SPECI FI CATI ON DETERGENT FOR WASHI NG SELECTI VELY PERMEABLE NMEMBRANE AND
METHOD FOR WASHI NG FI ELD OF THE | NVENTI ON The present invention relates to a
detergent for washing a selectively perneabl e nenbrane conposed of reverse
osnosi s nenbrane and to a washing-nethod using such a detergent. More
particularly, it relates to a detergent for washing a selectively perneable
menbrane, of which perfromance, such as flux (perneation flow flux) and so
on, has been deteriorated by being contam nated through treatnment of, for
exanpl e, concentration of solution, desalting, water treatnent, such as
production of pure water, and oSRECIFI@ATIGNts, for recovery of

performance, as well as to a nethod for washing by using such a detergent.
BACKGROUND OF THE | NVENTI ON When a sel ectively perneabl e nenbrane conposed

of reverse osnosi $FEER g;@pr W? § @f‘ﬁ?‘ll AnE ration of
solution, desalti ??g, prg uctng)n 0 %&%@&aﬁg an cfﬁke:r waggmr eat nent ,
the selectively peviEMBRANIADNDENMETHOD PORCVASHINGAt ed by vari ous

pol l utant substances, whereby it suffers fromdecrease in the flux to cause
1 reduction in the selective perneability. Therefore, it has been practised

to wash such i e nenbrane deteriorated inits
per f or mance %W?%i@b%ﬁﬁ%der to recover the performance.

Hitherto, it has often been practised to use an acid, alkali, organic
solvent or surfactant as the detergent in washing a selectively perneable
menbr ane The present invention relates to a detergent for washing a

selectively permeable membrane composed of reverse osmosis membrane
and to a washing method using such a detergent. More particularly, it
relates to a detergent for washing a selectively permeable membrane, of
which perfromance, such as flux (permeation flow flux) and so on, has been
deteriorated by being contaminatgd throﬁgh treatment of, for example,
concentration of solution, désalting, water treatment, such as production of
pure water, and other treatments, for recovery of performance, as well as

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

When a selectively perm.e'ablle membrane composed of reverse
08IMosis 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



deteriorated in its performance, such as flux. For exanple, Japanese Patent
Kokal Sho-54-99783 A discloses a washing technique using an alkali as the

det ergent,

by which it is difficult for severe contam nation to recover

the flux within a brief tinme and the degree of flux recovery will never
reach to 100 %
A and in others,

used at

of causin

I n Japanese Patent Kokais Sho-52-125475 A and Sho-58-119304
a technique is disclosed in which an organic solvent is

nbr ane no
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subst ance, so that the present situation is in that this technique

i s not appeiroabbdet 0 pembtanal dppaxrxitsesd Fdm exatpl e, panforgantce

organi c

sol vent ,

such as

met hanol , et hanol or acetone, has a high washing ability

for a revéﬁéégosnﬁﬁls Referasator fHR a ORASG-fi|tPati a®CPMEET anethéovever
it causes_at m
menbr ane RSE&PE ?ﬁ&re is a problemthat a hlgh detergent effect is not

attainable at a cgageRLLRLio ot e é%ﬁé) Lpnbrane
or the nmenbrane gule I'n g%p%ﬁ%sé) atent ﬁgk;ﬁkgﬁ% 5&@0?%% a washing
techni queaksiing alidl it hassgahi €t hybepengl Yool sy fdici@imseds Hoveyer,

al kyl ethers of ethylene glycol have both hydrophilic and hydrophobic
groups andetergent in washing a selectively permeable membrane

concentrations deterioration of the nenbrane or the

deteriorated in its performance, such as flux. For

example,

Japanese Patent Kokai Sho-54-99783 A discloses

a washing technique using an alkali as the detergent,

by  which it 1is difficult for severe contamination to

recover the flux within a brief time and the degree of

flux recovery will never reach to 100 %.

Sho-58-

In Japanese  Patent KXokais Sho-52-125475 A and

119304 A and in others, a technique is disclosed

in which an organic solvent is used at higher

concent

danger

rations. However, this technique involves a

of causing deterioration of the membrane or the

membrane module, though a high washing effect may be

attained for the case where the pollutant 1is organic

ce, so that the present situation is in that

substan

this technique is not applicable to practical
apparatuses. For example, 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 1s a problem that a high

detergent effect is not attainable at a concentration



exhi bit nol ecul ar structures close to nonohydric alcohol. They are highly
detrinental and emt strong irritating snell and, hence, they are
.designated in the Law of PRTR (Environnental Pollution Release and
Transfer Registration) and prescribed for their work environnent assessnent

| evel to be not higher than 5 ppm whereby there is a problemthat a high
application concentration is not allowed. The object of the present

i nvent i onnick t Ocaps ORGSE G téatigRTor Of opashiRg amegbeshkvelor pegarabl e
menbrane and a nmethod for washing, with which it is able to realize a high

det er gent mefnbgamef moddleacti vel y perneabl e nenbrane and to cause no
deterioration of the C sel ectively perneabl e nenbrane and which are safe not
only for human butlFal sb2p@messyi Fargast HakprsupEhPob5-RAXAG nR easfness and

can wash a s%l.ectivelﬁ er meabl e mag)t()r ne havi ng Eee deteriorated . in its
per f or man¥&SPIOG hEGS ’E‘E‘éu‘f"l BEAH & %ﬁ, I8 eft | $RARIRNE a9bYFRE  tine

to_enabl e LSy ALeld o0 of G SFELCT EMISE: FHELCEDRE iy Tiind NRNTLEN The

present invention consists in t Wi ng rgen

sel ecti vehwuvieer neabhe nepdFaPpRi 1 Sc anthdet hegdfrephssii ng'gr()i’a}vsA dehgr gent
which is a washing liquid for washing a selectively perneable nmenbrane
conposed efxhidndr se modessilamentytanstweds bi telwse detes i ormdechpérireat i on
flow flux due to adhesion thereto of contam nant substncces, conprising a
pol yol haelg§h@lnol ecihey waieghhigblygrédekeimentdh 4006l 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 - ¢bject of the present invention is to
propose a detergent for washing a selectively permeable
membrane and a mwethod for washing, with which it is
able to realize- 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 permeable
membrane having beeh deteriorated in its performance,

- such as the flux and so on, efficiently within a brief

time to enable restoration of the preformance.

DISCLOSURE OF THE INVENTION

The present invention consists in the f{following

detergent for washing of selectively permeable membrane



(2) The detergent as defined in the above (1), wherein it further conprises
an organic solvent. (3) The detergent as defined in. the above (1) or (2),
wherein the said polyol is selected fromthe group consisting of ethylene
gl ycol, diethylene glycol, propylene glycol, glycerin, polyglycols and
sugar al cohols. (4) The detergent as defined in the above (2) or (3),
wherein the said organic solvent conprises a conpound selected fromthe
group consisting of nmonohydric al cohols, ethers, ketones and am des. (5)
The detergent as def'Qfg in any one of the above (1) to (4), wherein the
cont am nant su%%@ﬁ%ﬂé@ T WGfiP8%i ¢ surfactant. (6) A method for washing a

sel ecti vel abl s G0 : I i ane
y pefiyeabl g d@%ﬂg@ﬁm@hmﬁq%ﬁggvh@% BEHRSCwa GRS %c%e(%{ﬁ]égw

exhibiting deteriorated perneatio ue to a rret o of
cont am nant surrreabl, membnand eimppsed ohiavgrachmnmaishmanbriant bxkibybshi ng

(e ot ho e ke b st s Bl e s ahesos Fharw Aiadretiannt qul o
Contai s {urt NglogBL SaRlicRH] NoRl ol s ABIARH: S5 eyt e abOve

