Menbrane nodule as well as a nethod for maki ng a nmenbrane nodul e BACKGROUND
OF THE I NVENTION: Field of the invention. The invention relates to a
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a menbrane nmodul e is known fromthe European patent application EP 0 941
759 A The flanges here are nade of a sintered ceram c paste. The sintering
process is .o.-lex as a result of which a nenbrane
nodul e nade=4 o s expensive. Summary of the
inventson. An objectlve of the invention is to provide a nenbrane nodul e of
the type described in the preanble which can be produced | ess expen5|vely
and nore sikKipldjoftthaintdn¢ionnown menbrane nmodul e. For this purpose, the

menbr ane nodul e according to the invention is characterized in that the
flange is made of concrete. Concrete is a ceramc nmaterial that is easy to
work with and is inexpeigieiionYiads tt)la%&?&aﬂg%ﬂgdlﬂéc SRR Founl RS é@ﬂﬁfcane
nodul e is suitable for applications at high tenperatures is highly
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made of refractory concrete. ause of th applications at even higher
t enper at ur esirfac@vploseirbli@is relatively great, the efﬁc1ency of the concentration and separation

processes is high. There is nearly always a flange on both ends of the fibre membranes.
15 Prior art.

Such a membrane module is known from the European patent application
EP 0 941 759 A. The flanges here are made of a sintered ceramic paste. The sintering
process is relatively expensive and complex as a result of which a membrane module made

20 this way is also relatively expensive.
Summary of the invention.

An objective of the invention is to provide a membrane module of the type

25 described in the preamble which can be produced less expensively and more simply than

the known membrane module. For this purpose, the membrane module according to the

invention is characterized in that the flange is made of concrete. Concrete is a ceramic
material that is easy to work with and is inexpensive. With flanges made of concrete, the |

membrane module is suitable for applications at high temperatures, is highly resistant to

30 chemicals and is strong mechanically, as a result of which the range of applications and the

useful life of the membrane module according to the invention is high.



An enbodi ment of the nmenbrane nodul e according to the invention is
characterized in that the flange is covered with a gastight coating,

pr ef er ablwoao@enasdc or gl aze coating. The invention al soTmahetsesoBe a
met hod for making a nmenbrane nodul e according to the invention, which
menbrane nodule is built up of a bundle of ceranmic hollow fibre nembranes
with a flange on at | east one end. Such a nethod is also known fromthe

Eur opean patent appl i gl A ER.0,O% ARA oMY bSO BERlapl.00k . AERIPL € he

i nvention is characterize a re nmenbranes are seal éd on

at | east ongitabld fortus€herd. TRk & freRAMey madderdefrddtorg comibie. Bévause dffiisisf i bre
menbrane' s seal ed ends after which one nust wait until the concrete has

har dened, aapiplifatioas picvendighed tenateratiees prarossiblénbr anes are opened. To make

the flange, preferably fluid. concrete ispoured fiir el ul d_and. t hen
the bundle of fibre AksrRtEiel SErACmsRBRTRoLE el o7 i Eufldf st o
Clay of eposhvracfedize® iRt the flaRdt B owEetiwah agasidat adding, ihefetdbing Eerbmicesr al
(concrete) can al so be used as a sealant. Usually after the concrete has

har dened, aglazecasting.| ange is nmade on the other end of the bundle of fibre
menbranes in the same. way. | n order .to see that. the ace between the, fibre
menbr anes 1 well 11 TedRPRiboBE LS RER metRie ko edlblE F R ou R o dfifor ane
nodul e to fae6iditdnovBé inveaioh, Relicke AadthraRNhodle ibuiiRphsIth RERIN 6f &9ahR t he
invention is characterized in that the fibre nenbranes are kept at a

di stance f risiosalibregreebrangsenitiph dlahggon Adeast ane ped. Puch d methodsisedse kpevaone,
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bei ng absorbed fromthe concrete by the fibre menbranes as a result of

whi ch t he cane mendraneghate sseledfonlaglogstpnakind, yhenz doncreteetlangehiomhadein a mould
about the fibre membrane’s sealed ends after which one must wait until the concrete has
hardened, and finally the ends of the fibre membranes are opened.

15 To make the flange, preferably fluid concrete is poured first into amould and
then the bundle of fibre membranes is placed on one end in the fluid concrete. Clay or
epoxy, for example, can be used as a sealant. The flange material (concrete) can also be
used as a sealant. Usually after the concrete has hardened, a second flange is made on the
other end of the bundle of fibre membranes in the same way.

