecul ar. weL ght i . a
i gh ot or g By pBPrBefR AR, Epe chObiaRed doBPEhshoRD Hokeal,
Wi thout detgryaeati hasthense! 86t ievhyhpaoread| eagemiyhaie andrakt hewt
damagi ng safety to human and to environnment with superior handling
aspect and the Jekecnoletylgper medbhée meriycdneustederdsor bhed derfteirgent
menbr ane performance can be washed efficiently within a brief tine to
recover thefHEISme pH9 W ¥frce. @8 the moggeulam, yedghtyasfhi nfhe

sel ectivel y, c!‘iea@o%eg‘a”@gég&a%or%ﬁg tﬂht N iseSeat EJ'V%%Eia‘iBed
enpl oys t he above- mentionéd detergent, $o that it realizes efficient
washi ng of moisel eabivet ytpeIyeablrenerdnma ndetesliaiiat €oh | 8asiBy be
menbrane performance at a high detergent effect safely within a brief

time wthoutepstadt i dttat MAFNRG sEREBt | 9B| y3 1 ek i @ ST artd i i
superior hapdling ggpecl Lo 60abl&,10 LECOXPLaihe FRMLARE a1xaline

per f or mance. _
washing liquid may voluntarily hbhe chosen, it may be an

aqueous sclution having a pH preferably in the range
from 9 to 12. Any voluntary ﬁashing technique may be
employed using such an alkaline solution and a technique
similar +to that using the washing liquid mentioned
ébove can be employed.

By further washing with other washing liquid
after the proper' washiﬁg with +the washing liquid
according to the .present invention, thel contaminants
remaining without being removed by the washing 1iquid
are washed out and removed, whereby the performance of

the selectively permeable membrane is recovered

12
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a flow diagram
expl aining the nethod for washing a selectively perneabl e nenbrane
according to the present invention in a node of enbodinent.

Fig. 2 shows the results of EXAMPLES 1 and 2 and of COWPARATI VE
EXAMPLE 1 as to the degree of flux recovery in a graph

Fig. 3 shows the results of EXAMPLES 1 and 2 and of CCNPARATIVE

%WzEsﬁo% ELEﬁé:t l?"glé:(é %%dEXE%gLE %lteg%‘l op ﬁle 88?% o?mfl ux the

recovery i kubs@oelit treatment course can be prevented. The
washing method according to the present invention can
be realized in combination with other washing technigue
"using other washlng 11qu1d

Since the detergent for washing of selectlvely
permeable “membranes according to the present invention
comprises a polyol having a molecular weight not higher
than 400, a high detergent effect for selectively
permeable membrane is attained without deteriorating
the selectively permeable membrane and without damaging
safety to human and to environment with superior
handling aspect and the selectively permeable membrane
deteriorated in its membrane performance can be washed
efficiently within a brief time. to recover the membrane
performanee.

The method for washing a selectively permeable
membrane according to .the present invention employs the
above-mentioned ‘detergent,. S0 that .it realizes
efficient washing of a selectively permeable membrane
deteriorated . in its membrane performance at a.  high
detergent effect safely within a brief time without
deterioreting the selectively. perﬁeable membrane with
suberior handling aspect to enable to recover the

membrane performance.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram expléining the method

for washing a selectively permeable membrane according

13



Fig. 5 shows the results of EXAMPLES 5 to 8 and of COVPARATI VE

EXAMPLE 3 as to the flux in a graph. Fig. 6 shows the
results of EXAMPLES 9 and 10 as to the degree of flux recovery in a
gr aph. Fig. 7 shows the results of EXAMPLES 14 and 15 as to
the degree of flux recovery in a graph. - Fig. 8 shows the

result of EXAMPLE 16 as-to the flux in a graph. THE BEST MODE FOR

EVMBODYI NG THEth&VEMNELEAL inventioBelPW niclle pEreeaBbaikygniion wll be
descri bed by way of node of enbodinent with reference to the appended

dr awi ngs. FEgg. 20 shousf |tw diregnahs exqfl aERAMBLES e Imeghdd 4 or

washi ng a sel ectjvely perneable nbrane according to the present
nvent ion PA%a HodCOBRAEABE nERBIELR M gas 1501 T A3RGHER 0 OFn WHILH

concent  at SoeRanhgy 1] & BFE 2 chanber 4. S 15 & reservorr for
the liquor-to-be-tregted 6hb@sa di ereb@lks ©f SERAMPLES 1 and 2
and of CONP'ARATIVE EXAMPLE 1 as to the degree of salt
rejection'in a graph.
Fig. 4 shows the result of EXAMPLE 4 as toithe
degree of flux recovery in a graph.
Fig. 5 shows the results of EXAMPLES 5 to 8 and
of COMPARATIVE EXAMPLE 3 as to the flux in a graph.
Fig. 6 shows the results of EXAMPLES ¢ and 10
és to. the degreé of flux recovery ip a graph.
Fig. 7 shows the results of EXAMPLES 14 and 15
as to the degree of flux recoféry in a graph.

Fig. 8 shows the resplf of EXAMPLE 16 as .to the

flux in a graph.

