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| NVENTION 5 The present invention relates in general to nenbrane nodul es.
In particular, this invention relates to a nmenbrane nodule for multiple

single tube ceram c nmenbranes. 10 BACKGROUND OF THE | NVENTI
menbrane technology in industrial applications require the ut m“ %WMWI
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houses nenbranes. Menbrane nodul es are commonly usedEi n the separat?n of

| i quids, solids or gases. Presently, there are two comon nenb dul e

designs nanely: plate and franme and tubular. For ceram c nenbrmgﬁwwmuww
applications, a tubular nodule is preferred. Typically, a ceram

nmodul e conpEiEgs of PHENRVENTIONPU! ar ceramic 20 menbrane el enent s *@zmged

parall el to one another and grouped inside a single housing. Such an
arrangerfent allows for a higher throughput of filtration conpared to when
using a single rane el enent.. Thi g ar.rangene al so, al | ow better

Gt 1zt on ot SEERATese T Gentipn Blrled b ATl o nemaRn, ks,
menbr ane MOHLHRBIA! #$ GRventiot FélaesMd B meabirdRe! Modufe ifBt ANIBIE Single
structural strength of the ceram ¢ nenbranes. Ceram c menbranes are

typi cal |y ntube oéramicanemixanes.c based materials. Such ceranic materials

i nherently do not possess high tensile strength. They are prone to fracture
and crack when exposed to 30 hi gh nechani cal stress. 2 When nenbr anes
modul esqgare installed and in operation, they are frequently exposed to
mechani cal and thermal stresses fromvibrations and novenents caused by
punp not or s BACKGBROUND fpAHE IWENMHONNt racti on due to tenperature changes
arising fromprocessed fluids in the nmenbrane 5 nodul e. These nechani cal
and thermal stresses are transmtted into the nmenbrane nodul es and can
easily damage th?hé&!s@%ﬁm@ﬁiﬁ?éﬁé@éghmﬂé%) Irefhdustrizil applibations féquire iifs been
partially addressed sinply by ensuring that the 10 walls of such ceramc
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conprises of a large single nenbrane el ement having a nunber of channels
t hrough t hemamblanengnedulee dasignsmtnamglys elate fand heampe agdo dgewlar. nFer
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mechani cal support to the multi-channel nenbrane. L
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.



» However, using nmulti-channel nenbrane elenents is nerely a conpronm se.in
performance as conpared to using a plurality of single-tube 25 ceramc
menbranes  within a nmenbrane nodul e. Single-tube ceram c a nmenbranes have
advant ages over nulti-channel ceram c nmegbranes in terns of both costs and
performance. Single-tube ceram c nmenbranes are cheaper. They are suitable
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nodul e. SUMMARY OF THE | NVENTI ON 10 A cerani c nenbrane nodul e conprising: a

t ubul ar houBiefgbraRe Hoadules ansl wwan iaapilyf damagee-the peeEMisnMe RBRBNEHes
each having"ﬁﬂa ' d portions, the tubular housing conprising two cover
pl ates respectively coupled to opposing ends of the tubular housing; two
sealing discs for sealing the tubul ar housing, each of the sealing discs
bei ng respectively. 15 secured to each of the cover, plates at the opposing

ends of the tubul Is W@rﬁ@astwmﬁﬁgiallw @Gmdf%mpr%_bﬁe@ﬁqy@gyt dhe ng
of f respgct %ﬂgyoﬁ%hoegﬁﬁiegggﬁﬁaﬁ%s t{ie %}df@#éﬂyeﬂggg F(?‘gvéoﬁlag}stﬂfzﬁtﬁﬁ?

housi ng covers respectively 0 eac
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OF THE DRAWINGS 20, Fifi-chaheiEerdnit ARSmBRATd GRheitiew of a cerari c

menbrane nodul e 1h accordance wt he present 1 nvention; FIG 2 shows a
support bar of the ceram c nenbrane nodule of Fig. 1; 30 FIG 3 shows an

enl ar gegd_ vi ew of ion A of the ceranjc menbrane nodule,of Fig. 1; and
g FS l\ﬁu‘?ﬁ-cﬂannel membrane elements comprises of a II;rgqe smg?e

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



+ 4 FIG 4 shows an enlarged view of region B of the ceram c nenbrane nodul e
of Fig. 1. 5 DETAILED DESCRI PTION OF THE DRAW NGS Referring to Fig. 1, a
ceram ¢ nenbrane nodule 5 in accordance with the present invention
conprises a tubular housing 11, a first 4ousing cover 10 13 and a second
housi ng cover 15, a support bar 17, sealing discs 19, a plurality of

Such as. o-r PRGOS WEHK A uscBpfBt: ThBirhidy’ 1horl ERpoRY gl iRch a8 "
respecti vel ¥\n8caHetRal §feddesPpposi ng ends 11 a of the tubular housing 11.

