- | - DESCRIFIJON Title of the Invention METHOD FOR WASHING CFRAYITO FILTER Technical
Field [Offil The present invention relates 70 a mAthod for cleaning a ceramic filter. More Particularly, it
relates 10to a. method for cleaning a ceramic filter;which can shorten an operation time required to
clean the ceramic filter. Backgrownd Art [0002] Heretofore, a ceramic filter has been used to
15selectively separate a predetermined component from a. composition containing a pltralihy of
componenta. As this ceramic filter is used, fouling substances in the above composition are gradually
accumulated, which. deteriorates a separati%%%grfb?me. Therefore., to recover the 20separation
performance., a cleaning treatment is performed at a predetermined time. [0003] As a method of
the cleaning treatment (the cleaning method.), a method of soaking a ceramic filter in a cleaning 25

lipoid (e.g.,;/an orgaic selvent)ya methed of allowing a cleaning gas or liquid (e.g., an organic solvent)
to flow in the ceramlc filter, a method by so-called reverse - 2 - cleaning and the like are known.
Specifically, in the ancledned KeramicSfilter Cthefoaling substanées are accumulated, and the
separation performabch is deteriorated. To solve the problem, as the above cleaning method, there ais
known a method of allowing a cleaning medium such as an organic solvent to flow through a space on
a primary side.pf the uncleaned ceramic filter, thereby removing the fouling substances adhering 70
the undleaned ceramic filter, to clean the ceramic filter (see Patent Documents 1 and 3).

[ 0001]

The present invention relates to a method for
cleaning a ceramic filter. More particularly, 1t relates
10 to a method for cleaning a ceramic filter which can shorten
an operation time required to clean the ceramic filter.
Background Art
[ 0002]
Heretofore, a ceramic filter has been used to
15 selectively separate a predetermined component from a
composition containing a plurality of components. As this
ceramic filter is used, fouling substances in the above
composition are gradually accumulated, which deteriorates a
separation performance. Therefore, to recover the
20 separation performance, a cleaning treatment is performed
at a predetermined time.
[ 0003]
As a method of the cleaning treatment (the cleaning
method), a method of soaking a ceramic filter in a cleaning
25 ligquid (e.g., an organic solvent), a method of allowing a
cleaning gas or liguid (e.g., an organic solvent) to flow

in the ceramic filter, a method by so-called reverse



10Moreover., as the above cleaning method, there are known a clednins method of allowing a gas in a
dry state to flow thvsugh the primary side space (see Patent Document 2) and a cleaning method of
allthe cleanind liquid to permeate the primary side space from a seconddry side sbace 15(see Patent
Document 4). Furthermore, as the above cleaning method, there are also known a cleaning method of
forming a membrane of a different material on the surface of a separation memhmabe (see Patent

Document 51, and.the like. 20Prior Art Document 25 Patent Do,c%rzr)lent Ogn4; Patent Document
cleg - .t

Paten_ Document Paterts Docliment Patent. Doclifment Patent Doctimertt 1+ 2:°3% 4: 5:

JP-B-3101027 JP5D:35385/3JF-A:H03:10395¢ JP-B:4192202 JF:A:2003:93836 SummaryciHne

Inver ion Problem to be Solved by the Invention [000.1)1 however, in the cleaning methods disclosed
in Paten foul dmgsuhetancesinOnsavhieh doaatot come=infcontactwithi theiheatedo diguicsare n.ot
easily decomposed (or dissolved), and hence ie takes time to remove the foulmg 10clean a method
disclosed if PaténtDoditfieAt 2t Higlgag T5: e above cleaning method, there

5 is known a method of allowing a cleaning medium such as an
organic solvent to flow through a space on a primary side
of the uncleaned ceramic filter, thereby removing the
fouling substances adhering to the uncleaned ceramic filter,
to clean the ceramic filter (see Patent Documents 1 and 3).

10 Moreover, as the above cleaning method, there are known a
cleaning method of allowing a gas in a dry state to flow
through the primary side space (see Patent Document 2) and
a cleaning method of allowing the cleaning liquid to
permeate the primary side space from a secondary side space

15 (see Patent Document 4). Furthermore, as the above
cleaning method, there are also known a cleaning method of
forming a membrane of a different material on the surface
of a separation membrane (see Patent Document 5), and the
like.

20 Prior Art Document
Patent Documents

[ 0004]
Patent Document 1: JP-B-3101027
Patent Document Z: JP-B-3538513

25 Patent Document 3: JP-A-H05-103957
Patent Document 4: JP-B-4152205

Patent Document 5: JP-A-2003-93856



d to flow through a. rimary side space, and hence it takes time to remove the fouling substiin an
analogous way asin the cleaning methods d.isclbsed Patent Documents 1 and 3. The cleaning method
disclo d in Patent Documen..c 4 is a toothed of-allowing a clean solutionmeate a primary --mde
space from a. sec.onda side space (so-c led reverse cleaning)Tin is method is e.ffective for cleaning a
solid-liquid separation membrane in which pores of stn.n. .evens are formed and an amount nf a
permeating composition including a component to be selective:1i, separated and the other
components is large. However, in a. iicuid-lieuidation membrane or a gas- gasnembranel.n which
pores of nangyjgevels are +ne farmed,and the amount of the above ermcafing composition 25all, the
fouling substances eluted from the cleari solution areanL.. i.n the seconda.ry side space, and are
takes timeTheleleaningmethédb diseldsed in Paténtveneond s a method of forming a membrane of
acafierenc material ohsurface of the separation membrane. in this method, a process of forming the
membrane of the di&f@%%}mayerH,added, and hence the cleaning -bcomes costly. [ 00 J6] Too
des%ribed above, thg(r)%g\a}%pgen th%}%ot?jien a Ion%oggE%ion time is eﬁqﬁuirgdf‘gr 99?@1@9 a ceramic

) 1 d 3C . .
filter to recover the separation pjé%ormance O%%%T he pregenst[upjf ion hb been deve oped in view

such problems.efdhe gonventiormh teghnelegies. Apobjectdheresf is to providea method foriirof a ce
filter which cah shorten an operation time regii to clean the ceramic filter. Means for Solving the
Problem. which do not come in contact with the heated gas or liquid
are not easily decomposed (or dissolved), and hence it
takes time to remove the fouling substances. In the
10 cleaning method disclosed in Patent Document 2, the gas is
only allowed to flow through a primary side space, and
hence 1t takes time to remove the fouling substances in an
analogous way as 1in the cleaning methods disclosed in
Patent Documents 1 and 3. The cleaning method disclosed in
15 Patent Document 4 is a method of allowing a cleaning
solution to permeate a primary side space from a secondary
side space (so-called reverse cleaning). This method is
effective for cleaning a solid-liquid separation membrane
in which pores of submicron levels are formed and an amount
20 of a permeating composition including a component to be
selectively separated and the other components is large.
However, in a liquid-liguid separation membrane or a gas-
gas separation membrane in which pores of nano levels are

formed and the amount of the above permeating composition

[\
1

is small, the fouling substances eluted from the cleaning
solution are stagnant in the secondary side space, and are

not suitably discharged. Therefore, the cleaning treatment



[0008] ng to the-ese a invent ion, a me ufl( g a ceramic filter is provided as follows. 1 0009] | MA
method for cleaning a ceramic ulcer, corm isinrj: reducing a pressure of a space on a secondary side
of the rn. leaned ceramic filter, while subo 25cleaning-mcdiem to a space on a primary side uncleaned
ceramic filehy passing hre cleaning uncileaned ceramic filter is Cleaned. [0010][ [25 The method
for cleaning the ceramic filter accorniing to the above [ 1], wherein a temperature of the cleaning

medium is 1lfra m 25 1o 450C. &Q}%lt%% 3;111'% m%tgggggr %!gggipgétgg c§£argg:tfilt§ according to the

above [ 11 or 25 , Vv]h%?éin the prehsure in the secondary side: space is from 0.03 to 50 kPa. 10Effect

of the Inventien 700124 s alnthermethed fercleaning-a ceramic filterof the pxesentinventiony "a
pressure of a space on a secondary side of the pncleaned ceramic filter is reduced, while 15supplying

a cleaningmeédiumato abspadecon arprimaryside bfthecunrcledredrceramic filter'. In this way, the
cleaning medium is passed through the uncleared ceramic f[litery so that the uncleaned ceramic filter

