1 CERAM C MEMBRANE MODULE FI ELD OF THE | NVENTI ON 5 The present I nventi on
relates in general to nenbrane nodules. In particular, this inventi onl JUN 2006
relates to a nenbrane nodule for nultiple single tube cerami c nmenbranes.

10 BACKGROUND OF THE | NVENTI ON The use qgf nenbrane technology in industrial
applications require the wutilization of |arge nenbrane areas. A nenbrane

nodule is the smallest 15 u Menbrane nodul es are
commonly used in the separ%é%%émgwgm%gggor gases. Presently,
there are two common nenbrane nodul e desi gns nanely: plate and frame and

tubular. For ceram c menbrane applications, a tubular nodule is preferred.
Typically, a ceram c nenbrane nodul e conpri ses a nunber of tubular ceramc

20 nmenbran arallel to one another and grouped inside a
single houiﬂﬁgﬁqggbﬁﬂgh&gggiﬁﬂgnent allows for a higher throughput of
filtratson conpared to when using a single nenbrane el enent. This
arrangenent also allow better utilization of space. 25 However, the use of

ceram ¢ nmenbrandde preseoh in‘mrﬂioaanaelakeetuinegenenaédoememba:ameemnduletsh fegar ds
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ceram c natghé HebamithBicPbianed0 not possess high tensile strength. They
are prone to fracture and crack when exposed to 30 high nmechanical stress.

10
BACKGROUND OF THE INVENTION

The use of membrane technology in industrial applications require the

utilization of large membrane areas. A membrane module is the smallest

15  unit which houses membranes. Membrane modules are commonly used in
the separation of liquids, solids or gases. Presently, there are two common
membrane module designs namely: plate and frame and tubular. For
ceramic membrane applications, a tubular module is preferréd. Typically, a
ceramic membrane module comprises a number of tubular ceramic

20 membrane elements arranged parallel to one another and grouped inside a
single housing. Such an arrangement allows for a higher throughput of
filtration compared to when using a single membrane element. This

arrangement also allow better utilization of space.

25 However, the use of ceramic membranes in such membrane modules
creates a concern with regards to the integrity and structural strength of the
ceramic membranes. Ceramic membranes are typically made of porous
ceramic based materials. Such ceramic materials inherently do not possess
high tensile strength. They are prone to fracture and crack when exposed to

30 high mechanical stress.




2 When nenbranes nodul es are installed and in operation, they are

frequently exposed to mechanical and thermal stresses from vibrations -antN 2008
movenents caused by punp notors as well as expansion and contraction due

to tenperature changes ari sing fron1proqgssed fluids in the nmenbrane 5
nodul e. These nechani cal and thermal str'esses are transmtted into the

menbr ane nodul es, .gnd can eaS|Iy&%§ﬂ§8e the, ceramic nenbranes installed
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mul ti - channel rrenbrane However, using nulti-channel nenbrane el enents is
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P efficiency and permeability of the membrane element. A better method would

be to use multi-channel ceramic membrane elements.

15 Multi-channel mémbrane elements comprises of a large single
membrane element having a number of channels through the single
membrane element. This can further be grouped into several multi-channel
membranes and installed into a membrane module as disclosed in US
Patent Application Publication No. 2001/0013272A1. Such multi-channel

20 membranes are large and thick enough to provide inherent mechanical

support to the multi-channel membrane.

However, using multi-channel membrane elements is merely a
compromise in performance as compared to using a plurality of single-tube

25 ceramic membranes within a membrane module. Single-tube ceramic
membranes have advantages over multi-channel ceramic membranes in
terms of both costs and performance. Single-tube ceramic membranes are
cheaper. They are suitable for high viscosity and corrosive fluid separation.
Multiple single-tube ceramic membranes have a high surface area to volume