Typically, the cover plates 25 are permanently attached to the tubular
housing 11. The plurality of singletube ceram c nenbranes 23 are housed

i nside the tubul Ousi e n b i.al |
parallel to the Thﬁ% ggr “ﬂ%&ﬁ'ﬁ?ﬁ%ﬁ?ﬁéd@%&’@@ gasﬂﬁgglaﬁéaé%gﬁ rfér di scs
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to be filtered to be punped into the nenbrane nodule 5. The fluid is forced
into the plurality of single-tube ceram c nenbranes 23 under pressure.
Filtered fluid fromthe single-tube ceram c nenbranes 23 is known as
perneate and exits the walls of the single-tube ceram c nenbranes 23 into

t he tubul ar SUMMARY QE. THERINVENTIONTMONl Y 25 referred to as cross-fl ow
filtration. The tubular housing 11 further conprises two perneate outlets
34, 36 for the outflow of the perneate. The retentate which is the fluid
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further be prqvided wt t |l east one other outlet 40 for drainage,
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t he tube openings. .10 The si.ngle-tu ceramc nbranes 23 are slightly
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di spose2D onmembramep oxddude eadd phet ableast enevfsupport banglomprising carmain
menbr ane 23. T@e .]dS (éggosi nﬁ end. ﬁorti ons 23a of each single-tube ceramc
menbr ane 23503 aRAHORRPPSING POSHIRAKRYSeni ngs of the opposing cover pl ates
25 and sealing discs 19. The o-rings 24a disposed on the end portions 23a
of the singletube ceram c nenbranes 23 are sandw ched between the cover

pl ates 25 and sealing discs 19. The cover plates 25 and sealing discs 19
are cl anmped o 0- | ' on the end portions 23a of the
si ngl e-tubeBéglr:'g:ﬁé:)Sé‘lé mﬂ%%éﬁ%ﬁg@ﬁes t he singl e-tube nmenbranes 23
i nsi de g&e housing 11. At the same tine, these o-rings 24a also prevent the

| eakage of fluids fromthe cover 13 into the tubular housing 11 w thout
passi ng t hr bl3h1 tehows iy iceossulsectienalnviewrefita seeamizs membrang moddleoin

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



+ 25 rings 24a also serve to act as danping neans to dissipate any vibrations
or mechanical stress that mght be transmtted to the single-tube ceramc
menbr anes 23. Referring to Fig. 2 and Fig. 4, the support bar 17 is housed
inside the 30 tubular housing 11 togetheg with and substantially parallel
to the plurality of single-tube ceram c nmenbranes 23. The support bar 17
conprises a main shaft 18 with opposing end portions referred to as
position keys 17a. The 6 position keys 17a have a | ower cross sectional
thi ckness tIRG. &¥howRi ah éhl&fg?]edlﬁiemwﬁebfbrt Biof thie icepdraic menbraheckisefife a
shoul der 18a is present on the support bar 17 at the position keys 17a. The
mai n shaft ®8Fi% Isubstantially circular in cross-section, while the
position keys 17a are polygonal in cross 5 section. The support bar 17 is
held in place at its position keys 17a by the cover plates 25 and the

seal ing ®liscs 19. The cover plates 25 and sealing discs 19 each further
provided with a bar o ening for receiving the position keys 10 17a of the
support bar DETANED ?Eﬁ&ﬂ GON(F FFHEﬁDB%M"chg is simlar to the | ength of
t he tubul ar housing 11. The shoul der 18a of the support bar 17 i s thus in
conpl ete contact with the cover plate 25. To further enhance the rigidity
of the support b&Reférfimgcatodtigen, alcatarmicanenitrane uppdule Ham atcordancel withl t o
the cover plates 25 at the shoul der 18a.L&g§EPaLso r%Rer ensyres that 15
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of the cover®pliRg @%65'!? sheh ARO-8BEP i29@ #¥0cs 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 gUiheectubalarnsausingctluhasecoveri platesi 2§ respettively douptedditecs 19
onto th
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discs 19 forma supporting structure for providing rigidity and structural
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o-rings 24a us far curi ng .and seal.ing.t he singl etube ceram c_nmenhranes
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25 referred to as cross-flow filtration. The tubular housing 11 further comprises
two permeate outlets 34, 36 for the outflow of the permeafe. 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.