(6) or (7), wherein the nenbrane I's subjette ore er the
washing with tthendd®hing liquid, to a pretreatnment 4 washing and/or an

af tertreat nent shi by ot her . ing .method. (9) The nethod as defined in
any one of the(zﬁﬁoveiﬂg%)‘%ﬁfg?%t) ?‘S’%’g‘%‘?ﬁn ttﬁ’ﬁea §hﬁ')1}\gwh§1'e&br1¥ dustRer by
contacting theco\%gﬁeggﬁgjég&igsgmé&t he selectively perneabl e nenbrane. The

sel ectively per rane to be washed according to the present
invention is o corffleséatergent ey defivedomntdwi shore i raan®), iwherwini thie saily

fecr oased due ESYeldneeieilHar di et oHeRAPA AT b Aged, dbglone
glycol, propylene glycol, glycerin, polyglycols and sugar aleohols.
(4) | The detergent as defined in the above (2) or (3),.wherein the_said
organic solvent comprises a compound selected from the group consisting
of monchydric alcohols, ethers, kétones- and amides.
(5) The detergent as defined in any one of the above (3) to (4), wherein
the contaminant substance is nonionic surfactant.
(6) A method for washing a selectively permeable membrane
composed of reverse .osmosis menibf_éne exhibiting deteriorated
permeation flow flux due to adhesion thf:fgto of contaminant substnceis,
comprising washing the membrane wil;h:= a washing liquid comprising a
polyol having a molecular weight not gl-eé;;ter than 400.
(7 The method as defined in the ::éibbve (6), wherein the washing
liquid contains further an organic solvent. |
(8) The method as defined in thef above (B) or (7), wherein the

membrane is subjected, before and/ox .aftér'the washing with the washing

liquid, to a pretreatment



reverse osnosis nenbrane i s a sem perneabl e nenbrane which permts to
perneat e specific ones of substance, conponent and ot hers sel ectively,
wherein there is no limtation in their application and they are applied for
general uses. As to the material of the selectively perneabl e nmenbrane,
there is no special limtation and, for exanple, perneable nenbranes based
on pol yam de, polysul fone;, polyimde and cellul ose may be enunerated. The
object to be washed may be not only a selectively perneable nenbrane itself
but al so a nmenbrane nodule. There is no special limtation for the nmenbrane
nodul e to be weshew antior e pfertreatoimmt mechimaty éther exahitigemethddul ar nenbr ane

nodul e, fl at nbr a ul,e, i ral. menbran dul e and hol | ow fi ber

nenbr ane m)dulr@. I tﬁ‘g Iﬂn%%ﬂgtatsecf&\ﬂﬁgtmtaﬁ@ %&L@éﬂoﬁﬁ'gmﬁ’e?@&fa (Bhavhfzeinease in
the perform hesd 6 thael y - rgase in the
per formance i gﬁfd‘ﬁissedl?éi ?\ %ééng)rﬁéelw,a- gﬁ@%’%@%ﬁ%‘?ﬁ%ﬁ%lt Lﬁlr?&c:u‘gﬁﬁtﬁ% 5 use of
t he reverse osepdiwlypatneaide osmbdane, exanpl e, concentrati on of sol ution,

desalting, water treatment, such as production of pure water and so on,
process treatnent ame srledively parmeshle membranettadiewiasherb acepdiigato

limtation as {0t n{ am nant subst ancas and every cont anj nant, of
organic or i ngbeggﬁ%gnﬁjflﬁerngoﬁaf/s 01&%n%mp?ﬁe§ @ﬁlﬁgﬁf’&r S MRPPENeng
detergent eff Qafich Sny peiFeth DfceS SRACAY sél@éti&éhﬁ‘erﬁmaﬁlﬂlt% or@Rnt &k Nated by

adhering polynmeric contam nants of polyal kyl ene glyco or nonioni c
surfactant of beemdeeeated dueitgradhesiontthetedasf cad@miBehy abkytneee §hecol , such

e Do DB K5 B TR BT 05 SRR S
to permeate _speciﬁc ones of substance, component and others selectively,
wherein there is no limitation in their application and they are applied for
generai uses. As to the material of the sclectively permeable membrane,
there is no special limitation and, for example, permeable membranes
based on polyamide, polysulfone, polyimide and cellulose may be
enumerated. The object _td be washed may be not only a selectively
permeable membrane itself but alsoc a membrane module. There is no
special limitation for the membrane module to be washed and there
may be recited, for exampie, tubular membrane module, flat membrane
module, spir;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 permeahle membrane, but such decrease in the

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



of such pol yal kyl ene glycols will adhere onto the surfaces or the fine

pores of the selectively perneable
-sel ectively perneabl e nenbrane and cause deterioration of the

performance. Anong them those having C nol ecul ar wei ghts not hi gher

400 wi Il

easily be washed out by water wash or the |ike due to thei

"~ hydrophilicity, whereas selectively perneabl e nenbrane contam nated

menbrane due to their high affinity to
menbr ane

t han
r high
’ by

adheri ng uker evb, tha h revleyser | osmesnsamemnttanef fool,yafkyl eeeamplyepl s or
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surfactants having nol ecul ar weights greater than 400 wl

| not
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cause deterigra Lon_of uafiforna ce due to . difficulty of beiﬁg washed out
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PrepRat ed

materi al tpebealsedimstdbtosietler gent thehadwk diemeart SLBER adde st Natg a
having, in particular, plural OH groups is effective for renoving

such nenbesegycorbatemanesnt Thé poegenici noentivordasicbeenmteoaplmded based
on such know edge. The detergent for washing sel ectively perneable
accor di ngcPBet e EP eSORS AR/ RIBh cHRpirsekhe dediepsierys gffgrcécuis
not hi gher_than 400 and
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mat eri al

C

adhering polymeric contaminants of polyalkylene glycol
or nonionic surfactant of a molecular weight of at
least 400. |

Polyalkylene glycol, such as polyethylene
glycol, polypropylene glycel and so on, espécially
polyethylene glycol, or nonionic surfactants composed
of such polyalkylene glycols will adheré onto the
surféces or the fine pores o©of the selectively permeable
membrane due to their high affinity to selectively
permeable membrane and cause deterioration of the
membrane performance. Among them, those having
molecular weights not higher than 400 will easily be
washed out by water wash or the like due to their high
hydrophilicity, 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 being washed out and

of removal thereof with water:

The inventors had performed repeated researches

nmenbr ane
r wei ght



sel ectively perneabl e menbrane according to the present invention nmay
further conprise other conponent(s). The detergent for washi ng of

.sel ectively perneabl e menbrane according to the present invention nay often
be used in the practice as an aqueous solution, though it may not contain
water in the formof product of manufacture. The polyol is a conpound havi ng
a plurality of OH groups, for which there nmay be exenplified al kyl ene

glycols, ggchtas ehBy! @R@hdmyColof PRI edly CPermddt et NdMHeagh ycol and
the like; glycerin; polyglycols, such as diethylene glycol and other

pol yal kyl enstginjoelted amii Sugasuaehcolwrntamsimantas angt hobttalinednnat ol and
the |ike. For _the above polyols, preference is given to hydrophilic ones,
wher ei n t KBS¥1REAgPngtPREbE BRtexindn R oke otsedt @5 thad @¥ergento in the
range of 0 are ferred. Th be.used each aJ one but

5 1 | yol
pref er abl ?hﬁgagusgav?npéﬁm%cﬂ‘f% @fnqe\?\gh%?' ﬁ%rzm%?'gfhah BAViRd: 7Wet er gent
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¢ .
i nclude nonionic surfactant, 1t I's preferable to use a pol

gl ycol , sgahhasmahietfyé erdrdlanticlantaoncurrignt byodent ohbentRehylds) in
order to increase the solubility of the nonionic surfactant to inprove the

det er gent beehf eomplEtedt basedgan cushl kmwiwleddee used together with the
pol yol, those which have conventionally been wused, such as nonohydric
al cohol s, ethers, Thet oiekergent for washing selectively permeable
membrane according to the present invention comprises a
N (f~ polyol of a molecular weight not higher than 400 and
preferably comprises further an organic solvent in
addition to the polyol. = The detergent £for washing
selectively permeable membrane according to the present
invention may further comprise other component(s). The
detergent for washing of selectively permeable membrane
according to the present invention may often be used in
the practice as an agqueous solution, though it may not
contain water in the form of product of manufacture.
The poiyol is a compound having a plurality of
u“(;_, OH groups, for which there may be exemplified alkylene
| glycols, such as ethylene glycol, propylene glycol,
trimethylene glycol and the like; giycerin;
polyglycols, such as diethylene glycol and other
polyvalkylene glycols; and sugar alcohols, such as
erythritel, mannitol and the 1like. For the above
polyols, - preference is given to  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 preferablyfbe

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



anides, may be enpl oyed. For the organic solvents, polar ones are

preferred
-nmonohydr i
et hanol .,
above- nen
recited,

, Wherein those of carbon nunbers of 1 - 3 are preferable.