is cleaned. THerefdre "M the®methiiefor cldaning the Cerartiic fit8I°6ftHE 20pre<ent invention, fouling
substances adhering, o the.ceramjc filter can.be remaved n.a shou time, Therefore, the operation time
required. to clean the. ceramic flifor can he shortened. That is, the separation performance of The
ceramic filtex €an e recovered in a short time. 25 Brief Description of the Drawings
[ 0006]
As described above, there has been the problem that
a long operation time is required for cleaning a ceramic
10 filter to recover the separation performance.
[ 0007]
The present invention has been developed in view of
such problems of the conventional technologies. An object
thereof is to provide a method for cleaning a ceramic
15 filter which can shorten an operation time required to
clean the ceramic filter.
Means for Solving the Problem
[ 0008]
According to the present invention, a method for
20 cleaning a ceramic filter is provided as follows.
[ 0009]
[ 1] & method for cleaning a ceramic filter,
comprising: reducing a pressure of a space on a secondary
side of the uncleaned ceramic filter, while supplying a
25 cleaning medium to a space on a primary side of the
uncleaned ceramic filter, thereby passing the cleaning

medium throucgh the uncleaned ceramic filter, so that the



Hs a nrOFS sectional view schematically showing a separatorfilter unit) for use in one embodiment of
a method for cleaning a ceramic ofof thc present invention; Fig. 2 Isns ective view :nilen tically showing
the ceramic filter included in the separator shown in Fig. |; and Fig. 3 is a schematic view showing a
cross section parallel to a ccl. I. extec..ding direciien oi the ceramic 10filter shown in iig. -Hi/H.Ode
for Carrying out the Invention [0014] Hereina. fter, embodiments ofpresent invention -i specifically be
described_ with, E%fgg%r};ectg Itla%ra ings. _t'lét hg.ggldC e g%gr;t_ood thatpresent inventl—!onnot limited to
the following enibodiment.s and that sui table modifications, improg.eme fs and the like added to the
following embodiments)aom the basis of ordinary knowledge of a person skill ed in nbaar without
departing from the gist of the preseh invention also fall in the gist of the presenf invention. [00151
Method foreanino CeramicFikemdrt theadfor cleaninyithe deramce fiterof the. tpresent invention, a
pressure of a space ones econda - 7 - Stgzgéying a cleaning medium to a space on a primary side of

the uncleafi&d c&ranie filter. THat & WHE pressurd’ (& absoldte prassare) it the’seddhidary side space
is smaller tg]@@;.Q}I%k%@dggglsgqyep}lgmi%tgeggetgggocfor cleaning 5 the ceramic filter of the

present invention, the cleaning medium is passed through the uhcleaned ceramic filter, so that the
uncleaned ceramic filteris cleaned. [00161

[ 3] The method for cleaning the ceramic filter
according to the above [ 1] or [ 2], wherein the pressure in
the secondary side space is from 0.03 to 50 kPa.

10 Effect of the Invention

[ 001Z]

In the method for cleaning a ceramic filter of the
present invention, "a pressure of a space on a secondary
side of the uncleaned ceramic filter 1s reduced, while

15 supplying a cleaning medium to a space on a primary side of
the uncleaned ceramic filter". 1In this way, the cleaning
medium is passed through the uncleaned ceramic filter, so
that the uncleaned ceramic filter is cleaned. Therefore,
in the method for cleaning the ceramic filter of the

20 present invention, fouling substances adhering to the
ceramic filter can be removed in a short time. Therefore,
the operation time required to clean the ceramic filter can
be shortened. That is, the separation performance of the

ceramic filter can be recovered in a short time.

Brief Description of the Drawings

[ 0013]



According to this method for cleaning the ceramic 10filter, "the pressure of the soace on the secondary
side of the uncleaned ceramic filter is reduced, while supplying the cleaning medium to the spa.ce on
the primary side of the uncleaned ceramic filter" ~In&his way, the cleaning medium is passed flerouch
the uncleaned cerare filter, so 15thh. the dncleahed ceramic f)iter can be cleaned. Therefore,
according to the method for cleaning the ceramic filter of the present invention, fouling substances can
be removed in a sho . Itim.lAchording rtg gge géesﬁeiné g[%niq%meé%%dé tg% c!:ea:f\p#n medium flows into
the secondary side ZOs%éce from the primary side spa%e. herefore, when the ¢ ning medium flows
into the secondanyside spage.a physical ferce:-is applied fo the-fouling sybstances, and additionally,
the cleaning medium can chemically decompose the fouling substances. For exampfe, the cleaning
medium 25dissolvesthe fttHling substantesoTherefore] the fouling substancés present imthe ceramic
filter can suitably be removed. Consequently, as compared with a conventional ideanna method, an
operarion tifier €4S redtd cleanthée ceramic filter decreases. That is,ation time can he shortened.
[001 "sippl clean ig ium. t a t imary side, of the ceramic filter" is to
suppjlgy the cleaning ﬁgehgjelun? tcg téheggggégé@ gr% %Eg’?)%m%;r)%@id%% (}?fétﬂ]ga%e%drfllcyfilt%%vé}t at the Thole
surface of a-separatiem.imembrare of theiceramic filtenen therchae-efthegrima s.€ soage is covered
with theeanirir medium. crC 18.] "The primary side space" is a space to which a  position
beforeuppiléd atttie sep,,,ipiich of the. COM osition I. ncludinp a. corioonorA separat,icn otieto be
selec vely separated hyv s?{pa,rationmembrane the ceramic.hd componeav - other than this

sepa.ration object (heréinafter Sometinas Tétorred teas "the CoMsbsition before the séparation”). "The
se ondary side spacspace intowhich the component separated fromdhe compgsition before the

separation by the separation membrane (i.e., the crede.t irolneci component selectiyeiy semarated
fromhe cempiositiore the:separation whi..ch | nc.ludes the

Mode for Carrying out the Invention
[ 0014]
Hereinafter, embodiments of the present invention
15 will specifically be described with reference to the
drawings. It should be understood that the present
invention is not limited to the following embodiments and
that suitable modifications, improvements and the like
added to the following embodiments on the basis of ordinary
20 knowledge of a person skilled in the art without departing
from the gist of the present invention alsc fall in the
gist of the present invention.
[ 0015]

Method for Cleaning Ceramic Filter:

3]
[}

In the method for cleaning the ceramic filter of the
present invention, a pressure of a space on a secondary

side of this uncleaned ceramic filter is reduced, while



plurality of components) flows - [001.9) As described above, when the cleatmedirm can flow into the
secondary side space from(le primary side space, the separation oebformance can he recovered by
cleaning the ceramic filter in a. short tame. Moreover; when the cleaning medium is allowed to flow
into the sonmbidary side space from the primary side space, a predetermined difference (a oressuro
difference) may be made between the pressure in the primary side spspe and the pressure in the
Seconaay il arace, (1020 Helh JolIAe e Ahaye puensute dllelRoR Lere Afls B Torhb
which the Mayo preosuro difference Is ma e%ralsmg the ores sure of the prlmé{ry side space without.

reducing the,pressure-ef-the secondary side space. Hewevers in thismethed; there mighL occur
problens that the separation membrane is broken, that an excessive load is 15applied. to a. device (a
liquid feed pump- ot thedike) wwhich suppligssthe cleaning medium intothe pritnarysidesspace to
damage the device, and the liko. Therefore, ho above pressure difference may be made by reducing

tho pressuFéléflthjedgeb%n}agﬂ/ side ¥pate 56(0b21] Eiy. 178hdiWs a Separator 10 or Ude in one
emhodbment of the method for,clbaning She ceramic, filter, of the present: invention, The separator 100

is constituted of a cerandc filter 10 in which a. pgarality of Faros are 25formed, and a. casing 12 which.
can containdhe deraTgcdlites<10. dhisdadie noted thatl-he sepuratord00 shows-a separator dapable
of seloctively scoaroting the - 10 - predetermined corponent from the comcposition before the
separationtiféltdingeth A pluradityest compohents by Pervaporatien. e method for cleaning the
ceramic filter of the p!i)%se&t invention can no applihd to cleaning Lbcatmenn at any separator. For
example it can suitéb y be’employed in the cleaning treatment of a separator such as the separator

