FLAT- PLATE MEMBRANE FI LTER ELEMENT, MANUFACTURI NG METHOD THERECF,
FLAT- PLATE MEMBRANE FI LTER MODULE AND MEMBRANE Bl OREACTOR 5TECHNI CAL FI ELD
[ 0001] The present disclosure relates to a nmenbrane filter el enent,
in particular to a flat-plate nenbrane filter el enent for sewage

purification, a manufacturing nmethod thereof, a flat-pl ilter
odul e cdibAERIgade MEMBRANERhahR b ENENT, ARG XC AR ING: 2ne
bi or eact qr \ T i i i i del y
appl i od IV FHQR THHERION R ATl IR NE M RANE ST E R MAPILE®.) .
removed by the biochem cal i 1 i The nenbrane

bi oreactor, taken as nem%bmm]rﬂﬁm‘gm&n perform sewage
treatment by conbining the biological treatnent and the nenbrane separation
process. As illustrated in FIG 1, a purification system1 in the
conventional art generally consi ikgtpportion 20 11, a reaction
portion 12 and an outlet porti gﬁﬁmif?ﬁﬂ% reaction portion 12 is
usual Iy provi dﬁyb(ﬂth a nonwoven fabric nmenbrane reaction tank 14; an
aerator 15 and-a nénbrane nodul e 16 are di sposed in the nonwoven fabric

menbrane reactigg élggﬁtldi;scfr%‘rﬁré‘?%rté’dqﬁo Hadehfbrafe ifHt& eldnfofit] ﬁgg'gﬁi’éular

shape; a nonwoven c ne I nbr ane

ane Is forned on a surface of the

modul e {$a ﬂﬁt’l?%e?ﬁieﬁﬂilﬁhé fiker BRMEYETO SbWhge ctfort, epedrufatamring 4
froman inlet 17, is filtered by the nenbrane nodul e 16, and is di scharged

to the puthed NeredRNa 1Bat-plaegmentbraut! Eitepimodife dd¥nPakinEhcholattplats i on
system has the defects that: as the surface strength of the nenbrane
nmodl0 e iferhbrdrenikted etenbnigaadfd bemsbrand biereastbace of the menbrane nodul e
are frangi ble due to the cylindrical surface, so that the effluent quality
can be reduced; and since the volune of the nenbrane nodule 16 is |arge,
the placenent density of the nenbrane nodule 16 in the nonwoven fabric
menbrane 5 reaction tank 14 is | JAASGRRAUNRe water treatnent efficiency
can be reduced, 60004] Mor eover, in sonme purification systens in the
conventional atQU02lhe” menbrane module 16 is made into a fl at - pl ate shape.

A Hlustrated g Bl o el OBl Trobeh % Riddt aBhAa Bl e iRl
15 sewage purification filed. Sewage pollutants are removed by the biochemical
reaction of microorganisms. The membrane bioreactor, taken as new water
treatment technology, can perform sewage treatment by combining the biological
treatment and the membrane separation process. As illustrated in FIG. 1, a
purification system 1 in the conventional art generally consists of an inlet portion
20 11, a reaction portion 12 and an outlet portion 13, wherein the reaction portion 12
is usually provided with a nonwoven fabric membrane reaction tank 14; an aerator
15 and a membrane module 16 are disposed in the nonwoven fabric membrane
reaction tank 14; the membrane module 16 is of a cylindrical shape; a nonwoven
fabric membrane is formed on a surface of the membrane module 16; sewage
25 enters the nonwoven fabric membrane reaction tank 14 from an inlet 17, is filtered
by the membrane module 16, and is discharged to the outlet portion 13 through an
outlet pipe 18.
[0003]

The purification system has the defects that: as the surface strength of the
1



10 hollow to accommpdate filtered sewage, and the hollow portion is
connected to the outlet pipe. As the flat-plate nenbrane nodule 16 adopts a
hol | ow structure, the surface area of the flat-plate nenbrane nodul e 16
cannot be set to be too large. Wien the surface area of the fiat-plate
menbrane nmodul e is too | arge, the nenbrane _el enents of .the f| at-panel

menbr ar@cryane medelentots bav aadi mepWpane dipers onribe sorfass Qidheimambraneg e

R e S

s MR B n ol 0 Rliiadlin i RE o

ik faﬁzwsng Hﬁ[am q?itﬁ%)ﬁa%mbawtae i R fefFolknidPeky ﬁ@golﬁge
ea 1Wk lgfqg‘rﬂ)wogg gﬁ?i fife Yv?t{er tP%atg{negﬁ %?ﬁc%q%ﬂ%@uﬁ@ ré(?l%ée((’i.

t he~t echnrcal "probl ens of ow streng I"ow I oh effTicrency of
the tradition Ot)hzt-pl ate nmenbrane filter el enent and provide an inproved
flat-plate nmenmbrane filter elenent. By nodul arization of the flat-plate

menbrane filteyopt®@Ntin sBmen cftfort RgsRAY! A" kEE el viimtiInal eaB e ane

filter el enents can bé set accgrdi ng to the actual size of a reaction tank,

so as t@eAfiraftmblaleVdbek madatinkng fleapldteshaps. Afs RlustiatédinHIGledr ges.
[ 0006] Anot her object of the present disclosure is to provide a

met hod demtraleperfimet of ianflat-péatt| situq@lied ef thebilatrelate Mmembedwerenoduls] DOGS]
Still another object of the present disclosure is to provide a flat-plate

mertr ankoliowt ter acomnhwdatedilteiedgsavwagd,| atd phehelloswnipoationfis| camest ts.
[ 0008] Still another objective of the gr esent disclosure is to

provi dethg onthesrpipe. 2o heoflatplate mombrane maoduls 16 adoptsasdakiomsimsterd,t er

nmodul e. [ 0009
th[e surfellce arca of the flat-plate membrane module 16 cannot be set to be too

large. When the surface area of the flat-plate membrane module is too large, the
membrane elements of the flat-panel membrane module 16 cannot be well
15 supported in the hollow portion of the flat-plate membrane module 16, so that the
defect of deformed surface of the filter element of the membrane module 16 tends
to occur in the center of the filter element. Moreover, as the area of the flat-plate
membrane module 16 has to be reduced in order to improve the mechanical
strength of the flat-plate membrane module 16, the effective size of the filter

20 module can be greatly limited, and hence the effluent efficiency can be reduced.