For the

c alcohols, there may be recited, for exanple, nethanol and
For the ethers, there nmay be recited, for exanple, ethers of the
ti oned nonoal cohols or polyols. For the ketones,, there may be

for exanple, acetone, acetylacetone and so on. For the am

des,

there naydbeereeiitede fifeictexaspl éherebyanidereaséaso oninAl sRe tHEsE Organic

sol vents

may be used each alone but preferably be used in a m xture

of two
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and an organic solvent, usually, the polyol nmay be in a

proportionhef 1Aonidfiéo bysunkagbant pr efer abimprddre 60h&0 bydaeé piiéntand t he

organic
pol yol so
renoved,
an organi

solvent may be in a proportion of 5 - 30 % by weight. Using

a

béifecks the detergent, the contaminants can be washed out and

while in_ sone cases it is rather preferable to use a polyo
c sol vent'ofondier eRMIRALE orsfyvary: r kfuce heised together

with the polyol, those which have conventionally been
used, such  as monohydric alcohols, ethers, ketones and
amidesg, may be employed. For the organic solvents,
polar ones are preferred, wherein those of carbon
numbers of 1 - 3 are preferable. For the monohydric
alcohols, there may be recited, for example, methanol
and ethanol. For the ethers, there may be recited, for
example, ethers of the above-mentioned monoalcohols or
polyols. For the ketones, there may be recited, for
example, acetone, acetylacetone and so on. For the
amides, there may be recited, for example, formamide
and so on. Also, these organic scolvents 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 agqueous 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

and



operation cost or to inprove the washing effect. O ganic solvent ha
hitherto been used and thereby superior washing effect has been att

.however,

it brings about a problemthat it nay cause deterioration

sel ectively perneabl e nenbrane due to inevitable wuse thereof at hig
concentrations and is not safe to human and to environnment together

i nferior

aspect in handling. In contrast thereto, use of an organic
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in lamnar flowor ina 9 turbulent flow may be preferable, though washing

by pernesbineg ddwesvaihi ngs | rguhért rrprdtee sebecide/ehy pogidIEabhe
menbrane nay al so be possible. There is no special limtation for th
pressure aapmreanior ised viemd washewgrenhlyheircaseder stoakireguceapphécati on
of any pressure _is unnecessary. In the -

-

operation cost or to improve the washing effect.
Organic solvent has hitherto been used and thereby
superior washing effect has been attained, however, it
‘brings about a problem that it may cause deterioration
of the selectively permeable membrane due to inevitable
use thereof at higher concentrations and is not safe to
human and *to environment together with inferior aspect
in handling. In contrast thereteo, use of.an organic
solvent in a mixture with polyo.‘_L rermits to reduce the
application concentration of the organic solvent to
thereby avoid such a problem and, in addition, can
attain a synergistically superior washing effect.

The method for washing of selectively permeable
membrane according to the present invention consists_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 polyocl and the organic solvent.
One concrete practice of the washing method comprises
bringing the selectively permeable memb;'ane into
contact with the washing liquid, in which soaking in

the washing liquid or washing in laminar flow or in a

e



case of washing in lamnar or turbulent flow or by perneation, a pressure
not higher than that during the perneation of the |liquor-to-be-treated in
.service run nay be applied. The duration of washing operation, nanely, the
time held under contact with the washing 1liquid, nmay vary 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 from1l to
8 hours. Byrbaleping fduww t taywasie ngpriefdatablems hi tigoudgh quvalsiengi obed above,
t he contanlnants adhering onto, the_selectively perneable nenbrane wll

di ssol ve PRIMGETIRGshith§ IwaﬁpénﬁndléﬂglglUFBHOBEP ther b5l erbively

deteri orakg(rj__ gg flg_r TRNGS- o e H}% saell velc}lssoebfreabl e nmenbrane, such as the

flux, the®s I'Ve pernea and ‘so A be restored. The det er gent

accor ding (o L he gy eg3ent o! Kere 00 by riqm%%r@ Rophhlel eLgegle ©f fect

for selectively perneab e nenbrane w thout causing det er | orat T on ? t he

sel ecti vebypheedeadheinfehangaAirng. saf ent Otﬁwrr%s%ndoto Ok {pGMENt Wi th
superior handling aspeci and can wash a selectively perneable nenbrane

det eri or ate@liiraittisnpeffor ampcepresgalireas isheuhheresebyCi entiy Wehdin a
brief time to restore the perfornance. Here, the selectively 1 0 perneable
menbr ane Fagebecdeprpeddngl Abt bﬁmynﬂﬁe ogontunbniant aflawhedradb®ri ng

thereto durin service use but the polluta t substances havi ng
hiher e oPFEMRALS et o G PRE JdiSh oban that By IRE"5ehe

permeation of the liquor-to-be-treated in service  run

» C‘ may be applied. The duration of washing operation,
namely, the time held under c¢ontact with the washing
liquid, may vary according to each specific condition of
degree of the deterioration, the concentration of the
washing ligquid or so on, while it may be in general in
the range from 1 to 8 hours.

By carrving out the washing by the washing
liquid mentioned above, the contaminants adhering onto
the selectively permeable membrane will dissoclve in the
washing liquid and are eluted out, whereby the

ﬁﬁ(: 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 selectively 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



wher eby the degree of recovery of the nenbrane performance nmay occasionally
exceed over 100 % The pol yol having a nol ecul ar wei ght not higher than 400
.contained in the detergent according to the present invention exhibits a
strong affinity not only ¢ to water but also to polyneric al kyl ene glycols
or to nonionic surfactants, so that it provides a high detergent effect
even for contam nants constituted of polyal kyl ene glycol or nonionic

sur f act antpeafmenat 1ec ulnggmbeieg himahi gher ddpnivo adberhsg 08LH0yt hehe

sel ectively perneabl e nenbrane, whereby the contam nants are washed away -
ef fi ci ent BPNHFHINTRE Dr i SttEchedy @ddesliihg ithereke washHrragal i qthg to

attain recaover,y of the rage formance, wi t hout causing an
deterioraﬁﬁgﬁﬁéetlﬂ§e sgﬁggtPgéPypgg?WEBBFguﬁBﬁ%raﬁEpSBEES?gintYénghe
present | BUHRIIRN, of1denaPie! CLBllR dhal,d horLemprane dBubl eched, before
and/or after the washihg wth the washing Trquird, 1o a prétreatnenf washi ng

and/ or anacheity eakkent YagEEay gy OWIVBAPI NG aret had | nfbidipgeuse of

ot her washing [liquid, for, exanple, water, an alkali, such as sodium
“hydr oxi de pearfcamaatied megticivcass ivd LIy eocddld &ner physkcal washi ng net hod,
such as ultrasoni-c cl eaning. The pretreatnent washing provides a
prelimnary cl eaf¥iengpadyal phatviesg nenmdlyeaisliary wehehtwasit nhighequi d or
washi ng technique to effect prelimnary 1 1 release or to render ease of
rel ease oftP@Re 48RerepntadpAtaniharkhe = Betenaandhcacomidinche teonthi nant s

are rresent invention exhibits a strong affinity not only

" (’ to water but also to polymeric alkylene glycols or to
nonionic surfactants, so that it provides a high
detergent effect even for contaminants constituted .cf
polyalkylene glycol or nonionic surfactant of molecular
weights higher than 400 adhering onto the selectively
permeable membrane, whereby the contaminants are washed
away efficiently within a brief fime by dissolving in
the washing 1ligquid to attain recovery of the membrane
performance without causing any deterioration of the
selectively permeable membrane.