20 In order to see that the space between the fibre membranes is well-filled with
concrete, which is necessary for the membrane module to function well, another
embodiment of the method according to the invention is characterized in that the fibre
membranes are kept at a distance from each other when placing them in the mould. This
can be done, for example, by inserting the fibre membranes in a plate with holes, where the

25 platé is held at a distance from the ends of the fibre membranes so that it does not come into
the concrete.

In order to prevent water from being absorbed from the concrete by the fibre
membranes as a result of which the concrete might be of less quality, a further embodiment
of the method according to the invention is characterized in that the fibre membranes,

30 before their ends are brought into contact with the concrete, are placed in a liquid,

preferably water, for a period of time.



of the method according to the invention is characterized in that the fibre
menbr anes, before their ends are brought into contact with the concrete,
are pl aceaoiznocobd4qui d, preferably water, for a period eCTINLIRNSHOES36

requi renents for dinmensional and form accuracy of nenbrane nodul es are
high. In order to obtain nenbrane nodul es having a hi gh degree of

precision, still a further enbodi nent of "the nmethod according to the

invention is characteyi zed th re the.bundl e nes is
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enbodi ment of the nmethod according to the inventionis characterized in
that after Indhidevayny is asverefl itlat g fsbre mpsnbaanestwill beipbrpendiewlar toribe flange andwed
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length, after which the membrane module is heated to at least 1000 °C, preferably 1200 —
15 1400 °C.

Again a further embodiment of the method according to the invention is
characterized in that while the concrete is hardening, the mould along with the fibre
membranes in the concrete is vibrated. Because of this, the space between the fibre
membranes can be filled even better with concrete. Furthermore, a catalyst for accelerating

20 the process of Hardening is preferably added to the concrete and/or the temperature is
increased while hardening.

Preferably, after making the membrane module, a gastight coating, for
example a coating of glaze is applied to at least the flange in order to make it gastight.
Furthermore, before glazing takes place, the membrane module is preferably subjected to

25 a heat treatment process in order to make the membrane module stress-free.

Furthermore, after the membrane module has been made, preferably, the

fibre membranes are coated.

Brief description of the drawings.

30
The invention will be elucidated more fully below on the basis of drawings

in which an embodiment of the method according to the invention is shown. In these



Furthernore, before glazing takes place, the nenbrane nodule is preferably
subjected to a heat treatnent process in order to nmake the nenbrane nodul e
stress-frwe.2o0ambdier nore, after the nmenbrane nodul e has PoeaNL20@de0536
preferably, the fibre nmenbranes are coated. Brief description of the

drawi ngs. The invention will be elucidatgd nore fully below on the basis of
drawi ngs in which an enbodi nent of the nethod according to the invention is
shown. Int rgsedr_awi ngs: Figure 1shows a side view of a nmenbrane nodul e
made in accOrdaite with the method accor di ng to the invention; Figure 2

shows a view from abqvlgm@fl shb@s SEdbVRA MAREHIh R andhodulem3ds iousordate withe f or
meki ng a menbrane nodul e di stﬁj%ayi ng the parts when taken apart; Figure 4
shows a vi ethe hrathndaseoudingftotthRnyeRtiocie' s noul d; Figure 5 shows the device

with the fibre nenbr Z@gﬁrg@ﬁg% aiv@%&ho%uéﬁongggg% J&‘%nrlﬁllhalééhnlg’faﬁgf‘ t he net hod,

Figure 6 shows the d I'hg the secon od. Detailed

description of the drEphR8Showsaddvits fosmikiAgSmemdrane Mydalalispdatihehd parade up
of a bundle 3 of ceramy(l:@hollowfibre menbranes 5 with a flange 7, 9 of

refract ory wherctaberapitt; each end is shown in a side view and a view from

above. Regarding the goncrete. refractaor n te Flyc 80 TFF
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be coated and the flange may or may not be sealed with a ceram c or gl aze

coating. Bafwtistepof the neghadswi ng description referring to figures 3 through
6 i nchysi ve, an embodigente of  Lhe FEEhOd, Accer g 9, bR R on Tor

nakiné such a nmenbra

Detailed description of the drawings.