30 ratio, thus increasing throughput. Generally, multiple single-tube ceramic
membranes far outperform multi-channel ceramic membranes. However,

single-tube ceramic membranes generally have thin walls and are thus



Mul tiple single-tube ceram c nmenbranes have a high surface area to vol une

30 ratio, thus increasing throughput. Cenerally, nultiple single-tube-2 JUN 006
ceram ¢ nmenbranes far outperformnulti-channel ceram c nenbranes. However,

si ngl e-tube ceram c nmenbranes generally have thin walls and are thus 3
structurally weak and susceptible to dar”fiage when exposed to nechani cal and
thermal stresses. There is therefore a clear need for providing a novel

appar at us f puc%gaﬂy,g\{e@ ang syscepiple t9 dgmageuwberepprseditmBierhadical a

menbr ane mogiy W THE |1 NVENTI ON 10 A ceram ¢ nenbrane nodul e
conprising: a f?nu%ru ar h§3§g§'ng for housing a plurality of single-tube
ceram ¢ nenbranes each havi ng opposing end portions, the tubul ar housing

conprising two ver plates respectivel coupl ed to opposing ends of the
t ubul ar housi ng?ﬂl% 'getg?f‘?fﬁ“’diasﬁ?afd?eg%é%ﬂ PrRYIIAG @ uMMeAraRP&RIUAgioreach

of the gealjhag 'Sﬁmtgﬁ% &gugﬁ@gﬁt&v&w ﬁ%rﬁlﬁro%tﬁégqnté’tn?m%ﬁﬁrﬂe FdRuROVer

pl ates at the opposin e tubul ar sI ng; ousi ng covers for
respectively closing off respectively the opposing ends of the tubul ar
housi ng, each of the housing covers respectively secured to each of the
seal ing discs at opposing ends of the tubular housing; and at |east one

support bargifipvAr e THEINV/ERNTGORNAM ¢ 20 nenbrane nodul e, and the at | east
one support bar conprising a main shaft and two opposing position keys.

BRI EF DESCRI PTI ON OF THE DRAW NGS 25 FIG 1 shows a cross sectional view of
acer a%c %gggaﬂg nqgl% lrgnci-:‘ ”moﬁﬁ%o%g%%?%in"&:té‘ thgglaprh%si:%ﬂ%g ifgrv ﬁé‘&éﬁ%‘; a
plurality of single-tube ceramic membranes each having opposing end
portions, the tubular housing comprising two cover plates respectively.
coupled to opposing ends of the tubular housing; two sealing discs for
sealing the tubular housing, each of the sealing discs being respectively
15 secured to each of the cover plates at the opposing ends of the tubular
housing; two housing covers for respectively closing off respectively the
opposing ends of the tubular housing, each of the housing covers
respectively secured to each of the sealing discs at opposing ends of the
tubular housing; and at least one support bar for supporting the ceramic
20 membrane module, and the at least one support bar comprising a main

shaft and two opposing position keys.

BRIEF DESCRIPTION OF THE DRAWINGS

25
FIG. 1 shows a cross sectional view of a ceramic membrane module in
accordance with the present invention;
FIG. 2 shows a support bar of the ceramic membrane module of Fig. 1;

30

FIG. 3 shows an enlarged view of region A of the ceramic membrane module

of Fig. 1; and



FIG 2 shows a support bar of the ceram c nenbrane nodule of Fig. 1; 30

FIG 3 shows an enlarged view of region A of the ceram c nenbrane noduf dUN 2008
of Fig. 1; and - 2 JUN 2006 4 FIG 4 shows an enl arged view of region B of
the ceram c¢ nenbrane nodule of Fig. 1. DETAI LED DESCRI PTI ON OF THE

DRAW NGS Referring to Fig. 1, a ceramc nbrane nodule 5 in accordance

with the present invention conprises a tubular housing 11, a first housing
cover 10 13 and a second housi ng cover 15, a support bar 17, sealing discs

19, a plurglit i = .Ceram e . ' f seals
and seali ngiéﬁe%ﬁfs?&g%gﬁ%argargg ?S’ﬁ%\g Og%éﬁogggf@%eé%réﬁ.ﬂ?gﬁe'ﬁgﬁ%éngﬁ%q& as
cover pl atesfRf. 1espectively coupled to 15 opposing ends 11 a of the

tubul ar housing 11. Typically, the cover plates 25 are permanently attached
to the tubular housing 11. The plurality of single- tube ceram c nenbranes
23 are used inside the tubular housing 11 and are held securely and
substantially parallel to the tubular housing 11 by the cover plates 25

and seal i ngDETAHUED DESORIATION OFOTISE MRAWANGSL3 further 20 conprises an
inlet 32 for fluid to be filtered to be punped into the nenbrane nodule 5.
The fluid i's forced into the plurality of single-tube ceramc nenbranes 23

under pressure. i i S | - ramn %{Q%r s 23

i s known as per ngg{etéﬁgig) iezigqt‘lgaif‘le vvell &éﬁp%n%eﬁ@lgﬁlﬁcg-'ﬁ{?bégorceramwci:m
menbr anes 2tBei presehhimventioh @ontprisssng tlibulafhctisirgy déreofirsy housing cover
10 13 and a second housing cover 15, a support bar 17, sealing discs 19, a
plurality of single-tube ceramic membranes 23 and a variety of seals and

sealing means such as o-rings 24a, 24b.