- (’ According .to the present invention, it is

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
ligquid, 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



" IRBEIPTIE

adhering firmy, they can be brought to a state easy to be detached, by
effecting, for exanple, cleansing wwth other washing liquid, such as an

-al kali solution, or wultrasonic wave irradiation, in order to nmake ease the
washi ng by the detergent. The aftertreatnment washing provides a

suppl enmentary washing as an aftertreatnent by using C other washing |iquid
or washing technique to renove the renai ni ng detergent and the detached

cont anmi nantelgsté. oA WS Erendel NBisbe ENOLE daife Aogasendhaigherdst of
the | ow nol ecul ar wei ght polyol used as the detergent remains. However, as

t he nol ecutentampighntsf. t hdompolinstavores wheserthieo 400taningnhds axe be

detained nopre facilitatedly. The remaining polyol can easily be renoved by
washi ng wi @ANeRIBFK AT Xrashitey FRRuiRE PYRRERT: ke DnekatratASY o4° al kal |

in the al kali | | hi L quid, luntarily b it b
Caqueous 851 S0 n BEFRPEHERLL TP nedliet e CTRRBR 00t o "
vol untary &‘@ﬁ@fn%é:?ﬁFﬁéqufiﬁi’dPe siP! QuedgHsi grsyeh amm @ kghi n&,sol ution

and a technique simlar to at  using the washing [1quid nentione above
can be enphdyedsoRycf Wd¥er ivaaliiag ivnt,h oh heirasashtsg ldiwli dasaf tigie t he
proper washing with the washing liquid according to the present invention,

t he cont anwashisg bgmahei dgteirgeadt. bei ng renoved by the washing liquid are
washed out and renoved; whereby the performance of the selectively

per neabl e menbr aneThe r ec@dfdexgreatment washing provides a

supplementary washing as an aftertreétment by using
‘ (‘ other washing 1ligquid or washing technique to remove the
remaining detergent and the detached contaminant rests.
A water wash may be enough for a case where a rest of
the low molecular weight polyol used as the detergent
remains. However, as the molecular weight of the
polyecl comes closer to 400, it tends to be detained
more facilitatedly. The remaining polyol can easily be
removed by washing with an alkaline washing 1liquid.
While the concentration of alkali in the alkaline
washing liquid may wvoluntarily be chosen, it may be an
_Q_Cj; aqueous solution having a pH preferably in the range
) from 9 to 12. Any voluntary washing technique may be
employed using such an alkaline solution and a technique
similar to that‘ using the washing liquid mentioned

above can be employed.

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

the selectively permeable membrane is recovered

12



1 2 sufficiently and any elution of contamnant in the subsequent treatnent
course can be prevented. The washing nethod according to the present
.nvention can be realized in conbination with other washing technique
usi ng ot her washing liquid. Since the detergent for washing of selectively
per meabl e menbranes according to the present invention conprises a polyol
havi ng a nol ecul ar wei ght not higher than 400, a high detergent effect for

sel ecti velsurHieyiealle NER@r agfyi seauttabned o t et &lRf@4h©r athngthkhe

sel ectively perneabl e nenbrane and wi thout danmaging safety to human and to
envi r onnmesubsieguesitpert veathentl| | nguaspectcaand Hehe medweied! y pefbeabl e
menbrane deteriorated in its nenbrane perfornmance can be washed

ef fi ci ent Maskiing nmgthaodef accpeddagr etovekhe henasantandnveaitfiomases. The

nmet hod for washi a_.sel ectivel, erneabl e mepbrane according, to the
present i rt?\?en’f?%ﬁgﬁﬁﬁl oys Fﬂ'@bléﬁg\wgnﬁﬁ‘?rbn@ahﬂﬁt SREHnd sBegHHt‘qPF

real i zes ff1.Ci Ly f ectively perneabl e nenbrane
u% ng‘r:] ﬂe#@%ﬁ%& 1??1&9&.

deteri orat I'n 1ts nmenbrane perfornance at a high detergent effect safely
within a brief tinmgndd hewe detergyenatingrt RastglRet brel ¥eperreabh¢

menbrane with superior handling aspect to enable to recover the nenbrane

per f or mangermgRtde DhS@RIANCEN GEcHHEIDRAVNGEHE gpresesnta fhvendiegr am

expl aining the method for washing a selectively perneabl e nenbrane

accor di ngcomprises a polyol having a molecular weight not higher
than 400, a high detergent effect for selectively

. C 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 timer to recover the membrane
performance.

The method for washing a selectively permeable
membrane according to the present invention employs the
above-ment ioned _detergent,. SO that it . realizes

Q - efficient washing of a selectively permeable membrane
deteriorated in its membrane performance at a high
detergent effect safely within a brief time without
deteriorating the selectively permeable membrane with

superior 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



1 3to the present invention in a node of enbodinment. Fig. 2 shows the
results of EXAMPLES 1 and 2 and of COMPARATI 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 CONPARATI VE EXAMPLE 1 as to the degree of salt rejection in a graph.
Fig. 4 shows the result of EXAMPLE 4 as to the degree of flux recovery in a
graph. Fig. 5 shows the results of EXAMPLES 5 to 8 and of COMPARATI VE

EXAMPLE 3 t2s the e ddni idventichin R dnode ShPVEmbbeihesHl ts of EXAMPLES 9
and 10 as to the degree of flux recovery in a graph. Fig. 7 shows the

results of EXAVPLE3SdL4 @ndshéwsasthe tesuddgr eeofof EXAMRLE®cavemnd n2a graph.
Fig. 8 shows the result of EXAMPLE 16 as to the flux in a graph. THE BEST
MODE FOR BREoDYE NEOMEBRARIENF | EXAMBLEW, 1 t BS piesdhe | deeneeomin Eluke

descri bed _ by way of node of enbodinent with reference to the appended
dramﬁngs.rﬁﬁév i d™h & 19Vt -agr am expl ai ning the method for washing a

sel ectively per mﬂ?ﬁg@ﬁ@&%ac‘% ding .14 t Be péfgﬁ?ﬁ];% nvlentaln(an hn a node

of enbodinment. In a nodule 1n which a sel ectively perneabl e
nenbrane 2rnids Af r PUPFR KA VR EKAMPBENQL aagonE@nthat ege§hadbIE 3sand a

pernmeate chanmber 4. 5 is a reservoir for the liquor-to-be-treated, 6 is a
wat er tankejedtdom in a graph. :
Fig. 4 shows the result of EXAMPLE 4 as to the
degree of flux recovery in a graph.
C 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 9 and 10
as to the degreé of flux recovery in a graph.
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 EMBODYING THE INVENTION

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

Fig. 1 is a flow diagram explaining the method
for washing a- selectively permeable membrane according
to the present invention in a mode of embodiment. In
Fig. 1, 1 is a module in which a selectively 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 tamnk, 7 is a

14



1 4 washing liquid storage and 8 is an alkali storage. P1 is a

hi gh- pressure punp and P2 is a punp for washing operation which may be
.operative under a pressure lower than that of PI. V1 to V15 denote each a
valve and L1 to L15 indicate each a flowline. In operating the selectively
per neabl e nmenbrane wunit shown in Fig. 1 to effect nenbrane separation, the
valves 1 to 4 are opened, while other valves are held closed, whereupon the

hi gh- presgygsgi AHMA ilqd &4 ag&e%g_@ 41 CaUSIS 1R Lhqqr- toebpabé eat gl st ored
in the reservoir 5 to be supplied to the concentrate chanber 3 of the
nodul e 1 ¥&a 4 hdilghrgdessunder pampr essdir @2 | hs od dgrunip0 €adsevddieingl ective
permeation through the selectively perneabl e nenbrane 2, wherein the

resul ti ngPPRERKEETe WKl Gjui Bad heonPPREa biyfedindedharbPressvge vieWwexhe |ine

L2 as the treated |iguor. The_concenjrate is discharged out fromthe
concentraFéthéﬁ’(?é:r %EVF’&'t heV Ii’CF?eQ‘él.Sa enghei féthy ugﬁ?‘r?%nﬁnélne“
separatio nt ARl t an Ll adhere onto the selectively C

per neabl eg?reﬁgrga%g%eg%g %%l%?le%y%ﬁ%é‘wr%é%r'ane per formance, such as the fl ux

and the sel ectivernpespealiihgy tHRECARRSEEGEEFS CHe AREab NENGRmY Fifhe
sel ectively perneabl e menbrane shoul d be subjeCted to washing. Wen a

reduct i onunitt havenbtangiger for taneffeciuahemtsrahe Eeprraitdofet eghed upon
nonitoring thereof, the washing liquid is supplied to the concentrate
chamber 3valvefe hodal et 1azed openedg ohitlie other valves are held

closed, whereupon the high-pressure pump 1 is actuated
. Ci'_ to cause the liquor—to-beétreated stored in the
reservoir 5 to be supplied to the concentrate chamber 3
of the module 1 via the line L1 under a pressure, in
order to cause the selective permeation through the
selectively permeable membrane 2, wherein the resulting
permeate is guided from the permeate chamber 4 out via
the line L2 as the treated liquor. The concentrate is
discharged out from the concentrate chamber 3 via the
line 3. On continuing such membrane separation,
contaminént substances will adhere onto the selectively
f@_<:' permeable membrane 2 and therebf the membrane
- performance, such as the flux and the selective
permeability, becomes decreased and, hence, the
selectively permeable membrane should be subjected to

washing.