In figures 1 and 2 a membrane module 1 made up of a bundle 3 of ceramic
15 hollow fibre membranes 5 with a flange 7, 9 of refractory concrete at each end is shown in
a side view and a view from above. Regarding the concrete, refractory concrete Flucon 180
TFF manufactured by the firm Gouda Vuurvast, Goudkade 16, 2802 AA Gouda, the
Netherlands, for example, may be used. The fibre membranes may or may not be coated
and the flange may or may not be sealed with a ceramic or glaze coating. Based on the
20 following descripﬁon referring to figures 3 through 6 inclusive, an embodiment of the
method according to the invention for making such a membrane module will be described.
In figure 3 adevice 11 is shown for making the membrane module, in which
the individual parts have been taken apart. In figure 4 the lower part, the mould 13 is shown
in a view from above for the sake of clarity. The device 11 consists of a mould 13 and a
25 tube 15 which can be slid into the tight-fitting mould. At the tube’s ends 17, 19, the inside
diameter has been increased along a distance in order to be able to place the rings 21 or ring
23 init.
The mould 13 has a bottom 25 and a wall 27 and is made, for example, of
polypropylene, Teflon, aluminium coated with Teflon or any other material with which the
30 casting material used to make the flanges does not interact or adhere to. The lower part 33
of the wall 27 is slightly conical on the inside 35 in order to facilitate removal of the flange

to be made in it. In order to facilitate further the removal of the flange from the mould, a



In figure 3 a device 11lis shown for making the nenbrane nodul e, in which
the individual parts have been taken apart hi figure 4 the |ower part, the
nmoul d 13 we 28évcnauddn a vi ew from above for the sake of @CaNIRgos5/000886 devi ce
11 consists of a nmould 13 and a tube 15 which can be slid into the
tight-fitting nould. At the tube' s endsc17, 19, the inside dianeter has
been increased along a distance in order to be able to place the rings 2lor
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does not interact or adhere to. The |lower part 33 of the wall 27 is

slightly cothreadlin the hofeni 2%i de 35 in order to facilitate renoval of the
flange to be made in jt.. 1. der, to facilitate.further the r val. of the
flange from the noul dThea’?ﬁ’angﬁﬁmeewﬁgs ngeﬁlpﬁ'&tég iR eRng: %‘?’%%ﬁ&%éni}fiet he
moul d %3 an&@%%fﬁ%ﬁﬁéﬁ@@i@%im o&"sﬁglﬁ]g drBgelthat felchtusdiggdeyay by

screwing a bolt 37 through a hole 38 provided wWith a thread in the bottom
25. The i nsthddut®di5of the wall's upper part 29 is stepped, in which the
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t he sane shape as the inner wall 35 of the |ower part 33 of the wall 27 of

the moul d 16 th¥welltdibef the mauihd 13.i ThystubBe 15 dhelrinpe2t amgtlmerir@ 23 preghrelemblyy
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fromthe fluid mass of concrete, as a result of which the quality of the

concr et e wi fitedrang plbeedrindvaterdfor higrtiod httimpds tloft aftérethét they witk ndir dsed VBaterr e

sealed wit hfrgm\{c. es ﬁgiaﬁngsg %lf gc?r}c’reté,oars a result of which the quality of the concrete will not be
reduced.

15 Next the ends of the fibre membranes 5 are sealed with a viscous sealant, for
example, clay or epoxy, and the fluid concrete 47 (400 grammes of concrete powder mixed'
with 32 ml of water) is poured into the mould 13. The small plate 38 is placed in the mould
13 before the concrete is poured.

In order to see that the flange will be perpendicular to the fibre membranes,

20 the fibre membranes 5 are first retained in the rings 21. The rings 21 are placed in the tube
15 beforehand which is slid into the tight-fitting mould 13, while the bundle of fibre
membranes 5 is pushed into the fluid concrete 47.

The concrete 47 is then allowed to harden. While hardening, the concrete is
preferably kept under water for 24 hours. If necessary, hardening can be accelerated by

25 Vibfating the whole unit and/or adding catalysts to the concrete. After that the bolt 37 is
screwed in the hole 38, as a result of which the small plate 36 pushes the flange that has just
been made of the mould 13. The tube 15 with the rings 21 is then slid off of the bundle 3
of fibre membranes and the r{ngs 21 are removed from the tube 15. The flange is then dried
at room temperature or, if necessary, at an increased temperature of approximately 60 °C.