SUMMARY
[0005]
One object of the present disclosure is to solve the technical problems of
25 low strength and low filtration efficiency of the traditional flat-plate membrane
filter element and provide an improved flat-plate membrane filter element. By
modularization of the flat-plate membrane filter element, the number of the

modularized flat-plate membrane filter elements can be set according to the actual

arrn AL A wanntine fanls oA oo ta catiofy tha sxrat Mirinnnannta ~F
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The present disclosure provides a flat-plate nmenbrane filter el enent, which
conpri ses: a nenbrane support nenber, wherein the nenbrane support nenber
has a fl at-plate shape and has a flow channel forned on a surface thereof,
15 an opening of the flow channel is fornmed on a side of the nenbrane
support nmenber; a nonwoven fabric nenbrane is placed on a surface of the
menbr andlﬂbmrdegﬁ%er and provided wth chemcally nodified coating

| ayer, and the (%j s of the nonwoven fabric nenbrane are bonded to the
menbr ane suppo[ nber in such a way that the flow channel on the nmenbrane
support nenber ver

is 20 c ed .by the no ven fabric, nmenbrane; and.a tlet
pipe is commnﬁé‘é%téﬁr\ﬂ eck pE %WW@%{SHEOWS\A}SCH%MV}(‘?cMBFthO% for
Based on_t he. above congept, .the chenm c dified coating layer is a
| ayer n%@?cgﬂ%ﬁ?gl@t)'@laatﬁél"ﬁ r@ﬁ?;ﬂ}@ etq‘ﬁlglregk)‘f 25[ 0011] Based on
t he above concm%a protruded structure is disposed at an area on a
surface of the rane support nenber, covered by the nonwoven fabric

menbrane. [ 0018y anothdfaSH C?rr1b %h@lﬁmeny@gc@ﬁrenfn&hgengsyg g%‘@iﬁ% gl Rate

nonwoven fabri ¢ brane is w verage pore size

I's Wt higpe 8102 AP md M&nﬂ%@@ﬁ t&Bﬁaﬁgme hERbEARY BlepRe@RENts he T ow

channel s are respectively for an upper surface and a | ower surface of
t he nenbrane SWn]‘E) menber, [0014] Based on the above concept, the
nonwoven fabri ¢ nenbrane and t he nmenbrane support nenber are chemically or

physi cal |y congei¢t gbothiet bbgetivel Of didpredent iéscloawic isgogsropidey adrembeassar y
mechani cal strength to the nonwoven fabric nmenbrane. [0015] Based

on the &boreactomaanprisitpetid fint-plate enembivane élferimedule. ement f ur t her
conprises a supporting net which is disposed between the nmenbrane 15
support nenber [@GB@O} he nonwoven fabric nenbrane. [0016] Based on the
above concept, the nonwoven fabric nmenbrane has a stacked structure; and
the stacked stdhet presensndisclossre provides &t Elat-plate, membrans, dHiaraplament,
filter layer stacked on the substrate |ayer, and the Chem cal Ily 70 nodi fied
coat i ng Whighrcamprisgson membiapasi@porasi¢mber, whereinyihe membrane support

member has a flat-plate shape and has a flow channel formed on a surface thereof,
15 an opening of the flow channel is formed on a side of the membrane support
member; a nonwoven fabric membrane is placed on a surface of the membrane
support member and provided with chemically modified coating layer, and the
edges of the nonwoven fabric membrane are bonded to the membrane support
member in such a way that the flow channel on the membrane support member is
20 covered by the nonwoven fabric membrane; and an outlet pipe is communicated
with the opening of the flow channel.
[0010]
Based on the above concept, the chemically modified coating layer is a
layer made of acrylic acid and derivatives thereof.
25 [0011]
Based on the above concept, a protruded structure is disposed at an area
on a surface of the membrane support member, covered by the nonwoven fabric
membrane.

[0012]



[ 0017] Based on the above concept, the chemcally nodified coating
| ayer is formed on a surface of the nonwoven fabric filter |ayer by

gl ycerol polynerization. 25[0018] Based on the above concept, the
chemcally nodified coating layer is fornmed on a surface of the nonwoven
fabric filter layer by the jnplantation of nodified hybrid fibers. NALMiv
j Bd3asgdopnt HECaBBOEE c6nBegnt, anthicknesse aiotle sporweyenhfabric Y
nonwoven fabric.fil.ter er iswithin .05 umto 500 1.tm and an, average
pore siBEMYIAPRAS sibSn P Y& Sy Aod &t ayrageme s iywider 005 1M of

t he nonmqﬁgf fabric filter layer. [0020] 5Based on the above concept, both
the sub$ &nFayer and the nonwoven fabric filter |ayers are nmade of

pol yrer naterkgbi [ 0021] The present disclosure further provides a
flat-plate nme %L filter nodul e, wherein the flat-plate nenbrane filter

Tody @ 15 1 OF TRA o e SHRGK! 8Ot (B IV Ohed Rl oR) ffined

e filterele ased on t above concept;

menbr a h! fﬁﬁfﬁ ' ﬁ@nIT] aﬁ%g) hib&l st ance is
reserve Eet%@%ﬁ%ggﬁﬁggtgﬁlﬁf‘oﬁp ategerrg%}?gne l|S!‘:at’neer ng?rfents. 0022]

The present dijgpligpure further provides a menbrane bioreactor, which 15
conprises: an inlet portion, a reaction portion and an outlet portion,

wherein the r BadedodnPict kbove amidepestiid@ohiaivad #dlsriganbniienéidddenhe
nodul e. [0023] The present disclosure further provides a nethod for

manuf achembrgne hsugpat -méatber nereb chemiéally er phesieatly vbneéctednwiths each
20provi di ng the nenbrane support nenber and the nonwoven fabric nenbranes;
10  other to be coactive so provide necessary mechanical strength to the nonwoven
fabric membrane.

[0015]

Based on the above concept, the flat-plate membrane filter element
further comprises a supporting net which is disposed between the membrane

15 support member and the nonwoven fabric membrane.

[0016]

Based on the above concept, the nonwoven fabric membrane has a
stacked structure; and the stacked structure comprises: a substrate layer, a
nonwoven fabric filter layer stacked on the substrate layer, and the chemically

20 modified coating layer formed on the nonwoven fabric filter layer.

[0017]

Based on the above concept, the chemically modified coating layer is
formed on a surface of the nonwoven fabric filter layer by glycerol
polymerization.

25 [0018]

Based on the above concept, the chemically modified coating layer is
formed on a surface of the nonwoven fabric filter layer by the implantation of
modified hybrid fibers.
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lVyvir]



manuf acturi ng the nenbrane support nenber into a flat-plate shape, and

di sposing the flow channel on the surface of the nmenbrane support nenber in
such a way that the opening of the flow channel is forned on the side of

t he 25 nenbrane support nenber; and di sposi ng the nonwoven fabric
menbrane on the surface of the nenbrane support nenper, tg\igSpOSi ng the .
chenmi cal | y nodiBased aivtha abovagencent, Anavsiagapere sizermy mra\ﬁevglagblbm@

menber, and bondi ng .t he edges of e nonwoyen fabric nmenbrane.to the
menbr andlligrplgyer isdidan Q.ﬁgmnoa%wmmg Y REHVDORA SHE Obhe ﬂﬂ’strate
rrenbran? support nenper js covered under tt{ﬁ nonwoven I. brif. menbr ane.
[0024]  Tayer 15 grgaiex tBan the 24BEARE PoRv-UAe Ofihe TRBNRNAHIA0RK: THCF I ane i s
provi ded with il()éé&ﬁked structure, the stacked structure conprises:. a
substrate | ayet; onwoven fabric fitter |ayer stacked on the substrate