When a reduction in the membrane performance,
such as the flux, is detected upon monitoring thereof,
the washing 1ligquid is supplied to the concentrate
chamber 3 of the module 1 and washing .of the
selectively permeable membranei 2 1is effected, in order

to recover the membrane performance. For this, the
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sel ectively perneable nenbrane 2 is effected, in order to recover the
menbr ane perfornmance. For this, the 1 5 valves V5 to V8 are opened while

.the valve V1 is kept <closed so as to guide the treated liquor (treated

water) through the lines L4 to L7 into the water tank 6, into the washing
liquid storage 7 and into the alkali storage 8, respectively. Here, the

washing liquid is prepared by introducing a polyol or a polyol

pl us an

organi c sgLyeat '\%Otbhevs"’a%f}'e“@l?ééﬁéﬁdwﬁ]l‘ir agﬁh?7v%ri¢et hey aliial be bt quor is

prepared by introducing an I nto

storage 8. For carrying

out washi egowetih tshe veshitg gugded, thel vase¥dtd VA igdmr V7{tM2tead V14

are opened while other valves are kept closed and the punp P2 for washing

oper at i onwp§ezgdt u’%h%@ig}@ &det ol 50ppl 4 hto Vekhingol i thg dwhtem thankashi ng

liquid stgrage hﬁ concentriﬁe chamber 3 of the nodul e 1 V|a the lines
t

L10 and P9 to™ P|| Wastid%he

1aadid h sHFagshihg 3Qui Pt or Iﬂﬁow di ng

for mashlgg¥%§lth t |%?Iy P %ggg? %ggnbra%%r% bytﬁpntactln

therewith e was al SO

by C|rCUIat|ng the" waéﬁlng

li quid frw?&ahelscog%@%tﬁ&ahe wa&fﬁ%oéuthntghea%agwg lgAuid séppgpe 7 via
L12 and

the |ines en the washing is “carrie
washi ng | pgukd 40 peganate sdlveritghihbe I@leeclhay®i ¥gpaneeall es

under - pressure, the perneate is circulated fromthe perneate

out by causing the

ane 2
chanber 4 to

t he washi fig dndquitthest @t hgei7 Miqudihe iki nesepadedndi 6introducing an

alkali into the alkali storage 8.

_ (“ For carrying out washing with the

washing

liquid, wvalves V10, V2, V5, V7, V12 and V14 are opened

while other wvalves are kept closed and the pump P2 for

washing 'operation is actuated so as to supply

the

washing liquid from the washing liquid storage 7 to the

concentrate chamber 3 of the module 1 via the lines L10

and L9 to fill up the chamber 3 with the washing liquid

for providing for washing of the selectively permeahle

membrane 2 by contacting it therewith. The washing may

also be effected by circulating the washing liquid from

- (: the concentrate chamber 3 to the washing liquid storage

7 via the lines L12 and Ll14. When the washing is

carried out by causing the washing liquid to permeate

through the selectively permeable membrane

under

pressure, the permeate is circulated from the permeate

chamber 4 to the washing liquid storage 7 via 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 lines L1l and L9 by

16



When an after-washing is carried out after the washing with the detergent,
an alkali solutionis supplied fromthe alkali storage 8 to the concentrate
.chanmber 3 of the nodule 1 via the lines Lil and L9 by 1 6 opening the
valves V2, V8, Vii, V12 and V15, so as to carry out the washing in the sane
way as in the case of washing with the detergent. When a further washing
with a washing liquid consisting of water (treated water) is to be effected

after the washin ith _the deterge or.wWth shj | i quid cpnstituted
of the al REG"ES u’\f/\fi"%n,v V&S t éat g}c?'wa‘t’m'is‘hgipﬁ%eg}];g t i€ shFRg 1 quid
from the watgr dikife! QalhengONGENERat & aaam@r as Olint N§,C andul gl via
t he IinesC18r2Ld L9 byeopgninS@?he valvesa V9, V2, V5,nV6,Qv12 and8V13-and
act uat i ngwials@ ipgnwifPh ther destsdrgentoperation, so as to carry out the washing

in the sanme manner as in the case of washing wth the detergent. Since a
det ergent conpri si¥i§ra ol forther nyaghingl evithr fei yashaog hlgaweidt han 400

' I din th b - ti d ' f th I i vel bl

by ane. SO LRt RS A ETT et At ahe MBEREOL | T8I O pBPneabFSCHENDr ane | <
realized w t ' ; det.eri or,at.i on el i vel e abl e
rrenblr;ne \gltfygégijhetﬁ?%/j\nsltﬂgggﬁgy %%ﬁhm%éanddgéegﬁg??on%ﬁg{ Vﬁ%p Esﬁfg)eri or
handl i ng aeReGhg WMEeEERE SRt erctuded Y ofPetBakl B BT EaNe ta%h,bi £Hha

deteriorated nenbrane performance, such as the flux, can efficiently be
treated water is supplied as the washing liquid from
the water tank 6 to the concentrate chamber 3 of the
. (ﬂ* module 1 via the lines L8 and L9 by opening the valves
V9, V2, V5, V6, V12 and V13 and actuating the pump P2
for washing operation, s0 as to carry out the washing
in the same manner as in the case of washing with the
detergent. |
Since a detergent' comprising a polyol having a
molecular weight not higher than 400 is employed in the
above-mentioned washing o¢f the selectively permeable
membrane 2, a high washing effect for the selectively
permeable membrane is realized without causing any
”%<: deterioration of the selectively permeable membrane
together with safety to huﬁan and to environmeﬁt, with
superior handling aspect, whereby a selectively
permeable membréne exhibiting deteriorated membrane
periormance, such as the flux, can efficiently be
washed within a brief time to recover the membrane
performance. By effecting an after-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



washed within a brief time to recover the nenbrane perfornmance. By
effecting an after-washing wwith a washing |iquid constituted of an al kal
.solution or water after the proper washing using the detergent, the
remai ni ng detergent and the detached rest of the contam nants can be
renoved. 1 7 By using an organic solvent, which exhibits a high detergent
activity but may have an action of damaging the. nenbrane or the nmenbrane
modul e at hi gher ggpngentiAt bﬁn,oﬁygnlés Mool KaLone SHiYiey am de,
in addition to the polyol, so as to hold a concentratlon not causi ng
deterloramu@m(ﬁdaﬁurgmmbraaetlmityhebﬂﬁnbmawe mzold e, ard vetyidhghodet er gent
activity 1is attained, whereby a nore higher detergent effect for the
selectlve@@ﬂﬁéﬂﬁﬁhbtbenéﬁ%ﬁhﬁﬂpﬁm P bhe eaembganeyhhodule e highagenent
shown in Fi the treated |liquor_is used for the washing water, it is
possi bl e €& gﬁﬁﬁﬁ thaner ngPCRuFS yabeohel, &ehane, epher R epmide,

dem neral i,zed . the lik For__t mater tank 6, ,washing .liquid
storage 7 ghd %ﬁe aI% [ %gtorgag 8, g%o 1ng|e vessel ﬁﬁy bg gged fn comon

W thout USioh@e?AG tSIRRAN Abe V&RSeIng ESAMBLEES A +30% 20 ANA HEOVRARSELANE EXAMPLE

1: Filtration was carried out using a reverse osnosis nenbrane NTR-759 HR
of Nitto Blrecthéc menidtinte | abdGoe, L4 dveupdeigin dediedigedmt paessuieyof 1.2
MPa for a treated water (with a COD not higher than 25 ng/liter) froma
wast e wat dis tathabhped, apiherebys af mgre higher detergent effect for

the selectively permeable membrane will be realized.