30 Then the ring 23 is slid into one end of the tube 15 and the bundle 3 of fibre

membranes is slid into the tube again while the flange 7 that has been made is clamped by

an additional ring 23, see figure 6. The other flange is now made in the same way as



exanpl e, clay or epoxy, and the fluid concrete 47 (400 granmes of concrete
powder m xed with 32 ml of water) is poured into the nmould 13. The small

pl ate 38 we 2pécaweddi n t he nmoul d 13 before the concrete PETMNIROBGHOOBH Or der
to see that the flange will be perpendicular to the fibre nmenbranes, the
fibre menbranes 5 are first retained in ghe rings 21. The rings 21 are

pl aced in the tube 15 beforehand which is slid into the tight-fitting nould
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concret e i smpmbifageqabl y kept under water for 24 hours. |f necessary,

har deni ng can be accel erated by vibrating the whole unit and/or adding
catal ysts to the conchBerhisathesnds ofghe filwe mesnbrages § areopersdety sawingeff thsl e

38, as a resul ' . I 3 ush t he fl e.that .hasj ust
been made O%L&t4tr?eoqfrtrl%§3u: E%LI]?;I tﬂ%eé@etﬁt & é%éf&\nh? ﬁbl{%ﬁ%enﬁl?r%%%s 3 1tlglﬁgr PRESIO of 1
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tube 15. The flange is then dried at roomtenperature or, if necessary, at

an i ncr easctembigpe raedile asf welb s orilieaitettipsslree and hbminkivesistantg Fog this, #ei d
into one en n he bundl of fibre nbr anes i lid
: nto the tur&gﬁérga%?ﬁm\%\lﬁfﬁ ﬁseﬂetéﬁzg |dg‘F%§ 4 r{%l:oft‘gﬂ%r xﬁléagﬂy%gﬁguﬁs?h(?}lgl & clﬂ?y an

addi tional ol @aXighuns @8npdratufeoB1200N@ 1D ETC. FRIRNBEL alceraaW ofBliE el Ratifleissanme
way asdescribed above and the tube 15 with the ring 23 is slid off of the
bundl e 3 ofapblipd © the Hprgasds ordsr toapaltethem gesiigheartba edating endyialrodermppbiedioes 5
are opgned i ff the end 45 of the flange wwth the seal ed ends of
t he f?gre ntgééglr%%\éﬂelgﬁp%n%sf After the nenbrane nodul e has been made, it is

subjected to a heat tAERugBNih BEAHOSS thdiedSsn iP cRplRRBIIREhet BRisTBIMYaNE
nodul e as well as make it stress-free and shrink-resistant. For this, the

nmenbr ane noH&Viags.dt phald be npteddhatrihe mvpetidngd inho aysyrlbitedetoghy e@Bodiments 2
nout . OF Y0y R SIRSIR 5 000 08 e R e
gastight angntddanéits Bigowiih 1t Ieavidfg@RRhin@He béntext defined by the claims. Thus, for
15 example, the rings mentioned may be replaced by discs which are provided with holes
through which the fibre membranes can be placed in order to keep the fibre membranes
mutually at a distance from each other as a result of which the fluid concrete can come in

between them better.



the fibre nenbranes. Al though in the above the invention is explained on
the basis of the drawings, it should be noted that the invention is in no
way | i m two 2v@/oka9enbodi mnents shown in the draw ngs. TIRETIND2@IFI00E36 al SO
extends to all enbodi nents deviating fromthe enbodi nents shown in the
drawi ngs within the context defined by the clains. Thus, for exanple, the
rings nentioned may be replaced by discs which are provided with hol es

t hrough whighaiie. fibre membranes can be placed in order to keep the fibre
menbr anes rmp‘ua#&fgy at a distance fromeach other as a result of which the
fluid concrete can caviembrank@ioderRromipeirinhabtiedle fodkdviic hbllow Kbrdmaniecansdul e
conprising abundle of ceramic hollow fibre nmenbranes with ceram c_fl ange
on at | eastWihe srmicliangs anedti lsasy ong enfashapacierized ag dhat §h%§a%geolﬁ agkecolet e.
2. Menbrane, ppdyl e according to claim1l, characterized in that the flange
is made of refractory concrete. 3. Menbrane nodul e according to claim lor
2, chasactel.ized in tMainbidhe niddatgecoslipaveimdn Wehdradegadtin dhat thedhingat. 4.
Menbrane nodul e according to claim3, characterized in that the gastight
coating is Badeeigsfractery omerete. coating. 5. Method for making a menbrane

at . 5. Method fon | |
made up of 4 bundl o arcasrEbABdRIEEl g faRk e Nb R IRRNE

| east one epdoverbdivithitaggastigid chatirighat first the fibre menbranes are seal ed
on at |east one end, then a concrete flange i.s made on the seal ed ends of
the fibre nfenbranes iMembraggmepdule aceprding torelamel whrpetetizad in thaidhagastigltt e

has hqpldenec%aﬁ%gn%&?%{ci&%uzécgg&ﬁgends of the fibre nmenbranes are opened.