ayes, and Lne e G Rl oA AT Bl e
ormed o eSS ald RO o aver by ofyeerol

fabric menbran Oét)ggrovi ded with a stacked structure, the stacked structure
i ncludes: a substrate |ayer, a nonwoven fabric filter |ayer stacked on the

substrate |ayef1?hfea’iﬁe§é}ﬁ dimbgate Yurmer fhrAigeatd Matlplies memiBdnenfiliee

nonwoven fabric fil'ter layer, in which the 15 chem cally nodified coating

l'ayer i sno@ulEdvieérein $hé fRElafe hitenbemeofiter addule i&ifotrered by ehe yadking
i nplantation of nodified hybrid fibers. [0026] The present disclosure has

t hel@ol lgfwangluadiigntefydse flat-place pnestbrandi filteosslemento\baged ohethia abopeat e
menbrane filter elenent 20 with high strength and high filtration

ef fi ci emopceps thee fidtalate anembesng rfiiter alements, arhearsangeak ént paraileh andt he
nonwoven fabric nmenbranes can be reduced, and hence the probability of the
br eakageeotaimditianoe is raserecdbetwieemadjasenh flatiplate membrane diltarelementsisi on
can be effectively reduced. [0027] 252. As the at-plate design is adopted
by the present [GOé%] osure and the serpentine now channel is fornmed on the

menbr ane support menber, the nechagnical strepngth and the fjltration grea of
the menbrane elldifeRreseht ‘i}‘éck%ﬁffbaﬂﬁ ﬁd’rpma‘? § At membyRngs #’1%?%‘3@% 8‘&“9 e

menprane el enent can be greatly roved . . .
n?g comprr{SBes: an inlet p%rtlon, ¥ reaction portion and an outlet portion, wherein the

reaction portion comprises the flat-plate membrane filter module.
[0023]
The present disclosure further provides a method for manufacturing the
flat-plate membrane filter element, which comprises:
20 providing the membrane support member and the nonwoven fabric
membranes;
manufacturing the membrane support member into a flat-plate shape, and
disposing the flow channel on the surface of the membrane support member in
such a way that the opening of the flow channel is formed on the side of the
25 membrane support member; and
disposing the nonwoven fabric membrane on the surface of the
membrane support member, disposing the chemically modified coating layer on
the surface of the membrane support member, and bonding the edges of the

nonwoven fabric membrane to the membrane support member in such a way that
5



[ 0028] 3. In the present disclosure, as the protruded structure or
supporting net structure is forned on the surface of the support nenber of
t he nenbrane el ement, not only the nonwoven fabric nenbrane is well
supported, but also an 5 accommopdati ng space is foined between the nonwoven
fabric menmbrane and the support nenber, and hence_ the collectjon and the

di schartge &owi chanmel aa: dhe crenpragenyeppert MEmbaT euse@ovmybg}ndaer the 4.
The present disclosure ovi des a technical solution for the 10

modul arfIRVP ¥R blﬂ%@qr{?'{’faé?e-el ements. In the actual production process,

t he nunber of @BZ Lequired filter elenments can be set according to the

act ual device[ é si ze, and hence nore econom cal and efficient filter

nodul e can be bt ai ned. | EF DESCRI PIl. ON._OF THE W N 5[ 003 F 1
- ° e B the, AB0FE GOBECR ik S ol RSO e oo i
SRt g U
th(rampri‘gr faat, g%?’—(fé fse’a &fcg@méﬁcs isll{“flﬁ&(‘:?t?roa _1{/1| ew of a Iaaf-.p%‘g[g]e
Cehemanpbes SbAEAleP laydiesReRsaNn theuBSHaR layer, and e cphdcdlly

el ementygHifi&e cBﬁﬁﬁgrl_tag@f §6HASH & the nonwoven fdtrte fﬁtérsla?leﬁciheili%‘iél‘} the

structural exploded~viéw of anot her enbodi ment of 25 the at-plate

nmenbr anghenichllly @bdifed cohtihBdapee sefirmikd ohas Sifface of the fdrwoven faliric
schematic di agiam of a stacked Structure of a nonwoven fabric nmenbrane in

0 scl ostr e PLG s 8 Tromt vhow of o flat-plate menbrane filter modde
of 10he pr éser[()OBﬁ];cI osure; “prate membrane fiiter module
Based on the above concept, the nonwoven fabric membrane is provided
with a stacked structure, the stacked structure includes: a substrate layer, a
nonwoven fabric filter layer stacked on the substrate layer, and the chemically
modified coating layer formed on the nonwoven fabric filter layer, in which the
15 chemically modified coating layer is formed on a surface of the nonwoven fabric
filter layer by the implantation of modified hybrid fibers.
[0026]
The present disclosure has the following advantages.
1. The present disclosure provides the flat-plate membrane filter element
20 with high strength and high filtration efficiency. As the flat-plate design is
adopted, the surface tension of the nonwoven fabric membranes can be reduced,
and hence the probability of the breakage of membrane fibers of the nonwoven
fabric membranes due to tension can be effectively reduced.
[0027]
25 2. As the flat-plate design is adopted by the present disclosure and the
serpentine flow channel is formed on the membrane support member, the

mechanical strength and the filtration area of the membrane element can be

improved and the filtration efficiency of the membrane element can be greatly



FIG 8 is a side view oft-plate nmenbrane filter nodule of the present

di scl osure; FIG 9 is a schematic structural view of nenbrane

bi oreactor of the present disclosure; and FIG 10 is a schematic
structural view of another enbodi nent of the nenbrane brane bioreactor of

t he present disclosure. DETAI LED DESCRI PTI ON [ 0031] Further description
w Il be given #8038%]to the structure of the flat-plate brane filter el enent

of the present disclosure with reference to Fl 3 and 4. [0032] The
present di scl oSurl@ theopresest disqlasurg; 38 éhﬁﬁﬂ’@tt‘%?df $W%t|‘1r"e|0% ogting et

openi ngdil ke FReRCRRONER 34DHEe REPREE s RSl arBPREfe hEFIHEh. 5
FUEPaT oA BT ERA bR R B8R Fiic g aneanine
renbr ancuRp9T SR, Hnd HRck e GRlILEAShRRAABTITRARE AR AP AT e,
t he ser Weﬁ%ﬁtﬁ%gﬁﬁéﬂ@ 24 on the nenbrane support nenber 21 is covered

under the nonwov c nenbrane 22. A protruded structure 23 is di sposed
at an area on gbgzgxrface of the menbrane support menber 21, covered by the
nonwoven fabri c nenbranes 22, and is configured to avoid the defects of

4. The present disclosure provides a technical solution for the
10 modularization of the filter elements. In the actual production process, the number
of the required filter elements can be set according to the actual device space size,

and hence more economical and efficient filter module can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0030]