100 (a unit which performs the sepratich: by phrvaporation). J(1022) 10Las shown.in.Fig. 3, the ceramic

filter 10 includes a porous support a, and. a. separation membrane 14 formed on the surface of each
of tcélls 6 of the: Poycas:sappers Bs The pofous suppeart.c8 has patditioncwalls 4ymade of a pore us
body, and by the partition wails 4, the plurality of cells
the uncleaned ceramic filter i1s reduced, while supplying
the cleaning medium to the space on the primary side of the
uncleaned ceramic filter™. In this way, the cleaning
medium 1s passed through the uncleaned ceramic filter, so
15 that the uncleaned ceramic filter can be cleaned.
Therefore, according to the method for cleaning the ceramic
filter of the present invention, fouling substances can be
removed in a short time. According to the present cleaning
method, the cleaning medium flows into the secondary side
20 space from the primary side space. Therefore, when the
cleaning medium flows into the secondary side space, a
physical force is applied to the fouling substances, and
additionally, the cleaning medium can chemically decompose
the fouling substances. For example, the cleaning medium
25 dissolves the fouling substances. Therefore, the fouling
substances present in the ceramic filter can suitably be

removed. Consequently, as compared with a conventional



156 are formed which extend. through the filfer from one end surface 2.e to the other end surface 2b fo
becemh through channels of a fluid. In Loth end portions of the ceramic fiJter 10, water collecting. sihts
16 (see Fig. 2) are formed which( communicate-betwehn one. group of juxtaposed 20cells 6 and an
exterl0- epane of the ceramic filter 10. Moreover, ir. the ceramic filter' 10, oeen frontal areas of boll'
ends. of each of the cells 6 which cogimmnicate with :he water collecting s)Ht6 16 (water collecting

cells 1) are plugged with pl d portions 18, 25[00 2& The casjng 12 is constjtuted of a hollow
tubular casfr%ge%géfnngog\yg E%%%% u%BerO gaeprfjl Ja?tlécr%é' Yo an %blé?dan%dp oﬁ?%%%stﬁlt%emain body, and

a botfom cap 26.attached te a lower-end of. the gasing:re.ain-bedy,la thouicinity of the-upper end
portion os. the casing main body 22, a filtrate feed-out mcci 22a is formed tL.much which the

filtratecomponetithe seleetively separated) can be fed out. ma Lop portion of the upper cap 24, an
original soFutiof discharge port 24a is formed t rough which the orsolution (the unseparared
composition) ca.n be @¥séha cod. In a lower end. lamrbion of the bottom can 26, 10an prig nal solution

supply port 26a is fofr;ged thro#p;] vggigh@fecg@gal srgieg}lgcurgncacnghec%go t%e cc(%.xamif:gleter 10.Flanges
a y

a.ed t- Incs Pen dort'ors obtain a structure ahici .caneasily be connectto yapes. ic-Fb-ver,
Caringsmagde of an-elastic-matmrialarednterpesed; Detween; thecasing-main bedy 22 and the cap 24
and be..tween the casing Tmin hmdy 22 and the bottcl cap 26, respectively. The casino:refof a mater
..at:. having waterimpenmeéability-and highscocmerests E{stainlessastea sordhe dike). Tde, scharstor
20100 shown in Fig. 1 mag have a constitution where the  Thai yob discharge port 24R is connected

to tLne origiiidl 8bb urf on. $Upply’ portos64 via & Rimecorthé like {notsriobi Fsd-that e original sd.

lﬂono"dﬂﬁgﬁﬂpggé?of the ceramic filter on the side of the primary
10 side space 1s covered with the cleaning medium.

[ 0018]

"The primary side space" is a space to which a
composition before separation has been supplied at the
separation of the composition including a component (a

15 separation object) to be selectively separated by the
separation membrane (the ceramic filter) and components
other than this separation object (hereinafter sometimes
referred to as "the composition before the separation').
"The secondary side space" 1s a space into which the

20 component separated from the composition before the
separation by the separation membrane (i.e., the
predetermined component selectively separated from the
composition before the separation which includes the
plurality of components) flows.

25 [ 0019]

As described above, when the cleaning medium can

flow into the secondary side space from the primary side



Fic. 1 is. a cross sectional view schem showincseparator 106 for ume in the one embodiment of the
method. =aning The cehamiu fiiter of the present - 12 - invention_ Fig. 2 is a perspective view
schematically showing the.. ceramic filter 10 incjuded-in the separator 100 shown in Fig. i. Fig. 3is a
schematic view showing a cross section t the ceramic filter shown. in Fig. 2 which is parallel to a cell
extendThg direction. [0025] When a pedetermined component (a separation object A) is
sepamatedsfrgg:neqn gﬁgingl@gg@_g%q b;{ useercg Qt@ Separatar 1%% the sep]%raetignbobject A is separated

as 10 follows. First, when th orlglna? sofution is supp ied at a oredeteriinad pressﬁre frmm the original

solution supply-part 26a:0f the:bettem cap 26 to primaryside:spaces 32 indhe gells-6 of the ceramic
filter 10, the supplied original solution is filtered during the originaisolation permeates 15rhe partition
walls 4 whichedefinesthe tells 61 Aftepward] thesfiltdréd original sélutioniis discharged as the filtrate from
an outer peripheral serfacd 3 of the ceramic filter 110 to a secondary side space 34 formed between

the outer peripReril SUrfac4'3 oftRE Cerdmit filter 1@%8?%/ inmer perpreral stirface 23 of the caslmy
maig body 22. i this way, the geramic filter 10, car selectively, separate, a predetermined substance

from a mixture containing two or more substances. Such a ceramic filter can sellectively soperar( a
predeterminedesahistaree fronm the-eriginak-25solution: However,,dps touse fayeselectively=separating
the predhuieradred substance from the orsoluticm), impurities (the fouljnq substances) and the like in
the 7):- orDgiidl $bfutioh dré depeecetie veraniie filtee @md hence the: separatperrorman ce
deteriorates. Thereiog%'g é necessary to remove the deposited impurities and the like by the
clean'.Crc:atment, horahj recovering the senaratfon per: d [00267 The porous support of the

ceramic filter is made.ot.a ceramic,mater d, apd.as the perehs.suphhrt, atubular, o o

10 is a method in which the above pressure difference is made
by raising the pressure of the primary side space without
reducing the pressure of the secondary side space. However,
in this method, there might occur problems that the
separation membrane 1s broken, that an excessive load 1is

15 applied to a device (a liguid feed pump or the like) which
supplies the cleaning medium into the primary side space to
damage the device, and the like. Therefore, the above
pressure difference may be made by reducing the pressure of
the secondary side space.

20 [ 0021]

Fig. 1 shows a separator 100 for use in one
embodiment of the method for cleaning the ceramic filter of
the present invention. The separator 100 is constituted of
a ceramic filter 10 in which a plurality of pores are

25 formed, and a casing 12 which can contain the ceramic
filter 10. It is to be noted that the separator 100 shows

a separator capable of selectively separating the



suceort or a. monolithic support can be used. A tubular porous suPoort is a structure n inq a tub ui.ar
wall mad.e of a ceramic. porous mterial, andcladift a single cell defined hr The wall whichs through a
central portion. 21202.ithis Joro.s5spponneycomtéstructure having itioe walls made of cera ¢ morons
smaterial, and including a large number of ce 1 def.4.ned the partition walls. Among_the mcneil
CT.uiC 0000125 supporl is preferable since idcs a large sepa area per unit volumo and a high.
treatment eLpa.cit.y. The pprem, suogort L ol the ceramic filter 10_she Fig. 2 and Fig. 2/30an examoie
of the mooﬁrﬁﬁ%%ﬁégﬂégrg[ Oﬁﬂﬂpoge&strn%%%rpa%?cemé%nﬁa?%(l)ﬁ%t?tat ?%é%g p%l%us support, for

example, adupuna: (AlRCLQ Litania (TiOR), rpuli 05102),zikeonia (£e:0)0r dhe like is nmongq these
materials, alu Ina is p viewpoints thai a raw material ha hmeters is easily 0 and the corrosion
resistance is=highplt is:toiber notet thatrthie ceramic materal has a. thighr.aehability duktteits excellent
mechanical strength and durability, a low deterioration during cleaning treatment by acid, alkaH or

rathe like, &hd an ability - precidelFEontrdl thé avBrageipore dameter Vitieh determines the
sepayation peffopmance- 100251 ocpJhedgrous suppart ingy include. 2 hase paterialJn which a

blur-frilly en cells are formed, and a. surface Payer 10which is formea oh the surfaces of the cells of
this base mateeal (thesurfaces of partition wajls:fermingthe cellskanrd awhich-pares haring an.
average 00fe diameter' smaller than an average ppre diameter of the base material and larger than an
average poté didreterof the-separafior hmermbrarie. ate forméd: Thetbasesmaterial has the partition

walls made of a pprous body, and by the partition walls, the plurality of cells are formed. which extend

through the Bofdus ‘SUppbt frot ohe end surface to the other end surface no become through
channels of a fluid.. [Il®'§2t§9, be 20noted that the surface layer may be constituted of one layer or may
be constituted of multiple layers. The porous.

