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(57) Abréegée/Abstract:

Disclosed Is a hollow-fiber membrane module that can prevent diaphragms from peeling or coming off from a cylindrical casing.
The hollow-fiber membrane module, comprises a cylindrical casing; a hollow-fiber membrane bundle contained In the cylindrical
casing, potting layers for fixing the hollow-fiber membrane bundle to an inner wall of the cylindrical casing at both ends of the hollow-
filber membrane bundle, wherein baffle cylinders having slits extending in a direction slanting to the axis of the cylindrical casing are

fitted In the potting layers.
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ABSTRACT

Disclosed is a hollow-fiber membrane module that
can prevent diaphragms from peeling or coming off from a
cylindrical casing. The hollow-fiber membrane module,
comprises a cylindrical casing; a hollow-fiber membrane
bundle contained in the cylindrical casing, potting layers
for fixing the hollow-fiber membrane bundle to an inner wall
of the cylindrical casing at both ends of the hollow-fiber
membrane bundle, wherein baffle cylinders having slits
extending in a direction slanting to the axis of the

cylindrical casing are fitted in the potting lavyers.
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TITLE OF THE INVENTION
Hollowefiber membraneﬁodule,
| BACKGROUND OF THE INVENTION
1. Field of the invention

The present invention relates to a hollow-fiber membrane
module for treating a liquid. In more ‘
detail, \'this invention relat.es to a hollow-fiber membrane module
used for dialysis of blood or used for purification of water such
as sewage or wastewater. .

2. Descrlption of Related Art

' As is well kaown, for example for dialy31s of blood, a
hollow-fiber membrane module composed of hollow-fiber membranes |
(semipermeable membranes) is used. - Such a hollow-fiber .membrane
module comprises a cylindrioal casing havi.n‘g an.inlet'port for the

treating_liqu:l.d at one end and an outlet port for the treati_ng’. liquid

" at the other end, a hollow-fiber membrane bundle contained in the

cylindrical casing, and potting layers for £ixing the hollow-fiber
membrane bundle to the inner wall of the cylindrical casing at both

ends of the hollow-fiber membrane bundle, to' ensure that a

dialeing fluid can be made to flow in the oYlindrioal*casing from
the inlet port toward the outlet port, while ‘blood can be made to
flow in the hollow flber membranes from the outlet port side toward
the inlet port side, for dialysis of blood (see JP7-37700Y).

' The abov.e-mentioned hollow-fiber membrane module is obtained
by inserting a hollow-fiber membrane bundle slightljr longer than
a cylindrical oasiag, into the cylindrical casing made of a plastic

material - such . as polypropylene. polyethylene, polyethY1ene

tetrafluoride, polyester, polycarbonate, @ or = ABS
(acrylonitrile-butadiene-styrene), potting the  inserted

30 hollow-fiber 'membrane bundle at its both ends with a polymeric
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material such as polyurethane or silicone for fixing it at both
the ends,'_ cutting off the potting ends usin'g a eharp knife, to open
the hollow-fiber membranes at the potting end faces, and installing
headers to snrround the openings of the cylindrical casing entireiy.
' In this hollow-fiber membrane module, the potting portions function
as potting layers. When a,potting end is cut off, e'force for
separatino the potting end from.the'cylindrical casing acts, and
in the case where the cylindrical casing is made of a slightly
adhesivenplestic:material suchfaspolypropylene,nolyethylene or
polyetthene. tetr-afluoz:"i\de, it cen happen that the pot_ting layer
peels or'comes off from the cylindrical casing. ' '