FIG. 1 is a schematic structural view of a biochemical system in the prior

art;
FIG. 2 is another schematic structural view of the biochemical system in
the prior art;
20 FIG. 3 is a schematic structural view of a flat-plate membrane filter

element of the present disclosure;

FIG. 4 is a schematic structural exploded view of the flat-plate membrane
filter element of the present disclosure;

FIG. 5 is a schematic structural exploded view of another embodiment of

25 the flat-plate membrane filter element of the present disclosure;

FIG. 6 is a schematic diagram of a stacked structure of a nonwoven
fabric membrane in another embodiment of the flat-plate membrane filter element
of the present disclosure;

FIG. 7 is a front view of a flat-plate membrane filter module of the
7



narrowed space and reduced sewage filtration efficiency caused by the

bondi ng between the nonwoven fabric nenbrane 22 and t he nenbrane support
menber 11 c,cithe n,onwo-vcri fabric nmenbrane is closet-yr attached to fhc
surface of the nenbrane support nmenber 21 during the sewage filtration due
to the water pressure. It should be noted that a dotted line portion on the
menbr an@cs§ €l0¥8Rhber 21 as illustrated in FIG 4 indicates that a

plurality of rpepti ne flow.channel strucfures of the ow channel .24 may
e i sposed. hlchnd ik IS iG; OF thepfibalale TRGbERE gk A MRoWh e T e
figure. 11(9003,[3 . The above enbodinment is only intended to illustrate the

st r uct ESHHL REIOSHES- pl ate nmenbrane filter elenent 2 and not intended to

menber 93 of e?’*ﬁ?-1§ii%?Je§§tﬁfﬁaﬁ§2ﬁ‘?&%ﬁ%ﬁ?£§°€?ffaei'é‘ng@ﬁr%‘ﬂ?e y@gﬁ?ﬁ}ﬁﬁ dheon

h : 21.
The Sop eSS REPSERS 4., Channel 24 may be one openi g at one end or 1o
openi ngs_at_batily epdsisof dchenidirsalienfial vidi apchridiReCRAMAImEH: bighé! ow

channel 24 may be forned on one si he nmenbrane support ne 1 and

may al spehfbrafe Woreabtdt ¢ff legitesdit Gs@Rsufd. the menbrane support menber.
The outl et pipes 25 are respectively disposed at the openings of the flow

channels 24 forned on different surfaces and communi cated with the
openi ngs; and the openings of the flow channels 24 on different surfaces
may converge to share one oEEAIpHIe DESOHMHDINe, the serpentine shape
of the flow channels 24 may be the shape as shown in the figure,
10 0031
Further description will be given below to the structure of the flat-plate
membrane filter element of the present disclosure with reference to FIGS. 3 and 4.
[0032]
The present disclosure provides a flat-plate membrane filter element 2,
15 which comprises a membrane support member 21 and nonwoven fabric
membranes 22. The membrane support member 21 has a flat-plate shape, a
serpentine flow channel 24 is formed on a surface of the membrane support
member 21, openings of the flow channel 24 are formed on the side of the
membrane support member 21 and communicated with outlet pipes 25. The
20 nonwoven fabric membranes 22 are disposed on the surfaces of the membrane
support member 21 respectively; and the peripheral edge of the nonwoven fabric
membranes 22 is bonded to the membrane support member 21 in such a way that
the serpentine flow channel 24 on the membrane support member 21 is covered
under the nonwoven fabric membrane 22. A protruded structure 23 is disposed at
25 an area on the surface of the membrane support member 21, covered by the
nonwoven fabric membranes 22, and is configured to avoid the defects of
narrowed space and reduced sewage filtration efficiency caused by the bonding
between the nonwoven fabric membrane 22 and the membrane support member

M aa
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20 and the flow channels 24 may al so be U shaped, square or zigzagged and
may al so adopt a netted structure. The technical solution of the present
di scl osure includes all the fornms which could be thought by those skilled
inthe art, in which a groove is forned on a flat plate provided with a

central support structure. The nonwoven fabric nmemranes 22 of the present
di scl osti HSupRott eremdey 25 M%etherraewaggrgltgm éi‘lfbépy water

pol yester, polyam de, polypropy]ene and acrylics; the thickness of the
nonwov e PresibecltnghHdne np}e& §L@\ﬁ @HfQ{tQSf g‘llet Boﬁl%f’naﬁt]i’@ ey aJPRSBE e

my bo FFHOET ) AR URRRIH bl o ANGICaPS EhAloRIRTAE o hAERFTLEIS RRD { he

TRl e SRS, ROV B el LA
1 of .th | SGl - e 1l
TN ke S S S,

21 is chem cal t(yog physi cally connected with the nonwoven fabric nmenbranes
22 to be coacttve and provide necessary nechanical strength for the

nonvoven fabr | ehEEIRANER AR S JRTIRAIRIGHRP MGstERETAE FhiciR03Phe.

10Anot her enbodi ment e present osure w e described Ix, o wt

ref er engpitflafel GRembrife Sfiltep AT 2emdiHRNintehdedetdrggentthe ?_fs‘ésféﬁw e,
the flat-pllate nenbrane .filter elenent 2 further conprises supporting nets

26 whi cldigdlessties Pltxe d1det vieaihdl$ @embitan ensrubpaid sUPPOer nizinleerd 24 hef the
nonwoven fabric nmenbranes 22, nade of resin materials, and provided with

nett@d presattutieslostife They fhenedspentivtlyt kiéstsibuped tdm theeppe? Gur facehand dhe
with the function of the protruded structures 23 on the surfaces of the
menbr andowepparfaceenbthe Membmna keppedhmicodiere? t eFheodparting(gaskthe flow
obviously superior to the technical effect of the case that only the

pr ot r udebasneli2d unay ke endi epeniag FnondEnduet AFesopenings ardrathagndssapploe t

menber 21. The supporting nets 26 are configured to _snoothly 20 sypport the
nonvoveflavishiaanabad: andShEanasings b theriaurd & mgnlpformed ‘on one

side of the membrane support member 21 and may also be formed on different
15 sides of the membrane support member. The outlet pipes 25 are respectively
disposed at the openings of the flow channels 24 formed on different surfaces and
communicated with the openings; and the openings of the flow channels 24 on
different surfaces may converge to share one outlet pipe 25. Meanwhile, the
serpentine shape of the flow channels 24 may be the shape as shown in the figure,
20 and the flow channels 24 may also be U-shaped, square or zigzagged and may
also adopt a netted structure. The technical solution of the present disclosure
includes all the forms which could be thought by those skilled in the art, in which
a groove is formed on a flat plate provided with a central support structure. The
nonwoven fabric membranes 22 of the present disclosure may be made of many
25 polymer materials such as polyene, polyester, polyamide, polypropylene and
acrylics; the thickness of the nonwoven fabric membranes 22 is within 0.01 to 5
mm; and the average pore size is within 0.05 to 500 um. Moreover, the nonwoven
fabric membranes 22 may be formed by many techniques such as electrostatic