10 As shown in Fig. 3, the ceramic filter 10 includes a

porous support 8, and a separation membrane 14 formed on
the surface of each of cells 6 of the porous support 8.
The porous support 8 has partition walls 4 made of a porous
body, and by the partition walls 4, the plurality of cells

15 6 are formed which extend through the filter from one end
surface Za to the other end surface 2b to become through
channels of a fluid. In both end portions of the ceramic
filter 10, water collecting slits 16 (see Fig. 2) are
formed which communicate between one group of juxtaposed

20 cells 6 and an exterior space of the ceramic filter 10.
Moreover, in the ceramic filter 10, open frontal areas of
both ends of each of the cells 6 which communicate with the
water collecting slits 16 (water collecting cells 7) are

plugged with plugged portions 18.

DO
(@2}

[ 0023]
The casing 12 1is constituted of a hollow tubular

casing main body 22, an upper cap 24 attached to an upper



support includes the surface layer, and hence when the separation, membrane is rormedy aggregate
particles in a slurry no form the separation membrane can be trapped by the surface layer. Therefore,
it is possible to prevent a siehafien where the aggtegate particles enter the insides of the pbres of the
base material. The base material and - 11.5 - the surface layer can be made of the same material.

(the ceramic material) as in the porous support. [0029] The average pore diameter of the porous

support. (the base material when the porous support has a surface layer) is determined jn
considerati%%%)f%fbaagr?cecSgtWegenﬁﬁ‘?lenmé&?gﬁiceﬁ%?re%g O%r%? aﬁgapmél?ntao%%%?%gétion. Usually,

the porous sypport hiaving-an average-pore diameter of aloout 1 toseveral. hundred Mis used. When
th.e porous snduerli 10has a surface layer, the avraae pore diameter of the surface layer is smaller
than the average: porerdiameterofitherbase materiakand targer thandhie average pare diameter of the
separation membrane. Specifically, the average ocre diameter Hs from. aboutO1 to 10 L1n. The

average pore 15-diametért the porsis support s & 748 Mnédsiied by d: MérctiiFporosimeter. The

average pore diameter {ﬁ@e surface I&){gr. s abvalue:lme\absuxreq by an air flow method described in
ASTM E316- (0030] 20the semar?ti%rﬁ mem (?anee, a reJIu?aCLIity} c])?p res 1.5 &?ﬁ}é{}j a%aﬁh%e

predetermined substance €an selgctively-he separated-fromthe mixture containing two,0r mbre
substances (i.e., solidelignid separation, ligdibmliquid separation or pas-gas separahien can be
accomplishied) ihi25thel prasemciavention, tHerelis novany further spetialiréstriction on such a
separation, and examples of the separation membrane include a. zeolite meml-ixane, a cartbb

membrane”4 SHlica” mefbrahé And BRNT HiemBraneS@ nant-fiter): Spekifically “éxamples of the
zeolite membrane inglude zeplite membranes, of Adype.Y-type, DER/iype and YET type. [cinm

The average pore diameter of the sepamation membxane can suitably be determined in accordance
withthe required-separation perfermance: fror example,sin the case ofaqcenamic filter for uee in
orecision fillration or ultra. 10filtration, the average pore diameter is preferably from 0.01 to 1.0 pm.
The average'pére diameteriof this sepatatiorrmemibrahe i avalues téasurée bytheair flow method
described in, 'f‘r?TM 5}16. [19932 15The glu gedopoort'on»s can he made of the same material as in the
porous support; and an‘averagé pore diaméter 8 preferably from 1 (8°5everal huhdréd pm® [0033]

obtain a structure which can easily be connected to pipes.
Moreover, O-rings 28 made of an elastic material are

15 interposed between the casing main body 22 and the upper
cap 24 and between the casing main body 22 and the bottom
cap 26, respectively. The casing 12 is preferably made of
a material having water impermeability and high corrosion
resistance (stainless steel or the like). The separator

20 100 shown in Fig. 1 may have a constitution where the
original solution discharge port 24a is connected to the
original solution supply port 26a via a pipe or the like
(not shown), so that the original solution circulates.

[ 0024)]

25 Fig. 1 is a cross sectional view schematically

showing the separator 100 for use in the one embodiment of

the method for cleaning the ceramic filter of the present



As the ceramic filter, there can be used a ceramic 20filter in which both end. surfaces of a. porous
support (portioas other than open frontal areas of cells) are. coated with a coating membrane made of
a water-impierreable material such as. glass. Fhis zoating membrane can prevent.: the pnscparated
compbsition and the component which has 25permeated the separation membrane (the component
selectively separated from the unseparated comoosition) from being mixed. a round shape, a

guadrangular shape, a hexggons(g shape and a triangular shage. Ankonrg tjCIiese Tapes, the round
. l?V@B lfbﬁ. C? 1S a tFers%e% lve View SC (? aTlCa g .
shape is preferable from the viewp iseparation membrane having a uniforiurnerubrane thickness car.

he formed.g0935}.Thereds not any special testriction.on a $0aps of 10the-caramig filter; as long as toe
separation :oc-rtorntanc of the ceramic- filtsr is not disturbed. Examules of the wholes hape include a

columnar snspena.iquatrangularpiliarsshape; and astriangalar pillai shapé.cAmopg ¢hese shapes, toe
columnar 5eferable from the vi ewpoints that extrusion forming is easily Qerformed, firing deformation

rarely occurs “and Séaling” With ncasing s 'edgily atedrmplishet? it itbf'a coPumdn 16 Cerarric lilrcr,

dimension L: hggeroifgg hetéorae%aﬁgleé%@ H&eerQia@le:t(egCoglto 1000 mm and a- ienothcf 10 no
10000 MM.‘fO 36 The cleaning m ium includes a cléaning liquid and a. oh-aning gas. Examples of the

cleaning Lould include@rganic solvents such as alcohol, ketone, ether and ester; water;'d; alkali; and
mixed ligu.-, of the water and the above organic solvents. Yoreovsr, exanmif the clearii no gas includo
atmospheric air, steditandnertgastarmacidic paspandabasic gaspraig8tion object

A) 1s separated from an original solution by use of the
separator 100, the separation object A is separated as

10 follows. First, when the original solution is supplied at
a predetermined pressure from the original solution supply
port Z6a of the bottom cap 26 to primary side spaces 32 in
the cells 6 of the ceramic filter 10, the supplied original
solution is filtered during the original solution permeates

15 the partition walls 4 which define the cells 6. Afterward,
the filtered original solution is discharged as the
filtrate from an outer peripheral surface 3 of the ceramic
filter 10 to a secondary side space 34 formed between the
outer peripheral surface 3 of the ceramic filter 10 and an

20 inner peripheral surface 23 of the casing main body 22. In
this way, the ceramic filter 10 can selectively separate a
predetermined substance from a mixture containing two or
more substances. Such a ceramic filter can selectively
separate a predetermined substance from the original

25 solution. However, due to use (by selectively separating
the predetermined substance from the original solution),

impurities (the fouling substances) and the like in the



[0037] A temperaapre of the clean.i rig mcdi umi.,s preferably from. 25 to 450C, and. further
prefer ably from 50 to 400C. When the temperature of ghe cleaning medium is in the above range, the
fouling substances can he heated and decornpored Therefore, the cleaning treatment can be
performed more effectively (i.e., in a shorter). Here, "the temceratnre of the cleaning medium" meanse
terwe of the cleaning medium when the cleaning medj'a suipp'ied to the ceramic. filter* [0038] The
temperature of thecme me(um is preferably from 25 to S0C, and further preferably from 50 to 400C
as desabove, However a mcre prefergble t mpera?ure of the cleaning mediumcan Suitab y be setin
accordancewith-a type ofg-gas. Specifically when the atmuosohericair is used.asrthecieanl.ng gas, a
temperature of the atmospheruc air (the cleaning gas) is preferably rnni 200 to 300C. Moreover,
when the inértigasiis used asithe<cleanding gas,ca.demperdtare ofthe inert gas (the clganing gas) is
prefe.rahly 300C or more. [ 00391 Furthermore, when the atmosphe.ric air of 200 to sed as the

cleaning gas,; the'pressiire’in thb seéondar <idé Spadé fssreterably o 663 td'50 kPa. 0040 inert

gas.of 300§egg@g@ jy%u%eeqr%%y}\ea]jc$eeaning gas, the pressure in the secondary side space is
preferably from 0.03 t, 50 hPa. [0041i When the carbon membrane is used as the separation

5membrane, the inert gasof 300C or more is preferably used as the cleaning medium .using the 'neat
gas as the cleaning medium, the cleaning medium can be preynted from reacting. with the carbon
membrane. The porous support of the ceramic filter is made of

a ceramic material, and as the porous support, a tubular

support or a monolithic support can be used. A tubular

10 porous support is a structure having a tubular wall made of
a ceramic porous material, and including a single cell
defined by the wall which extends through a central portion.