It is also pifoPosed to install cylind;:icai hollov_’v-fiber
membrane bundle holders separate'ffom-the cylindricel casing at
both the ends of the hollow-fiber membrane bundle, 'i\n such a4 manner
that the hollow-£fiber membrane bundle holders can be bonded to the
‘inner wall of the chindricai casing. However, since the holdere
mefely support the holloiv-fiber membrane bundle without disturbing
them. they do not work'suffioiently for'preventing the potting
- layers from"pee'ling or coming' off. If a potting layer should peel
from the cylindrical caeing,' even though -it.does‘not come off, for
examplein.the event of dialyiingblood, the dialy;ingnfluid and.‘
blood are mixed, and normal dialysis cannot oe made. Sucha membrane
module must be thrown away. Furthermore, since it is necessary to
manufacture the hollow-fiber membrane bundle holders separately
from the cylindrical casing and to install them in the ‘casing
beforehand, the increase in‘the number of parts and the increase
in the aseemb'ling .man-hours raise the production cost of the
hollow-fibermembrane,module. ' .

SUMMARY OF THE INVENTION

An object of this invention is to provide an inexpensi've
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hollow-fiber membrane module that can prevent that the
potting layers peel or come off from the cylindrical casing

when the potting ends are cut off.

This 1nvention provides a hollow-fiber membrane

5 module, comprising:
a cylindrical casing,

a hollow-fiber membrane bundle contained in the

cylindrical casing, and

potting lavers for fixing the hollow-fiber

10 membrane bundle to the i1nner wall of the c¢ylindrical casing

at both ends of the hollow-fiber membrane bundle,

wherein baffle cylinders having slits extending in
a direction slanted relative to the longitudinal axis of the

cylindrical casing are fitted in the potting lavers.

15 More particularly, one preferred mode of the
hollow-fiber membrane module of this invention provides a

hollow-fiber membrane module, comprising:

a cylindrical casing having an inlet port for the

treating liquid at one end and an outlet port for the

20 treating liquid at the other end,

a hollow-fiber membrane bundle contained in the

cylindrical casing,

potting layers for fixing the hollow-fiber

mempbrane bundle to the inner wall of the cylindrical casing

25 at both ends of the hollow-fiber membrane bundle,

a header having an output port for the liquid

undergoing treatment provided at one end of the cylindrical

casing, and
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a header having an inlet port for the liquid
undergoing treatment provided at the other end of the

cylindrical casing,

wherein baffle cylinders having slits extending in
the direction slanted.relative to the longitudinal axis of
the cylindrical casing are fitted in the potting layers. In
this case, 1t is possible that the outlet port for the
liquid undergoling treatment provided in the header at one
end of the cylindrical casing is used as the inlet port for
the liquid undergoing treatment, while the inlet port for
the liquid undergoing treatment provided in the header at
the other end 1s used as the outlet port for the liquid

undergoing treatment.

‘Another preferred mode of the hollow-fiber
membrane module of this invention provides a hollow-fiber

membrane module, comprising:

a cylindrical casing having an input port for the
liquid undergoing treatment at one end and an outlet port

for the liquid undergoing treatment at the other end,

a hollow-fiber membrane bundle contained in the

cylindrical casing,

potting layers for fixing the hollow-fiber
membrane bundle to the inner wall of the cylindrical casing

at both ends of the hollow-fiber membrane module,

a header having an outlet port for the treating

liquid provided at one end of the cylindrical casing, and

a header having an inlet port for the treating

liquid provided at the other end of the cylindrical casing,
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wherein baffle cylinders having slits extending in
the direction slanted relative to the longitudinal axis of
the cylindrical casing are fitted in the potting layers. 1In
this case, i1t is possible that the outlet port for the

treating liquid provided in the header at one end of the

cylindrical casing is used as the inlet port for the
treating liquid, while the inlet port for the treating
liquid provided in the header at the other end is used as

the outlet port for the treating liquid.

In the above-mentioned hollow-fiber membrane
module, the slits of the baffle cylinders can form portions
of spirals extending from a cylindrical screw shaft used as
the cylindrical casing. Furthermore, plural slits can also
be arranged in the circumferential direction of the baffle

cylinders, and in this case, the intervals of the slits can

also be equal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a hollow-fiber membrane module as an
embodiment of this invention, and is a schematic vertical

sectional view showing a hollow-fiber membrane module used

for dialysis of blood.