spinning so that the average pore size of the nonwoven fabric membranes 22 can
9



and the nonwoven fabric nenbranes 22, so that sufficient paces can be
reserved between the nmenbrane support nenber 21 and the nonwoven fabric
menbranes 22, and hence the filtration area of the nonwoven fabric
menbranes 22 during the sewage filtration can be increased and the sewage
filtration 25 efficjency can be inproved. In particular, when the protruded
st ruct Up@belar eoriraliedaces of the nenbrane support nenber 21 are used

t oget her vvith[hbg upporting nets 26, the effect is better. [0036] FIG 6,
t he nonwoven f it nermbrane 22 of the flat-plate nmenbrane filter el enent 2
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menbrane materials of which the average pore size I1s greater than that of
t he NO NP hidinber 21 ter | ayer 222. Moreover, the chemically nodified
coating layer 223 may be fornmed on a surface on one side of the nonwoven
fabric filter [0836] 222, far away fromthe substrate layer 221, by glycerol
pol yneri zation or by the inplantation of nodified hybrid fibers, and may 15
be l@ade of acrAmotheacinbadimelatr oY dhe prssertedisofqsuseohilhbendeseadred belawi d,
ethylene acrylic acid, acrylate or acrylam de and derivatives thereof. The
cheni cawith rejeremicetocBisD né toa§ekn 2nathicarembpdisnent af the presemt Idisslogurmd
t he surface smpot hness of the nonwoven aﬁl&%{c menbrane 22, add the efég;t
such asthgefat-platesmembranenfilige sclemente? rlugthes) cermprsss rampporting enets| 2@ent
rove 20 se e filJtration efficigncy,of the flat-plate
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whi ch conpri ses: providing t rane support nmenber 21 and the

nonwov eghsktalidtC o anpsottdded structuf@@racdispored te enRusfees upPahe
menber 21 into a flat-plate shape, and di sposing the flow channels 24 on

t he surmenﬂomhetshfpﬁﬁrmemrszﬂpﬁme smmmleimgaietis R ésaehcan cthatsrhbethly
openi ngs of the flow channels 24 are fornmed on the side of the nenbrane

su@for tsuppdrethe@ hpnanden fabric niespuaney between the weembainé suppottmesde2? on
t he surfaces of the nmenbrane support nenber 21, disposing the chemcally
modi fi edl cuut ithg neywever fabnic necmbranase22ofsot Heatnewtitciaet sppees canehber
21, and bondi ng the edges 10 of the nonwoven fabric nenbranes 22 to, the
menbr ari@%ﬂfﬂﬁb tWieerb dhe 2memprane PRy Mesroer hel fangwtith aensyevery fgarnehe
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is for n.the,15 surfac f . the nonwoven fabric filter |ayer
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[0639] efficiency can be improved. In particular, when the protruded structures on the
surfaces of the membrane support member 21 are used together with the

supporting nets 26, the effect is better.



As illustrated in FIGS. 7 and 8, the present disclosure further provides a
flat-plate nenbrane filter nmodule 3, which is fornmed by a plurality of
flat-plate 20 nmenbrane filter elenments 2, wherein the plurality of the
flat-plate nmenbrane filter elenents 2 are arranged in parallel; the
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the reaction portion ; “the uid | rela I's” configure

noni t or thivknlesswifdht axfiwoesh faoric aheibeahed 82 iBawithim0.0heo Seaghj and the
portion 42 conprises a bioreaction tank 421, an aerator 422, a water

di stri baviepageppate st@sis avitttiaudiDSdes S00opmd Zn additicns thersdstrage flayer- P2 ht e
menbrane filter 10 nodule 3 of the present disclosure. The reaction portion
42 18 cangpbenmadedf mbowanendabhicomsathrane materihlsof anbiehothiecawrage porg by
the water distribution plate 423; the sewage enters the reaction tank 421
from a Wweis igneater 4han dhat iod theanenwoveor fabsic fidterdayer 222hMaseorste the
section A fromthe anaerobic¢ section B, is aerated by the aerator 423 t?
achi eve cheaygallpaneddied gpating layen 323 mry heflormeg of asyrface on one side o

the nonwoven fabric filter layer 222, far away from the substrate layer 221, by
glycerol polymerization or by the implantation of modified hybrid fibers, and may
15 be made of acrylic acid and derivatives thereof, such as methacrylic acid, ethylene
acrylic acid, acrylate or acrylamide and derivatives thereof. The chemically
modified coating layer 223 can improve the hydrophilicity and the surface
smoothness of the nonwoven fabric membrane 22, add the effect such as negative
surface charges of the flat-plate membrane filter element 2, so as to improve the
20 sewage filtration efficiency of the flat-plate membrane filter element 2. FIG. 6
only illustrates the stacked structure of the nonwoven fabric membrane 22 on one
side of the membrane support member 21, and the stacked structure on the other
side of the membrane support member 21 is the same with the structure as shown
in the figure, and hence symmetrical structures can be formed. All the other
25 structures of the filter element 2 are the same with those of the foregoing
embodiments and will not be described herein.
[0037]
The present disclosure further provides a method for manufacturing the

flat-plate membrane filter element, which comprises:
11



15 with active sludge in the reaction portion 42; a |arge nunber of

m croorgani sm are propagated, so that biogel |ayers are quickly formed on
the surface of the flat-plate nenbrane filter nodule 3 by netabolites of

the m croorganisns and solid particles, so as to form bi ontcnbranes. Wen

t he sewage passes. {.hroygh the flat-plate nenbrane filter nodule 3, .
suspended par tATEUIHAS fix%m%la@@eammrhr@e@eﬁ&’ebﬂdhﬁlq PRAVEVEe (3RS ane

filter nodyle 3 nd organi c substances are adsorbed and degraded by the
surfacénﬁpﬂﬁﬁﬁﬁ$32es | ayer by layer; the sewage is progressively puri fled

ﬁgﬂ@éﬁr?aifﬁﬁgﬁé%%hﬁﬁ&g?ﬁé?ﬁ%ﬁﬁéﬁ PR dne Ao Lo Tl aelines
ot rbﬁf s S ife TEEOBRE chanils 7° bt sBHBBROF I imERyBa8E MEBRL ges
menBer STBRUR] DLRCLe Fea e PR e oE i AB% Chargtls PRHADEIBAIR | e
drive Gheldie DR dthbiAIANMHARLHIGABe BE; afgction |iquid |evel of the

reaction portion 42 and th tlet portion 43. The vacuum detector 425 is

confi gured tO_di@i%Siﬁ fhee nBheasiehe f4ri¢ hReAbrheés PP thédQbifaces of thén
anot her enbodi nent of the present disclosure, the flat-plate nenbrane

filter meaitmahe %u?pbthﬁierﬁbﬁp@ﬂ?dismsﬁmgﬂthé rdhensicallZ6modofiéd ajoasingckseni der
than 5 those of the above enbodi nent can be forned between the nenbrane