A monolithic porous support 1s a honeycomb structure having

lattice-like partition walls made of ceramic porous

f—)
[ o)

material, and including a large number of cells defined by
the partition walls. Among these, the monolithic porous
support 1s preferable since 1t has a large separation area
per unit volume and a high treatment capacity. The porous
support 8 of the ceramic filter 10 shown in Fig. 2 and Fig.
20 3 is an example of the monolithic porous support.

[ 0027]

As the ceramic material constituting the porous
support, for example, alumina (Al:03), titania (Ti0;),
mullite (Al,0:e5i0,), zirconia (Zr0;) or the like 1s used.

25 Among these materials, alumina 1s preferable from the
viewpolints that a raw material having controlled particle

diameters 1s easily obtained, a stable slurry can be formed



[0042. 10When the silica membrane or the A-type zeolite membrane is used as the separation
membrane, the organic solvent, the atmospheric air or the inert gas is preferably used as the cleaning
medium. Hy using the orcahic solvent., the atmespherie aix or the inert gas as the cleaning medium,
15the separaiion membrane can be prevented from being dissolved by the cleaning medium. (00431
The pressure (a gauge pressure) in the primary side space at the clearing treatment is preferably from
100 to 201000 kPa, further preferably fram 100 to. 500 kha, and especially preferably from 100 to 200
kPa. When ﬁwneéz)rtgys%urcpoﬁrtﬂ%Jp(?lrr‘ngﬁssﬁét gaé:cee i%bouqlo?%he a oti/elr%m&y(e), E‘ﬁ% s%%g?ﬁion membrane
might he broken by pxessure, Thatis.when the pressure inthefrimary;side, 23space, is inthe above
range, the separation mehrt.rare can he prevented from heirq broken by the pressure. [0044] - 20 -

A linear speedwsfithe cleamning: aredium te bessupprtoahe priimary sideTpace .$ preferably from 0.01 to
1000 cc end, furl: her preferably from (2.1 to 1000 cm/second, and especd ly preferably from 1 to
100b cm/sec6nd “Whenthe above speef i€ i thetaboverrange ftHefotifing substidasilydissolved in
the cleaning mcdi. Therefore, the operatian tune required for the cleaning can further be sho s in [
0045J the &Pgseinlt}éi%'es,at%%eréi is r%%éﬁ?/csyoe%alﬁge%tcrf’c?i%%%ncé) %eééroeqe (%? the pressute reduction, as
long as the gleaning: medium flows ntothesecondary:side space fromstheerimarii.side.space at the
cleaning treatment by reducing the presswre of the secondary side space of the unfleaned ceramic
filter, and the decred ddivsuitably be set. The pressure in fir secondary side space is preferfrom 0.03
to 50 kPay frrthr preferably from 0.1

The porous support may include a base material in
which a plurality of cells are formed, and a surface layer
10 which 1s formed on the surfaces of the cells of this base
material (the surfaces of partition walls forming the
cells) and in which pores having an average pore diameter
smaller than an average pore diameter of the base material
and larger than an average pore diameter of the separation
15 membrane are formed. The base material has the partition
walls made of a porous body, and by the partition walls,
the plurality of cells are formed which extend through the

porous support from one end surface to the other end

surface to become through channels of a fluid. It is to be
20 noted that the surface layer may be constituted of one
layer or may be constituted of multiple layers. The porous

support includes the surface layer, and hence when the
separation membrane is formed, aggregate particles 1in a
slurry to form the separation membrane can be trapped by
25 the surface layer. Therefore, it is possible to prevent a
situation where the aggregate particles enter the insides

of the pores of the base material. The base material and



to 10 kPa, and especially preferably from 0.1 to 1 kPay When the pressure in the secchdary side
space is in the 20above range in this way, a removal speed of the fouling substances is fast. That is,
the fcul.i.ng substances are easj,ssflved lo _he-cleanino medird bc time required for the cleanibc ccer
tare d 25[0046 As a method of redicing the pressure of the secondary side spaee, a herebbiore
known method can - 21 - suitably be employed. An example of the method is a mcgdplni using a

vacuum pupp ot The.Jike- 10047] In the methodfor cjaaning the, ceramic fiter of the Spresent
invention, the cleaning. treatment may be performed by using the cleaning liquid or the cleaning gas or

by combining the cleaning liculd angd-the cleaning gas: thatisthe:cleaning treatment may be
performed. by using the cleaning liquid and then Performed. by using the cleaning 10gas, or the
cleaning treatment imay4se performed by using The cleaning gas and then performed by using tho
cleaning Furthermore, the cleaning treatment may be performed by using a first cleaning liquid (or a

first cleaning gas) andthér perféfmed ‘Tﬁ/ USig'a 'Secofd cledninty f@ﬁ@i& (614 S&cond Eleaning gas).
For example, after performing the cleaning treatment by yse of an oreanic solvent such as enhancg as

the first cleaning liquid (after dissolving the fouling substances), the cleani....treatment may be
performed:hy using wateras the secondleaning 2 Wiguid. fexemples {Q04Qen the
mechanical strength and an amount of permeation. Usually,
the porous support having an average pore diameter of about
1 to several hundred pm is used. When the porous support

10 has a surface layer, the average pore diameter of the
surface layer is smaller than the average pore diameter of
the base material and larger than the average pore diameter
of the separation membrane. Specifically, the average pore
diameter is from about 0.01 to 10 um. The average pore

15 diameter of the porous support is a value measured by a
mercury porosimeter. The average pore diameter of the
surface layer is a value measured by an air flow method
described in ASTM F3l6.

[ 0030]

20 In the separation membrane, a plurality of pores is
formed, and the predetermined substance can selectively be
separated from the mixture containing two or more
substances (i.e., solid-liguid separation, liguid-liquid
separation or gas-gas separation can be accomplished). 1In

25 the present invention, there is not any further special
restriction on such a separation, and examples of the

separation membrane include a zeolite membrane, a carbon

85



Hereinafter, the present invention will specifically be desordbed with respect to examples., but the
present 25invention is non limited to these examples. (.)0,191. (Example 1) A porous surface
iayer made of alumina particles (an ave.rage pereldiameter of 0.1 limp was formed on the surlaces of
a pltirall. of cells of a monolithic (a cell diameter of 2.5 mad porousmaterial (made of alumina) having a
columnar shape (a diameter of 3 cm and a length of 16 cm), to prepare a mon.olft:hi_ orous support.
[0000] An A-e tyre vg.@c:li'gﬂe me lbcrgne é% 1g;:emlgranaentgicgljme%;}o;‘n (Ca)mlgg was {%r@%qioonsurfaces of a
pauraljty of ¢c %6@.@.{ the Surface of the surfacé layer) of the prepared mad lathic norous. sonoorl fy
hydrothermalsynthesis, to-ahbtain:a ceramfuditer {00511, ¢ A separatien obieet {am unseparated.
oomposittonl was subjected to aervaporatton separation by use of the ohtaaied ceramic filter. As the
separdt ton object}a. mixturg.«(including 0c16of clittingreil. as-drvimspurityFoftwater {separation cbjecit
A) and isopropyl alcohol. (1PA.) (separation object 12.) was used_ As pervaparation 20seoaratfon
conditions, Condititns of 70C andkPa were used, and she oervapora tion separation was performed
untils eat ion ooeff jaient of the water (separation object A) decrease. to 601: of that immediately
after the start of the scoarattAfterward, the ceramac filter after the oervaporafion separation (before

Leaning) (i e. , the ceramic filtes ywhasepermeation ooeffici.ent.d eoremsed e, 60%-ofthan
immediately after the start of the separation) was subjected to a cleaning treatment. [00521 The

cleaning tréatmetit Wa-perférmetiby redacing the pressurécofthe secondary siderspace(setting the

pressure , . .
separation performance. For example, in the case of a

ceramic filter for use in precision filtration or ultra

10 filtration, the average pore diameter 1is preferably from
0.01 to 1.0 pum. The average pore diameter of this
separation membrane is a value measured by the air flow
method described in ASTM F316.