4a
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- Fig. 2 1s a schematlc partlal longltudlnal sectional view

shOW1ng the end on the treatlng llquld outlet port 31de of the_'

hollow- flber membrane module shown in Flg -1.

Fig. 3 is a schematlc partlal-longltudinal.sectional view
.show1ng the end on the treatlng llquld outlet port 51de of the
hollow-fiber membrane module shown 1n Flg 2, devoid of the pott:mg
dlayer and the hollow- flber membrane bundle '

Flg~ 4 1s a development of the baffle oyllnder shown in F:Lg
DETAILEDDESCRIPTION,OF;THE INVENTION.AND}PREFERRED EMBODIMENTS'

Th'e hollow--fiber ‘:membrane module of this invention is
descrlbed below in reference to the draW1ngs.

Flg' 1 shows a casefwhere the hollow flber‘membrane moduleg
of this invention is used for dialysis of blood. In Fig. 1, the
hollow-f iber membrane module comprises. a o.Ylindrical ca‘sing 3 made |
of a plasti‘cs material such '_'-as polypropylene, -polyethylene , OF
polyethylene tetraf_luor.ide, having anf inlet port -1. for the treat‘ing
liquid at one end 'and an outlet port 2 for the.treat.ing liquid at
~the other'end a holloWefibermembrane bundle 4 having numerous
hollow-flber membranes (semlpermeable membranes) paralleled in one .
d:l_rectlon (the axn.al dlrectlon of ‘the cyllndrlcal casing 3).,
contalned in the cyllndrical-casing 3, and potting layers 5 and
6 for fixing the hollow-fiber membrane bundle 4 to the inner wall
of the cylindrical casing 3 at 'both. the ends of the hollow-fiber
membrane bundle, obtalned by pottlng the hollow fiber membranes .
at thelr both ends into a polymerlc mater:Lal such as polyurethane,
silicone or epoxy (two pack mJ.x curable polymerlc adhes:.ve)
Furthermore, in Fig. 1 at one - end of the cylindrlcal ca91ng 3,
_ a header 8 hav:n.ng an inlet ,_port 7 for__blood as .the llqu-id -undergo;.ng

treatment is fitted, and-*at 't_h'_eother end, a header 10 having an
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outlet port 9 for .blood- :is fit‘ted- Theheaders 8 and ld can also
be made of the same materlal as that of the cylindrlcal cas:.ng 3.

Fig. 2 shows the end on the treatlng 11qu1d outlet port 2 side
of the hollow fiber membrane module shown in Flg. 1. ' In Fig. 2,
the pottlng layer 6 is prov1ded w:Lth a baffle cylinder 12 hav1ng
slits 11 extending in the dlrectlon~slant1ng to_the axis of the
cylindrical casing 3. In thlS case, the 'baffle cylinders 12 can
also be molded‘integrally as;portiOnsaof the_cylindrical Casing.
3, to be fitted in-the’diaphragm.. ' o

The baffle cyl:.nder 12 1s fltted in the pottlng layer 6, when -
the hollow fiber membrane bundle is potted w::.th a polymeric materlal
such as.polyurethane, sillcone or epoxy In thls example, a portion |
of the baffle cylinder'lzfon‘the\header 8 side is fitted in the
'dz.aphragm 6, and the le.ts 1n the portlon f::.tted in the dlaphragm*
 6 contain the pottlng materlal.