suppor t22% whetheXhirfawtst dfetheomenvenant awpporimerambere2 1 22nd wionding shenedges
cong-e (\)/tSa tﬁe0 nt()?lsvo(i/(gnl ?:‘t;[riico %gglb}a{lr?esf I2|2 ttgrt?lde fn%\l\n?tgl%ne support member 21 in
such a way that the flow channels 24 on the membrane support member 21 are
covered under the nonwoven fabric membranes 22.
[0038]
Preferably, the chemically modified coating layer 223 is formed on the
15 surface of the nonwoven fabric filter layer 222 by glycerol polymerization or by
the implantation of modified hybrid fibers.
[0039]
As illustrated in FIGS. 7 and 8, the present disclosure further provides a
flat-plate membrane filter module 3, which is formed by a plurality of flat-plate
20 membrane filter elements 2, wherein the plurality of the flat-plate membrane filter
clements 2 are arranged in parallel; the flat-plate membrane filter module 3 is
provided with a frame 31; the plurality of the flat-plate membrane filter elements
2 are mounted in the frame 31 by mutual stacking, and certain distance is reserved
between adjacent flat-plate membrane filter elements 2; whereby the flat-plate
25 membrane filter module 3 can be formed. Moreover, outlet pipes are disposed on
the flat-plate membrane filter module 3 and connected with outlet pipes 25 of
each flat-plate membrane filter element 2 for the unified collection of filtered
sewage.
0040]

r
L
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[0042] In still another enbodi ment of the present disclosure, chemcally 10
nodi fied coating |ayer 223 is forned on the surface of the nonwoven fabric
menbrane 22 of the flat-plate nmenbrane filter element 2. In the enbodi nent,
the chemcally nodified coating |ayer 223 of the flat-plate nmenbrane filter
el ement 2 can inprove the hydrophilicity and the surface snoothness of, the
nonwoven f abri dheeptesent distdosugdfurtherepravddes acnembrang hiprencteir favehich
charges of the 15 flat-plate nmenbrane filter element 2, and hence inprove
the sewaydl ibe td@?ﬂbﬁdegﬁlQWeWéSh retargare to FIGShE andt 101 allee npgmitiage
filter ggdule 3 of the reaction portion a% of the nmenbrane fQj oreactor 4 of
the predufreaster Aosomprings ae inlel Rertion A1, @nhEcasbion PPELRR 4 andnin Mletq

o et S TPty BT ok A taeldedh 0nBs RO P b 2108,
Lo it vl By A1oe T R AREA RLF k0N GaurdP 10 phiftt SENEH 1 el eattd at "
ﬁ%{ "o 3Beifet BErGA 191 Rhfo the ctiBHehOR TG AR ARCHBLAT S8FLIokela@MI ik
bng B e Rl et AROBRLKE1EYEPRUSTIORITE el thick Ifionh ¢hEeatah®)
activel PHrdhng e §dd %%oi’@icﬁ'bni kg2 ;L,4an flepdtop!4t0e wﬁreélaagtﬁbhﬁsﬁ

el enent through t outl et prpes 25 and form negative pressure in the

f1at-pl 3918te BB @NQathlinCHeRIcEHR IR 52and Qh@sfd@gbi]? ve-plare sewabrane filter
filtration efficiency. Mdireover, the tinme relay 431 is configured to

contgol rhbdukpBroftthepresert dikcloRare1chiat retivrepstiion #21ip cobifitibbnted into
The experinental exanple adopts an imersed flat-plate nonwoven fabric

nmenbr ananbhercddctsectiva Araad dmthasvabec sedtiendddvy she wedter fistrangron phatet y
is as shown in Table 1. The nonwoven fabric nmenbranes 22 of the flat-plate
nmenbr anelX3;Ithesewlagesaites theereaationdankdi2lefrom aneatentrlet 424. ofithe reactiane
pore 10 size of the nonwoven fabric nenbranes 22 is 30 pm the_total

t hi cknegortion242mentgnsi the@epabisssacyions As fropysthe gaasTohigesashionaBy, g acrated
conditigns of the reaction portion are as, follows: e sl ydge .
concent st tlah acrdon 44 Lo achiawe piaeeesed dlaw;: and isrpy and uhiformly mixed

15 with active sludge in the reaction portion 42; a large number of microorganism
are propagated, so that biogel layers are quickly formed on the surface of the
flat-plate membrane filter module 3 by metabolites of the microorganisms and
solid particles, so as to form biomembranes. When the sewage passes through the
flat-plate membrane filter module 3, suspended particulate substances are filtered

20 by the flat-plate membrane filter module 3, and organic substances are adsorbed
and degraded by the surface biomembranes layer by layer; the sewage is
progressively purified and enters spaces formed between the membrane support
members 21 and the nonwoven fabric membranes 22 in the flat-plate membrane
filter elements 2 of the flat-plate membrane filter module 3, supported by

25 protruded structures 23 on the surfaces of the membrane support members 21,
converges in the serpentine flow channels 24 on the surface of the membrane
support members 21, and automatically flows out from the outlet pipes 25 under
the drive of the height difference between the reaction liquid level of the reaction

portion 42 and the outlet portion 43. The vacuum detector 425 is configured to
13



[0047] Table 1: Analysis of the Water Quality of Bath Water Tot al
Technical COD BOD5 SS Turbidity LAS

detect the pressure of the outlet pipes.
[0041]
In another embodiment of the present disclosure, the flat-plate membrane
filter element 2 further comprises supporting nets 26, so that spaces wider than
5 those of the above embodiment can be formed between the membrane support
member 21 and the nonwoven fabric membranes 22, which is more conducive to
the collection of the filtered sewage.
[0042]
In still another embodiment of the present disclosure, chemically
10 modified coating layer 223 is formed on the surface of the nonwoven fabric
membrane 22 of the flat-plate membrane filter element 2. In the embodiment, the
chemically modified coating layer 223 of the flat-plate membrane filter element 2
can improve the hydrophilicity and the surface smoothness of the nonwoven
fabric membranes 22, add the effect such as negative surface charges of the
15 flat-plate membrane filter element 2, and hence improve the sewage filtration
efficiency.
[0043]
The flat-plate membrane filter module 3 of the reaction portion 42 of the
membrane bioreactor 4 of the present disclosure may be disposed in the
20  bioreaction tank 421 to form an immersed membrane bioreactor, and may also be
disposed in a tank having sewage from the reaction tank, except for the
bioreaction tank 421, to form a distributed membrane bioreactor 4, as illustrated
in FIG. 10. The structure and the principle of other devices are the same with the
structure and the principle of the immersed membrane bioreactor, and will not be
25 further described.
[0044]
In the membrane bioreactor 4 of the present disclosure, a
negative-pressure pump (not shown in the figure) and a time relay 431 are

 11m 4o
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pH

10

15

20

H4+- N nitrogen Paraneter (ng/L) (ng/L) (ng/L) (ng/L) (ng/lL)

flat-plate membrane filter element 2 through the outlet pipes 25 and form negative
pressure in the flat-plate membrane filter element 2, so as to improve the sewage
filtration efficiency. Moreover, the time relay 431 is configured to control the
operating time of the negative-pressure pump.