The tubular housing 11 has cover plates 25 respectively coupled to

15 opposing ends 11a of the tubular housing 11. Typically, the cover plates 25
are permanently attached to the tubular housing 11. The plurality of single-

tube ceramic membranes 23 are housed inside the tubular housing 11 and

are held securely and substantially parallel to the tubular housing 11 by the
cover plates 25 and sealing discs 19. The first housing cover 13 further

20 comprises an inlet 32 for fluid to be filtered to be pumped into the membrane
module 5. The fluid is forced into the plurality of single-tube ceramic
membranes 23 under pressure. Filtered fluid from the single-tube ceramic
membranes 23 is known as permeate and exits the walls of the single-tube
ceramic membranes 23 into the tubular housing 11. This is commonly

25 referred to as cross-flow filtration. The tubular housing 11 further comprises
two permeate outlets 34, 36 for the outflow of the permeate. The retentate
which is the fluid left after filtering then exits the single-tube ceramic
membranes 23 and enters the second housing cover 15 of the membrane
module and exits the membrane module via an outlet 38. The second

30  housing cover 15 can further be provided with at least one other outlet 40 for

drainage purposes.




25 referred to as cross-flow filtration. The tubul ar housing 11 further
conprises two perneate outlets 34, 36 for the outflow of the permeate JUNe00§
retentate which is the fluid left after filtering then exits the

singl e-tube ceram c nenbranes 23 and enters the second housing cover 15 of
t he menbrane nodule and exits the nenbrane nodul e via an outlet 38. Thﬁ
second 30 housing cover 15 can further be provided with at | east one other
outlet 40 for afernng B frigosethe seming disey 19 are gupprpesed semiafihedi scs
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slightly from the cover plates 25. O-rings 24a are disposed on both

opposing end portions 23a of each single-tube ceramic membrane 23. The

15 opposing end portions 23a of each single-tube ceramic membrane 23 are

disposed in the tube openings of the opposing cover plates 25 and sealing

~discs 19. The o-rings 24a disposed on the end portions 23a of the single-

 tube ceramic membranes 23 are sandwiched between the cover plates 25

and sealing discs 19. The cover plates 25 and sealing discs 19 are clamped

20 onto the o-rings 24a disposed on the end portions 23a of the single-tube

ceramic membranes 23 which secures the single-tube membranes 23

inside the housing 11. At the same time, these o-rings 24a also prevent the

leakage of fluids from the cover 13 into the tubular housing 11 without

passing through the single-tube ceramic membranes 23. Further, the o-

25 rings 24a also serve to act as damping means to dissipate any vibrations or

mechanical stress that might be transmitted to the single-tube ceramic
membranes 23.

Referring to Fig. 2 and Fig. 4, the support bar 17 is housed inside the
30 tubular housing 11 together with and substantially parallel to the plurality of
single-tube ceramic membranes 23. The support bar 17 comprises a main

shaft 18 with opposing end portions referred to as position keys 17a. The



and sealing discs 19. The cover plates 25 and sealing discs 19 are cl anped

20 onto the o-rings 24a disposed on the end portions 23a of the singleZtiUba006
ceram ¢ nenbranes 23 which secures the single-tube nmenbranes 23 inside the
housing 11. At the sanme tine, these o-ri,ngs 24a al so prevent the | eakage

of fluids fromthe cover 13 into the tufular housi ng 11 without passing

t hrough the single-tube ceram c nenbranes 23. Further, the o 25 rings 24a
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t hi ckness than the main shaft 18. Due to this difference in thickness, a
shoul der 18a is present on the support bar 17 at the position keys 17a.
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wel ded thus in complete contact with the cover piate 25. To further enhance the
rigidity of the support bar 17and cover plates 25, the support bar 17 is welded
to the cover plates 25 at the shoulder 18a. This also further ensures that
16 there are no leakages of fluids from the covers 13,15 into the tubular housing

11 at the bar opening.