F:Lg 3 shows the end of the cyllndr::.cal casing 3 shown in Fig
2 on the outlet port 2 s:Lde devo:z.d of the pottlng layer 6 and the
hollow- flber membrane bundle 4, to fa0111tate the.understandlng
on the constitution of the baffle \cylinder 12. Figs. - 2'._' and 3 show
the end of the cylindrical cas-i'ng. 3 o.nthe treating .liqnid outlet
port 2 side, but the end of the cylindrical casing 3 on the inlet
port 1 side 1s also cons-titnte'd in 'qnite the same 1way

‘ In thJ.s hollow fiber membrane module blood is dialyzed as

described below—. - The dialyz:l.ng fluJ.d as the treatlng 11qu1d 1s made
to flow in the cyl:.ndrloal ‘casing 3 _fromthe inlet port 1 toward
the outlet port 2, and blood as the liquid undergoing\treatment
is made- to flow in the hollow-_-—_f:iber_ ;-membranos from the inlet p’o'rt
7 of the header 8 towardtheontletport 9§fxthe header 10, for
dialysis of blood. AP ' |

The baf-fle cylinder can a_lso -be entir'ely_fitted in the potti.ng
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layer. However, if thebaffle .cylinder.i's‘ part.ially fitted in the
potting layers on the h\eadert_s;ide mhile -it' is exposed to the inside
.of the cylindrical ca;sing :Ln the remainin_g '-por-tion as in the
above-mentioned example ' 'the treating liquid flowing -i'n the
cyllndrical ca31ng can be straightened 1f the form, arrangement
and others of the SlltS are designed adequately It 1s most
.preferred that the baffle cyllnders are molded 1ntegrally w1th the
cylindrical cas:Lng for lowering the production cost. However 1f
| .the baffle cylinders molded separately from the cylindrical casing
can be firmly fixed to the cyl,indrlcal cas:Lng by means of w_elding’
or the 1ike, th_eh same effect can be obtained though the production_
cost becomes higher. \ '

" The form of the slits 1in the baffle cylinlder Ca.n\ be _g.elect-ed- |
as desired, only if thefas?lit's extend inthe direction slanting to
the axis of the chindri\c:al jc'-asin_g. " As shown in Figs. 2 an-d' 3, it
is mo-st preferred that the"slits are wider in the portion fitted
in the potting layer than 1n the other portion to increase the
potting material f:l.ll:l.ng the SlltS s:l.nce the peeling strength can
be enhanced However, the sllts can also be formed to have a uniform'
width. The slits can also formportions of spirals .extending from
a cylindrical screw shaft used as the cyilindrical casing.

The n.umber of slit's .is notespecially ‘limited --but 1t 1s most
preferred that the number is about 6 to about 12, in view 'Of the |
moldab:x.lity and mechanical strength of the cylindrical cas:.ng, the
straight flow of the treat:l.ng l:x.quid etc. In the above-mentioned
example, plural slltsfiare. arranged in dispersion in the
cn.rcumferent:l.al direction of the baffle cylinder but one slit
extend:n.ng like a screw from the cylindrical casing can also be used.
In the case where plural slits ‘are arranged they can be arranged

at equal intervals in the c:l.rcumf_erential direction of _the baffle
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cylinder, or at desirednon_equal intervals. It is only required
' thattheSlits extend in the direction slanting to the axis of the
cylindrical casing. However . itis preferred that no slit exists
directly below the inlet port 1. This is intended to prevent that
the treating liquid inflowing from the inlet port lx direc-_tly
collides with thehollow-fibermembranes,and 1s well known in
hollow-fiber membrane'dialYZers'. '

. If the sllts are perpend:l.cular to the axis of the cyllndrlcal
casing, 1t is very dlfflCUlt to mold the baffle cyllnders integrally
with the cyl:l.ndrlcal cas:Lng in view of the structure of the mold
used for J_-njectlon moldlng,. and srnce 1_t ls necessary to p-roduce |
the baffle cylinders separately from thecylﬁindrical casing in this .
case, the production cost rises. So, these slits are not the slits
extending in the direction slantingto the a:xis of the oylindrical
Casing as-intended in this invention ‘