THE BEST MODE FOR. EMBODYING THE INVENTION

Below, the present invgntion will be described
by way of mode of embodiment with reference to the
appended drawings. o

Fig. 1 is a flow diagram explaining the method
for washing a. selectively permeable hembrané according
to the present invention in a mode of embodiment. In
Fig. 1, 1 is a moﬁule in which a seiectively permeable
membrane 2 is arranged for partitioning a concentrate
chamber 3 and a permeate chamber 4. 5 is a reservoir

for the liquor-to-be-treated, 6 is a water tank, 7 is a-

14



washing liquid storage.and 8 is an alkali storage. Pl is a

hi gh-pressure punp and P2 is a punp for washi ng operation which may
be operative under a pressure lower than that of Pl. VI to V15 denote
each a valve and Li to L15 indicate each a flow |ine. In
operating the selectively pernmeabl e nenbrane unit shown in Fig. 1 to
ef fect nenbrane separation, the valves 1 to 4 are opened, while other

val ves are hel d cl Qsed,. whereupon t he hi gh-pressure_ pu lis
act uat ed tﬁaﬁhbgg I?lﬁémllfiqu%t—rq’f%eoe@‘?‘? eft g& Abr2iEdht t REOFagervoikt 5

to be suppkkedst @:5REpCRUSHDET Fhfpt NanbeR 3 oL tahe,laxm,siu'f%rl Wa hide
line Li under a pressure, in order to cause the selective perneation
t hr ough t hepsehetonvehychemayabbe npabatnes 2undber @ pridwsures Ul dvdaig
perneate is guided fromthe perneate chanber 4 out via the line L2 as

t he treat e8PfRqddRt Rfe BbnceNtr dt% V5 fendks gerrbug vedwnet ked Ll

concentrate_c g‘oe 3.Y] he |1 3. .On_continuing such nenbrane
Separation?ocg% aﬁ#%é%%kgd%¥$é§%g?%ﬁThlngdhere onto the selectively

perneabl e menbraner® JpbAidangbytide sEREREADE1 PeifedimdBBER. MR
the flux and the selective perneability, becones decreased and,
hence, theuséteeshiowal \imeFigabl e toediifend sizmiirdnee spyredtien,t the
washi ng. When a reduction in the nenbrane performance, such

as the flu¥Xalyesddt et?ed oh ABRPEDri WHitRerdder (VRIS hARE 1hed@ d
i lie he at h r f _the le 1 _and washi.ng:
of thorser SxbEedy's IRTEUIERS hd TRTRRL 5P Qludd'c olIRY £ 2 THLABRNO

recover theomerdmane pPameOr NBNgRorFes-tdl redthar VakyesaVs {0 VErare
opened while the valve V1 is kept closed so as to guide the treated
| i quor (treasedverx eP) tohrkrigsurhkied nke Ehet gonzentiratehehamber. 3

tank 6, intg the washi l,i quj d orage 7 d into the al kali starage
5 f espect PReithe Byar Tnd Webhi The! Tokies FL° srdisd: i BeFRRFBduGTnG
a pol yol _05r@ePol 9! Ohiise aniy 9316 UCNLLAL QL 1A Vasil i | igyd d
storage 7 and the alkali liquor is prepared Ey I ntroduci ng an al kal i

into the at&bbdtbtelngpedmeable membrahecd,r ywhgrold whehirgultimgt he
washing liquid, valves V10, V2, V5, V7, V12 and V14 are opened while
ot her val vRBTBRRtRKepE W oFEPR hEhgumsrmeatsr alestiedy bpebht ivdd i s

actuated sg_as.tQ supply_th i liquid from.the washing_Liquid
storage 7 ?%et %éggoﬁc%gng?attgle\é\%?ﬁgg%% 10 e mngﬁ?ec\%%\(ffgt?ﬁ!gel iLir?es

L10 and L9iéchatdedpofte £AGDehed dbhdediieitenSbhafbet W dviQr the
provi di ng for washing of the selectively perneabl e nenbrane 2 by

cont acti nglimet h@rew t hOnTheonds hizhgg mapughs o nembalhect exbpRration,
circulating the washi ng‘?Ib%Pg_ui d from.the concentrate chanber 3 to_the

washi ng | i SRAHERIALYe anERR Widds deTe PR thRe FRIREMAYSHYNg
'S cari ed, oue i Uk AN VST NGld 0UI dhdReRET TRale Al e

s€f ectively perneabl e nenbrane 2 under pressure, ‘the perneate iIs
ci rcul at edpérbormdreceper meath chanbethd t &luke veashi nghki quied exitdvage

7 via the lines L4 and L6.
permeability, = becomes decreased and, hence, the
selectively permeable membrane should be subjected to
washing.

When a reduction in the membrane perforﬁance,
such as the flux, is detected upon monitoring thereof,
the washing liquid is supplied to the concentrafe
chamber 3 of the module 1 and washing .of the

selectively permeable membranei'Z "is effected, in order

to recover the membrane performance. For this, the
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When an after-washing is carried out after the washing with the
detergent, an alkali solution is supplied fromthe alkali storage 8
to the concentrate chanber 3-of the nodule | -via the lines L11 and L9
by opening the valves V2, V8, V11, V12 and V15, so as to carry out
the washing in the sane way as in the case of washing with the

det er gent . When a further washi ng with a washing Iiquid
consi sting_of wat tre ed Water fected after .th
washi ng w YﬁIYte"lse et ergen% S5 e e mﬁ%ﬁ. ngkﬁ quﬁ co"trlllgt f‘?u?‘e&’

the al kal i csos&di 080 the teeat gdla@t ethéS SH@pteced Bspddie Vasfdai@d
liquid fromthe water tank 6 to the concentrate chanber 3 of the