The bar opening is shaped in a polygon corresponding to the

polygonal cross-section of the position keys 17a of the support bar 17. The

20 main shaft 18 is disposed inside the tubular housing 11 with the position
keys 17a protruding through the bar openings of the cover plates 25 and the
sealing discs 19. The length of the main shaft 18 is such that the opposing

shoulders 18a are in direct contact with the cover plates 25.

25 The position keys 17a of the support bar 17 functions as a guide to
ensure accurate positioning of the sealing discs 19 onto the cover plates 25
to prevent the end portions 23a of the single-tube ceramic membrane from
being damaged by the cover plates 25 during installation. Furthermore, once
installed, the polygonal shape of the position key 17a also aids in providing

30 support and rigidity to the entire structure. The polygonal shape of the
position keys 17a prevents any slippage of the support bar 17 due to

mechanical or thermal stresses as compared to a cylindrical position key.




to the cover plates 25 at the shoulder 18a. This also further ensures that

15 there are no | eakages of fluids fromthe covers 13,15 into the tubulZatUN 2006
housing 11 at the bar opening. The bar opening is shaped in a pol ygon
corresponding to the polygonal cross-sgftion of the position keys 17a of

t he support bar 17. The 20 main shaft 18 is disposed inside the tubular
housing 11 with the position keys 17a protruding through the bar openings

of the cover plates 25 and the sealing discs 19. The length of the main
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t enper at ur edifferenceBdatthexgnalpexdasion dactogs detween fige tubuldrahousing 11 and
membrane materials, this temperature variation will cause thermal stress on
the single-tube ceramic membranes 23. The o-rings 24a disposed on the
15  opposing end portions 23a of the single-tube ceramic membranes 23 allows
for such extension and contraction allowing the relieving of thermal stress

and preventing any damage to the single-tube ceramic membranes 23.

The ceramic membrane module 5 may be provided with more than

20  one support bar 17 depending on the size of the tubular housing, the number
of single-tube ceramic membranes 23, the operating conditions and
operating parameters such as temperature and pressure. The structural
rigidity and integrity of the ceramic membrane module 5 may further be
enhanced by the addition of a threaded extension on the position key 17a.

25 This threaded extension can be adapted for receiving a threaded nut. By
mounting and tightening the nut onto the extension, pressure may be exerted

to tighten the sealing discs 19 onto the cover plates 25.

During normal operation, a ceramic membrane module 5 in
30 accordance with the present invention will be generally operated in a cross-

flow mode. It will be suitable for various process operating in a variety of



10 housing 11 as well as the plurality of single-tube ceram c nenbranes 23
woul d experience thermal expansion or contraction. In view of large -7 JUN 2006
differences in thermal extension factors between the tubular housing 11 and
menbrane materials, this tenperature varjation will cause thermal stress on

t he single-tube ceram c nenbranes 23. T o-ri ngs 24a di sposed on the 15
opposi ng end portions 23a of the single-tube ceram c nenbranes 23 all ows
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tightening the nut onto the extension, pressure may be exerted to tighten
t he seal i ngmemy¥aney Zhto the cover plates 25. During normal operation, a
ceram ¢ nenbrane nodule 5 in 30 accordance with the present invention wll
be generally operated in a cross flow node. It will be suitable for various

process operati nghen usedaor eleatPbnt of Righi dYEailyoMsd stithhagtSwasBesnging
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ceram c found in these high viscosity fluids. Surface washing of the single-tube
ceramic membranes 23 using permeates do not yield satisfactory results
and some of the pores in the single-tube ceramic membranes will still be
15 blocked. A more effective method would be to implement an on-line back
flush of the single-tube ceramic membranes 23.

During the back flush operation, the feed stream is cut off and any
remaining process fluids and permeate drained away. A selected solvent
solution is pumped into the module from the permeate outlet so that the

20  solvent solution will enter the membrane wall from shell side and pass
through the membrane surface into the tube side. The system is maintained
at a certain predetermined pressure. The fine particles and viscous
materials blocking membrane pores of the single-tube ceramic membranes
will eventually be dissolved and washed out as a washed solution. The

25 washed solution will be then transferred to a container for recycling. A
Blanket gas such as nitrogen will be used to strip off any remaining solvent in
the ceramic membrane module 5. The normal operation of the ceramic

membrane module 5 may now be continued.

30 During normal operation, individual single-tube ceramic membrane 23
may be damaged or exposed to wear and tear and may require replacement.