Fig. 4 shows an 1mage :|.n wh:r.ch the bai'fle cyllnder 12 shown
in Fig. 3 is developed In FJ.g 4, it is preferred that the slant

angle 6 of the slits 11 is :Ln a range of about 15° to about 60°

so that the d:l.aly21ng flUld as the treatlng ligquid can penetrate
into the clearances formed between the hollow- f:Lber membranes
paralleled in the ax1al dlrectron_of the cylrndrlcal casing 3 in
the cylindrical casing 3 uniformly'in the oiroumferential direction
of the cylindrical 'casi-ng 3. 'I't is more pref-erred that 0 is in a
range of 3'0° to 45° 1n vz.ew of the moldab:.l::.ty and mechanical
strength of the cyllndrlcal cas:.ng,', the straight flow of the
treatlng lJ.un.d etc. Even 1f the slits extend in the dlrectlon
slantlng to the axis leftward or rJ.ghtward there 1s no s:n.gnlf:!.cant
dlfference Furthermore 1f the number of hollow f:Lber membranes.
existing beh:l.nd the baffle cyl:l.nders 12, i.e., the number of

hollow- flber membranes not exposed to the SlltS 11 1is kept small
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the penetration of tha treating liquid into the cylindrical casing
3 can be promoted.

Moraover, for allowing the treating liguid inflowing £fxrom the
inlct poxrt 7 to £low stré.ight and allowing it to be almoet uniformly
distributed ¢to the rcgpective hollow fibcer membrancs, it 4is
preferred that the widths W of the slits are individually set in
a rangs of 0.5 mu Lo 3 mm based on a computer-aided [Lluld analysils,

etC.,

If the baffle cylinders having slits as described above are
fitted in the potting layers, when a force tor peeling one of the
potting layers from the cylindrical casing acts on the potting layer,

the Taorce can be dispersed in the circumferential direction. ta
prevent that the diaphragm paals or comes off £from the cylindrical
casing. In addition, a treating ligquid straightening effect can
also bas obtainad.

In the a.bovc-mentionod cxample, the flow of the trecating
ligquid countcrs the £low of the ligquid undcrgoing trcatment, but
both liqtiids can also flow in the same direcction. PIarticularly,
in the hollow-fiber membrane module of Fig. 1, it is possible that
the outlet port 9 for the liquid undergoing treatment provided in
the header 10 abt one end Uf Lhe leiudrlual casing 3 is used as

the inlet port for the ligqula uridergo:l.ng treat_ment » Wnlle the 1nlet

port | for the lLiguid undergoing treatment provided in t.he_ headex
8 at the other end is used as the cutlet port for the liquid undergoing
traatment:. & |

Furthermore, the ligquid undergoing treatment can be made to
£low outside the hollow-£fiber membranes, while the treating liquid

can be made to flow inside the hollow-fiber membranaes.

Particularly in thc hollow f£ibcr mcembranc modulc of Fig. 1, it is

posisible that the liquid undergoing treatment can be made to £low
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inside the cylindrical casing 3 from the inlet port 1 to the outlet
port 2, and the treatin .J.i id can be made to flow inside the
holliow £fibcr moembrancs f£from the inlet port 7 of the header 8 to
the outlet port 9 of 'l:he he:ader 10.

The hol_low-fibér membranes used in the hollow-fiber membhrane
module of this 1nvent:.l.on are not especiully iillxi‘ted. but
hollow~ri'per membranes made of acryl, polysulfone, polyether
sulione, cellulose. triacetate, polyethylene, polypropylene or the

like can be suitably used.