.+ differences in thermal extension factors between the tubular housing 11 and
menbrane nmaterials, this tenperature variation will cause thermal stress on
t he single-tube ceram c nenbranes 23. The o-rings 24a disposed on the 15
opposi ng end portions 23a of the single-gube ceram ¢ nmenbranes 23 al |l ows
for such extension and contraction allowi ng the relieving of thernal stress

and prevent! ng aReATRYG ER 43n A" HisC 10381 sBERIRRE ohlor
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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 sirfgle-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



. 0 Blanket gas such as nitrogen will be used to strip off any remaining
solvent in the ceram c nenbrane nodule 5. The nornal operation of the
ceram ¢ nenbrane nodule 5 may now be continued. 30 During nornal operation,
i ndi vi dual single-tube ceram c nmenbrane g3 may be damaged or exposed to
wear and tear and may require replacenent. In accordance with the present

roptaced vi PRBTETroNEC T4 BoE R TR s MERResR BT B el oHfe

above descrifgli pue @0tHI9tdifférentE ivethickndsk, ENSheWaBe 1Ba I présdntvemithen. |t
woul d be apparent to one skilled in the art that the present invention may

be nodi fi ed siPPREURAMIED &t the gositiom kews $Eapd hermaie shafie insubstantially10

nousing a piCTP g B eragat Ve P BREAch KaysC i 42 BansBHRl Mg dissosi ng

end port§onsectiehd tubul ar housing conprising two cover plates respectively
coupl ed to opposing ends of said tubular housing; two sealing discs for
seal ing said tubul ar housing, each of said sealing discs being respectively

ubul ar houst ng; TSeReE: v ADERER ApIER B A7 pOBROR kBYs T af herdbier

respectivel plates 2D ppdshasealidg discsadd Thoworer plates 2§, amh sealifg sdisds
housi ng covers respectively secured to each of said sealing discs at

opposi ng end® @acLArthar pravided: With o dan pPefing fer receiving tbepasiion kexp f or
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conprising a marn s
length of the tubular housing 11. The shoulder 18a of the support bar 17 is

thus in complete contact with the cover plate 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

156 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.



position keys. 20 2. A ceram c nenbrane nodul e according to claiml,
wherein said sealing discs and said cover plates further conprises a
pluraltty of openings for receiving said plurality of single-tube ceramc
menbranes. 25 3. A ceram c nenbrane noduye according to claim2, wherein
said plurality of single-tube ceram c nenbranes are secured by their end
portions to said sealing discs and said cover plates. 4. A ceram c nenbrane
nodul e according to claim2, wherein said end 30 portions of said plurality

of single-tube c&hertubulaembusingst Atogetherpoitie thestppaort ba'rd?pdaupdaéd ttey tlmé
openi ngs of said sealing discs and, said cover pl ates 11 5. cer
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receiving o 0si ng positioff keys o sa one support

bar. 5 6 Amembranesn28briveoninys 24awuseddiongetoring and Sealietiee sirgled at
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seal is disposed on eac sal posi ng end portions o eac of saird
plurality omembiginest ubarther, avlien thesrberaneis. rdfﬁnbran@ cwodute cd i sbbpotedrodul e

di t J 7. Wh d ar | I I.S_di d bet
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p03|t|on keys O east one su ort ar | ower han a
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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



. 25 11. A ceram c nenbrane nodul e according to claim1l, wherein crosssection
of opposing position keys are substantially polygonal. 12. A ceramc
menbrane nodul e according to claim1l, wherein said main 30 shaft having a

| engt h substantially equal to distance bgtween said two cover plates
coupl ed to opposing ends of said tubul ar housing;
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10 oils, oil slops, organic effluent, and bio or food effluent, the single-tube
ceramic membranes are easily fouled by residual particulates or biomass
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
16 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 refnaining 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
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1. A ceramic membrane module comprising:

a tubular housing for housing a plurality of single-tube ceramic membranes

5 each having opposing end portions, said tubular housing comprising two

cover plates respectively coupled to opposing ends of said tubular housing;

two sealing 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
2. A ceramic membrane module according to claim 1, wherein said
sealing discs and said cover plates further comprises a plurality of openings
for receiving said plurality of single-tube ceramic membranes.

25 3. A ceramic membrane module according to claim 2, wherein said
plurality of single-tube ceramic membranes are secured by their end portions

to said sealing discs and said cover plates.

4. A ceramic membrane module according to claim 2, wherein said end
30 portions of said plurality of single-tube ceramic membranes are disposed

within said plurality of openings of said sealing discs and said cover plates.
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6. A 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.

10
7. A ceramic membrane module according to claim 1, wherein at least
one seal is disposed on each of said opposing end portions of each of said
plurality of single-tube ceramic membranes.

15 8. A ceramic membrane module according to claim 7, wherein said at

least one seal is disposed between said sealing discs and said cover

plates.

9. A ceramic membrane module according to claim 1, wherein cross-
20 sectional thickness of said opposing position keys of said at least one

support bar is lower than a cross-sectional thickness of said main shaft.

10. A ceramic membrane module according to claim 1, wherein cross-
section of said main shaft is substantially circular.

25
11. A ceramic membrane module according to claim i, wherein cross-

section of opposing position keys are substantially polygonal.

12. A ceramic membrane module according to claim 1, wherein said main
30 shaft having a length substantially equal to distance between said two cover

plates coupled to opposing ends of said tubular housing;