_%k(” While in the arrangement shown in Fig. 1 the
treated 1liquor is used for the washing water, it is
possible to employ external supply of, for example,
pure water, demineralized water or the 1like. For the
water tank 6, washing liquid storage 7 and the alkali
storage 8, one single vessel may be used in common

without using each separate vessel.

EXAMPLES 1 and 2 and COMPARATIVE EXAMPLE 1:

Filtration was carried out wusing 'a reverse

e osmosis membrane NTR-759 HR of Nitto Electric
-- Industrial Co., Ltd. under an operation bressure of 1.2
MPa for a treated water {with a COD not higher than 25
mg/liter) from a waste water tfeatment 'apparatus of a
metal working factory as the liquor-to-be-treated. The

flux was thereby decreased down to 30 % of the original
non-contaminated value. In EXAMPLE 1, a 30 wt. %
aqueous solution of ethylene glycol was passed as the
washing liquid to the membrane module for two hours,
whereupon an alkaline aqueous solution of pH 12 was

further passed thereto for three hours. In EXAMPLE 2,

18



0 s A i

metal working factory as the liquor-to-be-treated. The flux was thereby
decreased down to 30 % of the original non-contam nated val ue. I n EXAMPLE
1, a 30 wt. % aqueous solution of ethylene glycol was passed as the
washing liquid to the nenbrane nodul e for two hours, whereupon an al kaline
aqueous solution of pH 12 was further passed thereto for three hours. In
EXAMPLE 2, 1 8 a 70 wt. % aqueous sol ution of a polyethylene glycol
(PEG400) having an average nol ecul ar wei ght of 400 was assed as the

washi ng | Pqui 8, Wirer dupBAugRuEl kEPInkionqbusd sBPM%HYgﬁnsH gabve@k further

passed th f,or oyrs. _| g%WP TI VE EXAVPLE. 1, oply,.an al kaline
aqueous nggFggg)ofh%%f&g %ﬁ% %gggg eaﬁﬁﬁﬁ%?ﬁﬁgghﬁﬁng%qu?ﬁ.?Pﬁb Vﬂ%repy
obtai ned dagked Ohsl! Whe ' @My | S SROMD | Ryd Seugon FTOM FifkaPinkt 1S
seen that the flux recovery is attained within a nore brief tinme and the

degree of atjliewusecovenyibs nore puoher ek Ehetsase phssegantiwekatbne
washi ng was suppl emented after the washing with ethylene glycol or

pol yet hyl éne  gkpcohofiREGA00) IrharCOMIARATE VEAS EEXAMNFEE Wwakhi ngnlvas aef f ect ed
only with an al kaline aqueous solution. In Fig. 3, the results of salt

rej ecti on3l4édie8e opqugeysl tsation &f ageold IHW uPaGHest i 88 sbhetion of

500 ng/liter are sTownbir1v{i§h gﬂig%égée%gcthpn of e98 @6orfhi her is

attai ned ¥PC8ABhel dd8APng f or’%a , OPhEii0gG ngeeRge nBEdebh¥Enent of

the menmbrage,.-Rer{or URBRA AGFURSE. BXAWPIEHGh apdly COARNT Y EXQMPLE 2:
that the flux recovery is attained within a more brief

CV time and the degree of flux recovery is more higher for

the <case where an alkaline washing was supplemented
after the washing with ethylene glycol or polyethylene
glycol (PEG400) than for the case where washing was
effected only with an alkaline agqueous solution. In
Fig. 3, the results of salt rejection (degree of
degalting) for an aqueous 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 debasement o¢of the membrane

ﬁm(;r 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 liqour-to-be-treated.
For the membrane which had been used for service

operation for a predetermined running time and the flux
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As the reverse osnpbsis nmenbrane, a reverse osnpsis nenbrane NTR-759 HR of
Nitta Electric Industrial Co., Ltd. was enployed. Filtration was carried
_out under an operation pressure of 1.2 MPa for a waste water (wth a TOC
of 20 ng/liter or less) froma machine parts production factory as the

| i qour-to-be-treated. For the nmenbrane which had been used for service
operation for a predetermned running tinme and the flux 1 9 of which had

been deteriorate hi.ng wag carried out as COVPARATI VE EXANVPLE 2 using
an aqueoug’fsé%ﬁﬁ% ﬁ% rotﬁﬁ%fb é%%ﬁﬁBﬁaﬁﬁépar‘ﬁF@d“-’as‘"?ﬁ é'dﬁ’ifs"te'\‘i %\lgof 12.
By passingdgit dgmpARaTErB angampdH € $or ,&i%q hoyys, X hgstored
up to a vafue of 0.8 na/(nk-day). Beforggénglaf%%r fﬁﬂﬁféégin§@§#§ t he
aqueous sagdumxhyier oxbdatiehut pespapuie ¥8t eis Wasp paEsiwed t her pio g@ach for
one hour. When the waste water was then filtered again for the
predet er mided ruBWi npassing, fhe fbuxthes wewmbrased modulehefefor@,5as in

EXAMPLE 3, a liquid mxture of 70 wt. % of ethylene glycol and 30 wt. % of
met hanol BEETSass&Bet h&d8ko WaS t KESHAIREANgYUP qtifd RorvEWBEhoREs, 0¢8I | owed

b i ng, with ter f hour. The, original flux f t
of thie MbEnaBENGr o t RETORP,i BBAISBTAEE oo/ PREBAYS AR Pt Enbrane

was not reQuLed SORBLA Chdre.aty Lhe1gtkahi ne YRRl NgARd o

wat er - washi'ng a washing duration of ~hot _ ereas the flux was
recover edpageBhetttleirddo WVasBhNFoWi dre t HBu ki, QUi whéh XtHEE Wifs tal hyaeae gl ycol

and net hanol
was then filtered again for the predetermined running

. (” time, the flux was decreased and, therefore; as in
EXAMPLE 3, a liguid mixture of 70 wt. % of ethylene
glycol and 30 wt. % of methanol was passed thereto as
the Qashing 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?® /(m2 . day) and the membrane was not recovered
completely by only the alkaline washing and
water-washing for a washing duration of 9.5 hours,
whereas the flux was recovered_ completely by washing

“Mm(: 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 wvalue of
98.0 % before the experiment and a value of 97.5 %

after the 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



-a val ue of

- C

for only a washing duration of 3 hours. By the way,

observed using an aqueous sodium chloride solution o
98.0 % before the experinment and a val ue
experinment were obtai ned, show ng al nbst no change.
was carried out under the sane

(with a TOC 2 0 it of 20 ng/liter or

condition as in EXAMPLE 3 for
| ess) froma machi ne parts production

salt rejection was

f 500 ng/liter, whereby
of 97.5 % after the
EXAMPLE 4 A treatnent
a waste water

factory asftIB® |mgpuitee- ke t1€6s pdfroherebpathent! parveaspaegieassd and,

therefore, a liquid mxture of 70 w. % of glycerin
nmet hanol Wastpayseds t hbeet biffonrahohber treelktkdwedwhy
wat er for an hour. The degree of fl ux recovery bef ore

i s shown VASFigecyeafpdm &ng: 4therefRem, deyr dd i d |

and 30 wt. 9% of
rphysi hjew fhupur e

and after the washing
E)%xlté?é”@vepﬁ céh be

recogni zed E I\/P ES 5 to 8 and ARATI : n t he procedures of
EXAMPLE 4 STt e hé’tvvas% 75 Ingkhanol ey BARRSt ur 6 of
30 . % vl ¢pe gl yCcoh L EO g'iaﬂ'&)l or
EXAMPLE 5;:%58%'3(1”' %m xa%ﬁﬁrg of :%Oq'v?\?tql ?80%&% propyﬁne gl y"gﬁ}g(_DP%#énd 30

w .

et hyl.ene glycol (EG and 30 wt. % of forman de (HA)

% of whbhamolfdit 6h) hddm®r BEXANPLEe§reea dfi 0l Ek Nrkicwve rgf Bofyke % Of

(for EXAMPLE 7); a

| i qui d m &nhdr @fdfer70tine . weebfingetisy | gmewyy| yoolF igEG4 .andFS'omt Fid.of4acet one

(Acet on)

a high degree of flux recovery ‘can be recognlzed.