To produce the hol low-fihar mamhrana module of this iﬁnﬁm\ti on,
For example as disclosged in JPAR-1 7464'9, tha aylindrical casing
ls packed with the hollow-fiber bnndlg in. the awial diraction of
the casing cylinder, and the hbllowéfiber membrane bundle is bonded
and sealed with a potting mata:&ial at their both ends at the openings
of the cylindricé.l casing, to form potting layers. Since the slant
slits of the baffle cylinders fitted in the cylindrical casing are
not parallel to the axis of the cylindrical casing, it does not
happen that the hollow-fiber membranes jump out through the slits
whielnr LCthe ho.'l.low-f_iber membrane bundle is loaded. Thius, the
hollow-L£iber membrane bnndle can be loaded smoothly . Furthermore,
still after completion of loading, the hollow-fiber membrane bundle
can be supported without any' disturbance of the hollow-tiber

mambrane mindle.
Tha potting layers formead as descrihed ahove are cnt aff at

their outer ends using a sharp knife, to open the hollow-fibex
membranags at the end faces of the p‘otting layers made of a potting
material, for exposing the hollow-fiber membranes on the surfaces
of thc diaphragms. Then, hecaders for forming manifolds are bonded

to both the ends of the cylindrical casing by means of ultrasonic

bonding or the like, to obtain the hollow-fiber membrane module

10

3/




CA 02444922 2003-10-15

< 76199-215

of this invention.

The hollow-fiber membrane module of this invention can be used
for dialysis of blood as described above, and can also be used for
purifying wastewater, for producing drinking water, for
installation in a humidifier of fuel cells, and so on.

As desc’ribed above, in the case where the hdllow-fiber
membrane mo‘dule of this invention is used for dialysis of blood,
the liquid undergolng treatment is blood,_ and the treatihg liquid
is a dialyzing £fluid. f‘urthermore, in the cé.se where the
hollow-fiber membrane module of this invention is used for purifying
wastewater, for producing d;'inking water, or for- installation in
a humidifiei' of fuel cells, raw dirty water or air can be used instead
of the treating ligquid, and purifiéd clean water or air can be
obtained as the liquid undergoing treatment. ‘

EXAMPLE
- Example

To produce a holiow-fiber membrane module for dialysis of
blobd shown in Fig. 1, the inve‘ntdré used a random cdpolymer-based
polypropylene produced by Chisso Corp. (tr.ade mark: Chisso Polypro
XK4644) as the material of the cylindrical casing, and the
polysﬁlfone diéclosed in the examples of JP2001~170172A as the
material of the hollow-fiber membrane bundie. lThe number of
hollqw-fiber membranes was 9400. As the pottingmaterial, urethahe
resin (trade name:.KC399/N4223) produced by Nippon Polyurethane
Industry Co., Ltd. was used. The pottiﬁg layers were formed at a
centrifugal force of about 80G, and both the ends of the hollow-fiber
membrane bundle wefe fixed to. the inner wall of the cylindrical

casing. As for the slant slits formed in the baffle cylinders, as

shown in Fig. 4, the number of slits was n = 6, and the angle was

6 = 30°, the widths of the slits being W1 = 1.3 mm, W2 = 1.6 mm and

11
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W3 = 0.9 mm | These values were decided based on the res_ults'of
- analysis made using fluid analysis software produced by CD_— adapco
Japan Co., Ltd. The slltswere Spi'rally, formed, and arriangedat
equal intervals 1n the'oircumferential dir'ection of ‘the baffle
cylinders extend:.ng in the dlrectlon slanting r:x.ghtward  The
| 'baffle cyllnders were integrally molded as portlons of the
cyllndrlcal casing | That is, the materlal of the baffle cyllnders
was the same as. that of the cyl:l.ndrlcal cas:.ng ‘ The dlaphragms
formed like thls were cut off using a sharp knlfe,\to:open the
hollow f:Lber membranes at the end faces of the potting material,
for exposlng them on the-,surfaces of -the_ pottln.g layers. In this
 case, th'e potting-lajrers;\ did.not come‘ off and- smooth and clean
end faces oou'ld be obta:i.ned Then headers for forming manlfolds
were bonded to both the ends of the cyllndrlcal cas:Lng by means
of ultras—on:.c bondJ_ng._,_ to obtaln a hollow fiber membrane module
of this invention;
'Comparatlve Example l