[0045]

The experimental example adopts an immersed flat-plate nonwoven
fabric membrane bioreactor to treat bath water. The analysis of the water quality
is as shown in Table 1. The nonwoven fabric membranes 22 of the flat-plate
membrane filter element 2 are made of polyethylene materials. The surface pore
size of the nonwoven fabric membranes 22 is 30 um; the total thickness is 2 mm;
and the porosity is 52.2%.

[0046]

The operating conditions of the reaction portion are as follows:

the sludge concentration: 4000 mg/L;

the initial flux: 15L/m2h.

[0047]

Table 1: Analysis of the Water Quality of Bath Water

Total
Technical | COD | BODS5 SS Turbidity | LAS
P @) | gy | mgny) | P | gy | memy | | POET
arameter m m m m m
(mg/L) | (mg/L)
Measured
90-400 | 45-70 | 200-450 | 7.1-7.5 | 150-250 5-9 12-20 16-30
Value
[0048]

After the operation for a month, the quality of the treated water can be
stably reduced to the national standard: the reuse of urban recycling water - water
quality standard for urban miscellaneous water consumption (GB/T 18920-2002).
The flux is reduced to a certain degree but can be restored to be close to the initial

flux after physical backwash, so that the obvious fouling phenomenon can be

15




(mg/ L) (ng/L) Measured 90- 400 45-70 200-450

10

avoided.

[0049]

The foregoing is only the detailed description and illustration of preferred
embodiments of the present disclosure. The characteristics of the present
disclosure are not limited thereto. The scope of the present disclosure should be
determined by the following scope. All the embodiments in accordance with the
spirit of the scope of protection of the appended claims of the present disclosure
and similar variations thereof should fall within the scope of the present
disclosure. All the variations or adjustments easily obtained by those skilled in the
art within the field of the present disclosure should fall within the scope of

protection of the appended claims of the present disclosure.

16



7.1-7.5

for a nonth,

nati onal

150- 250 5-9 12-20 16-30 Val ue [ 0048] 20After the operation
the quality of the treated water can be stably reduced to the

standard: the reuse of urban recycling water - water quality

standard for urban m scellaneous water consunption (GB/ T 18920-2002).
flux is reduced to a certain degree but can be restored to be close to the

initial

Oidimaf ter physical backwash, so that the obvious fouling

phenonenon can be avoi ded.

10

15

20

25

1. A flat-plate membrane filter element, comprising:

a membrane support member (21);

a nonwoven fabric membrane (22); and

an outlet pipe (25),

wherein the membrane support member (21) has a flat-plate shape; a
flow channel (24) is formed on a surface of the membrane support member
(21); an opening of the flow channel (24) is formed on a side of the
membrane support member (21);

the nonwoven fabric membrane (22) is placed on a surface of the
membrane support member (21) and provided with chemically modified
coating layer (223); edges of the nonwoven fabric membrane (22) are bonded
to the membrane support member (21) in such a way that the flow channel
(24) on the membrane support member (21) is covered under the nonwoven
fabric membrane (22); and

the outlet pipe (25) is communicated with the opening of the flow
channel (24).

2. The flat-plate membrane filter element according to claim 1,
wherein the chemically modified coating layer (223) is a layer made of
acrylic acid and derivatives thereof.

3. The flat-plate membrane filter element according to claim 1,
wherein a protruded structure (23) is disposed at an area on a surface of the
membrane support member (21), the surface being covered by the nonwoven
fabric membrane (22).

4. The flat-plate membrane filter element according to claim 1,
wherein a thickness of the nonwoven fabric membrane (22) is within 0.01

mm to 5 mm, and an average pore size of the nonwoven fabric is within 0.05
17
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[ 0049] The foregoing is only the detail ed description and
illustration of preferred enbodi nents of the present disclosure. The
characteristics of the present disclosure are not limted thereto. The
scope of the present disclosure should be determ ned by the foll ow ng
scope. Al the enbodinents in accordance with the spirit of the scope of
protecthﬁpupﬁogggnappended clains of the present disclosure and simlar
vari ations thereof Should fall within the scope of the present disclosure.

Al the vari at3 oTheoflapgilat MhBraRs ifilicroklamesd aeyotdiagetskilhirgdlin the
10 art within the field of the present disclosure should fall within the

scope ofvheteinedii ftowadhdnnel aPHnatedrespedtineelgfdispesanl es amt uppeacsunsace.

Cl ai s 1. Aflat-plate nenbrane filter clenent, conprising: a
menbr anand adperr soefacerof(the )membmamevswpportahembergdb).ane (22); and 5an
outl et pipe (25), wherei n the nenbrane support nenber (21) has a
f1at5 pl ate shapeThe flapwplateamembray) filterf slemenbraceordingate daimné,

menbr ane support nenber (251f)' .an opening of the flow channel (24) is forned
on a siwdesein: He momyeren Sabpsr mavebisac (22) andothee membsdee SumoTt

nb 2) i I ; f .of th nmb t nb 21
and pr oveusltn TH aite nemed 98 PPEIcHb, COMFCP RGP D S8N GHGE4OdTe ( he
(2 1 nCRE S Y AP QYIgC IS AT BIGa] T RN o TSR TRt

nb 1) i d under th 15 fabri mb 22); d
menber f@%h%ﬁ%g}%e under e nonwoven abric nmenbrane (22); an

t he out "I's comruni cated with the opening of the flow channel

G el 1, wher ofn PR SRRl bRl TRIG" Bl chhod RGBT 4o 366POHEPE 2
made of ?ﬂn?clyﬂd % a&h@r&ﬁdth%eHaY-i‘)tlét\éeﬁléxﬁﬁflﬁféf ! filter. eleméht gZ'\eﬁﬁ Rerpl ate

menbr ane ter el énment according‘to claim erein a protruded structure

(23) i sc@inprRResth @hpﬁ@rtﬁigf%e@ggégsdmfchcﬁs dispgdiedBekaie tisd PRembrafgsTber

(21), the surface belng cover y the nonwoven fabric nmenbrane (22). 254.

The fl agupp@t enerabbr €0F) dnd ties nehewweh fabriondentrane (22).m 1, wherein a
t hi ckness of the nonwoven fabric nmenbrane (22) is within 0.01 nmto 5 mm

and an aver age8.pdhe Satzplaté mbmbranevdviéer ket ascondidg o Cardp onenof o 500
um15 claims 1 to 6, wherein the nonwoven fabric membrane (22) has a stacked
structure; and the stacked structure comprises: a substrate layer (221), a
nonwoven fabric filter layer (222) stacked on the substrate layer (221), and
the chemically modified coating layer (223) formed on the nonwoven fabric
filter layer (222).

20 9. The flat-plate membrane filter element according to claim 8§,
wherein the chemically modified coating layer (223) is formed on a surface
of the nonwoven fabric filter layer (222) by glycerol polymerization.