EXAMPLES 5 to 8 and COMPARATIVE EXAMPLE 3:

In the procedures of EXAMPLE 4,

each as the washing liquid,

there was used

a liquid mixture of 30 wt. %

of ethylene glycol (EG) and 30 wt. % of ethanol (EtOH)
(for EXAMPLE 5); a liquid mixture of 30 wt. % of
propylene glycol (PG) and 30 wt. ‘% of ethanol (EtOH)
(for EXAMPLE 6); a liquid 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)
v~ (for EXAMPLE 8); and a 1liquid of 30 wt. % of ethanol

(EtOH) (for COMPARATIVE EXAMPLE 3), each

passed for one hour, feollowed by passing

for one hour.

is shown in Fig. 5. From Fig. 5, it

more higher degree of flux recovery

EXAMPLES 5 to 8 than for COMPARATIVE EXAMPLE 3.

Fig. 5, "Original" indicates the original

before use (REFERENCE EXAMFLE}.

COMPARATIVE EXAMPLE 4:

of which was

of pure water

The fluxz before and after the washing
is seen that a

is recognized for

In

value of flux



(for EXAMPLE 8); and a liquid of 30 wt. % of ethanol (EtOCH) (for
COVPARATI VE EXAMPLE 3), each of which was passed for one hour, followed by
‘passi ng of pure water for one hour. The flux before and after the washing
is showmn in Fig. 5. FromFig. 5, it is seen that a nore higher degree of
flux recovery is recognized for EXAMPLES 5 to 8 than for COMPARATI VE
EXAMPLE 3. In Fig. 5 "Oiginal" indicates the original value of flux
bef ore use ( REFERENCEemMNRieE) .o COWRRATSYE HRAMEE Nitxd Aleabriane of
NTR-759 HR of Nitto Electric_Industrial Co., Ltd., which had been used for
filtrati oAndgetaigdst@@ wat BEdeontaiigiind atbnbesn cusedf daranfibkrahion
| i quor -t o-he- treatg@ and, had suffered fromdeterioration of the flux

r

t hereof b§fbed nYaFEEr 4REGT 1 FOREAININDf PORLENAS/ (FHLIBHYE N HadSnakifed with a
60 Wt. % ol by _t-he_ f s Jecovered to about 0.9

n8/ ( nkday Qngl}t ﬁ‘é’ eg%gg%oﬁe&gg%(?réagcts%##% é@r ea ee{be’flrorrw? % to a
val ue of '82 %nCOVARATIHEEXMVPLE Seithe ducidaely 06 tNevaRdl qpas

exam ned using an agueous acetone solution as the liquor-to-be-treated. As
t he menbr @né nodu(e? - da%)i nohadNTRaEEHRwIRHUl 8 (6F wii.tt® Ehethansl

I ndustrial Co., Ltd.) was used. Wiile there was no problem at an acetone
concent r aBPéRtaPNG owheyehEi gie off litke WgBeotrcRcetMe tsol abPuk ahdd passi ng

was permtteg gvg t a concentration of 10 %bg/ wei ght, the nodul e was
destroyedmaﬁ m¢ h@ayi) qua?R9 o- fe degree of al rejection was

decreased from 98 % to a value of 93 %.

COMPARATIVE EXAMPLE 5:

The dui‘ability of the module was examined using

an agqueous acetone solut.ion as the liquor-to-be-treated.

As the membrane 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 aqueous acetone solution and passing

was permitted even at a concentration of 10 % by

weight, the module was destroyed and the ligquor-to-be-

M..,C’_ treated flowed out untreated ‘to 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 waste
water treatment apparatus of a printing ink production
factory as the 1ligquor-to-be-treated. The flux was

decreased thereby down to 50 % of the value before



treated flowed out untreated to the perneate side when the concentration
was increased to 30 % by wei ght. EXAMPLES 9 and 10: Filtration was carried
.out using a reverse osnbsis nmenbrane SU- 720 P of Toray Industries, Inc.
under an operation pressure of 1.5 MPa for a treated water (wth a COD of
30 ng/liter or less) froma waste water treatnment apparatus of a printing

I nk production factory as the liquor-to-be-treated. The flux was decreased
thereby dewnngo &éhfaminibeaval us PEXMMELE2 92 @'ﬂgxéﬁntla.:@url%t@? y§ EXAWPLE
9, amxed liquid of 70 wt. % of ethylene glycol and 30 wt. 9% of nethanol
was usedwas theofasathglénquiglyddflt eandodd ngtt hey ebf mathaond hess,

passi ng of pure water was carried out for one hour. In EXAMPLE 10, an

al kal i ne ¥6kEgt i a9 déhepwashipg lgasddd f oALiepersodkbhgl3heoedn afoer havi ng
been subjected to irradiation of ultrasonic wave for 5 mnutes under

soaki ng i RPGurP ¥t ePASEIRFod BYFe sBRkPRg WAk aCATRERA| P&Si EF 9Pewt. % of

et hyl ene col d % of t hanal, .as th shingl i_qui wher eupon
pure vvatepglblé-s'si ngﬂm@g}“ﬁ ef ‘ou fgiﬂg&éneh(ﬁﬁel 1rl%ndgér gluol(szf‘fﬁ§
recovery L@bsal AquR0US SAlutdon OF sesi ymGil ordfee ot R00;Ag/ Ihten after
each washing operation is shown in Fig. 6. Ile a recovery “of the flux is
attai ned bybtjkete@shi g operatiation BRPEMALE Pasénier ewldivgherfaml ue of fl ux
is attained by the washing operation of EXAMPLE 10 due to a synergistic

ef fect w mhinotlesr wesdeéng metdkddg in  pure water, followed by

soaking in a mixed ligquid of 70 wt. % of ethylene
. (’ glycol and 30 wt. % of methanol as the washing liquid,
whereupon pure water passing was carried out for one
hour. The degree of flux recovery for an agqueous
solution of sodium 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 moré higher wvalue of flux is attained by
the washing operation of EXAMPLE 10 due to a

synergistic effect with other washing method.

,ﬁm<:_ EXAMPLES 11 and 12:

A reverse osmosis membrane 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 liquor-to-be-treated under
an operation pressure of 1.2 MPa. The flux was thereby
decreased down to 0.2 m*/{m?-day). In EXAMPLE 11, the
membrane module was immersed in a liquid mixture of 70
wt. % of ethylene gllycol_ and 30 wt. % of methanol as
the washing 1liquid .for 1.5 hours, whereupon pure water

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



EXAMPLES 11 and 12: A reverse osnosis nenbrane 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 |iquor-to-be-treated
under an operation pressure of 1.2 MPa. The flux was thereby decreased
down to 0.2 nB/(m-day). In EXAMPLE 11, the nenbrane nodule was i mersed in
aliquid mxture of 70 w. %of ethylene glycol and 30 wt. % of nethanol as

the washi ggel m@tintdrd MoBubeUis WMiRhetPan RHr & Wl &hidPassitidenase carried
out for one hour. In Exanple 12, 2 3 the menbrane nodule was imersed in a

liquid mi RPuret of % 5@8m ethydenet hglenel gl DI w20 &t . o8 of i eliletIgnene

gl ycol and, 30 Y.Vt % of met{:an\%‘lil ag t he washi ng liquid for 1.5 hours,

wher eupon9 p¥iFe vveﬁré“% plssthy WwasCEarEtd@ncdut 3F orttTsheWASHAPITHEL R4k for
pure wate ftiere t sslmﬁ re e o] % and 100, %.in anpl es
11 and lz?o?eslﬁg’ctﬁggr%}? | g\l‘\%ioer{f?%gémg'g%%élst%gg%lggygggi ncgalqt leeciEX

conposi ti gR+ of edZXAMBIE fdnra NDH{ higﬂﬁi et t t atiyal ned in
EXAMPLE 12. This is assu?ngd to bg ue to tha?ﬁ?ﬁg s‘%{% ||?¥/§§5f 17il'gée

noni oni ¢ geghagganiad Nrekeowedhiwy kodwd &S dmer egeedy by r\BRrimaiew a part
of ethylene glycol wth diethylene glycol. EXAMPLE 13: A reverse 0sSnosi s
nmenbrane di NHa 732, HRrespebktitelfl ect whalkndtisé r ifaluxCowasLtrtkstmsedised for
carrying out filtration of a city sewage as the
by using the composition 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 1is 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
liquof-to-—be—treated under an operation pressure of 1.5

:Wﬂ(: MPa. . A membrane module of which flux had been
decreased by a decrement of 18 % was immersed in a

mixed liquid of 10 wt. % erythritol and 30 wt. &

ethanol as the washing ligquid for one hour, whereupon

pure water passing was carried out for 5 hours. The

flux was recovered by an increment of about 15 % and

reached nearly the original value.