Like the hollow- f:Lber membrane module of the above - ment:l.oned
example, polypropylene was used as the material of the cyllndrlcal
casing, to produce a hollo_w-fn.ber membrane module as descrvibed- for |
the example However the Slits-formed- in the baff le cylinders were
parallel to the ax:.s of the cyl.rndr:n.cal caszl.ng with 6 = 0° The
Hnumber of slits was n e 6 and the W1dths of the slits were Wl =
1.3 mm, W2r 1.6 mm and W3 0 9 mm. The slits were-arranged at
equal 1ntervals in the circumferentlal dJ.rect:Lon of the baffle
\cyllnders._ So, the sl-_l_ts were _m_ade- as - s:.m.l.la-r to those of the
'example as possible. - -The- ‘modu-le was potted- as desc"ribed for. the
example to form pott:l.ng layers and the formed pott:mg layers were
cut off us:mg a sharp kn:!.fe. The potting layers were drawn from

the cyl:.ndrlcal casing, _to damage the hollow fJ.ber membrane bundle .

12
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Comparative Example-z-

A hollow-f:l.ber membrane module W1th almost the same form as
that of the above mentioned examPle was produced as described for
the example except that the materlal of the cyllndrlcal ca31ng
was polystyrene and that baffle plateS'were 1nstalled directly
below the ports only as known s:.nce before and as d:l.sclosed for
example; 1n JP57-22~762A-. The performance of this hollow- flber

~membrane module was compared wn.th that of the example ‘and the
_results were as shown in -Tab-le \1. It was conflrmed that the
hollow-fiber _membrane modUle of the example was more. exce_llent in
performance. \ : ) *
Table 1

.'Performance.evaluation item Comparative Example 2

R

Urea clearance (ml/min) 188
Phosphorus clearance (ml/min)_t . 130 | . 125
'p2-MG clearance (ml/min) | 60 | 58

The clearances of the ab'oire-mentioned-solutes Were ‘meas'ured
accordlng to the Dlalyzer Performance Evaluat 1on Standard (J apanese'
Society for AI"tlflClal Organs September 1982) . The standard -
J.ncludes two measurlng“ methods - and in this- experiment, the
measurement was carr:.edout b-a.s:_e_d onTMP- OmmHg. Each clearance was
calculated using the following equation. - . o
Clearance ' o
[NmneriCal_ formula 1]
| - CEBEI-CBO
Cr(ml/min)= —————— -+ QO

- - CBi i
where CBi: Concentration on the inlet side of module, CBo:
Concentration on the outlet sideof.modUIe, QB: Amount of liquid

supplied to module (ml/min)

13 -
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INDUSTRIAL APPLICABILITY
In the hollow—fiber'membrane module of _this invent’ion, baffle'
cylinders-'having'slit-s extending in the di:rection slanting to the
axis of a cylindrical‘ casing are fitted in diaphragms used for fixing
a hollow-fiber membrane bundle to the inner wall of the cylindrical
casing at both the ends of the hollow iiber membrane bundle.
Therefore, when the hollow fiber membrane module is produced by 
inserting the hollow-fiber membrane bundle slightly.longer than
the length of th.e cylindrical casing,’l into the cylindrical casing,
’ potting the hollow-fiber membrane bundle at its both -ends with a
polymeric material to form the potting layers, and cutting off the" '
potting ends using a sharp knife, to open the hollow fiber membranes'.
in th_e potting end faces, .the force acting on the potting layers
for peeling them from‘ the cylindrical casing .can be"' dispersedin o
the c:x.rcumferential direction, to prevent 1hat the potting 1ayers '

peel or come off from the cylindrical cas ing.