modul e 1 viwatehe I’CMQQQDS’fdwd Londgy &fertingL¥ henkal vighe VBatyy, ’t‘é@k
V6, V12 and V13 ctuat i t he pu P2 for was 0 eratlon

bl Tl M e e %%h.wqw SPLT LR CR Set ol ofthe’
washing w Ly 1he d?’cé«‘f respecth%\naﬁeya det}Fé&e“t t%%”prdﬁﬂlgxga

pol yol having a nolecu ar melg not than 400 i s enployed in

t he above- peqtidned wasipargdofby henﬁebeﬁ&m@l ¥ pRlvedabl er nenipcne12,
a hi.gh washing effect for the selectively pernmeable menbrane is

real i zed wplw®uBncargang cargelderdy | bl | theotrashéngelldguildelsftorage

per neabl e genbr.an ether with safety to humgn and t Vi ronnent
with superfof™an ?n8‘1§§ﬁéct11% eby TERRE |\}é‘4y1BgFﬂ‘g‘é‘6’r’ég an

menbr ane egmgﬂlﬂgtgeg}fg ianahed srerhgang, per f ormance, such as the
flux, can efficiently be washed within a brief tine to recover the

rrenbrane perfor maneer Bgaet{esdi nguan addsdringashivhich Wi thea westiiimg
ITquid constituted of an alkali solution _or water -after the proper

washi ng usthguife YeLBrgeNLO-t M2 e¥di n¥ig d’étzer%tvéﬁdafﬁe cﬂ’é’(“&éhed

rest of the, cont n be re d gpan
organi c so ?/e%) %\?}?f@gh% i 5% ﬁg%ﬁ 81?3?8&?{1 act| w’?érh% Pgmfor
have an aC&b@x@.—L@& d@ﬁ@ﬁémﬂ hes grerdyana & - tdee n@yTbnane gﬂyi;ulye ahe
hi gher concentration, such as al cohol; ketone, ether or amde, in
addi ti on tmashJ'alg)olljtqtids@ram ttieh ota e ngoricientirdat § v agst ?:atlgi e
deterioration of the nenbrane or the_nenbrane dule g ver 9,'10
det ergent SRRESHEIATR GREWPSRAS RfietdSy WOdF)E higtert %tériég

effect for jhergelectdMal Yo eriEalh GniBrbsang Wi ltheb%agﬁ%bzqqquia
for providing for washing of the selectively permeable
membrane 2 by .contacting it therewith. The washing may
also be effected by circulating the washing liquid from
the concentrate E:hamber 3 to the washing ligquid  storage
7 via the lines L12 and L14. When the washing Lis
carried out by causing. the washing 1liquid to permeate
through 'the select.ively permeable r?embrane 2 under
pressure, the permeate is circulated_;from the permeate
chamber 4 to the washing liquid storage 7 vﬁa the lines
L4 and L6.
When an after-washing is carried out after the
washing with the detergent, -an alkali solution is
supplied from the alkali storage 8 to the concentrate

chamber 3 of the module 1 via the Iines L1l and L9 by
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VWhile in the arrangenent shown in Fig. 1 the treated liquor is used
for the washing water, it is possible to enploy external supply of,
for exanple, pure water, demneralized water or the like. For the
wat er tank 6, washing liquid storage 7 and the al kali .storage 8, one
singl e vessel may be used in commopn wi thout using each separate
vessel . EXAMPLES 1 and 2 and COVPARATI VE EXAMPLE 1:

Filtration was carried out usi%% reverse osmsi s nenbrane NTR-759

HR of Nitt&PREPECEr i e nJavefal @g.‘{sitﬁ.llunéfé? fhopetati R Festtre
of 1.2 MPa Q-2 diieahigd Yali®ind M hede CQQmQ%a{}' g‘?erint % 2€a\b§<?(| ?lfg

ng/liter) froma waste water treatnent apparatuS of a ne
factory as wasminigqudtht dthbedéteagedt. The fl ux was thereby decreased

down to 30 % of the original non-contam nated value. In EXAMPLE 1, a
30 wt. % aqueous sHPED oR oFuBEHRA eM@sipgol vk Fasy@shiast hbiquid

washing |iquid..Q:the fpr ours, ;. whereu
al kal i ne a%ﬁ@%ﬁ%§l§§|d??gg%%2%p Eﬁﬁ% fﬂ%pggr Eﬁ%s%%_?ﬁ%rgﬁgeéikd
three hour srtler EANPLEshird 7GMh  %raduefittesRint | Uy Ofwfth  the
pol yet hyl ene gl ycol (PEX400) having an average nol ecul ar wei ght of
400 was passehiag thgwabhicpgskituted wifereuponlanlal keadliuts caguetthss
solution of pH 12 was further passed thereto for two hours. In
COVPARAT| VETERAGBLEYateBnliF afUBPkARE nsaqtiBBUWINIRT oA 18P 1FH E20Mas

passed as g VASILDY bl @l TRe {Ner eRY-RREPLPE] HBHERT °F L Xene
recovery is shown in Fig. 2.FromFig. Z, TU TS Seen
module 1 wvia the lines L8 and L9 by opening the valves
V9, V2, V5, V6, Vi2 and V13 and actuating the pump P2
for washing operation, so as to carry out the washing
in the same manner as in the case of washihg with the
detergent- '

Since a detergent' comprising a polyol having a
molecular weight not higher than 400 is employed in the
above-menticoned washing of the selectively permeable
membrane 2, a high washing effeckt for the selectively
permeable membrane is realized without causing any
deterioration of the selectively permeable membrane
together with safety to huﬁan' and to environment-rwith
superior handling aspect, wheréby a. selectively
permeable membréne exhibiting deteriorated membrane
performance, such as the flux, can efficiently be
washed within a brief time to recover the membrane
performance. By effecting an afteér-washing with a
washing liquid constituted of an alkali solution or
water after the proper washing using the detergent, the

remaining detergent and the detached rest of the

contaminants can be removed.