{ 0032]

15 The plugged portions can be made of the same
material as in the porous support, and an average pore
diameter is preferably from 1 to several hundred pum.

[ 0033]
As the ceramic filter, there can be used a ceramic

20 filter in which both end surfaces of a porous support
(portions other than open frontal areas of cells) are
coated with a coating membrane made of a water—-impermeable
material such as glass. This coating membrane can prevent

the unseparated composition and the component which has

[N
wn

permeated the separation membrane (the component
selectively separated from the unseparated composition)

from being mixed.



5in the secondary side space to 5 kPa), while supplying atmbspheric air heated at 350C to a primary
side space of the ceramic filter at a linear speed (a primary side linear speed) of 20 cm/second, and
allowing the atmospheric air of the primary side-space-to flow into the: secondary side 10space. The
cleaning treatment time. was one hour. [000.3] As a result of the cleaning treatment, the
permeation coefficient of the water (separation object A) after the cleaning treatment. was 5290
nmol/Paerbs, and a recovery raLio was 1003.. [0054] In Table 1, "separ.aLion object (A/B)"
indicates that a mixlliJ eogt%\ and B was subjected to the separation. It is to he noted that. in the column

of "the separation okject 20(AE); for example, 'water/IPA.= 10/90" indicates that.a mixture of water

(separation object A) and isopropyl alcohol (separation object B) at a mixture ratio (parts by mass) of
10:90 was used ltds topbe moted that dtheteutting oil'iis. "Daphne;MagpiesdiA30" manufactdred by
25Ademitsu Kosan Co., Ltd. "Test conditions" Indicate the conditions of the separation (pervaporation
separation Sgas*sépraraticms Before! fiie- st ofthie TORINN of A fperfiteation Coefficient df the
separation ob%erc:'E aA ir?%%arteg,tge %ermg%tioqn co fficient gfﬂthe‘sep&r&ation oi%jgct.BA\. in The ceramic
flitior immedia ely after the start of the sepgfa?ioner(ﬁ}SeepeSrvﬁggrba(tion s%p‘%?éjtlon o t%%%alssseparation).

"After the teste ot the-colas of rpermeation.goefficient,of the, separation abject A indicates the
permeation coefficient of the separation object A in the ceramic filter after the separaiiion was

performed bnatilithe permeation coetficient decreased te 605cf thatammediately 10after the start of the
separation (the pervapbration seoaration or the gas separation). "A primary side" indicates a cleaning
medium supplied tolt @Bﬁﬂnary side space of the ceramic filter. "A primary side linear speed"” indicates
the linear speed (cm/second) of t%eﬁcleanin%ple;c@%qvium syl Iiegl itgrgh% T;{)rignagr% g}igdg space of the

. . e . .all resior1iCc I 1 .
ceramic filter. "A secondrary side” indicatés the pressure of the secondary side space in the cleaning

treatment. A reducegd-pressuret indicates thatthe pressure of thessecondary side cease is reduced in
the cleaning treatment (in parentheses,
of the ceramic filter is not disturbed. Examples of the
whole shape include a columnar shape, a quadrangular pillar
shape, and a triangular pillar shape. Among these shapes,
the columnar shape 1s preferable from the viewpoints that
15 extrusion forming is easily performed, firing deformation
rarely occurs, and sealing with the casing is easily
accomplished. In the case of a columnar ceramic filter, a
dimension thereof can be, for example, an outer diameter of
10 to 1000 mm and a length of 10 to 10000 mm.
20 [ 0036]

The cleaning medium includes a cleaning liquid and a
cleaning gas. Examples of the cleaning liquid include
organic solvents such as alcohol, ketone, ether and ester;
water; acid; alkali; and mixed liquids of the water and the

25 above organic solvents. Moreover, examples of the cleaning
gas include atmospheric air, steam, an inert gas, an acidic

gas, and a basic gas.



20the premsume tn. the: secondary side space is indicated). "temp." indicates the temperature of the
cleanina medium when the cleaning treafment is porfommed. "Time" indicates hours for which the
cleaning treatment is performed. [OG551 25 96 0810LB L Dot0051' washing Secondary Temp.
Time treatment side , (iC) (hours) (nmol/PaimLs) 86 0004 1

[ 0037]

A temperature of the cleaning medium 1s preferably

from 25 to 450°C, and further preferably from 50 to 400°C.

When the temperature of the cleaning medium is in the above

(&2}

range, the fouling substances can be heated and decomposed.
Therefore, the cleaning treatment can be performed more
effectively (i.e., in a shorter time). Here, "the
temperature of the cleaning medium" means the temperature
of the cleaning medium when the cleaning medium is supplied
10 to the ceramic filter.

[ 0038]

The temperature of the cleaning medium is preferably
from 25 to 450°C, and further preferably from 50 to 400°C
as described above, however a more preferable temperature

15 of the cleaning medium can suitably be set in accordance
with a type of the cleaning gas. Specifically, when the
atmospheric air is used as the cleaning gas, a temperature
of the atmospheric air (the cleaning gas) 1s preferably
from 200 to 300°C. Moreover, when the inert gas is used as

20 the cleaning gas, a temperature of the inert gas (the
cleaning gas) 1s preferably 300°C or more.

[ 0039]

Furthermore, when the atmospheric air of 200 to
300°C is used as the cleaning gas, the pressure in the

25 secondary side space 1s preferably from 0.03 to 50 kPa.

[ 0040]

When the inert gas of 300°C or more is used as the



1(AVE,-0-)00CO,1"CDCDCV C') Reduced 1 pressure 350 (10k Pa Reduced pressure 400 1
(10k Pa Reduced pressure 200 3 (1kPa) Reduced pressure 100 1 (50kPa) Reduced pressure 130 1

(1kPa)
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cleaning gas, the pressure in the secondary side space 1is
preferably from 0.03 to 50 kPa.

[ 0041]

When the carbon membrane 1s used as the separation
membrane, the inert gas of 300°C or more is preferably used
as the cleaning medium. By using the inert gas as the
cleaning medium, the cleaning medium can be prevented from
reacting with the carbon membrane.

[ 0042]

When the silica membrane or the A-type zeolite
membrane 1s used as the separation membrane, the organic
solvent, the atmospheric air or the inert gas is preferably
used as the cleaning medium. By using the organic solvent,
the atmospheric air or the inert gas as the cleaning medium,
the separation membrane can be prevented from being
dissolved by the cleaning medium.

[ 0043]

The pressure (a gauge pressure) in the primary side
space at the cleaning treatment is preferably from 100 to
1000 kPa, further preferably from 100 to 500 kPa, and
especially preferably from 100 to 200 kPa. When the
pressure in the primary side space is out of the above
range, the separation membrane might be broken by the
pressure. That is, when the pressure in the primary side
space is in the above range, the separation membrane can be
prevented from being broken by the pressure.

[ 0044]



| Reduced i 1 Acetone i 2 pressure 2511 i (0 1kPa) Reduced Acetone 2 pressure 23 1 (0 | kPa)
Reduced 3120 Atmospheric 20 pressure 450 1 air (5kPa) Reduced 3120 Atmospheric 20 pressure 350
1 air (0 07kPa) Reduced 3120 Atmospheric 20-pressure 350 1 air (0 03kPa) , Ordinary

A linear speed of the cleaning medium to be supplied
to the primary side space is preferably from 0.01 to 1000
cm/second, further preferably from 0.1 to 1000 cm/second,
and especially preferably from 1 to 1000 cm/second. When

5 the above linear speed 1s in the above range, the fouling

substances are easily dissolved in the cleaning medium.
Therefore, the operation time required for the cleaning can
further be shortened.