The hollow-fiber membrane module of this 1nventiOn can be used‘;
therefore, for dialysis of blood as described\__above, and can also

'be used for a variety of applications such as purifying wastewater

producing drinking water or installing in; a humidifier of fuel

cells.
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CLAIMS:

1. A hollow-fiber membrane module, comprising:
a cylindrical casing having a longitudinal axis;

a hollow-fiber membrane bundle contained in the

cylindrical casing;

potting layers for fixing the hollow-fiber
membrane bundle to an i1nner wall surface of the cylindrical
casing at both end portions of the hollow-fiber membrane

bundle; and

baffle cylinders assoclated with the both end
portions of the cylindrical casing, the baffle cylinders
each having at least one slit extending in a direction
slanted relative to the longitudinal axis of the cylindrical

casing and being fitted in one of the potting layers.
2 . A hollow-fiber membrane module, comprising:
a cylindrical casing having a longitudinal axis;

an inlet port for a liquid undergoing treatment or
a treating liquid at one end portion of the cylindrical
casing and an outlet port for the liquid undergoing
treatment or the treating liquid at the other end portion of

the cylindrical casing;

a hollow-fiber membrane bundle contained in the

cylindrical casing;

potting layers for fixing the hollow-fiber
membrane bundle to an inner wall surface of the cylindrical

casing at both end portions of the hollow-fiber membrane

bundle;

15
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a header having an outlet port for the treating
liquid or the liquid undergoing treatment provided at one of

the end portions of the cylindrical casing;

a header having an inlet port for the treating
liquid or the liquid undergoing treatment provided at the
other end portion of the cylindrical casing, so that when
the treating liquid flows through the inlet and outlet ports
of the cylindrical casing, the liquid undergoing treatment
flows through the header inlet and outlet ports and, when
the liquid undergoing treatment flows through the inlet and
outlet ports of the cylindrical casing, the treating liquid
flows through the header inlet and outlet ports; and

baffle cylinders associated with the both end
portions of the cylindrical casing, the baffle cylinders
each having at least one slit extending in a direction
slanted relative to the longitudinal axis of the cylindrical

casing and being fitted in one of the potting layers.

3. The hollow-fiber membrane module according to
claim 2, wherein the treating liquid flows through the inlet
and outlet ports of the cylindrical casing and the liquid
undergoing treatment flows through the header inlet and

outlet ports.

4. The hollow-fiber membrane module according to
claim 2, wherein the liquid undergoing treatment flows
through the 1nlet and outlet ports of the cylindrical casing

and the treating liquid flows through the header inlet and
outlet ports.

5. The hollow-fiber membrane module according to any
one of claims 1 to 4, wherein the slit forms a portion of a
spiral extending from a cylindrical screw shaft used as the
cylindrical casing.

16
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6. The hollow-fiber membrane module according to any
one of claims 1 to 5, wherein a plurality of the slits are
arranged in a circumferential direction of the baffle

cylinder.

7 . The hollow-fiber membrane module according to
claim 6, wherein the plurality of the slits are arranged at
equal intervals 1in the circumferential direction of the

baffle cylinder.

8 . The hollow-fiber membrane module according to any
one of claims 1 to 7, wherein the hollow-fiber membrane
bundle is made of acryl, polysulfone, polyether sulfone,

cellulose triacetate, polyethylene or polypropylene.

9. The hollow-fiber membrane module according to any

one of claims 1 to 8, which is used for dialysis of blood.

10. The hollow-fiber membrane module according to
claim 9, wherein the slit slants at an angle 6 within the
range of 15° to 60°, and 6 to 12 of the slits are provided
at a width W of the respective slits within the range of

0.5 mm to 3 mm.

11. The hollow-fiber membrane module according to
claim 10, wherein the angle 6 is within the range of 30°

to 45°.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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Fig. 1
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Fig.4




8
n o

: 5’1'!/)%?:

J",

.#’M—hhmvwm-l“”‘—wv-

-_——--.."-h.-w-'"-'d

i Y o Mk

wallir— 4“‘. fﬁ """"" & /fffwfwﬂj
. i %/ ARl

L LTI

e
" AR MM e P AF . g

PR LI Ed T

Pt

A S A

AT R B nEc et _smt e

4 3 11



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