17



that the flux recovery is attained wwthin a nore brief tine and the
degree of flux recovery is nore higher for the case where an al kal i ne
washi ng was suppl enented after the washing with ethylene glycol or
pol yet hyl ene gl ycol (PEG400) than for the case where washi ng was
effected only with an al kal i ne aqueous solution. In Fig. 3, the
results of salt rejection (degree of desalting) for an aqueous sodi um
chl oride sol ution Bf S¥idw/ bint edrddei Shevlivend, Wititia 8ahibits a
rejection of 98 % or higher is attained after the washing for each
case, indi 848hngdekgrandtdepaseyibhY oPUE hendenihaNee PR f FFeive of
occur ed. MPLE 3 gnd COVRPARATI VE. EXAVPLE 2: As the reverse
oSt s moRBPRERT, T, PR bePE eI 7E8TREE 0P b RiSheT
Electric | pdusbhiahefn, Lhdn WaS groboyed Fibidat g@ﬂeaefa%xcaazrﬁﬁcﬂ,
out under an operation pressure of 1.2 MPa for a waste water (wWith a
TOC of 20 uw/|i&édibiond estp frohea madliale pasds pHdud onhbhdt oray
as the ligour-to-be-treated. For the nenbrane which had been used for
servi ce opEPREEBAETRbICR prEdctaysdnteddetenioptiore afd thige Pemhranst
which had been .deteriorated hi ng. was_carr.ied t VPARAT.VI
EXAVPLE 2 G2 g antaiteai nsliler ik Sortie sl R iRasa S o
to adjust agphtfaibdd,BwHastytaihok® hRghERNMRIcdBe gBREUITF et “Edx
hours, the flux was restored up to a val ue of 0.8 magnRday). Before
and after the palsthively hpeimre e owsbgedeuni hydpexreal spddit i on,
pure water was passed thereto each for one hour. \Wen the waste water

was then filtered Yohl% ot the HERREIEYedSPANRI P t FA8: t he ux

was decrea , or:e, 'n@A ‘ i gui ixtu f_ 70
wt. % of et%ggﬁgﬁg gl}{}%{)(%t an 38'5(\2/\?. oo:‘vﬂrxrgt ﬁ%an%fi%sh%écgggd% e%esto
as the wasbbBgiblgui 8o f cémp ey h@wternal | ewpglby EASSi Agr Wi dbaniles

wat er. for one hour. The original flux for pure water of this menbrane
bef ore thePysevivatase deminewplizfd d¥grean®rt Hehereddkgne wlE8rndihe

recovered conpletely by only. the al i pe shi ng.,and er - hi.,ng
for a vvashf"ﬁggﬁuri%ﬁrﬁ%ngpf .giﬁ’gp?:}si_,(q _rﬁggr‘?%% 7| u%‘%tgég?e\é\%lé‘d
conpl et el ychy-ugshi 9 Widd tNaghkduidsdd Kt W Obett Q¥baNe: §! YéHmaNd
met hanol for only a washing duration of 3 hours. By the way, salt :
rej ecti on washohseuybng usaaty sepaaguieowessedi-um chl ori de sol uti on of

500 ng/liter, whereby a value of 98.0 % before the experinent and a
val ue of 97.5 % after, the experinent were obtai ned, show ng al nbst no

change. EXQWRLErAs'1 and 2 and COMPARATIVE EXAMPLE 1:.

Filtration was carried out wusing 'a reverse
osmosis membrane NTR-759 HR  of. Nitto Electric
Industrial Co., Ltd. under an operation pressure of 1.2
MPa Ffor a treated water {(with a COD not higher than 25
mg/liter) from a waste water treatment ‘apparatus of a
metal working factory as the ligquor-to-be-treated. The
flux was thereby decreased down to 30 .-% of the original
non-contaminated value. In EXAMPLE 1, a 30 wt. %
aquebus solution of ethylene glycol was passed as the
washing 1liquid to the membrane module for two hours,
whereupon an alkaline agueous solution of pH 12 was

further passed thereto for three hours. In EXAMPLE 2,
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A treatnent was carried out under the same condition as in EXAMPLE 3
for a waste water (with a TOC of 20 ng/liter or less) froma nachine
parts production factory as the liqour-to-be-treated, whereby the
flux was decreased and, therefore, a liquid mxture of 70 wt. % of
glycerin and 30 wt. % of nethanol was passed thereto for an hour,

foll owed by passing with pure water for an hour. The degree of fl ux
recovery before and after the washing is showmn in Fig. 4. FromFig.
4, a hi gh @egy @e wif. ft%uxaqmmﬁeryol;ahl@e rosfcognim:édfetEXAwBIeESgBy¢anl8
and COVPARA rocedur of EXAI\/PLE 4,
there was ggg';ggy'@s Ve 9\%5ﬁ‘lvﬁé‘ag?qlﬂo&ecéﬁlaﬁrql}f%‘%%(tﬁFe 450 rsut .-
% of et hyl yC ( fy et Hyp (f %%%MDLE
5); a Ilqu?(%%rsnggt urglg 01?%08“\%,3}3%}3% lpré(;%y engﬂg %ggFﬁ( PGS1 %%k Wt .