In accordance with the present invention, damaged single-tube ceramic



menbr anes 23. \Wen used for treatnment of high viscosity fluid such as:
waste engine 10 oils, oil slops, organic effluent, and bio or food -7 JUN 2006
ef fluent, the single-tube ceram c nenbranes are easily foul ed by residual
particul ates or biomass found in these_high viscosity fluids. Surface
washi ng of the single-tube ceramc mentr anes 23 usi ng perneates do not
yield satisfactory results and sonme of the pores in the single-tube
cerami ¢ nerfBeEPEaNes |23 say eapily be mpdecast withowb radfegting cathee singledubaoul d
be to inple : | ck flush of the single-tube ceram c nmenbranes
23. During‘#ﬁ%ﬁwggﬁgﬁph%ﬁg%% ration, the feed streamis cut off and any
remai ni ng process fluids and perneate drained away. A sel ected sol vent
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will eventually be dissolved and washed out as a washed sol ution. The 25
washed solution will be then transferred to a container for recycling. A
Bl anket gas such as nitrogen will be used to strip off any remaining
solvent in the ceram c nenbrane nodule 5. The normal operation of the
ceram ¢ nenbrane nodule 5 may now be continued. 30 During norna
operatign, individual single-tube ceram c nmenbrane 23 nmay be damaged or
exposed¥to wear and tear and may require replacenent. |In accordance with
the present invention, damaged single-tube ceram c 9 nenbranes 23 may
easily be replaced without affecting other single-tube



ceram c nenbranes 23. The above descriptions do not in any way limt the
scope of the 5 invention. It would be apparent to one skilled in the-artN 2006
that the present invention may be nodified wthout departing fromthe scope
of the invention. 10 - 2 JUN 2006 10 CLAIM5 1. A ceram c nenbrane nodul e
conprising: a tubular housing for housing a plurality of single-tube

ceram ¢ nenbranes 5 each havi ng opposi ng end portions, said tubular

housi ng conn-]gm}vﬁ_g two cover plates respectively coupled to opposing ends
of said tubular housing; two sealing discs for sealing said tubul ar
- housing, each of said sealing discs being respectively secured to each of

said cover plates at sajd 10 opposi nl% ends of said tubular housing; two
housi ng covekrs fdt CREHPEMENIrgne|MBeHWE CIMPisiB@ect i vel y sai d opposi ng

ends of sai [ f i 4S i V, d '
cecured 1o cailirioldig 18Pnol8hd 2 padhy SRtEE EaniERIRbINRY 1
housi ng; Sankagh hadsg opposiigoemdt pbdionkOrsaid pplbular pusgl compriging Nevdr ane
nodul e, and said at |east one support bar conprising a main shaft and two
opposi ng p&SVer Blatesaspestvelyicpupias ta ppROING §ndg ol Saithtubudgrgusingsnbr anes
further having at |east one sealing neans di sposed on each of said
opposi ng end portions; said at | east one sealing neans di sposed on each of

sai d opposi ngoesuhling discs for sealing said tubular housing, each of said sealing
discs being respectively secured to each of said cover plates at said

10 opposing ends of said tubular housing;

two housing covers for respectively closing off respectively said opposing
ends of said tubular housing, each of said housing covers respectively
secured to each of said sealing discs at opposing ends of said tubular

15 housing; and

at least one support bar for supporting said ceramic membrane module, and
said at least one support bar comprising a main shaft and two opposing
position keys;
20
said plurality of single-tube ceramic membranes further having at least one
sealing means disposed on each of said opposing end portions;
said at least one sealing means disposed on each of said opposing end
portions of said plurality . of single-tube ceramic membrane being
25 sandwiched between said covers plates and said sealing discs at said

opposing ends of said tubular housing;

wherein said at least one sealing means disposed on each of said opposing
end portions of said plurality of single-tube ceramic membranes for relieving
30 of thermal stress by allowing expansion and contraction of each of said

single-tube ceramic membranes.