[ 0045]

10 In the present invention, there is not any special
restriction on a degree of the pressure reduction, as long
as the cleaning medium flows into the secondary side space
from the primary side space at the cleaning treatment by
reducing the pressure of the secondary side space of the

15 uncleaned ceramic filter, and the degree can sulitably be
set. The pressure in the secondary side space is
preferably from 0.03 to 50 kPa, further preferably from 0.1
to 10 kPa, and especially preferably from 0.1 to 1 kPa.
When the pressure in the secondary side space is in the

20 above range in this way, a removal speed of the fouling
substances 1s fast. That is, the fouling substances are
easily dissolved in the cleaning medium, and hence the
operation time reguired for the cleaning can further be

shortened.

N
[ @)

[ 004¢9]
As a method of reducing the pressure of the

secondary side space, a heretofore known method can



2500 Ethanol 20 pressure 130 10 (101 3kPa) Ordinary 2500 Ethanol 20 pressure 130 100 (101 3kPa)
Atmospheric 200 air 005itaboAN 09001ed1Al h 0-0,9Z 00bZ00047 oal 000
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suitably be employed. An example of the method is a method
using a vacuum pump or the like.
[ 0047]

In the method for cleaning the ceramic filter of the

w1

present Invention, the cleaning treatment may be performed
by using the cleaning liguid or the cleaning gas or by
compbining the cleaning liguid and the cleaning gas. That
is, the cleaning treatment may be performed by using the
cleaning liguid and then performed by using the cleaning
10 gas, or the cleaning treatment may be performed by using
the cleaning gas and then performed by using the cleaning
liguid. Furthermore, the cleaning treatment may be
performed by using a first cleaning liquid (or a first
cleaning gas) and then performed by using a second cleaning
15 liguid (or a second cleaning gas). For example, after
performing the cleaning treatment by use of an organic
solvent such as ethanol as the first cleaning liguid (after
dissolving the fouling substances), the cleaning treatment
may be performed by using water as the second cleaning
20 ligquid.
Examples
[ 0048]
Hereinafter, the present invention will specifically
be described with respect to examples, but the present
25 invention is not limited to these examples.
[ 0049]

(Example 1)
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A porous surface layer made of alumina particles (an
average pore diameter of 0.1 um) was formed on the surfaces
of a plurality of cells of a monolithic (a cell diameter of
2.5 mm) porous base material (made of alumina) having a
columnar shape (a diameter of 3 cm and a length of 16 cm),
to prepare a monolithic porous support.

[ 0050]

An A-type zeolite membrane (a membrane thickness of
5 pum) was formed on the surfaces of a plurality of cells
(i.e., the surface of the surface layer) of the prepared
monolithic porous support by hydrothermal synthesis, to
obtain a ceramic filter.

[ 0051]

A separation object (an unseparated composition) was
subjected to pervaporation separation by use of the
obtained ceramic filter. As the separation object, a
mixture (including 0.1% of cutting oil as an impurity) of
water (separation object A) and isopropyl alcohol (IPA)
(separation object B) was used. As pervaporation
separation conditions, conditions of 70°C and 5 kPa were
used, and the pervaporation separation was performed until
a permeation coefficient of the water (separation object BA)
decreased to 60% of that immediately after the start of the
separation. Afterward, the ceramic filter after the
pervaporation separation (before cleaning) (i.e., the
ceramic filter whose permeation coefficient decreased to

60% of that immediately after the start of the separation)
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was subjected to a cleaning treatment.
[ 0052]
The cleaning treatment was performed by reducing the
pressure of the secondary side space (setting the pressure
5 in the secondary side space to 5 kPa), while supplying
atmospheric air heated at 350°C to a primary side space of
the ceramic filter at a linear speed (a primary side linear
speed) of 20 cm/second, and allowing the atmospheric air of
the primary side space to flow into the secondary side
10 space. The cleaning treatment time was one hour.
[ 0053]
As a result of the cleaning treatment, the
permeation coefficient of the water (separation object A)

after the cleaning treatment was 5200 nmol/Pawﬁ“s, and a

15 recovery ratio was 100%.
[ 0054]
In Table 1, "separation object (A/B)" indicates that
a mixture of A and B was subjected to the separation. It

is to be noted that in the column of "the separation object

20 (A/B)", for example, "water/IPA = 10/90" indicates that a
mixture of water (separation object A) and isopropyl
alcohol (separation object B) at a mixture ratio (parts by
mass) of 10:920 was used. It is to be noted that "the
cutting oil" is "Daphne Magplus LA30" manufactured by

25 Idemitsu Kosan Co., Ltd. "Test conditions" indicate the
conditions of the separation (pervaporation separation, gas

separation). "Before the test"™ of the column of



N-h-r-- lecP13-0,0L concentrationin (1, .

01%) membrane Carbon Water/1PA=10/90 Example 3 membrane (cutting oh 2 1 % Carbon

Water/ethyl acetate=3,i97 Example 4 membrane (Acetic acid 0 1%) Example 5 Carbon membrane i
Methanoi/Acetonee=10/90 Silica Water/1PA=10/90 Exampie 6 membrane (cutting oil 0.1%) Exampie 7

Silica : Water,THF=10/00 membrane
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"permeation coefficient of the separation object A"
indicates the permeation coefficient of the separation
ocbject A in the ceramic filter immediately after the start
of the separation (the pervaporation separation or the gas
separation) . "After the test" of the column of "permeation
coefficient of the separation object A" indicates the
permeation coefficient of the separation object A in the
ceramic filter after the separation was performed until the
permeation coefficient decreased to 60% of that immediately
after the start of the separation (the pervaporation
separation or the gas separation). "A primary side"
indicates a cleaning medium supplied to the primary side
space of the ceramic filter. "A primary side linear speed"
indicates the linear speed (cm/second) of the cleaning
medium supplied to the primary side space of the ceramic
filter. "A secondary side" indicates the pressure of the
secondary side space in the cleaning treatment. "A reduced
pressure" indicates that the pressure of the secondary side
space 1s reduced in the cleaning treatment (in parentheses,
the pressure in the secondary side space is indicated).
"temp." indicates the temperature of the cleaning medium
when the cleaning treatment is performed. "Time" indicates
hours for which the cleaning treatment is performed.

[ 0055]

DDR type H/CH4=50/50 Example 2 zeolite i 2 i (Steam



10/90 (cutting oil 0.1%) Water/IPA-10/90 (cutting oil 0.1%)

WaterlTHIT--10/90 Water/lI-1A

Water/IPA

10/90 (Cutting oil

Exampie 8 Silica membrane Silica Example 9 membrane

10/90 (cutting oil 0.1%) Water/1PARhLZ0/90 (cutting oil 0.1%) VVateMPA

=10/90 (cutting oil 0.1%)

01%) WaterilPA
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A-type zeolite Example 10 membrane A-type zeolite Example 11 membrane . A-type zeolite Example
12 membrane : A-type zeolite Example 13 : membrane Comparative Silica Example 1 membrane
Comparative Silica Example 2 membrane - 26 - CGOel [Recovery Ratio (6)] The rae overt ratio was
calculated from an equation  recovery ratio = (the permeation coefficient. after the cleamjhq treatm t-
the permeation coefficient after Lest) / (the permeation coefficient before the test-the permeation
coeffici. ent after the tgst) x 100. In the above equaticm,permeation coefficient after the cleanihq
treatment"” is the permeation coefficient of the separation 10ctject A after the cieaning. 22 tl t (in Table
2, described"the perimieation<coefficientof the separation object A after theeaninb treatment”).icn
coefficient aftertest" is the berme

The recovery ratio was calculated from an equation:
the recovery ratio = (the permeation coefficient after the
5 cleaning treatment-the permeation coefficient after the
test) / (the permeation coefficient before the test-the
permeation coefficient after the test) x 100. 1In the above

equation, "the permeation coefficient after the cleaning

ftreatment" 1s the permeation coefficient of the separation

fd

10 object A after the cleaning treatment (in Table 1,
described as "the permeation coefficient of the separation
object A after the cleaning treatment™). "The permeation
coefficient after the test" is the permeation coefficient
of the separation object A in the ceramic filter, after the

15 separation is performed until the permeation coefficient
decreases to 60% of that immediately after the start of the
separation (in Table 1, described in the column of "after
the test" of "the permeation coefficient of the separation
object A"). "The permeation coefficient before the test"

20 is the permeation coefficient of the separation object A in
the ceramic filter immediately after the start of the
separation (in Table 1, described in the column of "before
the test" of "the permeation coefficient of the separation
object AM).