% of et hanahuebu@H) s¢wkidXAVRLEB) ;18 Whgui Eurindtir pagked0 Wherdbdf
et hyl ene glycol (EG and 30 wt. % of formam de (HA) (for EXAVPLE 7);
a liquid mfgeur §wef Fouwps. 9% ofn etQﬁNMTQWCOEXbE@EanH,S only %aof

t A L, (f EXAMPLE d f 30 wt. % of th |
CEron( opTiinin %%%wﬁﬁ@é}an W Shetastsaad 38#3#—@0

hour, follguedify PASSINS. Of PHEC MAL&ILY ObLORELRU! H}%f' e
and after the V\aéhl ng I's shown ;énﬁé‘?e[ g;From le—?g. ge S seen t hat
a recovery is shown in Fig. . From Fig. 2, it is seen

that the flux recovery is attained within a more brief
time and the degree of flux fecovery is-more'higher for
the case where an alkaline washing was supplemented
after the washing with ethylene glycol or polyethylene
glycoel (PEG400) than for the case where washing was
effected only with an alkaline aqueocus solution. In
Fig. 3, the results of salt rejection (degree of
desalting) for an agqueocous sodium chloride solution of
' 500 mg/liter  are shown, in which a salt rejection of
98 % or higher is attained after the washing for each
case, indicating that no debaseﬁent of the membrane

; performance occured.

EXAMPLE 3 and COMPARATIVE EXAMPLE 2:

As the reverse osmosis membrane, a reverse
osmosis membrane NTR-759 HR of Nitto Electric Industrial
Co., Ltd. was employed. Filtration was- carried out
undef an operation pressure of 1.2 MPa for a waste
water (with a TOC of 20 mg/liter or less) from a machine
parts production factory as the ligour-to-be-treated.
For the membrane which had been used for sarvice

operation for a predetermined running time and the flux
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nore hi gher degree of flux recovery is recognized for EXAMPLES 5 to
8 than for COVPARATI VE EXAMPLE '3.In Fig. 5, "Oiginal" indicates the
original value of flux before use (REFERENCE EXAMPLE). COVPARATI VE
EXAMPLE 4: ' : '

of which héd been deteriorated, washing was carried out
as COMPARATIVE EXAMPLE 2 using an aqueous sodium
hydroxide solution prepared so as to adjust a PpH of
12. By passing it to the membrane module for 7.5
hcufs, the flux was restored up to a value of 0.8
md /(m?-day). Before aﬁd after the passing with the
_ aqueous sodium hydroxide solution, pure wéter was
passed thereto each for one hour. When the waste water
was then filtered again for the predetermined running
time, the flux was decreased and, therefore; as in
EXAMPLE 3, a ;iquid mixture of 70 wt. % of ethylene
glycol and 30 wt. % of methanol was passed thereto as
the washing liquid for two hours, followed by passing '
with pure water for oné hour. The original flux for
pure water of this membrane before the service use was
1 m? /{m? - day)} and the membrane was not recovered
completely by only the alkaline washing and’
water-washing for a washing duration of 9.5 hburs,
whereas the _flux was r6covered_ completely by washing
T with the liquid mixture of ethylene glycol and'methanol
for only a washing duration of 3 hours. . By the way,
salt rejection was observed using an aqueous sodium
chloride solution of 500 mg/liter, whereby a value of
98.0 % before the experiment and a value of 97.5 %
after thé experiment were obtained, showing almost no

change.

EXAMPLE 4 :
A treatment was carried out under the same

condition as in EXAMPLE 3 for a waste water (with a TOC



of a waste water containing |liquor-to-be-treated and had nonionic

surfactant as the suffered fromdeterioration
bei ng decreased to a value of 0.6 n2/(nR-day),

of the flux thereof by
was washed with a 60

wt. % net hanol sol ution, whereby the flux was recovered to about 0.9

B / (n2 - day) and the .
98 %to a value of 93 %

degree of Sit rejection was decreased from

of 20 mg/liter or less) from a machine parts production
factory as the ligour-to-be-treated, whereby the flux
was decreased and, therefore, a liguid mixture of 70
wt., % ofl glycerin and 30 wt. % of methanol was passed
thereto for an hou_r, followed by passing with pure
water for an hour. The degree of flux recovery before
and after the washing is shown in Fig. 4. From Fig. 4,

a high degree of flux recovery'can be recognized.