6. Method acco o clafmb, characterized in that in order to nake the
5. Method for making a membrane module according to one of the preceding

claims, which membrane module is made up of a bundle of ceramic hollow fibre
membranes with a flange on at least one end, characterized in that first the fibre membranes
are sealed on at least one end, then a concrete flange is made on the sealed ends of the fibre

15 membranes in a mould, after which one waits until the concrete has hardened, and then
finally the ends of the fibre membranes are opened.

6. Method according to claim 5, characterized in that in order to make the
flange, first fluid concrete is poured into a mould, after which the bundle of fibre
membranes at one end is put in the fluid concrete.

20 7. Method according to claim 5 or 6, characterized in that when the fibre
membranes are placed in the mould, they are kept at a distance from each other.

8. Method according to claim 5, 6 or 7, characterized in that before the fibre
membranes come into contact with the concrete at one end, they are first placed in a liquid,
preferably water, for a period of time.

25 9. Method according to one of the preceding claims 5 through 8 inclusive,
characterized in that before the bundle of fibre membranes is placed in the mould, the
bundle is first put into a tube, after which this tube is placed in the tight-fitting mould, the
wall of which is perpendicular to the bottom.

10. Method according to one of the preceding claims 5 through 9 inclusive,

30 characterized in that the concrete flange is kept under water while it is hardening and after
that it is dried.

11. Method according to claim 10, characterized in that after having hardened,



flange, first fluid concrete is poured into a nould, after which the bundle
of fibre nenbranes at one end is put in the fluid concrete. 7. Method

accor di ngvoaow/mp4¥w5 or 6, characterized in that when tRreTiNIRows/esbr anes
are placed in the nmould, they are kept at a distance fromeach other. 8.

Met hod according to claim5, 6 or 7, chagacterized in that before the fibre
menbranes cone into contact with the concrete at one end, they are first

pl aced in LOWN O I i 11 9
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char act er i zeelmbran¢sathebakle ned tolvat themdifetoahe édrivcelengiiufan e4idhsh@haadeanen t he
moul d, the b%$qle is first PUt into a tube, after which this tube is placed
in the tigfRoquls isihegteddinita at kead 1080 'Cof whi ch is perpendicular to the
bottom 10.ioMet hod a | [ l-aj hr qugh_9
inclusive,]gharacter?§§§g§ﬁgfﬁng?ﬁ%&%%ﬂ@gé@%gﬁﬁgﬁggngéquﬁgéé%d@suaﬁ’er
while jt i shhackeancdig thadvidfctae cédeadte isthatdenihi] ®d mduldwitVEid ke atestirahadg to
claim10, characterized_in that after having hardened,the ends of the

fl ange and 1B HE onprete isvitiateAes are sawed off, in order to open the fibre
menbr anes at the end to t correct. |l en . after

whi ch the arrllg’hbr ane noq\gﬁﬁgd %(gcoﬁcgg% {egt;glgép&: 1{1316 é’? e*@%&"%@é% t%pgg;.a IWZWI%%
accor di ng tcharacterizdd it iigat pfiecaaing thenténilrafe tbdwle@Raskibht 8shius ivdplied to at
characterized in that while the concrete is hardening, the nnulg with the
fibre menbreafedeiflingte concrete is vibrated. 13. Method according to one of

t he pyeceding cl ai ns . i ncl usi charagterized i,n that after
nakingﬁthelﬁénbrane %@%ﬁ?@gggggﬁgFﬁﬁﬁ‘#ﬁ%%?ﬁﬁ“?&gﬁﬁﬁPf§§§P89hégﬂ% E¥V% he
flange. 14.chiatteoigediaabatdiftegmblbing A Bémbiaee HoAGRGhOHb&! BdHiBrafestHE 08kIdy. 13

i nclusive, characterized in that after making the nmenbrane nodule the fibre
menbr anes are coat ed.