10. The flat-plate membrane filter element according to claim 8,
wherein the chemically modified coating layer (223) is formed on a surface

25 of the nonwoven fabric filter layer (222) by the implantation of modified
hybrid fibers.

11. The flat-plate membrane filter element according to claim 8§,
18



5. The flat-plate nenbrane filter element according to claim1, wherein the
fl ow channels (24) are respectively disposed on an upper surface and a

| oner surface of the nmenbrane support nenber (21). 6. The flat-plate
menbrane filter elenment according to claiml1, wherein the nonwoven fabric
menbrane (22) and the nenbrane support nenber (21) are chemcally or

oy NIRRT it Bgple mind St Sear e sl ey s,

necessary necnani cal € nonwov rrc ne

flat-pl o t ¥ f i 40 6,
at - pl af OsTRTH6 30 L, ﬁﬁr%fdggg@galg?gg&veeﬁgangn@t(}%wumme lagERI(PB1Lis 0

wherein t at-plate ne further Conprises a
suppor t i gigafteitharn She WhEFdRd Sod sipedFdhd aloteaivdhfabrinfittendayst2002). menber

(21) and the nonwoven fabric nenbrane (22). 8. The .fiat-plate nenibrane

filter el enent IQC.C’FhéiﬂQt-%)Iat@rh‘wﬁﬂﬁaﬁé fiftee| dlement dczobdingheo eclaimhs,
nonwoven fabric nmenbrane (22) has a stacked structure; and the stacked

st r uSt urwheminrbathstheasshatedte daget §321) @dd1the nonwowenefabirab filter flayerr

| ayer (222) stacked on the substrate layer (221), and the chemically

modi i ed22@3aregnddeyef pobangr fnatemdl.on t he nonwoven fabric ayer (222). 909.
The flat-plate nenbrane filter element according to claim8, wherein the
cheni cal |y nodilfi. & flasaplateymenyrane X2legr modude,RAMPASHIur f ace of t he

nonwoven fabric filter layer (222) by glycer pol.yneri zatjon. .. 10.
The flat-plate anﬁmsah%og E/hq Hat-plateanemittane dilig qlemonts Ei)s@cqmé}r%gw t he

chem cal ly nodifi ed co?ti | ayer (223) is fornmed on a surface 25 of the
nonwov erdfa0Re Of claas 11ty )& (222) by the inplantation of nodified hybrid

whetBi n an’ avershedprie SHPIR Feo bR f Fa RS ol iy B8 35 |

0.0 Q0 d ' . 1) i

g cat or 1608 PHeaGRigG co Y PhE0FyBRERd e BaBlichy 3nt Fooq iP@éaﬁ‘ﬁde‘ay%%r) -
222). T -af 5 ' [

f:l ai Zn 8,reger\/\\/’ﬁgr%?tr%’?er?gttf?l%t%dégs%@sﬁ%? @%@Bf%él lﬁgrﬁglt e no W'(C)\O/renI 1[] gb£ ioc

filter layer (q%)%ygmm B{O@Q&Wf?éoﬂﬁﬁﬁghg{ Al Ly of t13. A flat-plate

menbrane filter no conpri si ng: he flat-plate
menbrane filterfifeepéiidi4Becording to any one of claims 1 to 10,
10wherein the fq at-pllate nmenbrane filter elements (2) are nmounted in a

framg by stackiggbactiod sorgion (42)gaddi n parallel; and a certain distance is
reserved between the adjacent flat-plate nenbrane filter elenents (2).
14. A menbr ane du ouecportiorc@By i si ng:
wherein the reaction portion (42) comprises the flat-plate membrane
filter module according to claim 13.
15. A method for manufacturing the flat-plate membrane filter
20 element according to claim 1, comprising:
providing the membrane support member (21) and the nonwoven
fabric membrane (22);
manufacturing the membrane support member (21) into a flat-plate
shape, and disposing the flow channel (24) on the surface of the membrane
25  support member (21) in such a way that the opening of the flow channel (24)

is formed on the side of the membrane support member (21); and

disposing the nonwoven fabric membrane (22) on the surface of the
19



an inlet portion (41); 15a reaction portion (42); and an outlet portion

(43), wherein the reaction portion (42) conprises the flat-plate
menbrane filter nmodul e according to claim13. 15. A method for
manufacturing the flat-plate nenbrane filter 20 el enent according to claim
1, conprising: provi di ng the nenbrane support nenber (21) and the
nonwovefdrabtdre SESRIEMehBel (21), dispolBRUfRCENhitAl FRHAESAtRIPPOT t
menber ?121 into f at-plﬁlate(slll%ipel,span dlspolgtfng tﬁgﬁﬁﬂgw channel™ (24) on

the Surfac?f%‘?t ﬁZZS)hén”ﬁﬁ@rsi‘ﬁPa@ofoﬂﬁorrﬁeﬁ%ﬁ% ri Tmédera(XBy it the

openi ng e flow channel (24) is formed on the side of the menbrane
suppor t boRdhgy tHeZéc}T%esa@ﬂth‘& apasiovent fadritomenieantalf2Ry toeh® mebe@®) on the
ne

surface of the rane support menber (21), disposing the chemcally
nodi f i esuspat i mgnsere(2 [ R48) sach tdhewayr thac ethef flove cherbredn@4uppothe menber
(21), and bonding the edges of the nonwoven fabric nenbranes (22) to the
mentdy anmesnpramet snppbetr ni@hpei (2d)cts aovayed handarhéhé | nonwhaanefalirdet) on
the 5 nenbrane support nenber (21) is covered under the nonwoven, fabric
menbr angiqmbnane (228-16. The manufacturing method according to claim 15

"herein the nopwoven fabrjc nenbrane (22) is provided with a stacked
structure; 10tHe Eh@mfasmmgm@tb@é@pp%ﬁngaom@mrlés @vmeaym (221), a
nonwoven fabric filter |ayer, (222) stacke n.the supsirate |ayer 21),
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fabric filter layer (222); and the chemcally nodified coating
| ayer (%%?Wrrﬁed on a surface 15 of the nonwoven fabric filter |ayer (222)
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a nonwoven er lTayer sta he substrate
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nonwoven fabric filter |ayer he chemcally nodified
coati ngldyy§p20¥23dis formed on a surface of the nonwoven fabric filter
| ayer (222) by the inplantation of nodified 25 hybrid fibers.

the chemically modified coating layer (223) is formed on a surface
15 of the nonwoven fabric filter layer (222) by glycerol polymerization.
17. The manufacturing method according to claim 15, wherein
the nonwoven fabric membrane (22) is provided with a stacked
structure;
the stacked structure comprises: a substrate layer (221), a nonwoven
20 fabric filter layer (222) stacked on the substrate layer (221), and the
chemically modified coating layer (223) formed on the nonwoven fabric filter
layer (222); and
the chemically modified coating layer (223) is formed on a surface
of the nonwoven fabric filter layer (222) by the implantation of modified
25 hybrid fibers.
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