EXAMPLES 5 to 8 and COMPARATIVE EXAMPLE 3:

In the procedures of EXAMPLE 4, there was used
each as the wasﬁing ligquid, a ligquid mixture of 30 wt. %
of ethylene glycol (EG) and 30 wt., % of ethanol (E+CH)
(for EXAMPLE 5); a liquid mixtufe of 30 wt. % of
propylene glycol (PG) and 30 wt. .% of. ethanol (EtOH)
(for EXAMPLE 6); a 1iquid‘ mixture of 30 wt. % of
ethylene glycol (EG) and 30 wt. % of formamide (HA)
(for EXAMPLE 7); a liquid mixture of 70 wt. % of
ethylene glycol (EG) and 5 wt. % of acetone (Aceton)
(for EXAMPLE 8); and a liquid of 30 wt. % of ethanol
(EtOH) (for COMPARATIVE EXAMPLE 3), each of which was
passed for one hour, followed by passing of éure water
for one hour. The flux before and after the washing
is shown in Fié’. 5. From Fig. 5, it 1s seen that a
more higher degree of flux ' recovery 1is recognized for
EXAMPLES 5 to 8 than for COMPARATIVE EXAMPLE 3. In
Fig. 5, "Original" indicates the original value of flux

before use (REFERENCE EXAMPLE).

COMPARATIVE EXAMPLE 4:




COVPARATI VE EXAMPLE 5: The durability of the npdul e was
exam ned using an aqueous acetone solution as the

|4 quor-to-be-treated. As the nmenbrane nodule, a 4 inch NTR- 759 RR
nodul e (of Nitto Electric Industrial Co., Ltd.) was used. Wile there
was no problem at an acetone concentration of 5 % by wei ght of the
aqueous acetone solution and passing.was permtted even at a
concentration of 18 Ymbywbrnenghtoft TR e Hitis aestNiyiad Rikdthdc

| i quor-to-betreated flowed out untreated to the perrreate si de whent he
concent r at EBAUGAEL *hcFRaselttlo 30NdFBy idi Hren '

Filtratiog-was cacfl egia‘?.%&- rpc%ﬂurn V c?t?m%si@séﬁr J U't 0 P
§us 'ga

of Toray In rres, I nc. an op 1 on pressure 0

a-treated m@aﬁérL%iﬁeatﬁméﬁ §9drraéhl ts@xrff%&eheslﬁéonf rm&l‘/&ﬁiﬁon
wat er treatnent apparatus of a printing ink production factory as the

| i quor -t o- bé- thheat éﬁuXTﬁé'lefl‘le@)f wey dedngasdebtdamesbytdown vald® Wlof
t he val ue before ,h bein ontam nat e I n EXAVPLE ed |i

70 wt. %08 ét 1/ - ung Fshed %b‘?hn@thﬁaoﬁ"aﬁma “g’él"ﬂh
washi g | i gyi g te G tdersig f o] BOULea [N]
wat er was ggr rFi@EouE"h%%%ﬁe I?mur Q %&Ngﬁﬁ %,e a&fkg ?ﬁ% .5
sol ution ofs pthd2aawps pafded ther adwdeod of lbaheur xedkieiohavivag
been subjected to irradiation of ‘ultrasonic wave for 5 m nutes under
soaki ng i ndpareased cfront A8 cvdp 18y vedari a§ PA &.mixed liquid of 70
w. % of ethylene glycol and 30 wt. % of met hanol as the washing

| i qui d, whereupon pure water passing was carried out for one hour.

The degreeggﬁpékwwﬁoﬂyﬁq%éq an aqueous sol ution of sodium
chloride o ach washing operation is shown in
Fig. 6. Wiile a reriovetiurabilibeyf bfx il atd@iXedwdy kekemiasli nging

operation in EXAMPLE 9, a nore higher value of flux is attained by
the washi ngRopER&PPEN 36F LPRANVPIR UEd 0fu @St oEhe s HEner ste (f"ee‘f‘?r@@tte\ﬂl ‘th

ot her maShAQgthtQngrane module, a 4 inch NTR-759 HR module (of
Nitto Electric Industrial Co., Ltd.) was used. While
there was no problem at an acetone concentration of 5 %
by weight of the agqueocus acetone solution and passing
was permitted even at a concentration of 10 % by
weight, the. module was destroyed and the liguor-to-be-
treated flowed out untreated lto the permeate side when

the concentration was increased to 30 % by weight.

EXAMPLES 9 and 10:

Filtration was carried out using a reverse
osmosis membrane SU-720 P of Toray Industries, Inc.
under an operation pressure of 1.5 MPa for a treated
water (with a COD of 30 mg/liter or less) from a ﬁaste
water treatment apparatus of a printing ink production
factory as the liquor-to-be-treated. ' The flux was

decreased thereby down to 50 % of the valve before
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EXAMPLES 11 and 12: A reverse osnbsis menbrane of NTR-759 HR
of Nitto Electric Industrial Co., Ltd. was used for carrying out
filtration of a waste water containing nonionic surfactant as the
| i quor-to-be-treated under an operation pressure of 1.2 MPa. The fl ux
was t hereby decreased down to 0.2 nB/(nR.day). In EXAMPLE 11, the
menbrane nodule-was imersed in a liquid mxture of 70 wt. % of
sthyl ene olgly anth el Warch.Of 17! BRARILESHL NS YASUNG 40 44 oo
1.5 hours, ereupon pure water passing was tarri ed out” Tbr one hour .
I n Exanpl ewl2, %t b&E nerryipse nglydsr wasadi mensied &N oF |héltighdl Xhas e
of 50 wt. % of ethylene glycol, 20 wt. % of diethylene glycol and 30
W . % of matsiedho?s athehevagdsimangl idujdi.d f 8fters seeking vittrermiponfaur e
wat er passin s carried out for one hour. The flux for pure water
\ﬁé‘%m