portions of said plurality . of single-tube ceram c nenbrane being 25

sandwi ched between said covers plates and said sealing discs at said ~Z JUN 2006
opposi ng ends of said tubular housing; wherein said at | east one sealing
means di sposed on each of said opposing end portions of said plurality of

si ngl e-tube ceram c nmenbranes for relievitng 30 of thermal stress by

al | owi ng expansi on and contraction of each of said single-tube ceramc
menbranes. - 2 JUN 2006 11 2. The ceram c nenbrane nodul e according to
claim1l1, wherein said sealing discs and said cover plates further

conpri ses a2pl ur Fhetgeramiopasmbgsne frabdulec atvordihgs & @ldinun akiHeyeiaf said
si ngl e-tube ceram c nmenbranes. 5 3. The ceram c nmenbrane nodul e accordi ng
to claim 2, sSeAMGAiscs AN saif woxer plates fuithey comprises & piwalitynefepgnigsar e

secured by I rot i : sakd 1ng . di sai d cover plates.
10 4. The cgﬁﬁcgﬁﬁ&%@ e’a'trrao'%ngggl%Fﬁ%é%%]'glﬁﬁnP%h%\ﬁher ein said end
portionssof said plurality of single-tube ceram c nenbranes are disposed

within said _plurality of openings of said sealing discs and said cover
plates. 15 §: Thdheetaiaimic faampiaie foadvle aeewdiionty cleim 3i mhereiphsaid n

said sealli i I 'y [ t_one
bar openi ng%%'#@ﬁssgﬁ?‘?@%??g%ﬁ’é’i r@%ﬁ{g?%rr‘]%yé#é]géa(f%ggﬁgo@?ﬁg&i)doblgﬁ?o&? keys
of said attd eaislt sexliagsdipeahd aid céleldplalde cerani c menbrane nmodul e
according to claimb5, wherein said at ?east one support bar i's secured to

sai d opposi ng cover plates to provide
10 4. The ceramic membrane module according to claim 2, wherein said

end portions of said plurality of single-tube ceramic membranes are
disposed within said plurality of openings of said sealing discs and said

cover plates.

15 5. The ceramic membrane module according to claim 2, wherein said
sealing discs and said cover plates further comprises at least one bar
opening for respectively receiving one of said opposing position keys of said

at least one sUpport bar.

20 6. The ceramic membrane module according to claim 5, wherein said at
least one support bar is secured to said opposing cover plates to provide

rigidity and support to said plurality of single-tube ceramic membranes.

7. The ceramic membrane module according to claim 1, wherein at least
25 one seal is disposed on each of said opposing end portions of each of said

plurality of single-tube ceramic membranes.

8. The ceramic membrane module according to claim 7, wherein said at
least one seal is disposed between said sealing discs and said cover
30 plates. '



rigidity and support to said plurality of single-tube ceram c nenbranes. 7.
The ceram ¢ nmenbrane nodul e according to claim1, wherein at |east 2% JUNG06
seal is disposed on each of said opposing end portions of each of said
plurality of single-tube ceram c nmenbranes. 8. The cerani c nenbrane nodul e
according to claim7, wherein said at |Bast one seal is disposed between
said sealing discs and said cover 30 plates. - 2 JUN 2006 12 9. The

cerani ¢ menty ane TRO&ANAE FREMbRthd tréddk f%éeorwgﬁrt‘éi aifri 95 Whet&iRt érogal
(0] sal at

t hi ckness of sai d opposing position keys east ‘one support bar
is | ower th&ectosalbthickress ohalaid ppasies pdsitien dkeysi of Swid tat Bash.orfde

cerani ¢ nmenbr ane dul e accgrding to claim wherein crqgss-. section of
said main sidP oﬁrsg)%’dﬁj?‘é(ﬁf nI?f%??%ﬁ?‘gpnahh'%sc%fr%gdnﬂﬁrﬁ}a&tne nodul e
according to claim1l1, wherein cross- section of opposing position keys are

substantially polygonal. 10 12. The ceranmic nenbrane nodul e according to
cl ai m 1, Swhd0ei n T3 cerami¢ mambfanehavidule aadcendjng teudisitrant wdlersineasrogs- t o

Fubl ar - houSERgon 26 seist My SBaf is BLBHERBARNEr et  accor ding to ol aim L
wherein said sealing neans conprises of o-rings.
11.  The ceramic membrane module according to claim 1, wherein cross-
section of opposing position keys are substantially polygonal.
10 ’
12.  The ceramic membrane module according to claim 1, wherein said
main shaft having a length substantially equal to distance between said two

cover plates coupled to opposing ends of said tubular housing.

15 13. The ceramic membrane module according to claim 1, wherein said

sealing means comprises of o-rings.