[ 0057]

Do
(@3]

(Examples 2 to 13 and Comparative Examples 1 and 2)

In Examples 2 to 13 and Comparative Examples 1 and 2,



of the sepahation object A in the cerbnic filler, after the. sepa rat.irn is performed lintpermeation
coefficient 't'ecreases to 60% of that i me- .ate :7 atter nestart of the sepa(in Table 1, dsnnueo in
theluritl oi Eiie the test” of "the permeation coefficient-of the separation oh c="The nermeaticn
coefficient before the i is trmbation coefficient of the sebaration obtecb A in the ceramic. filter ..mcr cdi.
atel.y aSter the start of the separation (in Table 1, described in the column of "before thatest” f "the
pedmeation sqefficient of the separation oh § eA2); (Examples 240.13and, (Tambamata ples 1 and 2)
monolithic porous s peri.r to the monediunic porous support nrapo.red in Exarnpfe | were used. Then,
on the surfacescofithercejlaof ¢thie moriolithie perous-supportserespective: separatior membranes
shown in Table 1 (a DDRtype peelra rano (a membrane thickness of 5 prr), a carbon mephrane (a
membrane tHitkAESS oL pri)CaSiT fea Membiané (A iembranetAickiéss 6PPRY) 'of an A-type zeolite
membrane (@ membrane. hickbess of 5 [Ire)) were formed, 70 prepare the ce.Tai is filters. The
prepared 1 %Sl%%ﬁ? Tiﬁgrssv%?erﬁé%é&nm ?et%%ggas %\?vnsiﬁ%%lg J. sae%z};i&r:at%n oabje!%ét% were subjected
to separatien,pn testconet 'Lieng-shown in:Tablerl; and then axglearing tr eatmen was pe rforme.d on
conditions shown in Table 1. Except for the above. procecures, the cleaningpent was performed, a
permeationceoefficientcofowafeter toercleanse teedtment (thesseparatiomobjeet AD was:obtained, end
.a recover ratio (c-?J) was calculated, in the same manner as in Example 1. The results are shown in

Table 1. (0058 20AdItGNIT THE BDR typeSasite memof BXEmpIE ZWas prépiared by hydrptherhal
synthesis. LAOIA. noaEhof Ly e faron membyahes of Exagioleq g 3 yuas preared byllormin

a mombraneof a brif17lutlou as 25a n recorsor, and Then carhoniziii t ha ptirranb 1 reduction atmoso
re. formed, to prepare the ceramic filters. The prepared

10 ceramic filters were used, mixtures shown in Table 1
(separation objects) were subjected to separation on test
conditions shown in Table 1, and then a cleaning treatment
was performed on conditions shown in Table 1. FExcept for
the above procedures, the cleaning treatment was performed,

15 a permeation coefficient of water after the cleaning
treatment (the separation object A) was obtained, and a

recovery ratio (%) was calculated, in the same manner as 1n

Example 1. The results are shown in Table 1.
[ 0058]
20 Additionally, the DDR type zeclite membrane of

Example 2 was prepared by hydrothermal synthesis.
[ 0059]
Each of the carbon membranes of Examples 3 to 5 was
prepared by dip-forming a membrane of a polymer solution as
25 a precursor, and then carbonizing the membrane in a
reduction atmosphere.

[ 0060]



[0060.1 Each of the silica membranes of Examples 6 to 9 alf, Comparative Examples 1 and 2
was prepared by ip-forming a membrane of a TEOS (tetraethyl oithosdlicate) solution as a. precursor,
and then firing the membrane in a. reduction. atmgsgphere (00611 in Examples 1 to 4, 6 and 7.0 to 13
and Comparative Examples 1 and 2, cleaning mediums were gases, and in Examples 5 and 7 to 9, the
cleaning mediums were limn 10(00621 itis,_ear from T le 1, it was possible no confirm that in a
nethod for oleaning a.ce famic filter s haf Exanmjes 1 te 13, the:opgiration time requiredyto o 1c-an
the ceramic filter can he shortened, as compared w_ a method for eleaninci a. ceramic filter of each of
Compa five Exaa dadarid 2. Specifically, Whendthe wanniectreafmen, wasiby retucingthepressure of
the secondary. side space of the ceramic filter, i teas possible. gc obtain a sufficient cleaning effect

even in a SABITIEATNG treatmeRttime SBhaRe biterHant i eath bECoRtparat EXgMp...8p 1 and 2,

a long tire was required : ore.cleaning ftriqﬁaitgp§ng.}[ Og%gr%orgpgaatiger%xg&oﬁlg 2 the reed Ib( rcrno.
np- treatment was performed for 100 hours. Therefore,seen tinat the cleaning treammen for a very

longstime s requitednLomparar.ive Example 2. _ndustrial [006H In a method for ¢ 1.ean.irg a
cerarda ii tar of present invencion, the ceramic, filter can suitably he cleaned.
[ 0061]
In Examples 1 to 4, 6 and 10 to 13 and Comparative
Examples 1 and 2, cleaning mediums were gases, and in
Examples 5 and 7 to 9, the cleaning mediums were liguids.
10 [ 0062]
As 1t is clear from Table 1, it was possible to
confirm that in a method for cleaning a ceramic filter of

each of Examples 1 to 13, the operation time required to

clean the ceramic filter can be shortened, as compared with

ot
(@3]

a method for cleaning a ceramic filter of each of
Comparative Examples 1 and 2. Specifically, when the
cleaning treatment was performed by reducing the pressure
of the secondary side space of the ceramic filter, it was
possible to obtaln a sufficient cleaning effect even in a
20 short cleaning treatment time. On the other hand, in each
of Comparative Examples 1 and 2, a long time was required
for the cleaning treatment.
[ 0063]
In Comparative Example 2, the recovery ratio was
25 100%, but the cleaning treatment was performed for 100
hours. Therefore, it 1is seen that the cleaning treatment

for a very long time is required in Comparative Example 2.



Description of Reference Numerals [C065] 2a: one end surface, 2b:ther end sarfaca 10outer
peripheral surface, 4: partition wail, 6: cell, water collect, 8: porous support, 10: ceramic. Miltad 12:
casing, 14: separation membrane,water callecting,sjit, 18: p4ugged portHon, 22. casing main bc 22am
filtrate feed-out. port, 23: inner oeripdcc, : upper ca: original soli-)0 I IL, 26: bottom cap, 26a: ofiginal
solution suooiy port, 28: 0-ring, 32: rimary side space, 34: secondary s,de space, and 100: separator.

- 30 - CLAIMS, Aumethod. iﬁ&(ﬁ@é@gﬁf@@MC filter, comprising: reducing a pressure of a space on a
secondary scl'e 50f the uncleaned ceramic filLor, while supplying a clearing ft,edium to a space on a

primary side of the urclesared ceramic filter, thereby oassing the cleaning medi= through the uncleaned
ceramic filter, so that ME uncleared ceramli filter is cleaned. 0 2. The method for cleaning the
ceramic filter accordifg fo glaimicd Towherém a femperatureiofthé eldaming imedivim is from 25 to

450C. 3. Thetmethod f?r, cleanig the ceramic fi te{gaccording to ngi[?)llor % wherein the
pressure in the secondary sidé $auce is from 0.03to 50 kPa. 207" 9+ taP-Y ©€

5 cleaned.

Description of Reference Numerals
[ 0065]
Za: one end surface, 2b: the other end surface, 3:
10 outer peripheral surface, 4: partition wall, 6: cell, 7:
water collecting cell, 8: porous support, 10: ceramic
filter, 12: casing, 14: separation membrane, 16: water
collecting slit, 18: plugged portion, 22: casing main body,
22a: filtrate feed-out port, 23: inner peripheral surface,
15 24: upper cap, 2Z24a: original solution discharge port, 26:
bottom cap, 26a: original solution supply port, 28: O-ring,
32: primary side space, 34: secondary side space, and 100:

separator.
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20

CLATIMS

1. A method for cleaning a ceramic filter,
comprising:

reducing a pressure of a space on a secondary side
of the uncleaned ceramic filter, while supplying a cleaning
medium to a space on a primary side of the uncleaned
ceramic filter, thereby passing the cleaning medium through
the uncleaned ceramic filter, so that the uncleaned ceramic

filter is cleaned.

2. The method for cleaning the ceramic filter
according to claim 1,
wherein a temperature of the cleaning medium is from

25 to 450°C.

3. The method for cleaning the ceramic filter
according to claim 1 or 2,
wherein the pressure in the secondary side space is

from 0.03 to 50 kPa.