after the TasP?e3HF eB- UBUED B3tOF a1 hied Bimis e
and 12, re iV : | t f Lux .est Qr usi

conposi ti ozﬁg?'EXiiN%LEE%#Eg ngelaﬁi S\F?Z(ralég?e%é’glﬁfcqéﬁ gg?%v}vgs]& was
attai ned i pas¥ANPLE0Y2. aThperisd asstiners t adwesduaftert hAbvih@ been
solubility of the nonionic surfactant in the washing liquid Is

i ncreased IBpbieptadi ndoa prtadifatdony| efe gihtosisonich daaehylfore 5

gl ycol . EXANPLE 13: %lreverse osnosi s nenbrane_ of NTR- 759 HR
of Nitto EMSQPFRE | MAGT | aFOE DT Lt i wWRYTGsed™ 6T carrRfilnyesut bY

filtrationQf ity.se ; t isquoy, wt e-}y eaked_ ¥nd
operation psggggﬂr%e g? 1&’29:%3?& Aqﬁe&#ﬁ?anéfn%éal éJ%_'f \t?\;hi 8E fﬁﬁ( am
been decr egdgdoly andlesdemtnt fofSmétnasol maer te@ iwashifigeridquiiy d
of 10 wt. %erythritol and 30 wt. % ethanol as the washing liquid for
one hour, WHEFEUPeR pRMEe watRdeIpaBasTitdadaGar erediedt ddr Eonoune

_ . 0
The flux wag tecoveped bXeS‘%&ﬁfE“%&xﬁ 5%%%%::%5 #,and feached i
nearly the original “val ue. . S an :
sclution of scodium chloride of 500 mg/liter after each
washing operation is shown in-Fig. 6. While a recovery
of the flux is attained by the washing operation in
EXAMPLE 9, a more higher walue of flux is attained by
the washing operation of EXAMPLE 10 due to a

synergistic effect with other washing method.

EXAMPLES 11 and 12:

A reverse osmosis membrane of NTR-759 HR of
Nitt¢e Electric Industrial Co., Ltd. ﬁas used for
carrying out filtration of a waste water containing
nonionic surfactant as the iiquor—toébe-treated under
an operation pressure of 1.2 MPa. The flux was thereby
decreased dowﬁ to 0.2 wm®/(m?*-day). In EXAMPLE 11, the
membrane module was immersed in a ligquid mixture of 70
wt. % of ethylene Qiycol_ and 30 wt. % of methanol as
the washing liquidrfor 1.5 hours, whereupoh pure water

passing. was carried out for one hour. In Example 12,



Filtration was carried out using a reverse osnosis nenbrane SU- 720 P
of Toray Industries, Inc. under an operation pressure of 1.5 !"'Pa
for a treated water (with a COD of 30 ng/liter or less) froma waste
wat er treatnent apparatus of a printing ink production factory as the
| i quor-to-be-treated. The flux was decreased thereby down to 50 % of
t he val ue before being contam nated. I n EXAVPLE 14, a m xed |liquid of
70 Wt . % ofhet hghbpang! ywodulanta30 Mmerkedl retdanobuvasmisedrasofhe
washing |iquid. After soaking therein for one hour, passing of pure
wat er was ear Mted éutofo@té’r?geﬁﬁurg.lir‘FPlEXAWLE”@LS, %2 af x et athydeaeof

08 w. % obigtdylang dycal, 30 dk. mdhRhndP! RANOLLENGagnihy Hilhiia

acetyl acet was use Shing Trqurd.” After soakin rern

for one hogér pUBE HiAIrE, RASSIRPHASHER IV&LePUbab8ingNGaBOWarribe

degree of flux recovery for an aqueous sol ution of sodium chloride of
500 ny/litent affoer e@ehhweashi ngTbheerfduxonfés shoen watdw gaftear Vhel e
a flux recovery was attained by the washi g operation in EXAMPLE 14,

a nore hi gReSDIART uW3sT FeSbOTREs BR t 5Pnéd by BRE Udhi hg1Bp&rampPeRSof

So Ubi 11 {y-bf bt Ao LESRERRERENTS | WEHES wibRl e qlird By siREee

addi ti on ofy acRtingaCeiO&N@omposition of EXAMPLE 11, a more higher
detergent  effect was attained in EXAMPLE 12. This is
assumed to be due to that the solubility of the
nonionic surfactant 'in the washing liquid is increased
by replacing a part of ethylene glycol with diethylene

glycol.

EXAMPLE 13:

A reverse osmosis membrane of NTR-759 HR of
Nitto EleétriC' Industrial Co., Ltd. was used for
carrying out filtration of a city sewage as the
1iquof—tc—be-treated under an operation pressure of 1.5
MPa. . A membrane module of which flux had been
decreaéea by a decrement of 18 % was immerséd in a
mixed liquid of 10 wt. % erythritol and 30 wt. $%
ethanol as the washing liquid for one hour, whereupon
pure water passing was carried ouf for 5 hours. The
. flux was recovered by an increment of about 15 % and

reached nearly the original wvalue.

EXAMPLES 14 and 15:

Filtration was carried out using a reverse

osmosis membrane SU-720 P of Toraf Industries, Inc.