EXAMPLES 14 and 15:

Filtration was carried out using a reverse

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



| i quor-to-be-treated under an operation pressure of 1.5 MPa. A nenbrane
modul e of which flux had been decreased by a decrenent of 18 % was i nmersed
dna mxed liquid of 10 wt. %erythritol and 30 wt. % ethanol as the
washing liquid for one hour, whereupon pure water passing was carried out
for 5 hours. The flux was recovered by an increnent of about 15 % and
reached nearly the original value. EXAMPLES 14 and 15: Filtration was

carried Oyhqd$i NEna & ¥L4ELon OYRMsuENRFANe SUMRD R Al Torayedpdystries,
Inc. 2 4 under an operation pressure of 1.5 MPa for a treated water (wth

a COD of gétey/|(wicthorn 1G33)ofr &M angwkier watrerledd pafiemt sappaseeéus of a
printing ink production factory as the liquor-to-be-treated. The flux was
decr easedviherebyreRtRetd FPMAA U he Ofal Ae RIMYiNg bdpkg ropdaet kaked. I n
EXAVPLE 1 mxed liquid of. 70 . % of ethyl.ene glycol and 30 wt. % of
net hanol %\ﬁlﬁgoﬁgedafs ?ﬁéemLh?ﬂBr%aﬁpﬁfLﬁ??ggdsoaki % heh¥th ¥2&F one
hour, pasg| ur argjed-qutfor C oo MPLE 15, a
mixed | aaratenogl L Eregelly "BpuaT e sBUor “ag PRy B e heettnd 2wt

% of acepyliagetonetd@enyeed. as the meapng higuid. fi&d 199akandEherein
for one hour, pure water passing was carried out for one hour. The degree

of flux rgQowety % opfaretdseons gohidoilonand Joli Wi, chi obifdem@fnH0O1
ng/liter after each washing operation is shown in Fig. 7. Wile a flux
recovery was aisexd ned bthe hwashshigngltiquid. After soaking therein
for one hour, passing of pure water was carried out for
o (j 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
soaking therein for one hour, pure water passing was
carried out for one hour. The degree of flux recovery
for an aqueous solution' of sodium chloride of 500
mg/liter after each was.hing operation is shown in Fig.
7. While a flux recovery was attained by the washing
operation in EXAMPLE 14, a- more higher wvalue of flux
was attained by the washing operation of EXAMPLE 15.
’W'(j This is assumed to be due to an increase in the

solubility of membrane-contaminants in the washing

liquid by the addition of acetylacetone.

EXAMPLE 16:

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

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



operation in EXAMPLE 14, a nore higher value of flux was attained by the
washi ng operation of EXANPLE 15. ¢ This is assuned to be due to an increase
inthe solubility of menbrane-contaninants in the washing liquid by the
addi tion of acetyl acetone. EXAMPLE 16: A reverse osnpsis nmenbrane of NTR- 759
HR of N tto Electric Industrial Co., Ltd. was used for carrying out
filtration of a waste water froma nachine parts production factory as the
| iquor-to-be-treated (with a TOC of 12 ng/liter) under an operation
pressure of 1,2 MPa for 50 hp e flux was_decreased domm 2 5 to a

val ue of 0.55 HBa(Hue e‘é‘})%%l& §’homﬁ1ﬁy fephgwogn KigeB.  Thancsaaking ia a1 qui d

mxture of 70 udﬂﬂ?tuﬁtﬁm%?@“@&iy&%leﬂ?gly% Wa-20% 0, FBRDANGL) Y8

effected for on our, Whereupon pure wa assing was carried ou or. one
hour. After t heffyssdfargmef hduty ar&mmm;)oﬁ ptulnemmfepdsismgaﬁaé @mbﬁdtcnftabﬁd was
performed again. A nore, higher v primgry flux than that: before the
washi ng was obPB§ REur: andtft% %’ﬁe‘f"aﬁ ’ﬁﬁ- ‘&51[ n‘&éﬁé samediqueriia-bedreatethed over a

d of 50 h t 99 %
o botn the CRUSTerRRelREaE, A R IERS O Wil hEE 1Bl Aabe, 29 ¥
utilized for abefetetigewhshiop wesdlitamedfandsiegheat ﬂmekzyhmewmalﬂb@ tehbr anes

conposed of reverse OSTTDSI s ne rane as well as for _a nethod for washing
with the det ergéamedogyeriapprod of 5Oyhqurser Jdst dagape BE isaltareigesionnygas i qui d f or

washi ng a sel eﬁéﬂe&%hg P@@g@?mﬁgﬁ?fﬁg&@% conposed of reverse osnosis
e e

menbr ane exhi brting eriorat pernea

APPLICABILITY IN INDUSTRY

The present invention is utilized for a detergent for washing of
selectively permeable membranes composed of veverse osmosis membrane

as well as for a method for washing with the detergent.
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flow flux due to adhesion thereto of contam nant substances, conprising a
pol yol having a nolecular weight not greater than 400. 2. The detergent as
claimed in claiml1l, wherein it further conprises an organic solvent. 3. The
detergent as clainmed in claiml or 2, wherein the said polyol is selected
fron1the(g¢gﬁﬁ con5|st|ng of ethylene gl ycol, diethylene glycol, propyl ene
glycol, glI'ycérin, polyglycols and sugar alcohols 4. The detergent as
claimed in claim2 or 3, wherein the said organic solvent conprises a

conmpound sel ected fromthe group conS|st|ng of .nonohydri ¢ al cohols, ethers,
ketones and anf dedetergentrHchiisaavesbing it oaMrging 4 saisgibtrey prmepblens 1 to 4,

wher ei n tlﬂengéag‘%l i l;b%e& of%&@@{sag&ﬁs n%ﬁleﬂfﬂpdng%kﬁlbﬁgf cg R Gdrflted Bernféatiit hod for

washing a se per nea rane conpose verse osnosis
menbr ane flovhilbx tuaty aaﬂ«hesaom theatte df getameiatntenbsthmmes, fompriding at pwlyd heeingn

thereto of co tanln nt subst anc conprising washing the nenbrane with a
washi ng 13 jeieerlacyeig ‘i%q gLpater S}Eﬂ"y 0-having a nol ecul ar wei ght not greater

than 400. 7. ThengatRRnds cqzluﬁiemcfaﬁnql @hﬁgﬁ,u gfe&d}nﬁ&%s\éeérgaﬂe liquid

contains further —an organic solvent nmethod as clainmedn claim6 or
7, wher eisalvehe nenbrane is subjected before and/ or after the washing with

the yeshing I q%aagt%f’a%t Bstrimed igchm & 3y WieRu g pet BB ¥ SEl5eine of
f: ai m 6 ffcﬁn ?}? | &h{alshhg of\@tﬁpleﬁe y§ol @eng{ywne%qiycey prSPaRtgISL! he washing
quid wi e sel ec lveyperme I"e menbrane
glycerin, polyglycols and sugar alcohols.
4. The detergent as claimed in claim 2 or 3, wherein the said organic solvent
comprises a compound selected from the group consisting of monohydric alcohols,
ethers, ketones and amides.
5. The detergent as claimed in anyone of claims 1 to 4, wherein the contaminant
substance is nonionic surfactant.
6. A method for washing a selectively permeable membrane composed of reverse
osmosis membrane exhibiting deteriorated permeation flow flux due to adhesion thereto
of contaminant substances, comprising washing the membrane with a washing liquid
comprising a polyol having a molecular weight not greater than 400.
7. The method as claimed in claim 6, wherein the washing liquid contains further
an organic solvent.
8. The method as claimed in claim 6 or 7, wherein the membrane is subjected,
before and/or after the washing with the washing liquid, to a pretreatment washing and/or
an after treatment washing by other washing method.

9. The method as claimed in any one of claims 6 to 8, wherein the washing is

performed by contacting the washing liquid with the selectively permeable membrane.
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