EXAMPLE 16: A reverse osnosis nenbrane of - NTR-759 HR of N tto

El ectvric Industrial Co., Ltd. was used for «carrying out filtration

of a waste water froma nmachine parts production factory as the

| i quor-to-be-treated (with a TOC of 12 ng/liter) under an operation

pressure of 1.2 MPa for 50 hours. The flux was decreased down
under an operation pressure of 1.5 MPa for a treated
water (with a COD of 30 mg/liter or less) from a waste
‘water. treatment apparatus of a printing ink production
factory as - the liquor—to-be—treéted. The flux was
decreased thereby down to 50 % of the value before
being contaminated. In EXAMPLE 14, a wixed liquid of
70 wt. % of ethylene glybbl and 30 wt. % of methanol
was used as the washing liquid. After soaking therein
for one hour, passing of pure water was carried out for
one hour. In EXAMPLE 15, a mixed liquid of 68 wt. % of
ethylene glycol, 30 wt. % of methanol and'2. wt. % of
acetylacetone was used as the washing liquid. After
scaking therein - for one hour, pure water passing was
carried out for one hour.. The degree of Flux recoverf
for an aqueous solution of sodium chloride of 500
mg/liter after each wasrhing operation is shown in Fig.
7. While a flux recovery was attained by the washing
operation in EXAMELE 14, a‘ more higher wvalue of £flux
was attained by the washing operation of EXAMPLE 15.
This is assumed to be due to an increase in the

solubility o©of membrane-contaminants in the washing

liquid by the addition of acetylacetone.’

EXAMPLE 16: -

A reverse osmosis membrane of 'NTR-759 KR of
Nitto ‘Electric Industrial Co;, Ltd. was used for
carrying out filtration of a waste water from a machine
parts production factory as the ligquor-to-be-treated
(with a TOC of 12 mg/liter) under an operation'preésure

of 1.2 MPa for 50 hours. The flux was decreased down



to a value of 0.55 in31(n2 day) as shown in Fig. 8. Then, soaking in
aliquid mxture of 70 wt. % of ethylene glycol and 30 wt. % of

met hanol was effected for one hour, whereupon pure water passing was
carried out for one hour. After the washing, filtration of the sane

| i quor-to-be-treated was perforned. again. A nore higher val ue of
primary flux than that before the washi ng was obtai ned and, hi gher
flux values were able to be attained over a period of 50 hours. The

degree of salt rejectio S tected to, be 99 % for_ both the cases.
APPLI GABI L1 TY 19 1 K& FRY-58 w1 T'h‘ie"ygf%éﬁ‘?ﬁn f’hﬁéﬁ%‘i o?%‘tl)‘?"s SHUFIPE ILG for
a detergent forinasmingrobs Wk ol sfeehleReilyERBM IR snBshapiResed

of reverse osnosis nenbrane as well as for a nmethod for washing with -
the detergent. effscimanNey one hournhpreypen puigaEsen gasingerves e viefypul for

per neabl e nmenbr npessdaf g £ .S e exhi bi ti ng
deteri orated pe@r%gha{u?b nﬂﬁﬁoﬁ/@f ‘F%thrng% gi;@gng% ﬁgg{leosr? er@c;%? go §? @fa\??t{:eh
cont am nant subsasapedorrednggaini Ay mwas highgr tvabenafndriame fhint khan wWesthi ng

l'i qui d consisting of,a polyal havi n Lecul ar -wej ght. not. greater
Lhan 400 and. - dBt s MFshg wraed oy affer Hox Yahld old wfl' 6%
attained over a period of 50 hours. The degree of salt rejection was

detected to be 99 % for both the cases.
APPLICABILITY IN INDUSTRY
The present invention is utilized for a detergent for washing of

selectively permeable membranes composed of reverse osmosis membrane

as well as for a method for washing with the detergent.
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2. The nethod as clainmed in claim1l1, wherein the washing liquid
contains an organic solvent. 3. The nethod as clainmed in claiml1,
wherein the nenbrane is subjected, before and/or after the washing
with the washing liquid, to a pretreatnent washi ng and/ or an
aftertreat nent washi ng by anot her washing nmethod. 4. The nethod as
claimed in claim1l1, wherein the washing is perfornmed by contacting
the washiMmpAlInggi d with the sel ectively perneabl e nenbrane. 5. The
nmet hod as clainmed in claiml1l, wherein the polyol is selected fromthe
group consisting of ethyl ene glycol, diethylene egcoI propyl ene

| ycol, cer col s d sugar e ne t hod as
PRI, SRR PE AT A G 8 8 g s 300

sel ect ed fé&@bé@& S QUPFANR S5O mTRRRYHE | &R eNe %iet%tri‘&fa%ed

ket ones an
permeation flow flux due to adhesion thereto of a contaminant

substance, comprising washing the membrane with a washing
liguid consisting of a polyol having a molecular weight not greater
than 400 and, optionally, an organic solvent.

2. The method as claimed in claim 1, wherein the washing
liquid contains an organic solvent.

3. The method as claimed in claim 1, wherein the membrane is
subjected, before and/or after the washing with the washing liquid,
to a pretreatment washing and/or an aftertreatment washing by
another washing method.

4. The method as claimed in claim 1, wherein the washing is
performed by contacting the washing liquid with the selectively
permeable membrane.

5. The method as claimed in claim 1, wherein the polyol is
selected from the group consisting of ethylene glycol, diethylene
glycol, propylene glycol, glycerin, polyglycols and sugar alcohols.
6. The method as claimed in claim 2, wherein the organic
solvent comprises a compound selected from the group consisting of

monohydric alcohols, ethers, ketones and amides.
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